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28 Abstract 

29 Objectives: To evaluate the relationship between the proportion of time under the potentially 

30 protective effect of a general practitioner (GP) captured using the Cover Index and diabetes related 

31 potentially preventable hospitalisation (PPH) and length of stay (LOS).

32 Design: An observational cohort study over two three-year time periods (2009/10-2011/12 as the 

33 baseline and 2012/13-2014/15 as the follow-up). 

34 Setting: Linked self-report and administrative health service data at individual level from the 45 and 

35 Up Study in New South Wales (NSW), Australia 

36 Participants: A total of 21 965 individuals aged 45 years and older identified with diabetes before 

37 July 2009 were included in this study. 

38 Main outcome measures: Diabetes-related PPH, unplanned diabetes related PPH and LOS of 

39 diabetes related PPH and unplanned diabetes related PPH.

40 Methods: The time spent out-of-hospital between subsequent contacts with GPs obtained from 

41 Australian Medicare and hospitalisation data were used to derive the annual Cover Index cohort 

42 taking into account the severity of diabetes. The average annual GP Cover Index over a three year 

43 period was calculated. The effect of exposure to different levels of the Cover on diabetes related and 

44 unplanned diabetes related PPH and related LOS were estimated using negative binomial models 

45 weighted for inverse probability of treatment weight (IPTW) to control for observed covariate 

46 imbalance at the baseline period. 

47 Results: Perfect GP cover was observed among 48% of people with diabetes in the study cohort. 

48 Compared with perfect level of GP cover, having lower levels of GP cover including high (IRR 3.5, 

49 95%CI 3.3-3.8), medium (IRR 4.6, 95%CI 3.9-5.3) and low (IRR 4.2, 95%CI 2.7-6.7) was significantly 

50 associated with higher number of diabetes related PPH. Similar association was observed between 

51 the different levels of GP cover and other outcomes including LOS for diabetes related PPH , 

52 unplanned diabetes related PPH and LOS for unplanned diabetes related PPH  after controlling for 

53 imbalance in distribution of the observed characteristics across GP cover levels.  
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54 Conclusions: Measuring longitudinal continuity in terms of time under cover of GP care may offer 

55 opportunities to optimise the performance of primary health care and reduce secondary care costs 

56 in the management of diabetes. 

57 Article summary 

58 Strengths and limitations of this study

59  In this study, we used a large contemporary population based cohort linked with 

60 individuals’ health care service records that enabled us to account for differences 

61 across time periods and a wide range of demographic, socioeconomic and clinical 

62 characteristics.

63  Using empirical analytic approaches to construct the GP cover index, the study was 

64 able to explore latent patterns of GP utilisation relative to demographic and clinical 

65 characteristics that unpack further dimensions of longitudinal continuity of primary 

66 care.

67  The Cover Index expresses the proportion of time under cover of GP care and 

68 therefore can indicate absolute levels of insufficiency of primary care utilisation and 

69 can be applied at the individual, subpopulation or whole population level. 

70  Since both GP cover and hospitalisations were measured over the same period, 

71 caution is required when interpreting any causal relationship between the cover of GP 

72 care and diabetes related PPHs although imbalance in the observed demographic and 

73 clinical characteristics between GP cover levels was controlled using IPTW.

74  Hospitalisations classified as diabetes related PPH in this study may not be all truly 

75 avoidable by effective GP care, however, further analysis using unplanned diabetes 

76 related PPHs outcome confirmed that increasing GP cover reduces unplanned 

77 hospitalisation, likely via better management of the condition. 

78
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79 Introduction 

80 Diabetes causes major burden for health care systems worldwide with 425 million people living with 

81 diabetes in 2017 (1). About 1.1 million people in 2017 are living with diabetes in Australia (2). 

82 Diabetes and its related complication are associated with poor health outcomes, low quality of life 

83 and substantially high burden of health care expenditure (2, 3).  

84 To address burden of complex chronic conditions such as diabetes, many health care systems have 

85 been oriented towards strengthening the roles of primary health care (4, 5). In Australia, the 

86 government has set a focus on strengthening the Primary health care system through providing 

87 financial incentive for aspects of primary care such as services/practice incentive payment (6). The 

88 practice incentive payment was introduced in 1998 and went through many changed but has 

89 remained stable since 2006 (7). General practitioners (GP) play a central role of primary care  

90 providing care for approximately 85% of the general population (5). The GPs are responsible for first 

91 contact of care, gatekeeping access to health care system, coordinating and integrating with other 

92 health professionals in secondary care settings including speciality, allied health and hospital care 

93 (5).  The GPs’ roles have been vital for efficient use of health care resources, management of chronic 

94 conditions (8) and improving population health outcomes (4, 9). 

95 Literature highlights the importance of continuity of care in which GPs play a central role, to ensure 

96 a sufficient provision of care, minimise unnecessary or harmful care and to promote self-

97 management for people with the chronic complex conditions (10-14). A modern concept of 

98 continuity comprises of three main aspects including interpersonal continuity, management 

99 continuity and information continuity (15).  Previous studies found that more continuity of care in 

100 terms of interpersonal continuity captured by higher continuity of provider (12, 16), and 

101 management continuity captured by greater regularity of GP visits (17-19)  is associated with better 

102 patient satisfaction, and fewer avoidable hospitalisations.
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103 For people with ambulatory care sensitive conditions (ACSC) such as diabetes, proactive care offers 

104 an opportunity for early and sufficient action to be taken to prevent the onset and delay progression 

105 of degenerative diseases (20). Recent evidence examining patterns of GP utilisation has 

106 demonstrated that the time interval between GP visits was associated with lower number of PPH 

107 (21, 22). The time interval between GPs services is integrated into a new continuity of care metric 

108 named the Cover Index capturing the proportion of time people are under the potentially protective 

109 effect of GP care (21). The Cover Index offers a new measure of continuity of care accounting for 

110 management aspect of care to support comprehensive evaluation of continuity of care in the 

111 context of a high burden of complex and multiple chronic conditions (21). 

112 Knowledge about how differing amounts of time people are under the protection of their GP (as 

113 measured by the Cover index) on potentially avoidable hospitalisations  would provide useful 

114 information to aid in the development of policies that support proactive care by GPs for people with 

115 chronic conditions such as diabetes and improve health outcomes for the population. Building on 

116 the previous study, this study aimed to evaluate this relationship in the contemporary setting.   

117 Methods

118 This was a retrospective observational cohort study using self-reported survey data linked with 

119 routinely collected unit record administrative health data. Reporting follows the Reporting of studies 

120 Conducted using Observational Routinely-collected health Data (RECORD) guidelines (23)

121 Data sources

122 This was a retrospective observational study using data from the Sax Institute’s 45 and Up Study in 

123 New South Wales; details of the cohort profile have been previously reported (24). The Sax 

124 Institute’s 45 and Up Study was sampled from the Department of Humans Services (formerly 

125 Medicare Australia) enrolment data base. The study comprises of over 267 000 people aged 45 years 

126 and over with individual information on demographics, socioeconomic status, lifestyle factors, 

127 health status and well-being collected from the survey between 2006 and 2009. Survey data were 
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128 linked with administrative health records from i) the New South Wales Admitted Patient Data 

129 Collection (APDC)(2005 to 2015), ii) the Medicare Benefits Schedule (MBS) (2005 to 2015), iii) the 

130 Pharmaceutical Benefit Scheme (PBS) (2005 to 2015) and (iv) the NSW Register of Births Deaths and 

131 Marriages (RBDM) (2006 to 2015). The NSW Centre for Health Record Linkage (CHeReL) conducted 

132 the linkage for APDC and RBDM. CHeReL linkages are probablistic. The MBS and PBS data are linked 

133 deterministically by the Sax Insititute using a unique identifier provided by the Australian 

134 Government Department of Human Services. The privacy of individual patients is conserved using 

135 probabilistically linked technique with very low false-positive and false-negative rates of <0.5 and 

136 <0.1%, respectively (25). All individual data were de-identified and assigned a unique project person 

137 number. 

138 The APDC data comprised dates of admission and discharge, diagnoses (primary and secondary), 

139 procedures performed and other details of individual episodes of hospitalisation such as type of 

140 admission, transfer and discharged status from all private and public hospitals in NSW. Details of 

141 diagnoses were recorded using 10th revision Australian Modification codes (ICD-10-AM) in the 

142 principal diagnosis and up to 54 additional diagnoses (26). The MBS records consisted of claim items, 

143 date of services and de-identified provider codes for medical and diagnostic services provided out of 

144 hospital under Australia's universal health insurance scheme. The PBS records comprised claims for 

145 subsidised prescription medicines and included item code, Anatomical Therapeutic Chemical (ATC) 

146 code, quantity and date supplied. The death registry had information on the date and cause of death 

147 and were used to identify participants in the study population who died during the study period.

148 Study population and study design

149 The study population included people aged 45 years and older identified with diabetes any time 

150 prior to 01/7/2009 using information from self-report, APDC and PBS data. People were identified as 

151 having diabetes if they answered yes to the question “has the doctor ever told you that you have 

152 diabetes?; or they had an APDC record with ICD-10-AM codes for diabetes (E10, E11, E13, E14) in 
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153 any field of diagnoses and/or a PBS claim indicating a dispensing between 2005 and 2009 using ATC 

154 code of A10A (insulins and analogues) or A10B (blood glucose lowering drugs excluding insulins) 

155 (27). 

156 The study cohort was structured into a cohort with two observed time periods (based on financial 

157 years: 1 July to 30 June): the baseline period from 2009/2010 to 2011/2012 for evaluating pre-

158 exposure characteristics and the follow-up period from 2012/13 to 2014/15 for evaluating the effect 

159 of GP cover on hospitalisation. A total of 21,965 individuals who were still alive on 1 July 2015 and 

160 had no missing basic demographic characteristics or potential linkage errors were included for the 

161 study. 

162 Ethics approval

163 Ethics approval was obtained from Curtin University Human Research Ethics Committee (RD-42-14) 

164 and the NSW Population and Health Services Research Ethics Committee (HREC/17/CIPHS/37). 

165 Consent was given by all participants in the Sax Institute’s 45 and Up Study for their information to 

166 be used in approved studies, and for follow-up and data linkage. The conduct of the Sax Institute’s 

167 45 and Up Study was approved by the University of NSW Human Research Ethics Committee.

168 Patient and public involvement

169 A consumer representative was involved in the design of the grant used to fund this research. The 45 

170 and Up Study, which provided data for this project, maintains a repository of published research 

171 using this cohort online.  

172 Outcome measures

173 The main outcome was the number of diabetes-related PPHs accumulated over three financial years 

174 for each time period using ICD-10-AM codes suggested by the National Health Performance 

175 Framework (28) and hospitalisation where diabetes was identified as a significant risk factor (29) 

176 such as  heart failure, ischemic heart disease and nephropathy. We excluded routine hospitalisations 
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177 for kidney dialysis and inter-hospital transfers were counted as a single episode of care. We also 

178 measured unplanned diabetes-related PPHs which restricted diabetes-related PPHs into those 

179 admitted hospitalisation through emergency departments. Three-year accumulated length of stay 

180 (LOS) were also calculated for diabetes related PPHs and unplanned diabetes related PPHs with 

181 same day episodes counted as one day. 

182 Independent measures 

183 Cover Index of GP contacts

184 The Cover Index of GP contacts was the main predictor used in this study. The index is defined as the 

185 proportion of time in a pre-specified ascertainment period  that people with diabetes are under the 

186 potentially protective effect of care from their GP (cover), range from 0 to 1, where 1 is the perfect 

187 cover (see Figure 1). In this study, the Cover index was calculated annually to facilitate interpretation 

188 by policy makers since financial incentives and clinical guidelines usually use one year to determine 

189 eligibility/compliance (eg annual diabetes cycle of care payments in Australia) (30, 31). In addition, 

190 this allows for comparability with most other continuity of care indices such as regularity and usual 

191 provider care, which are often evaluated annually.  The average of the annual Cover Index over the 

192 three years was then calculated, and classified as low cover (0-0.5), medium cover (>0.5 – 0.85), high 

193 cover (>0.85-0.99) and perfect cover (>0.99-1). The methods to calculate Cover have been previously 

194 reported (21). 

195 In this study for the main analysis the cover index was calculated using the maximum optimal time 

196 interval under GP cover suggested by the previous study conducted in Western Australia (21). The 

197 study suggested that the maximum optimal time interval under potentially protective effect of GP 

198 care for people with diabetes was 13 months for diabetes with no complications, 11 months for 

199 people with one or two complications and 9 months for people with three or more complications 

200 (21). 

Page 9 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

9

201 For the sensitive analyses, the cover index was also calculated using (i) the maximum optimal time 

202 interval under GP cover estimated from the current study cohort with similar model specification 

203 from the previous publication and (ii) using expert opinion derived from a survey of GPs with 

204 expertise in managing chronic conditions. Details of the GP survey is presented in Appendix 1. The 

205 maximum optimal time interval suggested by the NSW cohort was 13, 8 and 6 months for diabetes 

206 with none, one or two and three complications, respectively. The details of the estimation using the 

207 NSW cohort is presented in Appendix 2. The maximum optimal time interval suggested by the GP 

208 survey was 10-12 months, 6-9 months and 01 months for diabetes with none, one or two 

209 complication and three or more complications, respectively (see Appendix 1).

210 Other indices of continuity of care by a GP 

211 Frequency of GP contact was calculated as the accumulated number of GP contacts of each financial 

212 year and three-year period, excluding visits within 14 days of the previous visit to avoid over-

213 counting GP episodes of care (32). 

214 The regularity index was used to measure the distribution of GP visits over each year and was 

215 calculated annually as [1/(1+standard deviation of the days between visits)], described in detail 

216 elsewhere (18, 19, 33). The regularity index was categorised into quintiles for each three-year 

217 period. 

218 Usual provider continuity (UPC) was measured using the usual provider of care index, which 

219 measures the proportion of GP contacts within a financial year that were provided by the same GP 

220 (12), and were aggregated into the three-year period. 

221 Other covariates 

222 This study also measured demographic and socioeconomic characteristics including age classified as 

223 45-54, 55-64, 65-74, 75-84 or 85+ years; sex, Indigenous status, education, residential remoteness 

224 classified according to Accessibility Remoteness of Australia index (ARIA) (34), and quintiles of the 

225 Census-specific Socio-economic Indexes for Areas (SEIFA) index of relative socioeconomic 
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226 disadvantage (35). Duration of diabetes was counted from self-reported age at diagnosis with 

227 diabetes, first date of diagnosis recorded in APDC, or incident diabetes-related PBS record, 

228 whichever came first, and classified as 1-5 years, 6-10 years and 11+ years. The number of self-

229 reported comorbidities was the sum of all self-reported conditions including cancers, heart disease, 

230 high blood pressure, stroke, blood clot, asthma or hay fever, depression and anxiety, and Parkinson’s 

231 disease. Levels of limitation in terms of the ability to perform daily activities such as walking, 

232 bending, dressing and bathing were measured using the Medical Outcome Study Physical Function 

233 Scale (36), and classified into four groups: no limitation, minor limitation, mild limitation and severe 

234 limitation. The number of comorbidities up to time period 1 was also counted in the APDC using the 

235 Multipurpose Australian Comorbidity Scoring System (MACSS) with a five-year look-back period (37, 

236 38). Diabetes complications up to time period 1 were identified using ICD-10-AM codes in the APDC 

237 data and classified into three severity level groups: no complication, 1-2 complications and 3+ 

238 complications as used elsewhere (39, 40). The number of out of hospital specialist visits were 

239 identified using MBS claims data, counted for each financial year and then aggregated over a three-

240 year period for time period 1 and time period 2.

241 Statistical methods

242 Descriptive observed characteristics was conducted across the cover levels. A generalised propensity 

243 score (GPS) for multiple treatment approach was used to control for any imbalance in distribution of 

244 the observed covariates in estimating the effect of the cover on the hospitalisation outcomes (41). 

245 The twang package in R (42) was used to perform the generalised boosted models (GBM) in 

246 estimating GPS and evaluating covariate balance after adjusting for inverse probability treatment 

247 weight (IPTW). Both the mean of absolute standardised bias and the Kolmogorow-Simirnov statistic 

248 were used as the stopping rules for selecting the optimal iteration of the GBM (41, 42). The 

249 population standardised bias which is less than 0.2 is considered as balance achieved for the given 

250 covariate (41). A similar effective sample size yielded for both balance stopping rules, hence the GPS 

251 from the model fit with the mean of absolute standardised bias stopping rule was presented for the 
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252 results. Appendix 3 provides the details of assessing the balance in distribution of the observed 

253 characteristics across the GP cover levels, for all the cover index calculating using WA, NSW and 

254 survey referenced intervals. 

255 The effects of levels of cover on diabetes related PPHs, unplanned diabetes related PPHs and length 

256 of stay (for both all and unplanned PPHs) were examined using negative binomial models adjusting 

257 for all health care service use at time period 2 including frequency of GP contacts, regularity of GP 

258 contacts and number of specialist visits. The models were performed using three different 

259 specifications: multivariate models without IPTW, with IPTW, and doubly robust estimation which 

260 included both IPTW and all observed covariates.  Sensitivity analyses was conducted for the cover 

261 index calculated using referenced time intervals estimated from the NSW cohort and the GP survey. 

262 The sensitivity analysis was also conducted in the sub-population which excluded cases identified 

263 with diabetes using information from oral medication only. 

264 All analyses were conducted using STATA (43) for Windows version MP14 and twang package in R 

265 version 3.5.2 (42). 

266 Results

267 A total of 21 965 individuals aged 45 years and older identified with diabetes in the 45 and Up Study 

268 population were eligible for this study. The baseline social demographic and clinical characteristics 

269 across the levels of GP cover was shown in Table 1. At the time period 2, 48% of the study 

270 population had a perfect level of cover with GPs, following by 44% of a high level, 4.5% of medium 

271 level and 3.6% of low level of cover. More than half of all cover groups were living in highly 

272 accessible areas, had at least higher school/university/tafe and roughly 40% had less than 5 years 

273 duration of diabetes. However, the distribution of some demographic and clinical characteristics 

274 varied across the levels of GP cover. The low level of GP cover were dominated by males (64%), aged 

275 75 + years (43%), severe level of limitation (33%) and 3+ complication (34%). In contrast, the perfect 

276 level of GP cover were characterised with equal gender distribution (52.0% of males) and lower 
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277 proportion of people aged 75+ years (20%), severe level of limitation (26%) and 3+ complication 

278 (19%).

279 Results of the effect of GP cover on diabetes related PPH, unplanned diabetes related PPH and LOS 

280 for the hospitalisation are presented in Table 2. The results of doubly robust estimation show that 

281 compared with the perfect level of GP cover, having less GP cover including high, medium and low 

282 level was significantly associated with 3.5 times (95%CI 3.3-3.8),  4.6 times (95%CI 3.9-5.3) and 4.2 

283 time (95%CI 2.7-6.7) higher number of diabetes related PPH, respectively. Similar effect was 

284 observed in LOS of diabetes related PPH with higher in LOS for the high level of cover (IRR 4.8, 95%CI 

285 4.1-5.7),  medium level of cover (IRR 8.0, 95%CI 5.9-10.7) and low level of cover (IRR 3.0, 95%CI 1.6-

286 5.7)  compared with the perfect level of GP cover. 

287 The doubly robust models indicated a higher effect of GP cover on unplanned diabetes related PPH 

288 and its LOS. The low cover (IRR 6.4, 95%CI 4.0-10.2), medium cover (IRR 6.3, 95%CI 5.0-8.0) and high 

289 cover (IRR 4.0, 95%CI 3.2-5.0) have significant  higher number of unplanned diabetes related PPH 

290 compared to the perfect level of GP cover (Table 2). 

291 Sensitivity analysis for the cover index derived from the NSW cohort and GP survey also provided 

292 simular effects. When examined the effect of cover in the subpopulation which excluded cases 

293 identified using information from the oral medication only, we also found a significant association 

294 between the cover levels and diabetes related and unplanned diabetes related PPHs. The details of 

295 the results presented in the Appendix 4 for both diabetes related and unplanned diabetes related 

296 hospitalisation and their LOS.  

297 Discussion 

298 This study provided compressive evaluation of the relationship between GP cover and diabetes 

299 related PPH and LOS for the hospitalisation among people with diabetes. The results showed that 

300 only 48% of people with diabetes had the perfect level of cover by GP care over a three year period. 

301 After adjusting for imbalance in distribution of observed covariates at the baseline, having the 
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302 perfect level of GP cover was significantly associated with lower number of diabetes related PPH and 

303 shorter LOS of the hospitalisation. 

304 Our study used a large population based cohort linked with individuals’ health care service records 

305 that enabled us to account for differences across a wide range of demographic, socioeconomic and 

306 clinical characteristics (44). The self-report data provided an opportunity to include individuals at the 

307 early stage of diabetes prior to any hospitalisation for the condition which makes our study 

308 population more likely to be representative of the general population living with diabetes. The data 

309 were linked with historical administrative data from 2005, which allowed us to capture the history of 

310 complications and comorbidities to better adjust for effect of disease severity on health service 

311 utilisation. By using empirical analytic approaches to construct the GP cover index, the study was 

312 able to explore latent patterns of GP utilisation relative to demographic and clinical characteristics 

313 that unpack further dimensions of longitudinal continuity of primary care.

314 The Cover Index appears to be easier to interpret than indices such as regularity, which has no 

315 natural units, as it expresses the proportion of time under cover of GP care and therefore can 

316 indicate absolute levels of insufficiency of primary care utilisation. The metric can be applied at the 

317 individual, subpopulation or whole population level and therefore is suitable for both development 

318 of financial levers via payment incentives (eg an MBS item) or monitoring utilisation of primary care. 

319 The index can also be calculated for individuals with single or no GP visits, which is better than other 

320 continuity care metrics such as regularity and usual provider index which can only calculated when 

321 at least two GP visits were observed within a time frame (12, 19) thus unlike these two metrics the 

322 Cover Index can comprehensively capture the whole population.

323 This study has some limitations. The cut-off point for cover index is only for reasonable 

324 interpretation of the cover index. Further research may be needed to develop classification 

325 strategies of the cover index. As this is a cross sectional observational study, caution is required 

326 when interpreting any causal relationship between the cover of GP care and diabetes related PPHs 
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327 since both were measured over the same period. To partially counteract this the study controlled for 

328 imbalance in the observed demographic and clinical characteristics using IPTW calculated from 

329 generalised propensity score. Hospitalisations classified as diabetes related PPH in this study may 

330 not be all truly avoidable by effective GP care as discussed in literature (45-47). To further explore 

331 this, we evaluated a second outcome, unplanned diabetes related PPHs which, because of their 

332 emergency admissions status are more likely to represent hospitalisations that are unexpected and 

333 result from uncontrolled clinical events. We found that the association of the perfect level of GP 

334 cover remained significant when we limited the outcome to unplanned diabetes related PPHs 

335 confirming that increasing GP cover reduces unplanned hospitalisation, likely via better 

336 management of the condition. This study included individuals with diabetes identified using only 

337 history of diabetes oral medications such as metformin and liraglutide. As the medications can be 

338 used for other conditions such as polycystic ovary syndrome or weight lost, the study population 

339 may include small number of people without diabetes that may introduce bias in the results. 

340 However, a similar results was observed among sub-population which excluded the individuals 

341 identified with diabetes using only history of oral medication that indicates the potential bias due to 

342 including the individuals was minimal. 

343 Our findings suggest that there is an opportunity for avoiding hospital admissions for people with 

344 diabetes through proactively providing GP care within an optimal time period. This result is in line 

345 with the previous studies which looked at primary care MBS re-imbursement items containing time 

346 components (26, 48). The items such as the annual cycle of care item, annual review of GP 

347 management plan item and team care arrangement item were found significantly associated with 

348 lower the risk of hospitalisation among people with diabetes (26, 48).

349 Our finding is supported by numerous literature which implies timeliness support is an important 

350 factor to improve patients’ health outcomes. Building upon the philosophy of the chronic care 

351 models, a systematic review emphasised that supporting self-management is the most frequent 
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352 element that is consistently associated with improving patients’ outcomes (49). The most effective 

353 strategies to support self-management of diabetes require timely provision of information and 

354 advice, often repeatedly that tailored to current needs of patients with diabetes (50). The timeliness 

355 support can offers opportunities for re-engagement with health professionals and reinforcement 

356 knowledge of diabetes that enable people with diabetes to re-evaluate their perception of diabetes 

357 and empowers them in making treatment decision (50). The lack of timeliness support often leads to 

358 a cumulative deficit for people with diabetes in enduring effective self-management of their 

359 condition (50). This is in line with a qualitative study which found that the perception and knowledge 

360 of diabetes controllability often diminished over time due to nature progress of disease regardless of 

361 compliance with recommended self-care activities (51). Thus, self-diabetes care activities are not 

362 always done effectively due to complexity of their own realities (50, 52). Regular contacts their GP 

363 for check-ups facilitate a chance of not only receiving preventive advice but also adapting care 

364 regimes to be suitable with patients’ circumstances (52-54). However, the time between GP contacts 

365 has not been fully integrated in most current indices such as frequency of visits, regularity of contact 

366 and usual provider of care indices.  The cover index integrates with the potentially protective effect 

367 that provides useful indicator to evaluating performance of primary health care in managing chronic 

368 conditions. 

369 In term of GP led model of care, GPs are in the best position to manage care, coordinate with 

370 appropriate specialists and continuously review and updating care plans because of their deep-

371 knowledge and close relationship with the patient (55). In addition, GPs rather than other specialists 

372 can offer a superior care by not primarily focussing on the condition but on the condition in the 

373 context of the patients’ other health problems (4). Regular having GP care is therefore necessary to 

374 maintain high quality care for people with complex condition like diabetes (53). Burridge, Foster (52) 

375 valued the established routines of the GP led model of care as it creates a positive environment and 

376 sense of an alliance with health-care professionals which was conducive to diabetes management 

377 (52). Thus, although GP visit can be for other than diabetes care, it still has potentially protective 
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378 effect on overall diabetes related health outcomes. A significant association GP cover and 

379 hospitalisation found in our study again confirmed the central role of GP in effective management of 

380 diabetes. Thus, facilitate the perfect level of cover of GP care for people with diabetes would be a 

381 possible strategy in order to improve health outcomes for people with diabetes and effectively 

382 reduce avoidable hospitalisation and LOS. 

383 Conclusion 

384 Our study found that longitudinal continuity of care in terms of a time under cover of the protective 

385 effect of GP contact is associated with reduction in admissions and LOS of both diabetes related PPH 

386 and unplanned diabetes related PPH. These results provide a more comprehensive view of 

387 continuity of primary care and information valuable for the design interventions and policy levers 

388 aimed at optimising disease management for people with diabetes, allocating health resources and 

389 improving quality and effectiveness of health care.  
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Table 1. Characteristics by Cover levels measured at the time period 2

 
Low cover

(N=796)
Medium cover

(N=982)
High cover 

(N=9686)
Perfect Cover

(N=10501)

 Characteristics N % N % N % N %
Female 287 36.1 383 39.0 4,454 46.0 5,028 47.9 
Age groups
45-54 92  11.6 237  24.1 1,180  12.2 1,785  17.0 
55-64 183  23.0 296  30.1 2,576  26.6 3,175  30.2 
65-74 178  22.4 259  26.4 3,491  36.0 3,476  33.1 
75-84 214  26.9 146  14.9 2,159  22.3 1,804  17.2 
85+ 129  16.2 44   4.5 280   2.9 261   2.5 
Indigenous 13   1.6 24   2.4 128   1.3 139   1.3 
Accessibility
Highly accessible 440  55.3 552  56.2 5,114  52.8 5,709  54.4 
Accessible 262  32.9 333  33.9 3,435  35.5 3,556  33.9 
Moderate 80  10.1 89   9.1 1,058  10.9 1,118  10.6 
Very remote/remote 14   1.8 8   0.8 79   0.8 118   1.1 
SEIFA
Highest disadvantage 246  30.9 254  25.9 2,546  26.3 3,097  29.5 
High disadvantage 196  24.6 188  19.1 2,249  23.2 2,546  24.2 
Moderate 123  15.5 159  16.2 1,830  18.9 1,974  18.8 
Less disadvantage 114  14.3 165  16.8 1,539  15.9 1,513  14.4 
Least disadvantage 117  14.7 216  22.0 1,522  15.7 1,371  13.1 
Education
Below secondary school 117  14.7 135  13.7 1,715  17.7 2,006  19.1 
Secondary school 209  26.3 178  18.1 2,471  25.5 2,564  24.4 
Higher school/uni/tafe 470  59.0 669  68.1 5,500  56.8 5,931  56.5 
Levels of limitation
No 98  12.3 191  19.5 1,291  13.3 1,846  17.6 
Minor 163  20.5 292  29.7 2,630  27.2 2,975  28.3 
Moderate 269  33.8 258  26.3 3,064  31.6 3,042  29.0 
Severe 266  33.4 241  24.5 2,701  27.9 2,638  25.1 
Duration of diabetes
1-5 years 330  41.5 426  43.4 4,002  41.3 4,651  44.3 
6-10 years 204  25.6 259  26.4 2,596  26.8 2,777  26.4 
10+  years 262  32.9 297  30.2 3,088  31.9 3,073  29.3 
Number of self-report 
comorbidity 2  1-3) 1  1-2) 2  1-3) 1  1-2)
Quintiles of regularity TP1
No GP contacts 188  23.6 23   2.3 19   0.2 6   0.1 
1 341  42.8 467  47.6 2,223  23.0 2,758  26.3 
2 78   9.8 200  20.4 2,560  26.4 2,878  27.4 
3 67   8.4 151  15.4 2,608  26.9 2,600  24.8 
4 122  15.3 141  14.4 2,276  23.5 2,259  21.5 
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UPC index TP1 .33
  0-

0.67 0.8
  0.67-

0.92 0.82

  
0.69

-
0.92 0.82

  0.68-
0.92

Number of specialist visits 
TP1 0  0-6 7  2-18 9

 4-
18 6  2-13

Number of GP contacts TP1 2  0-8 12  7-17 18
 14-

23 18  14-23
Levels of complications prior 
to TP1
0-nocomplication 339  42.6 485  49.4 4,288  44.3 6,031  57.4 
1/2 complication 188  23.6 240  24.4 2,773  28.6 2,481  23.6 
 3+complication 269  33.8 257  26.2 2,625  27.1 1,989  18.9 
Number of comorbidity   
MACSS) prior TP1 4  1-7 4  1-6 4  2-6 3  0-5
Number of diabetes related 
PPH TP1 0  0-1 0  0-1 0  0-1 0  0-0
Number of unplanned 
diabetes related PPH TP1 0  0-0 0  0-0 0  0-0 0  0-0

Note:

n and % for categorical variables and Median (IQR) for continuous variables

SEIFA: Census-specific Socio-economic Indexes for Areas

MACSS: Multipurpose Australian Comorbidity Scoring System

TP1: time period 1 between 2009/2010 and 2011/2012

Low level of cover: the cover score from 0 to 0.5; Medium level: the cover score above 0.5 to 0.85; High level 
of cover if the cover score above 0.85 to 0.99; Perfect level of cover: above 0.99 to 1.0 
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Table 2 Effect of Cover levels on diabetes related hospitalisations and length of stay

 Diabetes related PPH LOS diabetes related PPH Unplanned diabetes related PPH LOS unplanned diabetes related PPH
 IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value
Unweighted (1)             
Low Cover 4.8 (3.9; 5.9) <0.001 12.7 (8.9; 18.1) <0.001 2.6 (1.8; 3.7) <0.001 8.2 (4.4; 15.3) <0.001
Medium Cover 4.0 (3.6; 4.5) <0.001 11.0 (8.9; 13.5) <0.001 3.1 (2.5; 3.8) <0.001 7.3 (5.2; 10.3) <0.001
High Cover 3.5 (3.3; 3.7) <0.001 4.4 (4.0; 4.8) <0.001 2.6 (2.3; 2.9) <0.001 3.6 (3.1; 4.2) <0.001
Perfect Cover Ref Ref Ref Ref
Weighted  (2)
Low Cover 4.5 (2.7; 7.6) <0.001 3.1 (0.9; 11.0) 0.78 2.5 (1.4; 4.6) <0.001 2.3 (0.4; 12.9) 0.36
Medium Cover 4.9 (4.2; 5.7) <0.001 5.1 (2.8; 9.3) <0.001 3.6 (2.7; 4.8) <0.001 3.0 (1.5; 6.0) <0.001
High Cover 3.5 (3.2; 3.7) <0.001 3.1 (2.1; 4.4) <0.001 2.6 (2.3; 2.9) <0.001 2.2 (1.5; 3.3) <0.001
Perfect Cover Ref Ref Ref Ref
Doubly robust estimation (3)
Low Cover 4.2 (2.7; 6.7) <0.001 3.0 (1.6; 5.7) <0.001 2.3 (1.3; 4.2) <0.01 2.6 (1.1; 6.1) 0.032
Medium Cover 4.6 (3.9; 5.3) <0.001 8.0 (5.9; 10.7) <0.001 3.2 (2.4; 4.1) <0.001 5.3 (3.5; 7.8) <0.001
High Cover 3.5 (3.3; 3.8) <0.001 4.8 (4.1; 5.7) <0.001 2.6 (2.3; 3.0) <0.001 4.0 (3.2; 5.0) <0.001
Perfect Cover Ref   Ref   Ref   Ref   

Notes:

(1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
comorbidity, complication, duration of diabetes, history of diabetes related PPH, cover in, frequency of GP contacts, regularity, UPC, number of 
specialist visits)

(2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates
(3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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Figure 1: Calculation of the cover index

Footnote: 

Following a hospital admission, a 14 day-period of grace was given before requiring a post discharge GP visit. 
Calculation of days out of cover was re-started either at day 15 (if no GP contact was observed) or on the date of 
the GP visit (if a GP visit was observed prior to day 15).
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Appendix 1. Exploring GP opinion on the potential protective effect of a GP contact

Semi-structured survey

A semi-structured survey was used to explore the opinions of GPs on the existence and duration of 

the temporal protective effect of a GP consultation. The protective effect was defined as the 

duration of time following a GP consultation that people with diabetes would be expected to have a 

lower risk of hospitalisations and complications. The results were used to inform the empirical 

analysis.

Participants and procedures

This study used a cross-sectional survey design conducted among a convenience sample of GPs 

currently practising in Australia between September 2017 and April 2018. Participants were 

primarily recruited through key contacts from the project steering panel and Western Australian 

Primary Health Alliance. Additional recruitment was carried out at GP panel meeting events. To be 

eligible for the study the participants had to be currently practising GPs with experience of diabetes 

management. The participants were offered the choice of answering the survey either online using 

the Curtin Qualtrics platform or via a paper version. Information about the study and a consent form 

were included with the survey, as shown in Error! Reference source not found.. All surveys were 

coded and were free of identifying personal information to maintain confidentiality for participants. 

Measures 

This survey consisted of four main parts including:

1) Participants’ practice experience with patients with diabetes which collected information 

regarding years in practice, frequency of encounters with patients with diabetes, and experience 

with diabetes management. 

2) Self-ratings on belief in the time protective effect following a GP consultation for people with 

diabetes.
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4) Estimations of the duration of the protective effects of a GP consultation for people with diabetes 

exhibiting several different characteristics; i.e. types of complications (macrovascular complications 

and microvascular complications), and complication status (no complication, one or two 

complications or multiple complications).

All the questions were designed on a six-point Likert scale with open-ended possibilities for 

participants to add comments. Prior to conducting the survey, the questionnaire was reviewed by a 

separate cohort of GPs and researchers in the field and revised according to their feedback. The 

questionnaire is presented as Error! Reference source not found.. 

Data management and analysis

Responses to the online survey were saved via the Qualtrics program and then downloaded and 

saved as an Excel file. The responses to the paper-based version were also entered into Excel. All 

data were stored and handled according to Curtin University guidelines. 

A simple descriptive analysis was conducted to provide a summary of frequency of GPs’ responses to 

the options for each section. Any responses entered in the open-ended sections were entered in 

separate columns and presented in quote marks. These results were then used to inform the 

empirical analyses. 

Semi-structured survey results 

A total of 16 out of 42 potential participants (38%) responded to the survey. Each respondent had 

been practising as a GP for an average of 17 years, with 14 practising in Australia for at least five 

years and only two practising for two or three years. Most participants reported providing services 

frequently for people with diabetes. Eight out of 16 GPs reported every day; 4 out of 16 reported 

once a week; 3 out of 16 reported once a month and none reported rarely or never. GPs reported 

that they sometimes (2/16); often (6/16) or always (8/16) discussed care plans with diabetes 

patients. The majority of GPs (13/16) rated that proactively planning follow-up care for patients with 
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diabetes would be extremely important or very important, while others rated it moderately 

important or slightly important (3/16) and none responded with low or not important ratings (Table 

2A.1). 

Most (15/16) respondents believed that a GP consultation would have a temporary protective effect 

against the risk of hospitalisations or development of complications for people living with diabetes 

(Table 2A.2). However, this was rated from very true (3/16) to true (6/16) and somewhat true (6/16). 

One participant who replied ‘somewhat true’ expanded in a comment: ‘Depending if it was a routine 

surveillance consult which would give a longer temporal potential effect or an emergency consult for 

cellulitis which might mean that I refer them [to] hospital immediately’.
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Table 2A.1. GP practising experience with diabetes patients 

Characteristics Frequency
(N=16)

Percentage 
(%)

How many years have you been practising as a GP?

Under 5 years 2 12.5

5 years or more 14 87.5

How often do you see patients with diabetes in the last two 
years?

Every day 8 50.0
Every week 4 25.0
Every month 3 17.7
Rarely 1 6.3
Do you discuss a care plan with patients with diabetes?
 
Always 7 43.7
Very often 6 37.5
Sometimes 3 18.7
How do you rate the importance of proactively planning 
follow-up care for patients with diabetes in maintaining 
their health and well-being?

Extremely important 11 68.7
Very important 2 12.5
Moderately important 2 12.5
Slightly important 1 6.3

Table 2A.2. GP’s beliefs regarding the temporal protective effect of a GP consultation

Do you believe that GP consultation would have ‘time limited/temporal protective 

effect’ following GP consultation on reducing potentially preventable hospitalisation 

for people with diabetes 

GPs’ 

believe 

Very true True Somewhat 

true

Somewhat 

untrue

Untrue Not what I 

believe

N (%) 3 (18.7) 6 (37.5) 6 (37.5) 1 (6.2) 0 (0.0) 0 (0.0)
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Fifty percent of GPs (8/16) believed that the temporal protective effect following a GP consultation 

would be about 10 to 12 months for diabetes without complication, while the other 50% of 

participants believed it would be shorter (varying between 1 to 7 months). For diabetes with one or 

two complications, GPs’ responses were less consistent. Among 16 participants, three estimated 

about 8 to 9 months, 5 estimated 6 to 7 months, 5 estimated 2 to 3 months, while 3 respondents 

believed that the protective effect would be less than a month. For diabetes with three or more 

complications, the majority (8/16) believed that the temporal protective effect would be one month 

or less, others believed it would be 2 to 7 months (6/16) and 8 to 9 months (1/16) (Table 2A.3).

Table 2A.3. GPs’ estimation of the temporal protective effect by clinical conditions

GP’s estimation Length of the temporal protective effect of a GP consultation 

1 month 

or less 

2 - 3 

months 

4-5 

months

6-7 

months 

8-9 

months

10-12 

months

N (%) N (%) N (%) N (%) N (%) N (%)

Diabetes with NO 

complication

4

(25.0)

1

(6.2)

2

(12.5)

1

(6.2)

0

(0.0)

8

(50.0)

Diabetes with 1 or 2 

complications

3

(18.8)

5

(31.2)

0

(0.0)

5

(31.2)

3

(18.8)

0

(0)

Diabetes with 3 or more 

complications

8

(50.0)

2

(12.5)

2

(12.5)

2

(12.5)

1

(6.2)

1

(6.2)
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Appendix 3. Covariate balance evaluation 

The propensity score estimated from the GMB models for each level of the GP cover is presented in 

Figure 3A-B-C, separately for the Cover using the optimal maximum time intervals derived from 

different sources including WA, NSW and GP opinion. Overall, individuals in high and perfect levels 

of GP cover had higher overlapping in GPS score with each other but poor overlapping with the low 

and medium level of cover.

Table 3A-B-C presents the results of mean/percent standardised differences in observed 

characteristics for each level of cover vs. other cover levels before and after adjusted with IPTW 

weight for the cover index derived from different sources of the time intervals. The results is also 

summarised in Figure 3B for the cover index derived using different sources of the optimal 

maximum time intervals. After adjusted with IPTW weight, mean/percent standardised differences 

in the distribution of each observed covariate between each level of cover and other levels of cover 

were less than 0.2 that indicates the balance in distribution of the observed covariates achieved 

across levels of cover.   

A similar balance achieved in both stopping rules (mean of absolute standardised bias (es.mean) 

and the Kolmogorow-Simirnov statistic (ks.mean)), hence IPTW weighted estimated from the 

model using es.mean stopping rule was used for the rest of the analysis. 

Tables and figures in Appendix 3

Table 3A Unweighted and weighted mean/percent of observed covariates across the cover level using WA time intervals 
for stopping rules using mean standardised bias (es.mean) and the Kolmogorov-Smirnov mean (ks.mean)

Table 3B. Unweighted and weighted mean/percent of observed covariates across the cover level using NSW time 
intervals for stopping rules using mean standardised bias (es.mean) and the Kolmogorov-Smirnov mean (ks.mean)

Table 3C. Unweighted and weighted mean/percent of observed covariates across the cover level using NSW time 
intervals for stopping rules using mean standardised bias (es.mean) and the Kolmogorov-Smirnov mean (ks.mean)

Figure 3A.  Distribution of propensity score for each level of GP cover 

Figure 3B. Pairwise standardised mean difference before and after weighted with IPTW  
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Table 3A Unweighted and weighted mean/percent of observed covariates across the cover level using WA time intervals for stopping rules using mean standardised bias (es.mean) and 
the Kolmogorov-Smirnov mean (ks.mean)

Pre-treatment covariates Unweighted
 

Weighted mean/percent (es.mean) Weighted mean/percent (es.mean)

 Low  Average  High  Perfect  Low-  Average  High  Perfect Low  Average  High  Perfect 

Sex

Female 0.361 * 0.39  0.46  0.479  0.366 * 0.434  0.462  0.472  0.365 * 0.434 0.462  0.472  

Age group  

45-54 years 0.116  0.241 * 0.122  0.17  0.183  0.153  0.151  0.152  0.183  0.153 0.151  0.152  

55-64 years 0.23  0.301  0.266  0.302  0.22  0.303  0.282  0.288  0.22  0.304 0.281  0.288  

65-74 years 0.224 * 0.264  0.36  0.331  0.304  0.314  0.339  0.339  0.305  0.316 0.339  0.339  

75-84 years 0.269  0.149  0.223  0.172  0.244  0.194  0.2  0.193  0.244  0.193 0.2  0.193  

85+ years 0.162 * 0.045  0.029  0.025  0.049  0.036  0.029  0.029  0.049  0.033 0.029  0.029  

Indigenous  

Yes 0.016  0.024  0.013  0.013  0.014  0.013  0.014  0.013  0.014  0.012 0.014  0.013  

SEIFA  

Highest disadvantage 0.309  0.259  0.263  0.295  0.289  0.278  0.276  0.279  0.288  0.277 0.276  0.279  

High disadvantage 0.246  0.191  0.232  0.242  0.27  0.238  0.232  0.237  0.271  0.242 0.232  0.237  

Moderate 0.155  0.162  0.189  0.188  0.16  0.191  0.187  0.188  0.16  0.191 0.187  0.188  

Less disadvantage 0.143  0.168  0.159  0.144  0.17  0.143  0.154  0.152  0.171  0.142 0.154  0.152  

Least disadvantage 0.147  0.22  0.157  0.131  0.11  0.151  0.15  0.144  0.11  0.149 0.15  0.144  

Accessibility  

Highly accessible 0.553  0.562  0.528  0.544  0.571  0.569  0.54  0.535  0.57  0.568 0.54  0.535  

Accessible 0.329  0.339  0.355  0.339  0.335  0.33  0.344  0.348  0.335  0.329 0.344  0.348  

Moderate 0.101  0.091  0.109  0.106  0.089  0.095  0.107  0.108  0.09  0.096 0.108  0.108  

Very remote/remote 0.018  0.008  0.008  0.011  0.005  0.006  0.008  0.009  0.005  0.006 0.008  0.009  

Education  

Bellow secondary 0.147  0.137  0.177  0.191  0.128  0.165  0.177  0.183  0.128  0.165 0.177  0.183  

Secondary 0.263  0.181  0.255  0.244  0.229  0.249  0.248  0.246  0.229  0.252 0.249  0.246  

Higher school/uni/tafe 0.59  0.681 * 0.568  0.565  0.643  0.586  0.575  0.571  0.643  0.583 0.575  0.571  

Levels of limitation  
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No 0.123  0.195  0.133  0.176  0.159  0.17  0.155  0.16  0.159  0.17 0.155  0.16  

Minor 0.205  0.297  0.272  0.283  0.251  0.262  0.279  0.277  0.251  0.262 0.279  0.277  

Moderate 0.338  0.263  0.316  0.29  0.319  0.275  0.3  0.301  0.319  0.276 0.3  0.301  

Severe 0.334  0.245  0.279  0.251  0.271  0.293  0.266  0.262  0.271  0.291 0.267  0.262  

Number of self-report 
comorbidities

2.036  1.608  1.919  1.71  1.884  1.724  1.794  1.779  1.883  1.726 1.794  1.779  

Frequency of GP contacts TP1 10.61
6

* 21.826 * 34.02
6

 33.597  29.23
4

 29.953  32.38  32.836  29.22  30.058 32.39
3

 32.836  

Frequency of GP contacts TP1 7.09 * 13.936 * 13.24
2

 9.057  10.97
4

 10.502  11.04
4

 10.726  10.98
7

 10.354 11.05
3

 10.726  

Number of diabetes related 
PPH TP1

0.474  0.458  0.478  0.304  0.345  0.378  0.384  0.385  0.345  0.37 0.384  0.385  

Cover TP1  

Low 0.611 * 0.084 * 0.006 * 0.004 * 0.037  0.023  0.021  0.011  0.036  0.023 0.021  0.011  

Average 0.18 * 0.2 * 0.049  0.026 * 0.047  0.051  0.049  0.047  0.047  0.05 0.049  0.047  

High 0.137 * 0.431  0.536 * 0.349 * 0.426  0.448  0.436  0.431  0.426  0.443 0.436  0.431  

Perfect 0.072 * 0.286 * 0.409 * 0.621 * 0.49  0.478  0.494  0.511  0.49  0.484 0.494  0.511  

UPC index TP1 0.364 * 0.761  0.796  0.792  0.776  0.786  0.785  0.79  0.776  0.788 0.785  0.79  

Comorbidity prior TP1 (MACSS) 4.462 * 4.027  4.267  3.012 * 3.624  3.563  3.629  3.54  3.623  3.53 3.629  3.54  

Level of complication prior TP1  

No complication 0.426  0.494  0.443 * 0.574 * 0.543  0.508  0.512  0.516  0.543  0.512 0.511  0.516  

1/2 complication 0.236  0.244  0.286  0.236  0.232  0.251  0.262  0.259  0.231  0.249 0.263  0.259  

3+complication 0.338 * 0.262  0.271  0.189 * 0.226  0.241  0.226  0.225  0.226  0.239 0.226  0.225  

Duration of diabetes  

1-5 years 0.415  0.434  0.413  0.443  0.433  0.425  0.429  0.432  0.433  0.426 0.429  0.432  

6-10 years 0.329  0.302  0.319  0.293  0.294  0.311  0.305  0.303  0.294  0.313 0.305  0.303  

10+ years 0.256  0.264  0.268  0.264  0.274  0.264  0.266  0.265  0.274  0.262 0.266  0.265  

Regularity quintiles 1.49 * 1.919 * 2.506  2.414  2.387  2.32  2.398  2.415  2.386  2.323 2.398  2.415  
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Table 3B. Unweighted and weighted mean/percent of observed covariates across the cover level using NSW time intervals for stopping rules using mean standardised bias (es.mean) and 
the Kolmogorov-Smirnov mean (ks.mean)

Pre-treatment covariates Unweighted mean/percent Weighted mean/percent (es.mean) Weighted mean/percent (es.mean)

 Low  Average  High  Perfect  Low  Average  High  Perfect Low  Average  High  Perfect 

Sex

Female 0.359 * 0.391  0.461  0.48  0.402  0.43  0.463  0.473  0.402  0.43 0.463  0.473  

Age group  

45-54 years 0.117  0.243 * 0.122  0.17  0.176  0.147  0.15  0.152  0.176  0.147 0.15  0.152  

55-64 years 0.235  0.299  0.267  0.302  0.226  0.306  0.283  0.287  0.225  0.306 0.283  0.287  

65-74 years 0.221 * 0.261  0.36  0.332  0.29  0.316  0.339  0.338  0.29  0.316 0.339  0.338  

75-84 years 0.264  0.15  0.223  0.171  0.257  0.193  0.2  0.194  0.257  0.193 0.2  0.194  

85+ years 0.162 * 0.046  0.029  0.024  0.052  0.038  0.028  0.029  0.052  0.038 0.028  0.029  

Indigenous  

Yes 0.017  0.022  0.013  0.013  0.017  0.011  0.014  0.013  0.017  0.011 0.014  0.013  

SEIFA  

Highest disadvantage 0.308  0.255  0.263  0.296  0.28  0.275  0.275  0.279  0.279  0.275 0.275  0.279  

High disadvantage 0.245  0.192  0.233  0.242  0.278  0.237  0.232  0.236  0.278  0.236 0.232  0.236  

Moderate 0.154  0.165  0.189  0.188  0.149  0.191  0.187  0.188  0.149  0.191 0.187  0.188  

Less disadvantage 0.148  0.165  0.159  0.143  0.185  0.146  0.155  0.151  0.185  0.146 0.155  0.151  

Least disadvantage 0.146  0.223  0.155  0.13  0.108  0.151  0.15  0.146  0.108  0.151 0.15  0.146  

Accessibility  

Highly accessible 0.552  0.562  0.529  0.542  0.55  0.566  0.54  0.535  0.55  0.566 0.54  0.535  

Accessible 0.331  0.335  0.353  0.34  0.339  0.328  0.344  0.348  0.34  0.328 0.344  0.348  

Moderate 0.1  0.094  0.109  0.106  0.108  0.096  0.108  0.108  0.108  0.096 0.107  0.108  

Very remote/remote 0.017  0.009  0.008  0.012  0.003  0.011  0.008  0.009  0.003  0.011 0.008  0.009  

Education  

Bellow secondary 0.146  0.143  0.176  0.192  0.137  0.165  0.178  0.183  0.137  0.165 0.178  0.183  

Secondary 0.261  0.193  0.255  0.244  0.254  0.246  0.248  0.245  0.254  0.246 0.248  0.245  

Higher school/uni/tafe 0.593  0.664 * 0.569  0.564  0.609  0.589  0.574  0.572  0.609  0.589 0.574  0.572  

Levels of limitation  

No 0.125  0.19  0.134  0.176  0.156  0.163  0.155  0.159  0.156  0.163 0.155  0.159  
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Minor 0.205  0.297  0.271  0.284  0.247  0.265  0.278  0.278  0.247  0.264 0.278  0.278  

Moderate 0.335  0.265  0.316  0.289  0.323  0.282  0.301  0.3  0.323  0.282 0.301  0.3  

Severe 0.335  0.248  0.279  0.25  0.274  0.291  0.266  0.263  0.274  0.291 0.266  0.263  

Number of self-report comorbidities 2.039  1.613  1.911  1.713  1.788  1.719  1.791  1.78  1.788  1.719 1.791  1.78  

Frequency of GP contacts TP1 10.756 * 21.235 * 33.851  34.01  29.509  30.031  32.417  32.886  29.507  30.036 32.414  32.886  

Frequency of GP contacts TP1 7.22 * 13.618  13.093  9.074  10.763  10.528  11.045  10.79  10.762  10.538 11.042  10.791  

Number of diabetes related PPH TP1 0.482  0.458  0.475  0.301  0.361  0.371  0.384  0.383  0.361  0.372 0.384  0.383  

Cover TP1  

Low 0.609 * 0.082  0.005 * 0.003 * 0.04  0.026  0.02  0.011  0.04  0.026 0.02  0.011  

Average 0.189 * 0.213 * 0.05  0.026 * 0.049  0.051  0.052  0.049  0.049  0.051 0.052  0.049  

High 0.132 * 0.464  0.547 * 0.354 * 0.428  0.449  0.447  0.443  0.428  0.45 0.447  0.443  

Perfect 0.069 * 0.241 * 0.398 * 0.616 * 0.483  0.473  0.481  0.497  0.483  0.473 0.481  0.497  

UPC index TP1 0.369 * 0.768  0.796  0.792  0.768  0.783  0.786  0.79  0.769  0.783 0.786  0.79  

Comorbidity prior TP1 (MACSS) 4.478 * 4.079  4.271  2.958 * 3.398  3.534  3.622  3.542  3.398  3.539 3.621  3.542  

Level of complication prior TP1  

No complication 0.419  0.447  0.434 * 0.593 * 0.567  0.51  0.511  0.517  0.567  0.509 0.511  0.517  

1/2 complication 0.237  0.255  0.288  0.232  0.252  0.255  0.263  0.258  0.252  0.255 0.263  0.258  

3+complication 0.343 * 0.298  0.278  0.175 * 0.181  0.235  0.226  0.225  0.181  0.236 0.226  0.225  

Duration of diabetes  

1-5 years 0.416  0.429  0.413  0.444  0.454  0.429  0.429  0.43  0.454  0.429 0.429  0.43  

6-10 years 0.327  0.315  0.319  0.291  0.279  0.308  0.303  0.305  0.279  0.308 0.303  0.305  

10+ years 0.257  0.256  0.269  0.265  0.267  0.263  0.268  0.265  0.267  0.263 0.268  0.265  

Regularity quintiles 1.493 * 1.889 * 2.494  2.435  2.407  2.313  2.401  2.422  2.407  2.313 2.401  2.422  
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Table 3C. Unweighted and weighted mean/percent of observed covariates across the cover level using NSW time intervals for stopping rules using mean standardised bias (es.mean) and 
the Kolmogorov-Smirnov mean (ks.mean)

Pre-treatment covariates Unweighted       Weighted mean/percent (es.mean)   Weighted mean/percent (es.mean)

 Low  Average  High  Perfect  Low  Average  High  Perfect Low  Average  High  Perfect 

Sex

Female 0.364 * 0.412  0.481  0.496  0.409  0.437  0.472  0.478  0.409  0.437 0.472  0.479  

Age group  

45-54 years 0.119  0.105  0.136  0.197  0.154  0.143  0.153  0.166  0.154  0.143 0.153  0.166  

55-64 years 0.257  0.23  0.274  0.33  0.232  0.282  0.277  0.302  0.232  0.282 0.277  0.303  

65-74 years 0.285  0.357  0.357  0.319  0.323  0.33  0.339  0.347  0.323  0.331 0.339  0.346  

75-84 years 0.239  0.266  0.208  0.137 * 0.242  0.207  0.2  0.166  0.242  0.207 0.2  0.165  

85+ years 0.1 * 0.042  0.026  0.017  0.048  0.037  0.031  0.019  0.048  0.037 0.031  0.019  

Indigenous  

Yes 0.012  0.019  0.012  0.013  0.025  0.013  0.012  0.011  0.025  0.013 0.012  0.011  

SEIFA  

Highest disadvantage 0.295  0.273  0.271  0.288  0.276  0.289  0.277  0.3  0.276  0.289 0.277  0.3  

High disadvantage 0.214  0.241  0.236  0.238  0.234  0.227  0.236  0.238  0.234  0.227 0.236  0.238  

Moderate 0.163  0.181  0.188  0.193  0.193  0.181  0.193  0.177  0.193  0.181 0.193  0.177  

Less disadvantage 0.152  0.149  0.158  0.147  0.143  0.146  0.156  0.147  0.143  0.146 0.156  0.147  

Least disadvantage 0.176  0.157  0.147  0.134  0.155  0.157  0.139  0.138  0.155  0.157 0.139  0.138  

Accessibility  

Highly accessible 0.543  0.544  0.531  0.54  0.549  0.538  0.528  0.528  0.549  0.537 0.528  0.529  

Accessible 0.337  0.35  0.351  0.34  0.356  0.359  0.351  0.347  0.356  0.36 0.351  0.347  

Moderate 0.111  0.093  0.111  0.109  0.088  0.094  0.112  0.117  0.088  0.094 0.112  0.116  

Very remote/remote 0.01  0.012  0.007  0.011  0.006  0.009  0.009  0.009  0.006  0.009 0.009  0.009  

Education  

Bellow secondary 0.15  0.19  0.183  0.181  0.137  0.169  0.183  0.192  0.137  0.169 0.183  0.192  

Secondary 0.244  0.243  0.256  0.241  0.264  0.251  0.244  0.236  0.264  0.251 0.244  0.236  

Higher school/uni/tafe 0.606  0.567  0.561  0.578  0.599  0.58  0.573  0.573  0.599  0.58 0.573  0.573  

Levels of limitation  

No 0.125  0.102 * 0.143  0.207  0.132  0.154  0.155  0.168  0.132  0.155 0.155  0.168  

Minor 0.245  0.255  0.272  0.3  0.251  0.269  0.27  0.286  0.251  0.269 0.27  0.285  
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Moderate 0.329  0.339  0.303  0.273  0.332  0.303  0.303  0.276  0.332  0.302 0.303  0.276  

Severe 0.302  0.304  0.282  0.221  0.285  0.274  0.272  0.269  0.285  0.274 0.272  0.271  

Number of self-report comobidities 1.944  2.009  1.878  1.597  1.856  1.765  1.796  1.745  1.856  1.764 1.795  1.746  

Frequency of GP contacts TP1 16.954 * 33.855  36.753  31.223  30.366  30.89  33.138  33.226  30.366  30.847 33.137  33.337  

Frequency of GP contacts TP1 10.625  15.176 * 12.347  7.564 * 10.957  11.164  11.233  11.081  10.957  11.141 11.232  11.298  

Number of diabetes related PPH TP1 0.602  0.694 * 0.39  0.177  0.387  0.404  0.38  0.386  0.387  0.403 0.38  0.385  

Cover TP1  

Low 0.355 * 0.026  0.006 * 0.004 * 0.048  0.033  0.023  0.01 * 0.048  0.033 0.023  0.01 *

Average 0.516 * 0.537 * 0.077 * 0.029 * 0.208  0.21  0.17  0.076 * 0.208  0.211 0.17  0.077 *

High 0.093 * 0.32  0.527 * 0.315  0.35  0.374  0.389  0.433  0.35  0.374 0.389  0.433  

Perfect 0.036 * 0.118 * 0.39  0.653 * 0.394  0.383  0.418  0.48  0.394  0.383 0.418  0.479  

UPC index TP1 0.623 * 0.796  0.791  0.79  0.773  0.782  0.786  0.792  0.773  0.782 0.786  0.792  

Comorbidity prior TP1 (MACSS) 4.876 * 5.204 * 3.867  2.299 * 3.777  3.704  3.597  3.285  3.777  3.699 3.597  3.296  

Level of complication prior TP1  

No complication 0.211 * 0.18 * 0.544  0.73 * 0.471  0.488  0.532  0.6  0.471  0.488 0.532  0.598  

1/2 complication 0.159 * 0.202  0.313  0.263  0.279  0.266  0.27  0.297  0.279  0.266 0.27  0.297  

3+complication 0.63 * 0.618 * 0.143 * 0.007 * 0.25  0.246  0.199  0.103 * 0.25  0.246 0.199  0.104 *

Duration of diabetes  

1-5 years 0.364  0.301 * 0.458  0.488  0.399  0.418  0.432  0.481  0.399  0.418 0.432  0.48  

6-10 years 0.356  0.403 * 0.286  0.258  0.335  0.316  0.302  0.269  0.335  0.316 0.302  0.27  

10+ years 0.28  0.296  0.256  0.254  0.266  0.266  0.267  0.25  0.266  0.266 0.267  0.25  

Regularity quintiles 1.725 * 2.59  2.577  2.283  2.351  2.328  2.434  2.446  2.351  2.327 2.434  2.45  

Note:

* denote pre-treatment covariates for which absolute standardise mean difference >=0.2

SEIFA: Census-specific Socio-economic Indexes for Areas

MACSS: Multipurpose Australian Comorbidity Scoring System

TP1: time period 1 between 2009/2010 and 2011/2012
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Empirical estimation of the optimal time period under potentially protective effect of GP care

Study population

A total of 29 007 individuals were identified with diabetes by 1 July 2009. We then excluded those 

who died within two-year after the baseline year (2009) (n=2 310, 7.9%) to allow a minimum of two-

year follow-up for every individual. Individuals who did not have any hospitalisation and general 

practitioner encounter in the whole studied period from 1 July 2009 to 30 June 2016 were also 

excluded (n=95, 0.3 %).  Finally, we excluded a small number (n=1 728, 6.0 %) of individuals without 

details of age, sex, and/or socioeconomic characteristics.  A total of 24874 individuals were included 

in models search for estimation of the optimal time period under GP cover. 

The study population were stratified into three cohorts (i) individuals with no complications of 

diabetes, (ii) those with one or two complications of diabetes and (iii) those with three or more 

complications of diabetes to account for disease severity levels 35. The data in each complication 

cohort were constructed in a panel structure with annual measures of the main outcome, predictor 

and covariate over the period between 2009/2010 to 2015/2016 financial years

Outcome measures

The outcome measure was the number of diabetes related PPH within each financial year, identified 

using ICD-10-AM codes suggested by the National Health Performance Framework (AIHW, 2008) and 

hospitalisation where diabetes was identified as a significant risk factor (Davis, Knuiman, Hendrie, & 

Davis, 2005). The hospitalisations were excluded routine hospitalisations for kidney dialysis and 

inter-hospital transfers were counted as a single episode of care. 

Main predictor: Maximum time interval between GP contacts

For each individual, the date of GP services within a financial year was identified in MBS data. The 

time between GP visits was determined by number of days: (1) between GP visits within a financial 

year and; (2) between the date of first GP visit of a financial year and the date of the last GP visit in 

the previous financial year(s) looking back up to 3 financial years. In the case where a hospitalisation 
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was observed, time was counted either to the first GP visit post-hospitalisation provided that the GP 

visit was within 14 days of discharge or from day 14 after hospital discharge date and the next GP 

visit (Jackson et al. 2015). Among multiple time intervals between GP contacts in a financial, the 

maximum time interval was selected for further analysis. 

Other covariates: demographic and socio-demographic characteristics at the baseline and  average 

time interval between GP visits, GP regularity, GP frequency and GP continuity provider index, 

history of diabetes related PPHs, comorbidities at each financial year were included in the analyses. 

Threshold effect models

Threshold effect based on random effects negative binomial models were conducted to identify the 

optimal maximum time interval to GP visit in which the number of diabetes related PPHs were 

minimal for each complication cohort. This approach was proposed by Gannon, et al. 37 and applied 

previously 35 38. Briefly, the model searched for subpopulations in which the association between 

diabetes related PPHs and the maximum time interval between GP visits was homogeneous and 

used information criteria Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) 

to select the optimal model. The threshold effects models were specified with (1) In addition to all 

the observed covariates; (2) lag1 of GP utilisation including frequency of GP contacts and regularity 

of GP contact, (3)  previously specified above the models incorporated  Mundlak variables, (group 

means of time-varying variables including frequency of GP contact, regularity of GP contact and 

comorbidities) to allow for arbitrary correlation between observed and unobserved heterogeneity 

terms in the model  39 40 and (4) . Tthe initial condition – history of diabetes-related hospitalisations 

at the baseline year – was also included to allow for any endogeneity arising from the dynamic set-

up of the approach 41.  The optimal maximum time intervals identified from the threshold effect 

models in each cohort were presented at the Table 1A and were used to calculate the Cover Index 

which is defined as the proportion of time in a financial year people with diabetes were under cover 

of primary care (via their GP) as previously described above.
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Results of threshold effects models

Table 1A shows the results of threshold effect models for each complication cohorts including no 

complication, one/two complication and three or more complication cohorts. Based on the BIC and 

the AIC, the preferred models indicated 3 subpopulations for both non-complication and one/two 

complication cohorts and five sub-populations for three or more complications cohort. The optimal 

maximum time interval estimated from the threshold effect models was 13 months (Coef. -0.027) 

for diabetes with no complications, 8 months (Coef. -0.05) for diabetes with 1-2 complications and 6 

months (Coef. -0.05) for 3+ complications.  Those optimal time intervals were considered as the time 

interval under GP cover corresponding to individuals’ complication level and used to calculate the 

Cover Index.
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Table 1A. Threshold search for the optimal maximum time interval to GP visits by complication cohorts for people aged 45 years and older

Complication cohorts No complication 1-2 complications 3+ complications
Models 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Number of subpopulations 1 2 3 4 36 1 2 3 4 36 1 2 3 4 5 36

AIC
35681.

7
35627.
9

35603.
5

35596.
9

35618.
1

34824.
4

34759.
4

34746.
5

34742.
5

34779.
9

70216.
6

69935.
6

69867.
8

69837.
5

69832.
7

69853.
7

BIC
35951.

6
35915.
7

35900.
3

35902.
7

36211.
7

35084.
9

35037.
4

35033.
1

35037.
8

35335.
7

70483.
6

70220.
4

70161.
5

70140.
1

70144.
2

70423.
4

Threshold parameters 
(months)                 

 - 13 1 1 - - 1 1 1 - - 1 1 1 1 -

 - - 13 6 - - - 8 2 - - - 2 2 2 -

 - - - 16 - - - - 8 - - - - 20 6 -

 - - - - - - - - - - - - - - 20 -

 - - - - - -  - - - -  - - - -  -
Coefficients            

 -
-
0.046**

0.387**
* 0.288** - -

0.445**
*

0.347**
*

0.470**
* - -

0.394**
*

0.690**
*

0.595**
*

0.489**
* -

 -
0.068**
* -0.027

-
0.071** - - -0.003 -0.050* 0.028 - - -0.030*

0.146**
*

0.097**
* 0.043 -

 -  
0.073**
* -0.030 - - - 0.021 -0.031 - - - 0.013 -0.021

-
0.055** -

 -  -
0.073**
* - - - - 0.028 - - -  

0.088**
* -0.022 -

 -  - - - - - -  - - - -  
0.084**
* -

Note: * indicate p-values with * is p-value <0.05; ** is p-value <0.01; *** is p-value <0.001
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The cover index calculation 

The Cover Index was calculated for each financial year (ie 1 July to 30 June) ascertained from the 

number of days within each year that the individual remained alive and not in hospital (i.e., was 

living in the community and therefore eligible for a GP visit). The annual number of days under GP 

cover was the number of days following each GP visit that were within the defined optimal 

maximum time interval with special consideration given to the start of each year and time following 

a hospitalisation, as follows.  For the start of each year the days from the last GP visit in the 

preceding year that were within the optimal maximum time period and fell within the financial year 

of interest were counted. Following a hospitalisation, determination of cover re-started on the 

earliest of either the 15th day post-separation date or the date of the first GP visit. 
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A-The cover derived from WA optimal maximum time intervals B-The cover derived from NSW optimal maximum time intervals C-The cover derived from GP opinion optimal maximum time intervals 
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B-The cover derived from NSW optimal maximum time intervals A-The cover derived from WA optimal maximum time intervals 

C-The cover derived from GP opinion optimal maximum time intervals 

Page 46 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

Table 4A - Effect of Cover levels derived from NSW time interval on diabetes related hospitalisations and length of stay

 Diabetes related PPH LOS diabetes related PPH Unplanned diabetes related PPH
LOS unplanned diabetes related 
PPH

 IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value
Unweighted (1)             

Low Cover 4.8
(3.9; 
5.9) <0.001 12.5 (8.8; 17.9) <0.001 2.6 (1.8; 3.7) <0.001 8.4 (4.5; 15.5) <0.001

Medium Cover 3.9
(3.4; 
4.4) <0.001 10.4 (8.6; 12.7) <0.001 3.1 (2.6; 3.8) <0.001 7.5 (5.4; 10.5) <0.001

High Cover 3.4
(3.2; 
3.6) <0.001 4.3 (3.9; 4.6) <0.001 2.5 (2.3; 2.8) <0.001 3.5 (3.0; 4.0) <0.001

Perfect Cover Ref Ref Ref Ref
Weighted  (2)

Low Cover 4.7
(2.7; 
8.2) <0.001 1.9 (0.6; 6.6) 0.3 2.4 (1.3; 4.4) <0.001 1.1 (0.2; 5.8) 0.89

Medium Cover 4.7
(4.1; 
5.5) <0.001 4.7 (2.5; 8.9) <0.001 3.8 (2.9; 5.1) <0.001 3.0 (1.5; 6.0) <0.001

High Cover 3.4
(3.2; 
3.7) <0.001 2.8 (1.9; 4.1) <0.001 2.6 (2.3; 2.9) <0.001 2.0 (1.3; 3.0) <0.001

Perfect Cover Ref Ref Ref Ref
Doubly robust estimation (3)

Low Cover 4.3
(2.7; 
6.8) <0.001 2.6 (1.4; 4.8) <0.01 2.3 (1.3; 4.1) <0.05 1.9 (0.8; 4.2) 0.13

Medium Cover 4.4
(3.8; 
5.1) <0.001 7.6 (5.8; 10.1) <0.001 3.3 (2.5; 4.3) <0.001 5.5 (3.8; 8.1) <0.001

High Cover 3.4
(3.2; 
3.7) <0.001 4.5 (3.8; 5.3) <0.001 2.6 (2.3; 2.9) <0.001 3.7 (3.0; 4.6) <0.001

Perfect Cover Ref   Ref   Ref   Ref   

Notes:
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(1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
comorbidity, complication, duration of diabetes, history of diabetes related PPH, cover in, frequency of GP contacts, regularity, UPC, number of 
specialist visits)

(2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates
(3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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Table 4B - Effect of Cover levels derived from the survey time interval on diabetes related hospitalisations and length of stay

 Diabetes related PPH LOS diabetes related PPH Unplanned diabetes related PPH LOS unplanned diabetes related PPH
 IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value
Unweighted (1)             
Low Cover 6.4 (5.5; 7.4) <0.001 14.0 (11.3; 17.2) <0.001 6.1 (4.7; 7.8) <0.001 12.0 (8.4; 17.2) <0.001
Medium Cover 6.5 (5.8; 7.2) <0.001 10.2 (8.9; 11.6) <0.001 5.3 (4.4; 6.3) <0.001 8.8 (7.0; 11.1) <0.001
High Cover 4.9 (4.5; 5.4) <0.001 5.1 (4.6; 5.7) <0.001 3.7 (3.2; 4.3) <0.001 4.4 (3.7; 5.3) <0.001
Perfect Cover Ref Ref Ref Ref
Weighted  (2)
Low Cover 3.8 (2.7; 5.3) <0.001 12.5 (5.8; 27.3) <0.001 6.9 (4.1; 11.7) <0.001 21.7 (9.6; 49.0) <0.001
Medium Cover 4.8 (3.9; 5.9) <0.001 9.5 (5.6; 16.3) <0.001 6.4 (5.0; 8.2) <0.001 10.1 (6.2; 16.5) <0.001
High Cover 3.5 (2.8; 4.3) <0.001 3.8 (2.3; 6.4) <0.001 3.9 (3.1; 5.0) <0.001 4.3 (2.7; 7.0) <0.001
Perfect Cover Ref Ref Ref Ref
Doubly robust estimation (3)
Low Cover 3.5 (2.6; 4.7) <0.001 8.2 (5.0; 13.4) <0.001 5.6 (3.7; 8.5) <0.05 8.3 (4.8; 14.1) <0.001
Medium Cover 4.9 (4.1; 5.8) <0.001 11.7 (8.7; 15.8) <0.001 6.1 (4.7; 7.8) <0.001 11.3 (8.0; 15.8) <0.001
High Cover 3.7 (3.2; 4.4) <0.001 5.5 (4.3; 6.9) <0.001 4.0 (3.2; 5.0) <0.001 5.1 (3.9; 6.8) <0.001
Perfect Cover Ref   Ref   Ref   Ref   

Notes:

(4) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
comorbidity, complication, duration of diabetes, history of diabetes related PPH, cover in, frequency of GP contacts, regularity, UPC, number of 
specialist visits)

(5) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates
(6) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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Table 4C- Effect of Cover levels derived from the survey time interval on diabetes related hospitalisations and length of stay among sub-population

 Diabetes related PPH LOS diabetes related PPH Unplanned diabetes related PPH
LOS unplanned diabetes related 
PPH

 IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value
Unweighted (1)             

Low Cover 4.7
(3.7; 
5.8) <0.001 12.6 (8.8; 18.2) <0.001 2.5 (1.7; 3.7) <0.001 8.1 (4.3; 15.2) <0.001

Medium Cover 4.0
(3.5; 
4.5) <0.001 10.4 (8.4; 12.9) <0.001 3.0 (2.5; 3.8) <0.001 6.7 (4.7; 9.5) <0.001

High Cover 3.5
(3.3; 
3.7) <0.001 4.4 (4.1; 4.8) <0.001 2.6 (2.4; 2.9) <0.001 3.7 (3.2; 4.3) <0.001

Perfect Cover Ref Ref Ref Ref
Weighted  (2)

Low Cover 4.6
(2.7; 
7.9) <0.001 3.1 (0.9; 11.1) 0.085 2.4 (1.3; 4.4) 0.005 2.2 (0.4; 13.2) 0.04

Medium Cover 4.8
(4.1; 
5.7) <0.001 4.6 (2.5; 8.5) <0.001 3.5 (2.6; 4.6) <0.001 2.8 (1.3; 5.8) <0.001

High Cover 3.4
(3.2; 
3.7) <0.001 3.0 (2.1; 4.4) <0.001 2.6 (2.3; 3.0) <0.001 2.2 (1.4; 3.3) <0.001

Perfect Cover Ref Ref Ref Ref
Doubly robust estimation (3)

Low Cover 4.2
(2.6; 
6.6) <0.001 3.0 (1.6; 5.8) <0.001 2.1 (1.2; 3.7) 0.014 2.4 (1.0; 5.9) 0.049

Medium Cover 4.5
(3.9; 
5.3) <0.001 7.1 (5.2; 9.6) <0.001 3.0 (2.3; 3.9) <0.001 4.4 (2.9; 6.7) <0.001

High Cover 3.5
(3.2; 
3.8) <0.001 4.9 (4.1; 5.9) <0.001 2.7 (2.4; 3.0) <0.001 4.3 (3.4; 5.4) <0.001

Perfect Cover Ref   Ref   Ref   Ref   
Notes:

(7) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
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comorbidity, complication, duration of diabetes, history of diabetes related PPH, cover in, frequency of GP contacts, regularity, UPC, number of 
specialist visits)

(8) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates
(9) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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28 Abstract 

29 Objectives: To evaluate the relationship between the proportion of time under the potentially 

30 protective effect of a general practitioner (GP) captured using the Cover Index and diabetes related 

31 hospitalisation and length of stay (LOS).

32 Design: An observational cohort study over two three-year time periods (2009/10-2011/12 as the 

33 baseline and 2012/13-2014/15 as the follow-up). 

34 Setting: Linked self-report and administrative health service data at individual level from the 45 and 

35 Up Study in New South Wales (NSW), Australia 

36 Participants: A total of 21 965 individuals aged 45 years and older identified with diabetes before 

37 July 2009 were included in this study. 

38 Main outcome measures: Diabetes-related hospitalisation, unplanned diabetes related 

39 hospitalisation and LOS of diabetes related hospitalisation and unplanned diabetes related 

40 hospitalisation.

41 Methods: The average annual GP Cover Index over a three year period was calculated using 

42 information obtained from Australian Medicare and hospitalisation. The effect of exposure to 

43 different levels of the Cover on the main outcomes were estimated using negative binomial models 

44 weighted for inverse probability of treatment weight (IPTW) to control for observed covariate 

45 imbalance at the baseline period. 

46 Results: Perfect GP cover was observed among 48% of people with diabetes in the study cohort. 

47 Compared with perfect level of GP cover, having lower levels of GP cover including high (IRR 3.5, 

48 95%CI 3.3-3.8), medium (IRR 4.6, 95%CI 3.9-5.3) and low (IRR 4.2, 95%CI 2.7-6.7) was significantly 

49 associated with higher number of diabetes related hospitalisation. Similar association was observed 

50 between the different levels of GP cover and other outcomes including LOS for diabetes related 

51 hospitalisation, unplanned diabetes related hospitalisation and LOS for unplanned diabetes related 

52 hospitalisation.  
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53 Conclusions: Measuring longitudinal continuity in terms of time under cover of GP care may offer 

54 opportunities to optimise the performance of primary health care and reduce secondary care costs 

55 in the management of diabetes. 

56

57 Article summary 

58 Strengths and limitations of this study

59  In this study, we used a large contemporary population based cohort linked with individuals’ 

60 health care service records that enabled us to account for differences across time periods 

61 and a wide range of demographic, socioeconomic and clinical characteristics.

62  Using empirical analytic approaches to construct the GP cover index, the study was able to 

63 explore latent patterns of GP utilisation relative to demographic and clinical characteristics 

64 that unpack further dimensions of longitudinal continuity of primary care.

65  The Cover Index expresses the proportion of time under cover of GP care and therefore can 

66 quantify the extent of sufficiency of primary care utilisation and can be applied at the 

67 individual, subpopulation or whole population level. 

68  Since both GP cover and hospitalisations were measured over the same period, caution is 

69 required when interpreting any causal relationship between the cover of GP care and 

70 diabetes related hospitalisation although imbalance in the observed demographic and 

71 clinical characteristics between GP cover levels was controlled using IPTW.

72  Hospitalisations classified as diabetes related hospitalisation in this study may not be all truly 

73 avoidable by effective GP care, however, further analysis using unplanned diabetes related 

74 hospitalisation outcome confirmed that increasing GP cover reduces unplanned 

75 hospitalisation, likely via better management of the condition. 

76

77
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78 Introduction 

79 Diabetes causes major burden for health care systems worldwide with 425 million people living with 

80 diabetes in 2017 (1). About 1.1 million people in 2017 are living with diabetes in Australia (2). 

81 Diabetes and its related complication are associated with poor health outcomes, low quality of life 

82 and substantially high burden of health care expenditure (2, 3).  

83 To address burden of complex chronic conditions such as diabetes, many health care systems have 

84 been oriented towards strengthening the roles of primary health care (4, 5). In Australia, the 

85 government has set a focus on strengthening the Primary health care system through providing 

86 financial incentive for aspects of primary care such as services/practice incentive payment (6). The 

87 practice incentive payment was introduced in 1998 and went through many changed but has 

88 remained stable since 2006 (7). General practitioners (GP) play a central role of primary care  

89 providing care for approximately 85% of the general population (5). The GPs are responsible for first 

90 contact of care, gatekeeping access to health care system, coordinating and integrating with other 

91 health professionals in secondary care settings including speciality, allied health and hospital care 

92 (5).  The GPs’ roles have been vital for efficient use of health care resources, management of chronic 

93 conditions (8) and improving population health outcomes (4, 9). 

94 Literature highlights the importance of continuity of care in which GPs play a central role, to ensure 

95 a sufficient provision of care, minimise unnecessary or harmful care and to promote self-

96 management for people with the chronic complex conditions (10-14). A modern concept of 

97 continuity comprises of three main aspects including interpersonal continuity, management 

98 continuity and information continuity (15).  Previous studies found that more continuity of care in 

99 terms of interpersonal continuity captured by higher continuity of provider (12, 16), and 

100 management continuity captured by greater regularity of GP visits (17-19)  is associated with better 

101 patient satisfaction, and fewer avoidable hospitalisations.
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102 For people with ambulatory care sensitive conditions (ACSC) such as diabetes, proactive care offers 

103 an opportunity for early and sufficient action to be taken to prevent the onset and delay progression 

104 of degenerative diseases (20). Recent evidence examining patterns of GP utilisation has 

105 demonstrated that the time interval between GP visits was associated with lower number of 

106 hospitalisation (21, 22). The time interval between GPs services is integrated into a new continuity of 

107 care metric named the Cover Index capturing the proportion of time people are under the 

108 potentially protective effect of GP care (21). The Cover Index offers a new measure of continuity of 

109 care accounting for management aspect of care to support comprehensive evaluation of continuity 

110 of care in the context of a high burden of complex and multiple chronic conditions (21). 

111 Knowledge about how differing amounts of time people are under the protective effect of contact 

112 with GP (as measured by the Cover index) on diabetes related hospitalisations would provide useful 

113 information to aid in the development of policies that support proactive care by GPs for people with 

114 chronic conditions such as diabetes and improve health outcomes for the population. Building on 

115 the previous study (21) using historical data, this study aimed to apply the cover index to evaluate 

116 the GP cover of people with diabetes in the contemporary setting and its association with diabetes 

117 related hospitalisation and length of stay.   

118 Methods

119 This was a retrospective observational cohort study using self-reported survey data linked with 

120 routinely collected unit record administrative health data. Reporting follows the Reporting of studies 

121 Conducted using Observational Routinely-collected health Data (RECORD) guidelines (23)

122 Data sources

123 This was a retrospective observational study using data from the Sax Institute’s 45 and Up Study in 

124 New South Wales; details of the cohort profile have been previously reported (24). The Sax 

125 Institute’s 45 and Up Study was sampled from the Department of Humans Services (formerly 

126 Medicare Australia) enrolment data base. The study comprises of over 267 000 people aged 45 years 
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127 and over with individual information on demographics, socioeconomic status, lifestyle factors, 

128 health status and well-being collected from the survey between 2006 and 2009. Survey data were 

129 linked with administrative health records from i) the New South Wales Admitted Patient Data 

130 Collection (APDC)(2005 to 2015), ii) the Medicare Benefits Schedule (MBS) (2005 to 2015), iii) the 

131 Pharmaceutical Benefit Scheme (PBS) (2005 to 2015) and (iv) the NSW Register of Births Deaths and 

132 Marriages (RBDM) (2006 to 2015). The NSW Centre for Health Record Linkage (CHeReL) conducted 

133 the linkage for APDC and RBDM. CHeReL linkages are probablistic. The MBS and PBS data are linked 

134 deterministically by the Sax Insititute using a unique identifier provided by the Australian 

135 Government Department of Human Services. The privacy of individual patients is conserved using 

136 probabilistically linked technique with very low false-positive and false-negative rates of <0.5 and 

137 <0.1%, respectively (25). All individual data were de-identified and assigned a unique project person 

138 number. 

139 The APDC data comprised dates of admission and discharge, diagnoses (primary and secondary), 

140 procedures performed and other details of individual episodes of hospitalisation such as type of 

141 admission, transfer and discharged status from all private and public hospitals in NSW. Details of 

142 diagnoses were recorded using 10th revision Australian Modification codes (ICD-10-AM) in the 

143 principal diagnosis and up to 54 additional diagnoses (26). The MBS records consisted of claim items, 

144 date of services and de-identified provider codes for medical and diagnostic services provided out of 

145 hospital under Australia's universal health insurance scheme. The PBS records comprised claims for 

146 subsidised prescription medicines and included item code, Anatomical Therapeutic Chemical (ATC) 

147 code, quantity and date supplied. The death registry had information on the date and cause of death 

148 and were used to identify participants in the study population who died during the study period.

149 Study population and study design

150 The study population included people aged 45 years and older identified with diabetes any time 

151 prior to 01/7/2009 using information from self-report, APDC and PBS data. People were identified as 
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152 having diabetes if they answered yes to the question “has the doctor ever told you that you have 

153 diabetes?; or they had an APDC record with ICD-10-AM codes for diabetes (E10, E11, E13, E14) in 

154 any field of diagnoses and/or a PBS claim indicating a dispensing between 2005 and 2009 using ATC 

155 code of A10A (insulins and analogues) or A10B (blood glucose lowering drugs excluding insulins) 

156 (27). 

157 The study cohort was structured into a cohort with two observed time periods (based on financial 

158 years: 1 July to 30 June): the baseline period from 1 July 2009 to 30 June 2012 for evaluating pre-

159 exposure characteristics and the follow-up period from 2012/13 to 2014/15 for evaluating the effect 

160 of GP cover on hospitalisation. A total of 21,965 individuals who were still alive on 1 July 2015 and 

161 had no missing basic demographic characteristics or potential linkage errors were included for the 

162 study. 

163 Ethics approval

164 Ethics approval was obtained from Curtin University Human Research Ethics Committee (RD-42-14) 

165 and the NSW Population and Health Services Research Ethics Committee (HREC/17/CIPHS/37). 

166 Consent was given by all participants in the Sax Institute’s 45 and Up Study for their information to 

167 be used in approved studies, and for follow-up and data linkage. The conduct of the Sax Institute’s 

168 45 and Up Study was approved by the University of NSW Human Research Ethics Committee.

169 Patient and public involvement

170 A consumer representative was involved in the design of the grant used to fund this research. The 45 

171 and Up Study, which provided data for this project, maintains a repository of published research 

172 using this cohort online.  

173 Outcome measures

174 Diabetes related hospitalisation were defined as hospitalisations for conditions where diabetes has 

175 been previously identified as a significant risk factor, captured using the principal diagnosis code. We 
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176 used the conditions suggested by an Australian study (28) which found diabetes significantly 

177 increased the risk of hospitalisation. This comprehensively list allowed us to fully capture the burden 

178 of hospitalisation related to diabetes (Appendix 1) rather than limit the analysis to diabetic 

179 potentially preventable hospitalisation, which also do not have consensus in their definition (28-32). 

180 We excluded routine hospitalisations for kidney dialysis and inter-hospital transfers were counted as 

181 a single episode of care. We also measured unplanned diabetes-related hospitalisations which 

182 restricted diabetes-related hospitalisations into those admitted hospitalisation through emergency 

183 departments. Three-year accumulated length of stay (LOS) were also calculated for diabetes related 

184 hospitalisations and unplanned diabetes related hospitalisations with same day episodes counted as 

185 one day. 

186 Independent measures 

187 Cover Index of GP contacts

188 The Cover Index of GP contacts was the main predictor used in this study. The index is defined as the 

189 proportion of time in a pre-specified ascertainment period  that people with diabetes are under the 

190 potentially protective effect of care from their GP (cover), range from 0 to 1, where 1 is the perfect 

191 cover (see Figure 1). In this study, the Cover index was calculated annually to facilitate interpretation 

192 by policy makers since financial incentives and clinical guidelines usually use one year to determine 

193 eligibility/compliance (eg annual diabetes cycle of care payments in Australia) (33, 34). In addition, 

194 this allows for comparability with most other continuity of care indices such as regularity and usual 

195 provider care, which are often evaluated annually.  The average of the annual Cover Index over the 

196 three years was then calculated, and classified as low cover (0-0.5), medium cover (>0.5 – 0.85), high 

197 cover (>0.85-0.99) and perfect cover (>0.99-1). The methods to calculate Cover have been previously 

198 reported (21). 

199 In this study for the main analysis the cover index was calculated using the maximum optimal time 

200 interval under GP cover suggested by the previous study conducted in Western Australia (21). The 
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201 study suggested that the maximum optimal time interval under potentially protective effect of GP 

202 care for people with diabetes was 13 months for diabetes with no complications, 11 months for 

203 people with one or two complications and 9 months for people with three or more complications 

204 (21). 

205 For the sensitive analyses, the cover index was also calculated using (i) the maximum optimal time 

206 interval under GP cover estimated from the current study cohort with similar model specification 

207 from the previous publication and (ii) using expert opinion derived from a survey of GPs with 

208 expertise in managing chronic conditions. Details of the GP survey is presented in Appendix 2. The 

209 maximum optimal time interval suggested by the NSW cohort was 13, 8 and 6 months for diabetes 

210 with none, one or two and three complications, respectively. The details of the estimation using the 

211 NSW cohort is presented in Appendix 3. The maximum optimal time interval suggested by the GP 

212 survey was 10-12 months, 6-9 months and 01 months for diabetes with none, one or two 

213 complication and three or more complications, respectively (see Appendix 2).

214 Other indices of continuity of care by a GP 

215 Frequency of GP contact was calculated as the accumulated number of GP contacts of each financial 

216 year and three-year period, excluding visits within 14 days of the previous visit to avoid over-

217 counting GP episodes of care (35). 

218 The regularity index was used to measure the distribution of GP visits over each year and was 

219 calculated annually as [1/(1+standard deviation of the days between visits)], described in detail 

220 elsewhere (18, 19, 36). The regularity index was categorised into quintiles for each three-year 

221 period. 

222 Usual provider continuity (UPC) was measured using the usual provider of care index, which 

223 measures the proportion of GP contacts within a financial year that were provided by the same GP 

224 (12), and were aggregated into the three-year period. 

Page 10 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

10

225 Other covariates 

226 This study also measured demographic and socioeconomic characteristics including age classified as 

227 45-54, 55-64, 65-74, 75-84 or 85+ years; sex, Indigenous status, education, residential remoteness 

228 classified according to Accessibility Remoteness of Australia index (ARIA) (37), and quintiles of the 

229 Census-specific Socio-economic Indexes for Areas (SEIFA) index of relative socioeconomic 

230 disadvantage (38). Duration of diabetes was counted from self-reported age at diagnosis with 

231 diabetes, first date of diagnosis recorded in APDC, or incident diabetes-related PBS record, 

232 whichever came first, and classified as 1-5 years, 6-10 years and 11+ years. The number of self-

233 reported comorbidities was the sum of all self-reported conditions including cancers, heart disease, 

234 high blood pressure, stroke, blood clot, asthma or hay fever, depression and anxiety, and Parkinson’s 

235 disease. Levels of limitation in terms of the ability to perform daily activities such as walking, 

236 bending, dressing and bathing were measured using the Medical Outcome Study Physical Function 

237 Scale (39), and classified into four groups: no limitation, minor limitation, mild limitation and severe 

238 limitation. The number of comorbidities up to time period 1 was also counted in the APDC using the 

239 Multipurpose Australian Comorbidity Scoring System (MACSS) with a five-year look-back period (40, 

240 41). Diabetes complications up to time period 1 were identified using ICD-10-AM codes in the APDC 

241 data and classified into three severity level groups: no complication, 1-2 complications and 3+ 

242 complications as used elsewhere (42, 43). The number of out of hospital specialist visits were 

243 identified using MBS claims data, counted for each financial year and then aggregated over a three-

244 year period for time period 1 and time period 2.

245 Statistical methods

246 Descriptive observed characteristics was conducted across the cover levels. A generalised propensity 

247 score (GPS) for multiple treatment approach was used to control for any imbalance in distribution of 

248 the observed covariates in estimating the effect of the cover on the hospitalisation outcomes (44). 

249 The twang package in R (45) was used to perform the generalised boosted models (GBM) in 

250 estimating GPS and evaluating covariate balance after adjusting for inverse probability treatment 
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251 weight (IPTW). Both the mean of absolute standardised bias and the Kolmogorow-Simirnov statistic 

252 were used as the stopping rules for selecting the optimal iteration of the GBM (44, 45). The 

253 population standardised bias which is less than 0.2 is considered as balance achieved for the given 

254 covariate (44). A similar effective sample size yielded for both balance stopping rules, hence the GPS 

255 from the model fit with the mean of absolute standardised bias stopping rule was presented for the 

256 results. Appendix 4 provides the details of assessing the balance in distribution of the observed 

257 characteristics across the GP cover levels, for all the cover index calculating using WA, NSW and 

258 survey referenced intervals. 

259 The effects of levels of cover on diabetes related hospitalisations, unplanned diabetes related 

260 hospitalisations and length of stay (for both all and unplanned hospitalisations) were examined using 

261 negative binomial models adjusting for all health care service use at time period 2 including 

262 frequency of GP contacts, regularity of GP contacts and number of specialist visits. The models were 

263 performed using three different specifications: multivariate models without IPTW, with IPTW, and 

264 doubly robust estimation which included both IPTW and all observed covariates.  Sensitivity analyses 

265 was conducted for the cover index calculated using referenced time intervals estimated from the 

266 NSW cohort and the GP survey. The sensitivity analysis was also conducted in the sub-population 

267 which excluded cases identified with diabetes using information from oral medication only. 

268 All analyses were conducted using STATA (46) for Windows version MP14 and twang package in R 

269 version 3.5.2 (45). 

270 Results

271 A total of 21 965 individuals aged 45 years and older identified with diabetes in the 45 and Up Study 

272 population were eligible for this study. The baseline social demographic and clinical characteristics 

273 across the levels of GP cover was shown in Table 1. At the time period 2, 48% of the study 

274 population had a perfect level of cover with GPs, following by 44% of a high level, 4.5% of medium 

275 level and 3.6% of low level of cover. More than half of all cover groups were living in highly 
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276 accessible areas, had at least higher school/university/tafe and roughly 40% had less than 5 years 

277 duration of diabetes. However, the distribution of some demographic and clinical characteristics 

278 varied across the levels of GP cover. The low level of GP cover were dominated by males (64%), aged 

279 75 + years (43%), severe level of limitation (33%) and 3+ complication (34%). In contrast, the perfect 

280 level of GP cover were characterised with equal gender distribution (52.0% of males) and lower 

281 proportion of people aged 75+ years (20%), severe level of limitation (26%) and 3+ complication 

282 (19%).

283 Table 1. Characteristics by Cover levels measured at the time period 2

 
Low cover

(N=796)
Medium cover

(N=982)
High cover 

(N=9686)
Perfect Cover

(N=10501)

 Characteristics N % N % N % N %
Female 287 36.1 383 39.0 4,454 46.0 5,028 47.9 
Age groups
45-54 92  11.6 237  24.1 1,180  12.2 1,785  17.0 
55-64 183  23.0 296  30.1 2,576  26.6 3,175  30.2 
65-74 178  22.4 259  26.4 3,491  36.0 3,476  33.1 
75-84 214  26.9 146  14.9 2,159  22.3 1,804  17.2 
85+ 129  16.2 44   4.5 280   2.9 261   2.5 
Indigenous 13   1.6 24   2.4 128   1.3 139   1.3 
Accessibility
Highly accessible 440  55.3 552  56.2 5,114  52.8 5,709  54.4 
Accessible 262  32.9 333  33.9 3,435  35.5 3,556  33.9 
Moderate 80  10.1 89   9.1 1,058  10.9 1,118  10.6 
Very remote/remote 14   1.8 8   0.8 79   0.8 118   1.1 
SEIFA
Highest disadvantage 246  30.9 254  25.9 2,546  26.3 3,097  29.5 
High disadvantage 196  24.6 188  19.1 2,249  23.2 2,546  24.2 
Moderate 123  15.5 159  16.2 1,830  18.9 1,974  18.8 
Less disadvantage 114  14.3 165  16.8 1,539  15.9 1,513  14.4 
Least disadvantage 117  14.7 216  22.0 1,522  15.7 1,371  13.1 
Education
Below secondary school 117  14.7 135  13.7 1,715  17.7 2,006  19.1 
Secondary school 209  26.3 178  18.1 2,471  25.5 2,564  24.4 
Higher school/uni/tafe 470  59.0 669  68.1 5,500  56.8 5,931  56.5 
Levels of limitation
No 98  12.3 191  19.5 1,291  13.3 1,846  17.6 
Minor 163  20.5 292  29.7 2,630  27.2 2,975  28.3 
Moderate 269  33.8 258  26.3 3,064  31.6 3,042  29.0 
Severe 266  33.4 241  24.5 2,701  27.9 2,638  25.1 
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Duration of diabetes
1-5 years 330  41.5 426  43.4 4,002  41.3 4,651  44.3 
6-10 years 204  25.6 259  26.4 2,596  26.8 2,777  26.4 
10+  years 262  32.9 297  30.2 3,088  31.9 3,073  29.3 
Number of self-report comorbidity 2  1-3) 1  1-2) 2  1-3) 1  1-2)
Quintiles of regularity TP1
No GP contacts 188  23.6 23   2.3 19   0.2 6   0.1 
1 341  42.8 467  47.6 2,223  23.0 2,758  26.3 
2 78   9.8 200  20.4 2,560  26.4 2,878  27.4 
3 67   8.4 151  15.4 2,608  26.9 2,600  24.8 
4 122  15.3 141  14.4 2,276  23.5 2,259  21.5 
UPC index TP1 .33   0-0.6 0.8   0.6-0.9 0.82   0.6-0.9 0.82   0.6-0.9
Number of specialist visits TP1 0  0-6 7  2-18 9  4-18 6  2-13
Number of GP contacts TP1 2  0-8 12  7-17 18  14-23 18  14-23
Levels of complications prior to TP1
0-nocomplication 339  42.6 485  49.4 4,288  44.3 6,031  57.4 
1/2 complication 188  23.6 240  24.4 2,773  28.6 2,481  23.6 
 3+complication 269  33.8 257  26.2 2,625  27.1 1,989  18.9 
Number of comorbidity   MACSS) prior 
TP1 4  1-7 4  1-6 4  2-6 3  0-5
Number of diabetes related 
hospitalisation TP1 0  0-1 0  0-1 0  0-1 0  0-0
Number of unplanned diabetes related 
hospitalisation TP1 0  0-0 0  0-0 0  0-0 0  0-0

284

285 Note:

286 n and % for categorical variables and Median (IQR) for continuous variables

287 SEIFA: Census-specific Socio-economic Indexes for Areas

288 MACSS: Multipurpose Australian Comorbidity Scoring System

289 TP1: time period 1 between 2009/2010 and 2011/2012

290 Low level of cover: the cover score from 0 to 0.5; Medium level: the cover score above 0.5 to 0.85; High level 
291 of cover if the cover score above 0.85 to 0.99; Perfect level of cover: above 0.99 to 1.0 

292

293
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294 Results of the effect of GP cover on diabetes related hospitalisation, unplanned diabetes related 

295 hospitalisation and LOS for the hospitalisation are presented in Table 2. The results of doubly robust 

296 estimation show that compared with the perfect level of GP cover, having less GP cover including 

297 high, medium and low level was significantly associated with 3.5 times (95%CI 3.3-3.8),  4.6 times 

298 (95%CI 3.9-5.3) and 4.2 time (95%CI 2.7-6.7) higher number of diabetes related hospitalisation, 

299 respectively. Similar effect was observed in LOS of diabetes related hospitalisation with higher in LOS 

300 for the high level of cover (IRR 4.8, 95%CI 4.1-5.7),  medium level of cover (IRR 8.0, 95%CI 5.9-10.7) 

301 and low level of cover (IRR 3.0, 95%CI 1.6-5.7)  compared with the perfect level of GP cover. 

302 The doubly robust models indicated a higher effect of GP cover on unplanned diabetes related 

303 hospitalisation and its LOS. The low cover (IRR 6.4, 95%CI 4.0-10.2), medium cover (IRR 6.3, 95%CI 

304 5.0-8.0) and high cover (IRR 4.0, 95%CI 3.2-5.0) have significant  higher number of unplanned 

305 diabetes related hospitalisation compared to the perfect level of GP cover (Table 2). 

Page 15 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

15

306 Table 2 Effect of Cover levels on diabetes related hospitalisations and length of stay

 
Diabetes related 
hospitalisation

LOS diabetes related 
hospitalisation

Unplanned diabetes related 
hospitalisation

LOS unplanned diabetes related 
hospitalisation

 IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value
Unweighted (1)             
Low Cover 4.8 (3.9; 5.9) <0.001 12.7 (8.9; 18.1) <0.001 2.6 (1.8; 3.7) <0.001 8.2 (4.4; 15.3) <0.001
Medium Cover 4.0 (3.6; 4.5) <0.001 11.0 (8.9; 13.5) <0.001 3.1 (2.5; 3.8) <0.001 7.3 (5.2; 10.3) <0.001
High Cover 3.5 (3.3; 3.7) <0.001 4.4 (4.0; 4.8) <0.001 2.6 (2.3; 2.9) <0.001 3.6 (3.1; 4.2) <0.001
Perfect Cover Ref Ref Ref Ref
Weighted  (2)
Low Cover 4.5 (2.7; 7.6) <0.001 3.1 (0.9; 11.0) 0.78 2.5 (1.4; 4.6) <0.001 2.3 (0.4; 12.9) 0.36
Medium Cover 4.9 (4.2; 5.7) <0.001 5.1 (2.8; 9.3) <0.001 3.6 (2.7; 4.8) <0.001 3.0 (1.5; 6.0) <0.001
High Cover 3.5 (3.2; 3.7) <0.001 3.1 (2.1; 4.4) <0.001 2.6 (2.3; 2.9) <0.001 2.2 (1.5; 3.3) <0.001
Perfect Cover Ref Ref Ref Ref
Doubly robust 
estimation (3)
Low Cover 4.2 (2.7; 6.7) <0.001 3.0 (1.6; 5.7) <0.001 2.3 (1.3; 4.2) <0.01 2.6 (1.1; 6.1) 0.032
Medium Cover 4.6 (3.9; 5.3) <0.001 8.0 (5.9; 10.7) <0.001 3.2 (2.4; 4.1) <0.001 5.3 (3.5; 7.8) <0.001
High Cover 3.5 (3.3; 3.8) <0.001 4.8 (4.1; 5.7) <0.001 2.6 (2.3; 3.0) <0.001 4.0 (3.2; 5.0) <0.001
Perfect Cover Ref   Ref   Ref   Ref   

307 Notes:

308 (1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
309 number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
310 comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover, frequency of GP contacts, regularity, UPC, number 
311 of specialist visits)
312 (2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates
313 (3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates

Page 16 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

16

314 Sensitivity analysis for the cover index derived from the NSW cohort and GP survey also provided 

315 simular effects. When examined the effect of cover in the subpopulation which excluded cases 

316 identified using information from the oral medication only, we also found a significant association 

317 between the cover levels and diabetes related and unplanned diabetes related hospitalisations. The 

318 details of the results presented in the Appendix 5 (Table 5A-B-C) for both diabetes related and 

319 unplanned diabetes related hospitalisation and their LOS.  

320 Discussion 

321 This study provided compressive evaluation of the relationship between GP cover and diabetes 

322 related hospitalisation and LOS for the hospitalisation among people with diabetes. The results 

323 showed that only 48% of people with diabetes had the perfect level of cover by GP care over a three 

324 year period. After adjusting for imbalance in distribution of observed covariates at the baseline, 

325 having the perfect level of GP cover was significantly associated with lower number of diabetes 

326 related hospitalisation and shorter LOS of the hospitalisation. 

327 Our study used a large population based cohort linked with individuals’ health care service records 

328 that enabled us to account for differences across a wide range of demographic, socioeconomic and 

329 clinical characteristics (47). The self-report data provided an opportunity to include individuals at the 

330 early stage of diabetes prior to any hospitalisation for the condition which makes our study 

331 population more likely to be representative of the general population living with diabetes. The data 

332 were linked with historical administrative data from 2005, which allowed us to capture the history of 

333 complications and comorbidities to better adjust for effect of disease severity on health service 

334 utilisation. By using empirical analytic approaches to construct the GP cover index, the study was 

335 able to explore latent patterns of GP utilisation relative to demographic and clinical characteristics 

336 that unpack further dimensions of longitudinal continuity of primary care. In addition, the study used 

337 doubly robust methods that can correct for any miss-specification of the propensity score models 

338 used in calculating IPTW (48). 
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339 The Cover Index appears to be easier to interpret than indices such as regularity, which has no 

340 natural units, as it expresses the proportion of time under cover of GP care and therefore can 

341 indicate absolute levels of insufficiency of primary care utilisation. The metric can be applied at the 

342 individual, subpopulation or whole population level and therefore is suitable for both development 

343 of financial levers via payment incentives (eg an MBS item) or monitoring utilisation of primary care. 

344 The index can also be calculated for individuals with single or no GP visits, which is better than other 

345 continuity care metrics such as regularity and usual provider index which can only calculated when 

346 at least two GP visits were observed within a time frame (12, 19) thus unlike these two metrics the 

347 Cover Index can comprehensively capture the whole population.

348 This study has some limitations. Whereas efforts were made to facilitate a reasonable interpretation 

349 of GP cover, the classification of cover index into different levels may not be an optimal approach. As 

350 both cover index and the main interest outcome were measured simultaneously, caution is required 

351 when interpreting any causal relationship between the cover of GP care and diabetes related 

352 hospitalisations since both were measured over the same period. To partially counteract this the 

353 study controlled for imbalance in the observed demographic and clinical characteristics using IPTW 

354 calculated from generalised propensity score. Hospitalisations classified as diabetes related 

355 hospitalisation in this study may not be all truly avoidable by effective GP care as discussed in 

356 literature (49-51). To further explore this, we evaluated a second outcome, unplanned diabetes 

357 related hospitalisations which, because of their emergency admissions status are more likely to 

358 represent hospitalisations that are unexpected and result from uncontrolled clinical events. We 

359 found that the association of the perfect level of GP cover remained significant when we limited the 

360 outcome to unplanned diabetes related hospitalisations confirming that increasing GP cover reduces 

361 unplanned hospitalisation, likely via better management of the condition. This study included 

362 individuals with diabetes identified using only history of diabetes oral medications such as 

363 metformin and liraglutide. As the medications can be used for other conditions such as polycystic 

364 ovary syndrome or weight lost, the study population may include small number of people without 
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365 diabetes that may introduce bias in the results. However, a similar results was observed among sub-

366 population which excluded the individuals identified with diabetes using only history of oral 

367 medication that indicates the potential bias due to including the individuals was minimal. This study 

368 used self-reported information to identify diabetes that may cause recall bias though the effect may 

369 be negligible as diagnosis with diabetes is a significant life event. Endogeneity may arise in this study 

370 due to failing to include all explanatory variables in the model, however, it has been mitigated by 

371 including both diabetes related hospitalisation and cover observed in the baselined period as 

372 instrument to correct for endogeneity (52, 53).

373 Our findings suggest that there is an opportunity for avoiding hospital admissions for people with 

374 diabetes through proactively providing GP care within an optimal time period. This result is in line 

375 with the previous studies which looked at primary care MBS re-imbursement items containing time 

376 components (26, 54). The items such as the annual cycle of care item, annual review of GP 

377 management plan item and team care arrangement item were found significantly associated with 

378 lower the risk of hospitalisation among people with diabetes (26, 54).

379 Our finding is supported by numerous literature which implies timeliness support is an important 

380 factor to improve patients’ health outcomes. Building upon the philosophy of the chronic care 

381 models, a systematic review emphasised that supporting self-management is the most frequent 

382 element that is consistently associated with improving patients’ outcomes (55). The most effective 

383 strategies to support self-management of diabetes require timely provision of information and 

384 advice, often repeatedly that tailored to current needs of patients with diabetes (56). The timeliness 

385 support can offers opportunities for re-engagement with health professionals and reinforcement 

386 knowledge of diabetes that enable people with diabetes to re-evaluate their perception of diabetes 

387 and empowers them in making treatment decision (56). The lack of timeliness support often leads to 

388 a cumulative deficit for people with diabetes in enduring effective self-management of their 

389 condition (56). This is in line with a qualitative study which found that the perception and knowledge 
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390 of diabetes controllability often diminished over time due to nature progress of disease regardless of 

391 compliance with recommended self-care activities (57). Thus, self-diabetes care activities are not 

392 always done effectively due to complexity of their own realities (56, 58). Regular contacts their GP 

393 for check-ups facilitate a chance of not only receiving preventive advice but also adapting care 

394 regimes to be suitable with patients’ circumstances (58-60). However, the time between GP contacts 

395 has not been fully integrated in most current indices such as frequency of visits, regularity of contact 

396 and usual provider of care indices.  The cover index integrates with the potentially protective effect 

397 that provides useful indicator to evaluating performance of primary health care in managing chronic 

398 conditions. 

399 In term of GP led model of care, GPs are in the best position to manage care, coordinate with 

400 appropriate specialists and continuously review and updating care plans because of their deep-

401 knowledge and close relationship with the patient (61). In addition, GPs rather than other specialists 

402 can offer a superior care by not primarily focussing on the condition but on the condition in the 

403 context of the patients’ other health problems (4). Regular having GP care is therefore necessary to 

404 maintain high quality care for people with complex condition like diabetes (59). Burridge, Foster (58) 

405 valued the established routines of the GP led model of care as it creates a positive environment and 

406 sense of an alliance with health-care professionals which was conducive to diabetes management 

407 (58). Thus, although GP visit can be for other than diabetes care, it still has potentially protective 

408 effect on overall diabetes related health outcomes. A significant association GP cover and 

409 hospitalisation found in our study again confirmed the central role of GP in effective management of 

410 diabetes. Thus, facilitate the perfect level of cover of GP care for people with diabetes would be a 

411 possible strategy in order to improve health outcomes for people with diabetes and effectively 

412 reduce avoidable hospitalisation and LOS. 

413 Conclusion 
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414 Our study found that longitudinal continuity of care in terms of a time under cover of the protective 

415 effect of GP contact is associated with reduction in admissions and LOS of both diabetes related 

416 hospitalisation and unplanned diabetes related hospitalisation. These results provide a more 

417 comprehensive view of continuity of primary care and information valuable for the design 

418 interventions and policy levers aimed at optimising disease management for people with diabetes, 

419 allocating health resources and improving quality and effectiveness of health care.  

420 Figure legend/caption

421 Figure 1: Calculation of the cover index

422 Footnote: 

423 Following a hospital admission, a 14 day-period of grace was given before requiring a post discharge 

424 GP visit. Calculation of days out of cover was re-started either at day 15 (if no GP contact was 

425 observed) or on the date of the GP visit (if a GP visit was observed prior to day 15).

426
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Appendix 1. ICD-10-AM and procedure codes for identifying diabetes related PPH 

Conditions  ICD-10-AM principle diagnosis and procedure 
codes 

Diabetes/diabetes complications E10-E14 

Circulatory disorders  

Hypertension I10-I13, I15 
Ischemic heart disease I20-I22, I24, I25 

Cerebrovascular disease I60-I67, I69, G45, H34.0, R47.0 

Heart failure I50.0-I50.1, I50.9, I51.6-I51.7, I51.9 

Atherosclerosis I70 

Peripheral vascular disease I73, I87.2, I99, I74, I77.1 
Visual disorders  

Glaucoma H40, H42.8 
Cataract H25-H26, H28.0 

Blindness H54 
Other disorders  

Nephropathy N00, N01, N03-N05, N07, N08, N16-N19, Z49, 
Z99.2 

Other renal complications  
Infections of kidney N10, N11.8-N11.9, N12, N15.1, N15.9, N28.8 

Cystitis, urinary tract infection N30, N39.0 

Proteinuria R80 

Neuropathy/other neurologic symptoms G56-G57, G58.7, G60.8, M79.2, M54.10, 
M54.11, M54.19 

Chronic skin ulcer L89, L97, L98.4 

Gangrene R02 
Non-traumatic lower-extremity amputation or 
revision 

44338–00, 44358–00, 44361-00, -01, 44364–
00,-01, 44367–00, -01, -02, 44376–00 

Other complications  
Candidiasis of vulva and vagina B37.3 N77.1 

Chronic osteomyelitis of the foot M86.37, M86.47, M86.57, M86.67, M86.87 

Cellulitis L03 
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Appendix 2. Exploring GP opinion on the potential protective effect of a GP contact 

Semi-structured survey 

A semi-structured survey was used to explore the opinions of GPs on the existence and duration of 

the temporal protective effect of a GP consultation. The protective effect was defined as the 

duration of time following a GP consultation that people with diabetes would be expected to have a 

lower risk of hospitalisations and complications. The results were used to inform the empirical 

analysis. 

Participants and procedures 

This study used a cross-sectional survey design conducted among a convenience sample of GPs 

currently practising in Australia between September 2017 and April 2018. Participants were 

primarily recruited through key contacts from the project steering panel and Western Australian 

Primary Health Alliance. Additional recruitment was carried out at GP panel meeting events. To be 

eligible for the study the participants had to be currently practising GPs with experience of diabetes 

management. The participants were offered the choice of answering the survey either online using 

the Curtin Qualtrics platform or via a paper version. Information about the study and a consent form 

were included with the survey. All surveys were coded and were free of identifying personal 

information to maintain confidentiality for participants.  

Measures  

This survey consisted of four main parts including: 

1) Participants’ practice experience with patients with diabetes which collected information 

regarding years in practice, frequency of encounters with patients with diabetes, and experience 

with diabetes management.  

2) Self-ratings on belief in the time protective effect following a GP consultation for people with 

diabetes. 
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4) Estimations of the duration of the protective effects of a GP consultation for people with diabetes 

exhibiting several different characteristics; i.e. types of complications (macrovascular complications 

and microvascular complications), and complication status (no complication, one or two 

complications or multiple complications). 

All the questions were designed on a six-point Likert scale with open-ended possibilities for 

participants to add comments. Prior to conducting the survey, the questionnaire was reviewed by a 

separate cohort of GPs and researchers in the field and revised according to their feedback.  

Data management and analysis 

Responses to the online survey were saved via the Qualtrics program and then downloaded and 

saved as an Excel file. The responses to the paper-based version were also entered into Excel. All 

data were stored and handled according to Curtin University guidelines.  

A simple descriptive analysis was conducted to provide a summary of frequency of GPs’ responses to 

the options for each section. Any responses entered in the open-ended sections were entered in 

separate columns and presented in quote marks. These results were then used to inform the 

empirical analyses.  

Semi-structured survey results  

A total of 16 out of 42 potential participants (38%) responded to the survey. Each respondent had 

been practising as a GP for an average of 17 years, with 14 practising in Australia for at least five 

years and only two practising for two or three years. Most participants reported providing services 

frequently for people with diabetes. Eight out of 16 GPs reported every day; 4 out of 16 reported 

once a week; 3 out of 16 reported once a month and none reported rarely or never. GPs reported 

that they sometimes (2/16); often (6/16) or always (8/16) discussed care plans with diabetes 

patients. The majority of GPs (13/16) rated that proactively planning follow-up care for patients with 

diabetes would be extremely important or very important, while others rated it moderately 
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important or slightly important (3/16) and none responded with low or not important ratings (Table 

2A.1).  

Most (15/16) respondents believed that a GP consultation would have a temporary protective effect 

against the risk of hospitalisations or development of complications for people living with diabetes 

(Table 2A.2). However, this was rated from very true (3/16) to true (6/16) and somewhat true (6/16). 

One participant who replied ‘somewhat true’ expanded in a comment: ‘Depending if it was a routine 

surveillance consult which would give a longer temporal potential effect or an emergency consult for 

cellulitis which might mean that I refer them [to] hospital immediately’.  
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Table 2A.1. GP practising experience with diabetes patients  

Characteristics Frequency 
(N=16) 

Percentage 
(%) 

How many years have you been practising as a GP?   

Under 5 years 2 12.5 

5 years or more  14 87.5 

How often do you see patients with diabetes in the last two 
years? 
 

  

Every day 8 50.0 

Every week 4 25.0 

Every month 3 17.7 

Rarely 1 6.3 

Do you discuss a care plan with patients with diabetes? 
  

  

Always  7 43.7 

Very often 6 37.5 

Sometimes 3 18.7 

How do you rate the importance of proactively planning 
follow-up care for patients with diabetes in maintaining 
their health and well-being? 
 

  

Extremely important  11 68.7 

Very important  2 12.5 

Moderately important  2 12.5 

Slightly important  1 6.3 

 

Table 2A.2. GP’s beliefs regarding the temporal protective effect of a GP consultation  

GPs’ 

believe  

Do you believe that GP consultation would have ‘time limited/temporal protective 

effect’ following GP consultation on reducing potentially preventable hospitalisation 

for people with diabetes  

Very true True Somewhat 

true 

Somewhat 

untrue 

Untrue  Not what I 

believe 

N (%) 3 (18.7) 6 (37.5) 6 (37.5) 1 (6.2) 0 (0.0) 0 (0.0) 
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Fifty percent of GPs (8/16) believed that the temporal protective effect following a GP consultation 

would be about 10 to 12 months for diabetes without complication, while the other 50% of 

participants believed it would be shorter (varying between 1 to 7 months). For diabetes with one or 

two complications, GPs’ responses were less consistent. Among 16 participants, three estimated 

about 8 to 9 months, 5 estimated 6 to 7 months, 5 estimated 2 to 3 months, while 3 respondents 

believed that the protective effect would be less than a month. For diabetes with three or more 

complications, the majority (8/16) believed that the temporal protective effect would be one month 

or less, others believed it would be 2 to 7 months (6/16) and 8 to 9 months (1/16) ( Table 2A.3). 

Table 2A.3. GPs’ estimation of the temporal protective effect by clinical conditions 

GP’s estimation Length of the temporal protective effect of a GP consultation  

 1 month 

or less  

2 - 3 

months  

4-5 

months 

6-7 

months  

8-9 

months 

10-12 

months 

 N (%) N (%) N (%) N (%) N (%) N (%) 

Diabetes with NO 

complication 

4 

(25.0) 

1 

(6.2) 

2 

(12.5) 

1 

(6.2) 

0 

(0.0) 

8 

(50.0) 

Diabetes with 1 or 2 

complications 

3 

(18.8) 

5 

(31.2) 

0 

(0.0) 

5 

(31.2) 

3 

(18.8) 

0 

(0) 

Diabetes with 3 or more 

complications 

8 

(50.0) 

2 

(12.5) 

2 

(12.5) 

2 

(12.5) 

1 

(6.2) 

1 

(6.2) 
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Empirical estimation of the optimal time period under potentially protective effect of GP care  

Study population 

A total of 29 007 individuals were identified with diabetes by 1 July 2009. We then excluded those 

who died within two-year after the baseline year (2009) (n=2 310, 7.9%) to allow a minimum of two-

year follow-up for every individual. Individuals who did not have any hospitalisation and general 

practitioner encounter in the whole studied period from 1 July 2009 to 30 June 2016 were also 

excluded (n=95, 0.3 %).  Finally, we excluded a small number (n=1 728, 6.0 %) of individuals without 

details of age, sex, and/or socioeconomic characteristics.  A total of 24874 individuals were included 

in models search for estimation of the optimal time period under GP cover.  

The study population were stratified into three cohorts (i) individuals with no complications of 

diabetes, (ii) those with one or two complications of diabetes and (iii) those with three or more 

complications of diabetes to account for disease severity levels (1). The data in each complication 

cohort were constructed in a panel structure with annual measures of the  main outcome, predictor 

and covariate over the period between 2009/2010 to 2015/2016 financial years 

Outcome measures 

The outcome measure was the number of diabetes related PPH within each financial year, identified 

using ICD-10-AM codes suggested by the National Health Performance Framework (2) and 

hospitalisation where diabetes was identified as a significant risk factor (3). The hospitalisations 

were excluded routine hospitalisations for kidney dialysis and inter-hospital transfers were counted 

as a single episode of care.  

Main predictor: Maximum time interval between GP contacts 

For each individual, the date of GP services within a financial year was identified in MBS data. The 

time between GP visits was determined by number of days: (1) between GP visits within a financial 

year and; (2) between the date of first GP visit of a financial year and the date of the last GP visit in 

the previous financial year(s) looking back up to 3 financial years. In the case where a hospitalisation 
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was observed, time was counted either to the first GP visit post-hospitalisation provided that the GP 

visit was within 14 days of discharge or from day 14 after hospital discharge date and the next GP 

visit (4). This rule was based on the previous study which indicates 14 day period after discharge as 

the period with a low risk of readmission (5). Among multiple time intervals between GP contacts in 

a financial, the maximum time interval was selected for further analysis.  

Other covariates: demographic and socio-demographic characteristics at the baseline and  average 

time interval between GP visits, GP regularity, GP frequency and GP continuity provider index, 

history of diabetes related PPHs, comorbidities at each financial year were included in the analyses.  

Threshold effect models 

Threshold effect based on random effects negative binomial models were conducted to identify the 

optimal maximum time interval to GP visit in which the number of diabetes related PPHs were 

minimal for each complication cohort. This approach was proposed by Gannon, Harris (6) and 

applied previously (1, 7). Briefly, the model searched for subpopulations in which the association 

between diabetes related PPHs and the maximum time interval between GP visits was 

homogeneous and used information criteria Akaike Information Criterion (AIC) and Bayesian 

Information Criterion (BIC) to select the optimal model. The threshold effects models were specified 

with (1) all the observed covariates; (2) lag1 of GP utilisation including frequency of GP contacts and 

regularity of GP contact, (3) Mundlak variables, (group means of time-varying variables including 

frequency of GP contact, regularity of GP contact and comorbidities) to allow for arbitrary 

correlation between observed and unobserved heterogeneity terms in the model  (8, 9) and (4) the 

initial condition – history of diabetes-related hospitalisations at the baseline year – was also included 

to allow for any endogeneity arising from the dynamic set-up of the approach (10).  The optimal 

maximum time intervals identified from the threshold effect models in each cohort were  presented 

at the Table 1A and were used to calculate the Cover Index which is defined as the proportion of 
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time in a financial year people with diabetes were under cover of primary care (via their GP) as 

previously described above. 
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Results of threshold effects models 

Table 1A shows the results of threshold effect models for each complication cohorts including no 

complication, one/two complication and three or more complication cohorts. Based on the BIC and 

the AIC, the preferred models indicated 3 subpopulations for both non-complication and one/two 

complication cohorts and five sub-populations for three or more complications cohort. The optimal 

maximum time interval estimated from the threshold effect models was 13 months (Coef. -0.027) 

for diabetes with no complications, 8 months (Coef. -0.05) for diabetes with 1-2 complications and 6 

months (Coef. -0.05) for 3+ complications.  Those optimal time intervals were considered as the time 

interval under GP cover corresponding to individuals’ complication level and used to calculate the 

Cover Index.
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Table 1A. Threshold search for the optimal maximum time interval to GP visits by complication cohorts for people aged 45 years and older 

Complication cohorts No complication 1-2 complications 3+ complications 

Models 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Number of subpopulations 1 2 3 4 36 1 2 3 4 36 1 2 3 4 5 36 

AIC 35681.7 35627.9 35603.5 35596.9 35618.1 34824.4 34759.4 34746.5 34742.5 34779.9 70216.6 69935.6 69867.8 69837.5 69832.7 69853.7 

BIC 35951.6 35915.7 35900.3 35902.7 36211.7 35084.9 35037.4 35033.1 35037.8 35335.7 70483.6 70220.4 70161.5 70140.1 70144.2 70423.4 

Threshold parameters (months)                                 

 - 13 1 1 - - 1 1 1 - - 1 1 1 1 - 

 - - 13 6 - - - 8 2 - - - 2 2 2 - 

 - - - 16 - - - - 8 - - - - 20 6 - 

 - - - - - - - - - - - - - - 20 - 

 - - - - - -   - - - -  - - - -  - 

Coefficients                            

 - -0.046** 0.387*** 0.288** - - 0.445*** 0.347*** 0.470*** - - 0.394*** 0.690*** 0.595*** 0.489*** - 

 - 0.068*** -0.027 -0.071** - - -0.003 -0.050* 0.028 - - -0.030* 0.146*** 0.097*** 0.043 - 

 -   0.073*** -0.030 - - - 0.021 -0.031 - - - 0.013 -0.021 -0.055** - 

 -   - 0.073*** - - - - 0.028 - - -   0.088*** -0.022 - 

 -   - - - - - -   - - - -   0.084*** - 

Note: * indicate p-values with * is p-value <0.05; ** is p-value <0.01; *** is p-value <0.001 
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The cover index calculation  

The Cover Index was calculated for each financial year (ie 1 July to 30 June) ascertained from the 

number of days within each year that the individual remained alive and not in hospital (i.e., was 

living in the community and therefore eligible for a GP visit). The annual number of days under GP 

cover was the number of days following each GP visit that were within the defined optimal 

maximum time interval with special consideration given to the start of each year and time following 

a hospitalisation, as follows.  For the start of each year the days from the last GP visit in the 

preceding year that were within the optimal maximum time period and fell within the financial year 

of interest were counted. Following a hospitalisation, determination of cover re -started on the 

earliest of either the 15th day post-separation date or the date of the first GP visit.  

 

 

 

1. Ha NT, Harris M, Robinson S, Preen D, Moorin R. Stratification strategy for evaluating the 
influence of diabetes complication severity index on the risk of hospitalization: a record linkage data 
in Western Australia. J Diabetes Complications. 2017;31(7):1175-80. 
2. AIHW. A set of performance indicators across the health and aged care system. Canberra: 
Australian Institute of Health and Welfare; 2008. 
3. Davis WA, Knuiman MW, Hendrie D, Davis TM. Determinants of diabetes-attributable non-
blood glucose-lowering medication costs in type 2 diabetes: the Fremantle Diabetes Study. Diabetes 
Care. 2005;28(2):329-36. 
4. Ha NT, Harris M, Preen D, Robinson S, Moorin R. A time-duration measure of continuity of 
care to optimise utilisation of primary health care: a threshold effects approach among people with 
diabetes. BMC Health Services Research. 2019;19(1):276. 
5. Jackson C, Shahsahebi M, Wedlake T, DuBard CA. Timeliness of outpatient follow-up: an 
evidence-based approach for planning after hospital discharge. Annals of family medicine. 
2015;13(2):115-22. 
6. Gannon B, Harris D, Harris M. Threshold effects in nonlinear models with an application to 
the social capital-retirement health relationship Health Economics. 2014;23(9):1072-83. 
7. Gannon B, Harris D, Harris M, Magnusson L, hollingsworth B, Lnder B, et al. New approaches 
to estimating the child health-patental income relationship Economics Discussion 2015;15-31. 
8. Chamberlain G. Multivariate regression models for panel data. Journal of Econometrics. 
1982;18(1):5-46. 
9. Mundlak Y. On the Pooling of Time Series and Cross Section Data. Econometrica. 
1978;46(1):69-85. 
10. Wooldridge JM. Simple solutions to the initial conditions problem in dynamic, nonlinear 
panel data models with unobserved heterogeneity. Journal of Applied Econometrics. 2005;20(1):39-
54. 

 

Page 40 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

A-The cover derived from WA optimal maximum time intervals B-The cover derived from NSW optimal maximum time intervals C-The cover derived from GP opinion optimal maximum time intervals 
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B-The cover derived from NSW optimal maximum time intervals A-The cover derived from WA optimal maximum time intervals 

C-The cover derived from GP opinion optimal maximum time intervals 
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Table 5A - Effect of Cover levels derived from NSW time interval on diabetes related hospitalisations and length of stay 

  Diabetes related PPH LOS diabetes related PPH Unplanned diabetes related PPH 
LOS unplanned diabetes related 
PPH 

  IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value 

Unweighted (1)                         

Low Cover 4.8 (3.9; 5.9) <0.001 12.5 (8.8; 17.9) <0.001 2.6 (1.8; 3.7) <0.001 8.4 (4.5; 15.5) <0.001 

Medium Cover 3.9 (3.4; 4.4) <0.001 10.4 (8.6; 12.7) <0.001 3.1 (2.6; 3.8) <0.001 7.5 (5.4; 10.5) <0.001 

High Cover 3.4 (3.2; 3.6) <0.001 4.3 (3.9; 4.6) <0.001 2.5 (2.3; 2.8) <0.001 3.5 (3.0; 4.0) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Weighted  (2)             

Low Cover 4.7 (2.7; 8.2) <0.001 1.9 (0.6; 6.6) 0.3 2.4 (1.3; 4.4) <0.001 1.1 (0.2; 5.8) 0.89 

Medium Cover 4.7 (4.1; 5.5) <0.001 4.7 (2.5; 8.9) <0.001 3.8 (2.9; 5.1) <0.001 3.0 (1.5; 6.0) <0.001 

High Cover 3.4 (3.2; 3.7) <0.001 2.8 (1.9; 4.1) <0.001 2.6 (2.3; 2.9) <0.001 2.0 (1.3; 3.0) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Doubly robust estimation (3)             

Low Cover 4.3 (2.7; 6.8) <0.001 2.6 (1.4; 4.8) <0.01 2.3 (1.3; 4.1) <0.05 1.9 (0.8; 4.2) 0.13 

Medium Cover 4.4 (3.8; 5.1) <0.001 7.6 (5.8; 10.1) <0.001 3.3 (2.5; 4.3) <0.001 5.5 (3.8; 8.1) <0.001 

High Cover 3.4 (3.2; 3.7) <0.001 4.5 (3.8; 5.3) <0.001 2.6 (2.3; 2.9) <0.001 3.7 (3.0; 4.6) <0.001 

Perfect Cover Ref     Ref     Ref     Ref     

 

Notes: 

(1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 

comorbidity, complication, duration of diabetes, history of diabetes related PPH, cover in, frequency of GP contacts, regularity, UPC, number of 

specialist visits) 

(2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 

(3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 5B - Effect of Cover levels derived from the survey time interval on diabetes related hospitalisations and length of stay 

  Diabetes related PPH LOS diabetes related PPH Unplanned diabetes related PPH LOS unplanned diabetes related PPH 

  IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value 

Unweighted (1)                         

Low Cover 6.4 (5.5; 7.4) <0.001 14.0 (11.3; 17.2) <0.001 6.1 (4.7; 7.8) <0.001 12.0 (8.4; 17.2) <0.001 

Medium Cover 6.5 (5.8; 7.2) <0.001 10.2 (8.9; 11.6) <0.001 5.3 (4.4; 6.3) <0.001 8.8 (7.0; 11.1) <0.001 

High Cover 4.9 (4.5; 5.4) <0.001 5.1 (4.6; 5.7) <0.001 3.7 (3.2; 4.3) <0.001 4.4 (3.7; 5.3) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Weighted  (2)             

Low Cover 3.8 (2.7; 5.3) <0.001 12.5 (5.8; 27.3) <0.001 6.9 (4.1; 11.7) <0.001 21.7 (9.6; 49.0) <0.001 

Medium Cover 4.8 (3.9; 5.9) <0.001 9.5 (5.6; 16.3) <0.001 6.4 (5.0; 8.2) <0.001 10.1 (6.2; 16.5) <0.001 

High Cover 3.5 (2.8; 4.3) <0.001 3.8 (2.3; 6.4) <0.001 3.9 (3.1; 5.0) <0.001 4.3 (2.7; 7.0) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Doubly robust estimation (3)             

Low Cover 3.5 (2.6; 4.7) <0.001 8.2 (5.0; 13.4) <0.001 5.6 (3.7; 8.5) <0.05 8.3 (4.8; 14.1) <0.001 

Medium Cover 4.9 (4.1; 5.8) <0.001 11.7 (8.7; 15.8) <0.001 6.1 (4.7; 7.8) <0.001 11.3 (8.0; 15.8) <0.001 

High Cover 3.7 (3.2; 4.4) <0.001 5.5 (4.3; 6.9) <0.001 4.0 (3.2; 5.0) <0.001 5.1 (3.9; 6.8) <0.001 

Perfect Cover Ref     Ref     Ref     Ref     

 

Notes: 

(4) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 

comorbidity, complication, duration of diabetes, history of diabetes related PPH, cover in, frequency of GP contacts, regularity, UPC, number of 

specialist visits) 

(5) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 

(6) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 5C- Effect of Cover levels derived from the survey time interval on diabetes related hospitalisations and length of stay among sub-population 

  Diabetes related PPH LOS diabetes related PPH Unplanned diabetes related PPH 
LOS unplanned diabetes related 
PPH 

  IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value 

Unweighted (1)                         

Low Cover 4.7 (3.7; 5.8) <0.001 12.6 (8.8; 18.2) <0.001 2.5 (1.7; 3.7) <0.001 8.1 (4.3; 15.2) <0.001 

Medium Cover 4.0 (3.5; 4.5) <0.001 10.4 (8.4; 12.9) <0.001 3.0 (2.5; 3.8) <0.001 6.7 (4.7; 9.5) <0.001 

High Cover 3.5 (3.3; 3.7) <0.001 4.4 (4.1; 4.8) <0.001 2.6 (2.4; 2.9) <0.001 3.7 (3.2; 4.3) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Weighted  (2)             

Low Cover 4.6 (2.7; 7.9) <0.001 3.1 (0.9; 11.1) 0.085 2.4 (1.3; 4.4) 0.005 2.2 (0.4; 13.2) 0.04 

Medium Cover 4.8 (4.1; 5.7) <0.001 4.6 (2.5; 8.5) <0.001 3.5 (2.6; 4.6) <0.001 2.8 (1.3; 5.8) <0.001 

High Cover 3.4 (3.2; 3.7) <0.001 3.0 (2.1; 4.4) <0.001 2.6 (2.3; 3.0) <0.001 2.2 (1.4; 3.3) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Doubly robust estimation (3)             

Low Cover 4.2 (2.6; 6.6) <0.001 3.0 (1.6; 5.8) <0.001 2.1 (1.2; 3.7) 0.014 2.4 (1.0; 5.9) 0.049 

Medium Cover 4.5 (3.9; 5.3) <0.001 7.1 (5.2; 9.6) <0.001 3.0 (2.3; 3.9) <0.001 4.4 (2.9; 6.7) <0.001 

High Cover 3.5 (3.2; 3.8) <0.001 4.9 (4.1; 5.9) <0.001 2.7 (2.4; 3.0) <0.001 4.3 (3.4; 5.4) <0.001 

Perfect Cover Ref     Ref     Ref     Ref     

Notes: 

(7) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 

comorbidity, complication, duration of diabetes, history of diabetes related PPH, cover in, frequency of GP contacts, regularity, UPC, number of 

specialist visits) 

(8) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 

(9) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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The RECORD statement – checklist of items, extended from the STROBE statement, that should be reported in observational studies using 
routinely collected health data.

Item 
No.

STROBE items Location in 
manuscript where 
items are reported

RECORD items Location in 
manuscript where 
items are reported

Title and abstract
1 (a) Indicate the study’s design 

with a commonly used term in 
the title or the abstract (b) 
Provide in the abstract an 
informative and balanced 
summary of what was done and 
what was found

RECORD 1.1: The type of data used 
should be specified in the title or 
abstract. When possible, the name of 
the databases used should be 
included.

RECORD 1.2: If applicable, the 
geographic region and timeframe 
within which the study took place 
should be reported in the title or 
abstract.

RECORD 1.3: If linkage between 
databases was conducted for the 
study, this should be clearly stated in 
the title or abstract.

1.1 Abstract, data 
sources. 

1.2 Abstract, data 
sources 

1.3 Abstract, data 
sources. 

Introduction
Background 
rationale

2 Explain the scientific 
background and rationale for the 
investigation being reported

Introduction, lines 
96 to 119

Objectives 3 State specific objectives, 
including any prespecified 
hypotheses

Introduction, lines 
116-119

Methods
Study Design 4 Present key elements of study 

design early in the paper
Methods- Study 
population and 
study design (line 
152- 164)

Setting 5 Describe the setting, locations, 
and relevant dates, including 

Methods, data 
sources and study 
population
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periods of recruitment, exposure, 
follow-up, and data collection

Participants 6 (a) Cohort study - Give the 
eligibility criteria, and the 
sources and methods of selection 
of participants. Describe 
methods of follow-up
Case-control study - Give the 
eligibility criteria, and the 
sources and methods of case 
ascertainment and control 
selection. Give the rationale for 
the choice of cases and controls
Cross-sectional study - Give the 
eligibility criteria, and the 
sources and methods of selection 
of participants

(b) Cohort study - For matched 
studies, give matching criteria 
and number of exposed and 
unexposed
Case-control study - For 
matched studies, give matching 
criteria and the number of 
controls per case

RECORD 6.1: The methods of study 
population selection (such as codes 
or algorithms used to identify 
subjects) should be listed in detail. If 
this is not possible, an explanation 
should be provided. 

RECORD 6.2: Any validation 
studies of the codes or algorithms 
used to select the population should 
be referenced. If validation was 
conducted for this study and not 
published elsewhere, detailed 
methods and results should be 
provided.

RECORD 6.3: If the study involved 
linkage of databases, consider use of 
a flow diagram or other graphical 
display to demonstrate the data 
linkage process, including the 
number of individuals with linked 
data at each stage.

6.1 Methods, study 
population and 
design. 

6.2 Methods, data 
sources. References 
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6.3 Methods, data 
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confounders, and effect 
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*Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sørensen HT, von Elm E, Langan SM, the RECORD Working 
Committee.  The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement.  PLoS Medicine 2015; 
in press.

*Checklist is protected under Creative Commons Attribution (CC BY) license.
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28 Abstract 

29 Objectives: To evaluate the relationship between the proportion of time under the potentially 

30 protective effect of a general practitioner (GP) captured using the Cover Index and diabetes related 

31 hospitalisation and length of stay (LOS).

32 Design: An observational cohort study over two three-year time periods (2009/10-2011/12 as the 

33 baseline and 2012/13-2014/15 as the follow-up). 

34 Setting: Linked self-report and administrative health service data at individual level from the 45 and 

35 Up Study in New South Wales (NSW), Australia 

36 Participants: A total of 21 965 individuals aged 45 years and older identified with diabetes before 

37 July 2009 were included in this study. 

38 Main outcome measures: Diabetes-related hospitalisation, unplanned diabetes related 

39 hospitalisation and LOS of diabetes related hospitalisation and unplanned diabetes related 

40 hospitalisation.

41 Methods: The average annual GP Cover Index over a three year period was calculated using 

42 information obtained from Australian Medicare and hospitalisation. The effect of exposure to 

43 different levels of the Cover on the main outcomes were estimated using negative binomial models 

44 weighted for inverse probability of treatment weight (IPTW) to control for observed covariate 

45 imbalance at the baseline period. 

46 Results: Perfect GP cover was observed among 53% of people with diabetes in the study cohort. 

47 Compared with perfect level of GP cover, having lower levels of GP cover including high (IRR 2.8, 

48 95%CI 2.6-3.0), medium (IRR 3.2, 95%CI 2.7-3.8) and low (IRR 3.1, 95%CI 2.0-4.9) was significantly 

49 associated with higher number of diabetes related hospitalisation. Similar association was observed 

50 between the different levels of GP cover and other outcomes including LOS for diabetes related 

51 hospitalisation, unplanned diabetes related hospitalisation and LOS for unplanned diabetes related 

52 hospitalisation.  
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53 Conclusions: Measuring longitudinal continuity in terms of time under cover of GP care may offer 

54 opportunities to optimise the performance of primary health care and reduce secondary care costs 

55 in the management of diabetes. 

56

57 Article summary 

58 Strengths and limitations of this study

59  In this study, we used a large contemporary population based cohort linked with individuals’ 

60 health care service records that enabled us to account for differences across time periods 

61 and a wide range of demographic, socioeconomic and clinical characteristics.

62  Using empirical analytic approaches to construct the GP cover index, the study was able to 

63 explore latent patterns of GP utilisation relative to demographic and clinical characteristics 

64 that unpack further dimensions of longitudinal continuity of primary care.

65  The Cover Index expresses the proportion of time under cover of GP care and therefore can 

66 quantify the extent of sufficiency of primary care utilisation and can be applied at the 

67 individual, subpopulation or whole population level. 

68  Since both GP cover and hospitalisations were measured over the same period, caution is 

69 required when interpreting any causal relationship between the cover of GP care and 

70 diabetes related hospitalisation although imbalance in the observed demographic and 

71 clinical characteristics between GP cover levels was controlled using IPTW.

72  Hospitalisations classified as diabetes related hospitalisation in this study may not be all truly 

73 avoidable by effective GP care, however, further analysis using unplanned diabetes related 

74 hospitalisation outcome confirmed that increasing GP cover reduces unplanned 

75 hospitalisation, likely via better management of the condition. 

76

77
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78 Introduction 

79 Diabetes causes major burden for health care systems worldwide with 425 million people living with 

80 diabetes in 2017 (1). About 1.1 million people in 2017 are living with diabetes in Australia (2). 

81 Diabetes and its related complication are associated with poor health outcomes, low quality of life 

82 and substantially high burden of health care expenditure (2, 3).  

83 To address burden of complex chronic conditions such as diabetes, many health care systems have 

84 been oriented towards strengthening the roles of primary health care (4, 5). In Australia, the 

85 government has set a focus on strengthening the Primary health care system through providing 

86 financial incentive for aspects of primary care such as services/practice incentive payment (6). The 

87 practice incentive payment was introduced in 1998 and went through many changed but has 

88 remained stable since 2006 (7). General practitioners (GP) play a central role of primary care  

89 providing care for approximately 85% of the general population (5). The GPs are responsible for first 

90 contact of care, gatekeeping access to health care system, coordinating and integrating with other 

91 health professionals in secondary care settings including speciality, allied health and hospital care 

92 (5).  The GPs’ roles have been vital for efficient use of health care resources, management of chronic 

93 conditions (8) and improving population health outcomes (4, 9). 

94 Literature highlights the importance of continuity of care in which GPs play a central role, to ensure 

95 a sufficient provision of care, minimise unnecessary or harmful care and to promote self-

96 management for people with the chronic complex conditions (10-14). A modern concept of 

97 continuity comprises of three main aspects including interpersonal continuity, management 

98 continuity and information continuity (15).  Previous studies found that more continuity of care in 

99 terms of interpersonal continuity captured by higher continuity of provider (12, 16), and 

100 management continuity captured by greater regularity of GP visits (17-19)  is associated with better 

101 patient satisfaction, and fewer avoidable hospitalisations.
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102 For people with ambulatory care sensitive conditions (ACSC) such as diabetes, proactive care offers 

103 an opportunity for early and sufficient action to be taken to prevent the onset and delay progression 

104 of degenerative diseases (20). Recent evidence examining patterns of GP utilisation has 

105 demonstrated that the time interval between GP visits was associated with lower number of 

106 hospitalisation (21, 22). The time interval between GPs services is integrated into a new continuity of 

107 care metric named the Cover Index capturing the proportion of time people are under the 

108 potentially protective effect of GP care (21). The Cover Index offers a new measure of continuity of 

109 care accounting for management aspect of care to support comprehensive evaluation of continuity 

110 of care in the context of a high burden of complex and multiple chronic conditions (21). 

111 Knowledge about how differing amounts of time people are under the protective effect of contact 

112 with GP (as measured by the Cover index) on diabetes related hospitalisations would provide useful 

113 information to aid in the development of policies that support proactive care by GPs for people with 

114 chronic conditions such as diabetes and improve health outcomes for the population. Building on 

115 the previous study (21) using historical data, this study aimed to apply the cover index to evaluate 

116 the GP cover of people with diabetes in the contemporary setting and its association with diabetes 

117 related hospitalisation and length of stay.   

118 Methods

119 This was a retrospective observational cohort study using self-reported survey data linked with 

120 routinely collected unit record administrative health data. Reporting follows the Reporting of studies 

121 Conducted using Observational Routinely-collected health Data (RECORD) guidelines (23)

122 Data sources

123 This was a retrospective observational study using data from the Sax Institute’s 45 and Up Study in 

124 New South Wales; details of the cohort profile have been previously reported (24). The Sax 

125 Institute’s 45 and Up Study was sampled from the Department of Humans Services (formerly 

126 Medicare Australia) enrolment data base. The study comprises of over 267 000 people aged 45 years 
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127 and over with individual information on demographics, socioeconomic status, lifestyle factors, 

128 health status and well-being collected from the survey between 2006 and 2009. Survey data were 

129 linked with administrative health records from i) the New South Wales Admitted Patient Data 

130 Collection (APDC)(2005 to 2015), ii) the Medicare Benefits Schedule (MBS) (2005 to 2015), iii) the 

131 Pharmaceutical Benefit Scheme (PBS) (2005 to 2015) and (iv) the NSW Register of Births Deaths and 

132 Marriages (RBDM) (2006 to 2015). The NSW Centre for Health Record Linkage (CHeReL) conducted 

133 the linkage for APDC and RBDM. CHeReL linkages are probablistic. The MBS and PBS data are linked 

134 deterministically by the Sax Insititute using a unique identifier provided by the Australian 

135 Government Department of Human Services. The privacy of individual patients is conserved using 

136 probabilistically linked technique with very low false-positive and false-negative rates of <0.5 and 

137 <0.1%, respectively (25). All individual data were de-identified and assigned a unique project person 

138 number. 

139 The APDC data comprised dates of admission and discharge, diagnoses (primary and secondary), 

140 procedures performed and other details of individual episodes of hospitalisation such as type of 

141 admission, transfer and discharged status from all private and public hospitals in NSW. Details of 

142 diagnoses were recorded using 10th revision Australian Modification codes (ICD-10-AM) in the 

143 principal diagnosis and up to 54 additional diagnoses (26). The MBS records consisted of claim items, 

144 date of services and de-identified provider codes for medical and diagnostic services provided out of 

145 hospital under Australia's universal health insurance scheme. The PBS records comprised claims for 

146 subsidised prescription medicines and included item code, Anatomical Therapeutic Chemical (ATC) 

147 code, quantity and date supplied. The death registry had information on the date and cause of death 

148 and were used to identify participants in the study population who died during the study period.

149 Study population and study design

150 The study population included people aged 45 years and older identified with diabetes any time 

151 prior to 01/7/2009 using information from self-report, APDC and PBS data. People were identified as 
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152 having diabetes if they answered yes to the question “has the doctor ever told you that you have 

153 diabetes?; or they had an APDC record with ICD-10-AM codes for diabetes (E10, E11, E13, E14) in 

154 any field of diagnoses and/or a PBS claim indicating a dispensing between 2005 and 2009 using ATC 

155 code of A10A (insulins and analogues) or A10B (blood glucose lowering drugs excluding insulins) 

156 (27). 

157 The study cohort was structured into a cohort with two observed time periods (based on financial 

158 years: 1 July to 30 June): the baseline period from 1 July 2009 to 30 June 2012 for evaluating pre-

159 exposure characteristics and the follow-up period from 2012/13 to 2014/15 for evaluating the effect 

160 of GP cover on hospitalisation. A total of 21,965 individuals who were still alive on 1 July 2015 and 

161 had no missing basic demographic characteristics or potential linkage errors were included for the 

162 study. 

163 Ethics approval

164 Ethics approval was obtained from Curtin University Human Research Ethics Committee (RD-42-14) 

165 and the NSW Population and Health Services Research Ethics Committee (HREC/17/CIPHS/37). 

166 Consent was given by all participants in the Sax Institute’s 45 and Up Study for their information to 

167 be used in approved studies, and for follow-up and data linkage. The conduct of the Sax Institute’s 

168 45 and Up Study was approved by the University of NSW Human Research Ethics Committee.

169 Patient and public involvement

170 A consumer representative was involved in the design of the grant used to fund this research. The 45 

171 and Up Study, which provided data for this project, maintains a repository of published research 

172 using this cohort online.  

173 Outcome measures

174 Diabetes related hospitalisation were defined as hospitalisations for conditions where diabetes has 

175 been previously identified as a significant risk factor, captured using the principal diagnosis code 
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176 (28). We used the conditions suggested by an Australian study (28) which collated evidence from 

177 literature on conditions that is attributable to diabetes. This comprehensively list allowed us to fully 

178 capture the burden of hospitalisation related to diabetes (Appendix 1) rather than limit the analysis 

179 to diabetic potentially preventable hospitalisation, which also do not have consensus in their 

180 definition (28-32). We excluded routine hospitalisations for kidney dialysis and inter-hospital 

181 transfers were counted as a single episode of care. We also measured unplanned diabetes-related 

182 hospitalisations which restricted diabetes-related hospitalisations into those admitted 

183 hospitalisation through emergency departments. Three-year accumulated length of stay (LOS) were 

184 also calculated for diabetes related hospitalisations and unplanned diabetes related hospitalisations 

185 with same day episodes counted as one day. 

186 Independent measures 

187 Cover Index of GP contacts

188 The Cover Index of GP contacts was the main predictor used in this study. The index is defined as the 

189 proportion of time in a pre-specified ascertainment period that people with diabetes are under the 

190 potentially protective effect of care from their GP (cover), range from 0 to 1, where 1 is the perfect 

191 cover (see Figure 1). In this study, the Cover index was calculated annually to facilitate interpretation 

192 by policy makers since financial incentives and clinical guidelines usually use one year to determine 

193 eligibility/compliance (eg annual diabetes cycle of care payments in Australia) (33, 34). In addition, 

194 this allows for comparability with most other continuity of care indices such as regularity and usual 

195 provider care, which are often evaluated annually.  The average of the annual Cover Index over the 

196 three years was then calculated, and classified as low cover (0-0.5), medium cover (>0.5 – 0.85), high 

197 cover (>0.85-0.99) and perfect cover (>0.99-1). The methods to calculate Cover have been previously 

198 reported (21). 

199 In this study for the main analysis the cover index was calculated using the maximum optimal time 

200 interval under GP cover suggested by the previous study conducted in Western Australia (21). The 
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201 study suggested that the maximum optimal time interval under potentially protective effect of GP 

202 care for people with diabetes was 13 months for diabetes with no complications, 11 months for 

203 people with one or two complications and 9 months for people with three or more complications 

204 (21). 

205 For the sensitive analyses, the cover index was also calculated using (i) the maximum optimal time 

206 interval under GP cover estimated from the current study cohort with similar model specification 

207 from the previous publication and (ii) using expert opinion derived from a survey of GPs with 

208 expertise in managing chronic conditions. Details of the GP survey is presented in Appendix 2. The 

209 maximum optimal time interval suggested by the NSW cohort was 13, 8 and 6 months for diabetes 

210 with none, one or two and three complications, respectively. The details of the estimation using the 

211 NSW cohort is presented in Appendix 3. The maximum optimal time interval suggested by the GP 

212 survey was 10-12 months, 6-9 months and 01 months for diabetes with none, one or two 

213 complication and three or more complications, respectively (see Appendix 2).

214 Other indices of continuity of care by a GP 

215 Frequency of GP contact was calculated as the accumulated number of GP contacts of each financial 

216 year and three-year period, excluding visits within 14 days of the previous visit to avoid over-

217 counting GP episodes of care (35). 

218 The regularity index was used to measure the distribution of GP visits over each year and was 

219 calculated annually as [1/(1+standard deviation of the days between visits)], described in detail 

220 elsewhere (18, 19, 36). The regularity index was categorised into quintiles for each three-year 

221 period. 

222 Usual provider continuity (UPC) was measured using the usual provider of care index, which 

223 measures the proportion of GP contacts within a financial year that were provided by the same GP 

224 (12), and were aggregated into the three-year period. 
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225 Other covariates 

226 This study also measured demographic and socioeconomic characteristics including age classified as 

227 45-54, 55-64, 65-74, 75-84 or 85+ years; sex, Indigenous status, education, residential remoteness 

228 classified according to Accessibility Remoteness of Australia index (ARIA) (37), and quintiles of the 

229 Census-specific Socio-economic Indexes for Areas (SEIFA) index of relative socioeconomic 

230 disadvantage (38). Duration of diabetes was counted from self-reported age at diagnosis with 

231 diabetes, first date of diagnosis recorded in APDC, or incident diabetes-related PBS record, 

232 whichever came first, and classified as 1-5 years, 6-10 years and 11+ years. The number of self-

233 reported comorbidities was the sum of all self-reported conditions including cancers, heart disease, 

234 high blood pressure, stroke, blood clot, asthma or hay fever, depression and anxiety, and Parkinson’s 

235 disease. Levels of limitation in terms of the ability to perform daily activities such as walking, 

236 bending, dressing and bathing were measured using the Medical Outcome Study Physical Function 

237 Scale (39), and classified into four groups: no limitation, minor limitation, mild limitation and severe 

238 limitation. The number of comorbidities up to time period 1 was also counted in the APDC using the 

239 Multipurpose Australian Comorbidity Scoring System (MACSS) with a five-year look-back period (40, 

240 41). Diabetes complications up to time period 1 were identified using ICD-10-AM codes in the APDC 

241 data and classified into three severity level groups: no complication, 1-2 complications and 3+ 

242 complications as used elsewhere (42, 43). The number of out of hospital specialist visits were 

243 identified using MBS claims data, counted for each financial year and then aggregated over a three-

244 year period for time period 1 and time period 2.

245 Statistical methods

246 Descriptive observed characteristics was conducted across the cover levels. A generalised propensity 

247 score (GPS) for multiple treatment approach was used to control for any imbalance in distribution of 

248 the observed covariates in estimating the effect of the cover on the hospitalisation outcomes (44). 

249 The twang package in R (45) was used to perform the generalised boosted models (GBM) in 

250 estimating GPS and evaluating covariate balance after adjusting for inverse probability treatment 
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251 weight (IPTW). Both the mean of absolute standardised bias and the Kolmogorow-Simirnov statistic 

252 were used as the stopping rules for selecting the optimal iteration of the GBM (44, 45). The 

253 population standardised bias which is less than 0.2 is considered as balance achieved for the given 

254 covariate (44). A similar effective sample size yielded for both balance stopping rules, hence the GPS 

255 from the model fit with the mean of absolute standardised bias stopping rule was presented for the 

256 results. Appendix 4 provides the details of assessing the balance in distribution of the observed 

257 characteristics across the GP cover levels, for all the cover index calculating using WA, NSW and 

258 survey referenced intervals. 

259 The effects of levels of cover on diabetes related hospitalisations, unplanned diabetes related 

260 hospitalisations and length of stay (for both all and unplanned hospitalisations) were examined using 

261 negative binomial models adjusting for all health care service use at time period 2 including 

262 frequency of GP contacts, regularity of GP contacts and number of specialist visits. The models were 

263 performed using three different specifications: multivariate models without IPTW, with IPTW, and 

264 doubly robust estimation which included both IPTW and all observed covariates.  

265 Sensitivity analyses was conducted for the cover index calculated using referenced time intervals 

266 estimated from the NSW cohort and the GP survey. The sensitivity analysis was also conducted in 

267 the sub-population which excluded cases identified with diabetes using information from oral 

268 medication only. The 14 day grace period after hospital discharge was imposed in the cover 

269 calculation based on evidence in literature (46-50), however a sensitive analysis with the wider grace 

270 period (28 and 45 days) and no imposed grace period were also performed. 

271 All analyses were conducted using STATA (51) for Windows version MP14 and twang package in R 

272 version 3.5.2 (45). 

273 Results

274 A total of 21 965 individuals aged 45 years and older identified with diabetes in the 45 and Up Study 

275 population were eligible for this study. The baseline social demographic and clinical characteristics 
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276 across the levels of GP cover was shown in Table 1. At the time period 2, 53.4% of the study 

277 population had a perfect level of cover with GPs, following by 39.0% of a high level, 3.9% of medium 

278 level and 3.6% of low level of cover. More than half of all cover groups were living in highly 

279 accessible areas, had at least higher school/university/tafe and roughly 40% had less than 5 years 

280 duration of diabetes. However, the distribution of some demographic and clinical characteristics 

281 varied across the levels of GP cover. The low level of GP cover were dominated by males (64%), aged 

282 75 + years (43%), severe level of limitation (33%) and 3+ complication (34%). In contrast, the perfect 

283 level of GP cover were characterised with equal gender distribution (52.0% of males) and lower 

284 proportion of people aged 75+ years (22%), severe level of limitation (27%) and 3+ complication 

285 (21%).

286
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287 Table 1. Characteristics by Cover levels measured at the time period 2

 
Low cover

(N=786)

Medium 
cover

(N=857)
High cover 

(N=8576)
Perfect Cover

(N=11764)

 N % N % N % N %
Sex
Male 503  64.0 532  62.1 4,670  54.5 6,108  52.0 
Female 283  36.0 325  37.9 3,906  45.5 5,638  48.0 
Age groups
45/54yrs 90  11.5 220  25.7 1,106  12.9 1,878  16.0 
55-64yrs 181  23.0 275  32.1 2,384  27.8 3,390  28.9 
65-74yrs 174  22.1 218  25.4 3,108  36.2 3,904  33.2 
75-84yrs 212  27.0 111  13.0 1,777  20.7 2,223  18.9 
85+yrs 129  16.4 33   3.9 201   2.3 351   3.0 
Indigenous
Yes 774  98.5 834  97.3 8,463  98.7 11,590  98.7 
No 12   1.5 23   2.7 113   1.3 156   1.3 
Accessibility
Highly accessible 80  10.2 76   8.9 931  10.9 1,258  10.7 
Accessible 13   1.7 8   0.9 66   0.8 132   1.1 
Moderate 258  32.8 288  33.6 3,103  36.2 3,937  33.5 
Very remote/remote 435  55.3 485  56.6 4,476  52.2 6,419  54.6 
SEIFA
Highest disadvantage 193  24.6 164  19.1 1,993  23.2 2,829  24.1 
High disadvantage 241  30.7 219  25.6 2,202  25.7 3,481  29.6 
Moderate 115  14.6 193  22.5 1,382  16.1 1,536  13.1 
Less disadvantage 114  14.5 142  16.6 1,396  16.3 1,679  14.3 
Least disadvantage 123  15.6 139  16.2 1,603  18.7 2,221  18.9 
Education
Below secondary school 114  14.5 113  13.2 1,458  17.0 2,288  19.5 
Secondary school 464  59.0 588  68.6 4,947  57.7 6,571  55.9 
Higher school/uni/tafe 208  26.5 156  18.2 2,171  25.3 2,887  24.6 
Levels of limitation
No 263  33.5 214  25.0 2,674  31.2 3,482  29.6 
Minor 97  12.3 185  21.6 1,214  14.2 1,930  16.4 
Moderate 163  20.7 273  31.9 2,435  28.4 3,189  27.1 
Severe 263  33.5 185  21.6 2,253  26.3 3,145  26.8 
Duration of diabetes
1-5 years 326  41.5 378  44.1 3,587  41.8 5,118  43.6 
6-10 years 260  33.1 254  29.6 2,698  31.5 3,508  29.9 
10+  years 200  25.4 225  26.3 2,291  26.7 3,120  26.6 
Number of self-report comorbidity 2  1-3 1  1-2 2  1-3 2  1-3)
Quintiles of regularity TP1
No GP contacts 188  23.9 23   2.7 19   0.2 6   0.1 
1 337  42.9 450  52.5 2,076  24.2 2,926  24.9 
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2 78   9.9 169  19.7 2,367  27.6 3,102  26.4 
3 66   8.4 119  13.9 2,328  27.1 2,913  24.8 
4 117  14.9 96  11.2 1,786  20.8 2,799  23.8 

UPC index TP1 .33   0-0.67 0.8
  0.65-

0.91 0.82   0.69-0.92 0.82
  0.68-

0.92

Number of specialist visits TP1 0  0-6 7  1-16 9  4-18 7  2-14
Number of GP contacts TP1 2  0-8 11  6-16 18  14-22 18  14-23
Levels of complications prior to TP1
0-nocomplication 337  42.9 449  52.4 3,898  45.5 6,459  55.0 
1/2 complication 185  23.5 208  24.3 2,469  28.8 2,820  24.0 
 3+complication 264  33.6 200  23.3 2,209  25.8 2,467  21.0 
Number of comorbidity   (MACSS) prior TP1 4  1-7 3  1-6 4  2-6 3  0-5
Number of diabetes related hospitalisation 
TP1 0  0-1 0  0-0 0  0-1 0  0-0
Number of unplanned diabetes related 
hospitalisation TP1 0  0-0 0  0-0 0  0-0 0  0-0

288

289 Note:

290 n and % for categorical variables and Median (IQR) for continuous variables

291 SEIFA: Census-specific Socio-economic Indexes for Areas

292 MACSS: Multipurpose Australian Comorbidity Scoring System

293 TP1: time period 1 between 2009/2010 and 2011/2012

294 Low level of cover: the cover score from 0 to 0.5; Medium level: the cover score above 0.5 to 0.85; High level 
295 of cover if the cover score above 0.85 to 0.99; Perfect level of cover: above 0.99 to 1.0 

296

297
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298 Results of the effect of GP cover on diabetes related hospitalisation, unplanned diabetes related 

299 hospitalisation and LOS for the hospitalisation are presented in Table 2. The results of doubly robust 

300 estimation show that compared with the perfect level of GP cover, having less GP cover including 

301 high, medium and low level was significantly associated with 2.8 times (95%CI 2.6-3.0),  3.2 times 

302 (95%CI 2.7-3.8) and 3.1 time (95%CI 2.0-4.9) higher number of diabetes related hospitalisation, 

303 respectively. Similar effect was observed in LOS of diabetes related hospitalisation with higher in LOS 

304 for the high level of cover (IRR 1.9, 95%CI 1.6-2.3),  medium level of cover (IRR 1.7, 95%CI 1.3-2.3), 

305 compared with the perfect level of GP cover, except for low level of cover with no significant 

306 association (IRR 0.8, 95%CI 0.4-1.5)  . 

307 The doubly robust models indicated a higher effect of GP cover on unplanned diabetes related 

308 hospitalisation and its LOS. The medium cover (IRR 1.7, 95%CI 1.5-1.9) and high cover (IRR 1.7, 95%CI 

309 1.3-2.3) have a significant higher number of unplanned diabetes related hospitalisation compared to 

310 the perfect level of GP cover. For LOS of unplanned diabetes related hospitalisation, the significant 

311 association was observed only a high level of cover with IRR 1.6, 95%CI 1.3-1.9 (Table 2). 
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312 Table 2 Effect of Cover levels on diabetes related hospitalisations and length of stay

 
Diabetes related 
hospitalisation

LOS diabetes related 
hospitalisation

Unplanned diabetes related 
hospitalisation

LOS unplanned diabetes 
related hospitalisation

 IRR 95%CI p-value IRR 95%CI
p-

value IRR 95%CI
p-

value IRR 95%CI
p-

value
Unweighted (1)             
Low Cover 3.2 (2.6; 4.1) <0.001 3.3 (2.2; 4.8) <0.001 1.4 (1.0; 2.1) 0.06 2.8 (1.4; 5.3) 0.002
Medium Cover 2.9 (2.6; 3.4) <0.001 3.3 (2.6; 4.2) <0.001 1.8 (1.5; 2.3) <0.001 1.8 (1.2; 2.7) <0.001
High Cover 2.8 (2.7; 3.0) <0.001 1.9 (1.8; 2.1) <0.001 1.7 (1.5; 1.8) <0.001 1.5 (1.3; 1.8) <0.001
Perfect Cover Ref Ref Ref Ref
Weighted  (2)
Low Cover 3.2 (2.0; 5.3) <0.001 1.2 (0.4; 3.3) 0.7 1.8 (0.9; 3.5) 0.1 1.6 (0.4; 6.5) 0.4
Medium Cover 3.3 (2.8; 4.0) <0.001 1.7 (1.1; 2.8) 0.02 2.0 (1.4; 2.8) <0.001 1.0 (0.5; 1.8) 0.9
High Cover 2.7 (2.6; 2.9) <0.001 1.7 (1.3; 2.1) <0.001 1.7 (1.5; 1.9) <0.001 1.2 (0.9; 1.6) 0.1
Perfect Cover Ref Ref Ref Ref
Doubly robust 
estimation (3)
Low Cover 3.1 (2.0; 4.9) <0.001 0.8 (0.4; 1.5) 0.4 1.7 (0.9; 3.2) 0.07 0.8 (0.4; 1.9) 0.6
Medium Cover 3.2 (2.7; 3.8) <0.001 1.7 (1.3; 2.3) <0.001 1.7 (1.3; 2.3) <0.001 0.8 (0.6; 1.3) 0.4
High Cover 2.8 (2.6; 3.0) <0.001 1.9 (1.6; 2.3) <0.001 1.7 (1.5; 1.9) <0.001 1.6 (1.3; 1.9) <0.001
Perfect Cover Ref   Ref   Ref   Ref   
313 Notes:

314 (1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
315 number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
316 comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover, frequency of GP contacts, regularity, UPC, number 
317 of specialist visits)
318 (2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates
319 (3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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320 Sensitivity analysis for the cover index derived from the NSW cohort and GP opinion on the optimal 

321 time interval also provided similar effects, although the results from the cover levels derived from 

322 GP opinion shows larger effect and significantly associated across all levels of cover. When examined 

323 the effect of cover in the subpopulation which excluded cases identified using information from the 

324 oral medication only, we also found a significant association between the cover levels and diabetes 

325 related and unplanned diabetes related hospitalisations. The details of the results presented in the 

326 Appendix 5 Table 1A – 1C for both diabetes related and unplanned diabetes related hospitalisation 

327 and their LOS.  

328 Results of another sensitivity analyses for different scenarios in calculating the cover index related to 

329 1) extending the 14 day grace period following hospital discharge to 28 and 45 days and 2) removing 

330 the 14 grace period are presented in Appendix 6 Table 1A- 1C. Extending the grace period to 28 and 

331 45 days resulted in lesser effect of the GP cover on diabetes related hospitalisation and unplanned 

332 hospitalisation, although a similar pattern was observed compared with the result of the 14 day 

333 period used in calculating the cover. If the 14 day period was not imposed and in-hospital time was 

334 excluded in calculation of the cover, no significant association was observed between different levels 

335 of cover and diabetes related hospitalisations and LOS. For unplanned diabetes related 

336 hospitalisation, an association was observed for the high cover level and inverse association was 

337 observed in medium cover.

338 Discussion 

339 This study provided compressive evaluation of the relationship between GP cover and diabetes 

340 related hospitalisation and LOS for the hospitalisation among people with diabetes. The results 

341 showed that only 48% of people with diabetes had the perfect level of cover by GP care over a three 

342 year period. After adjusting for imbalance in distribution of observed covariates at the baseline, 

343 having the perfect level of GP cover was significantly associated with lower number of diabetes 

344 related hospitalisation and shorter LOS of the hospitalisation. 
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345 Our study used a large population based cohort linked with individuals’ health care service records 

346 that enabled us to account for differences across a wide range of demographic, socioeconomic and 

347 clinical characteristics (52). The self-report data provided an opportunity to include individuals at the 

348 early stage of diabetes prior to any hospitalisation for the condition which makes our study 

349 population more likely to be representative of the general population living with diabetes. The data 

350 were linked with historical administrative data from 2005, which allowed us to capture the history of 

351 complications and comorbidities to better adjust for effect of disease severity on health service 

352 utilisation. By using empirical analytic approaches to construct the GP cover index, the study was 

353 able to explore latent patterns of GP utilisation relative to demographic and clinical characteristics 

354 that unpack further dimensions of longitudinal continuity of primary care. In addition, the study used 

355 doubly robust methods that can correct for any miss-specification of the propensity score models 

356 used in calculating IPTW (53). 

357 The Cover Index appears to be easier to interpret than indices such as regularity, which has no 

358 natural units, as it expresses the proportion of time under cover of GP care and therefore can 

359 indicate absolute levels of insufficiency of primary care utilisation. The metric can be applied at the 

360 individual, subpopulation or whole population level and therefore is suitable for both development 

361 of financial levers via payment incentives (eg an MBS item) or monitoring utilisation of primary care. 

362 The index can also be calculated for individuals with single or no GP visits, which is better than other 

363 continuity care metrics such as regularity and usual provider index which can only calculated when 

364 at least two GP visits were observed within a time frame (12, 19) thus unlike these two metrics the 

365 Cover Index can comprehensively capture the whole population.

366 This study has some limitations. Whereas efforts were made to facilitate a reasonable interpretation 

367 of GP cover, the classification of cover index into different levels may not be an optimal approach. As 

368 both cover index and the main interest outcome were measured simultaneously, caution is required 

369 when interpreting any causal relationship between the cover of GP care and diabetes related 
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370 hospitalisations since both were measured over the same period. To partially counteract this the 

371 study controlled for imbalance in the observed demographic and clinical characteristics using IPTW 

372 calculated from generalised propensity score. Hospitalisations classified as diabetes related 

373 hospitalisation in this study may not be all truly avoidable by effective GP care as discussed in 

374 literature (54-56). To further explore this, we evaluated a second outcome, unplanned diabetes 

375 related hospitalisations which, because of their emergency admissions status are more likely to 

376 represent hospitalisations that are unexpected and result from uncontrolled clinical events. We 

377 found that the association of the perfect level of GP cover remained significant when we limited the 

378 outcome to unplanned diabetes related hospitalisations confirming that increasing GP cover reduces 

379 unplanned hospitalisation, likely via better management of the condition. This study included 

380 individuals with diabetes identified using only history of diabetes oral medications such as 

381 metformin and liraglutide. As the medications can be used for other conditions such as polycystic 

382 ovary syndrome or weight lost, the study population may include small number of people without 

383 diabetes that may introduce bias in the results. However, a similar results was observed among sub-

384 population which excluded the individuals identified with diabetes using only history of oral 

385 medication that indicates the potential bias due to including the individuals was minimal. This study 

386 used self-reported information to identify diabetes that may cause recall bias though the effect may 

387 be negligible as diagnosis with diabetes is a significant life event. Endogeneity may arise in this study 

388 due to failing to include all explanatory variables in the model, however, it has been mitigated by 

389 including both diabetes related hospitalisation and cover observed in the baselined period as 

390 instrument to correct for endogeneity (57, 58). The cover index was calculated using an imposed 14 

391 day grace period following discharge that may introduce inverse causality in the association between 

392 the cover index and hospitalisation. Sensitivity analyses of different scenarios with longer grace 

393 period and without the grace period indicated a variation in the effect of GP cover on the 

394 hospitalisation outcome.  Although the 14 day grace period appears to be in line with evidence in 
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395 literature (46-50, 59), a study to provide further validation of this grace period should be considered 

396 to improve performance of the cover index. 

397 Our findings suggest that there is an opportunity for avoiding hospital admissions for people with 

398 diabetes through proactively providing GP care within an optimal time period. This result is in line 

399 with the previous studies which looked at primary care MBS re-imbursement items containing time 

400 components (26, 60). The items such as the annual cycle of care item, annual review of GP 

401 management plan item and team care arrangement item were found significantly associated with 

402 lower the risk of hospitalisation among people with diabetes (26, 60).

403 Our finding is supported by numerous literature which implies timeliness support is an important 

404 factor to improve patients’ health outcomes. Building upon the philosophy of the chronic care 

405 models, a systematic review emphasised that supporting self-management is the most frequent 

406 element that is consistently associated with improving patients’ outcomes (61). The most effective 

407 strategies to support self-management of diabetes require timely provision of information and 

408 advice, often repeatedly that tailored to current needs of patients with diabetes (62). The timeliness 

409 support can offers opportunities for re-engagement with health professionals and reinforcement 

410 knowledge of diabetes that enable people with diabetes to re-evaluate their perception of diabetes 

411 and empowers them in making treatment decision (62). The lack of timeliness support often leads to 

412 a cumulative deficit for people with diabetes in enduring effective self-management of their 

413 condition (62). This is in line with a qualitative study which found that the perception and knowledge 

414 of diabetes controllability often diminished over time due to nature progress of disease regardless of 

415 compliance with recommended self-care activities (63). Thus, self-diabetes care activities are not 

416 always done effectively due to complexity of their own realities (62, 64). Regular contacts their GP 

417 for check-ups facilitate a chance of not only receiving preventive advice but also adapting care 

418 regimes to be suitable with patients’ circumstances (64-66). However, the time between GP contacts 

419 has not been fully integrated in most current indices such as frequency of visits, regularity of contact 
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420 and usual provider of care indices.  The cover index integrates with the potentially protective effect 

421 that provides useful indicator to evaluating performance of primary health care in managing chronic 

422 conditions. 

423 In term of GP led model of care, GPs are in the best position to manage care, coordinate with 

424 appropriate specialists and continuously review and updating care plans because of their deep-

425 knowledge and close relationship with the patient (67). In addition, GPs rather than other specialists 

426 can offer a superior care by not primarily focussing on the condition but on the condition in the 

427 context of the patients’ other health problems (4). Regular having GP care is therefore necessary to 

428 maintain high quality care for people with complex condition like diabetes (65). Burridge, Foster (64) 

429 valued the established routines of the GP led model of care as it creates a positive environment and 

430 sense of an alliance with health-care professionals which was conducive to diabetes management 

431 (64). Thus, although GP visit can be for other than diabetes care, it still has potentially protective 

432 effect on overall diabetes related health outcomes. A significant association GP cover and 

433 hospitalisation found in our study again confirmed the central role of GP in effective management of 

434 diabetes. Thus, facilitate the perfect level of cover of GP care for people with diabetes would be a 

435 possible strategy in order to improve health outcomes for people with diabetes and effectively 

436 reduce avoidable hospitalisation and LOS. 

437 Conclusion 

438 Our study found that longitudinal continuity of care in terms of a time under cover of the protective 

439 effect of GP contact is associated with reduction in admissions and LOS of both diabetes related 

440 hospitalisation and unplanned diabetes related hospitalisation. These results provide a more 

441 comprehensive view of continuity of primary care and information valuable for the design 

442 interventions and policy levers aimed at optimising disease management for people with diabetes, 

443 allocating health resources and improving quality and effectiveness of health care.  

444 Figure legend/caption
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445 Figure 1: Calculation of the cover index

446 Footnote: 

447 Following a hospital admission, a 14 day-period of grace was given before requiring a post discharge 

448 GP visit. Calculation of days out of cover was re-started either at day 15 (if no GP contact was 

449 observed) or on the date of the GP visit (if a GP visit was observed prior to day 15).

450
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Appendix 1. ICD-10-AM and procedure codes for identifying diabetes related hospitalisation 

Conditions  ICD-10-AM principle diagnosis and procedure 
codes 

Diabetes/diabetes complications E10-E14 

Circulatory disorders  

Hypertension I10-I13, I15 

Ischemic heart disease I20-I22, I24, I25 

Cerebrovascular disease I60-I67, I69, G45, H34.0, R47.0 

Heart failure I50.0-I50.1, I50.9, I51.6-I51.7, I51.9 

Atherosclerosis I70 

Peripheral vascular disease I73, I87.2, I99, I74, I77.1 

Visual disorders  

Glaucoma H40, H42.8 

Cataract H25-H26, H28.0 

Blindness H54 

Other disorders  

Nephropathy N00, N01, N03-N05, N07, N08, N16-N19, Z49, 
Z99.2 

Other renal complications  

Infections of kidney N10, N11.8-N11.9, N12, N15.1, N15.9, N28.8 

Cystitis, urinary tract infection N30, N39.0 

Proteinuria R80 

Neuropathy/other neurologic symptoms G56-G57, G58.7, G60.8, M79.2, M54.10, 
M54.11, M54.19 

Chronic skin ulcer L89, L97, L98.4 

Gangrene R02 

Non-traumatic lower-extremity amputation or 
revision 

44338–00, 44358–00, 44361-00, -01, 44364–
00,-01, 44367–00, -01, -02, 44376–00 

Other complications  

Candidiasis of vulva and vagina B37.3 N77.1 

Chronic osteomyelitis of the foot M86.37, M86.47, M86.57, M86.67, M86.87 

Cellulitis L03 
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Appendix 2. Exploring GP opinion on the potential protective effect of a GP contact 

Semi-structured survey 

A semi-structured survey was used to explore the opinions of GPs on the existence and duration of 

the temporal protective effect of a GP consultation. The protective effect was defined as the 

duration of time following a GP consultation that people with diabetes would be expected to have a 

lower risk of hospitalisations and complications. The results were used to inform the empirical 

analysis. 

Participants and procedures 

This study used a cross-sectional survey design conducted among a convenience sample of GPs 

currently practising in Australia between September 2017 and April 2018. Participants were 

primarily recruited through key contacts from the project steering panel and Western Australian 

Primary Health Alliance. Additional recruitment was carried out at GP panel meeting events. To be 

eligible for the study the participants had to be currently practising GPs with experience of diabetes 

management. The participants were offered the choice of answering the survey either online using 

the Curtin Qualtrics platform or via a paper version. Information about the study and a consent form 

were included with the survey. All surveys were coded and were free of identifying personal 

information to maintain confidentiality for participants.  

Measures  

This survey consisted of four main parts including: 

1) Participants’ practice experience with patients with diabetes which collected information 

regarding years in practice, frequency of encounters with patients with diabetes, and experience 

with diabetes management.  

2) Self-ratings on belief in the time protective effect following a GP consultation for people with 

diabetes. 
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4) Estimations of the duration of the protective effects of a GP consultation for people with diabetes 

exhibiting several different characteristics; i.e. types of complications (macrovascular complications 

and microvascular complications), and complication status (no complication, one or two 

complications or multiple complications). 

All the questions were designed on a six-point Likert scale with open-ended possibilities for 

participants to add comments. Prior to conducting the survey, the questionnaire was reviewed by a 

separate cohort of GPs and researchers in the field and revised according to their feedback.  

Data management and analysis 

Responses to the online survey were saved via the Qualtrics program and then downloaded and 

saved as an Excel file. The responses to the paper-based version were also entered into Excel. All 

data were stored and handled according to Curtin University guidelines.  

A simple descriptive analysis was conducted to provide a summary of frequency of GPs’ responses to 

the options for each section. Any responses entered in the open-ended sections were entered in 

separate columns and presented in quote marks. These results were then used to inform the 

empirical analyses.  

Semi-structured survey results  

A total of 16 out of 42 potential participants (38%) responded to the survey. Each respondent had 

been practising as a GP for an average of 17 years, with 14 practising in Australia for at least five 

years and only two practising for two or three years. Most participants reported providing services 

frequently for people with diabetes. Eight out of 16 GPs reported every day; 4 out of 16 reported 

once a week; 3 out of 16 reported once a month and none reported rarely or never. GPs reported 

that they sometimes (2/16); often (6/16) or always (8/16) discussed care plans with diabetes 

patients. The majority of GPs (13/16) rated that proactively planning follow-up care for patients with 

diabetes would be extremely important or very important, while others rated it moderately 
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important or slightly important (3/16) and none responded with low or not important ratings (Table 

2A.1).  

Most (15/16) respondents believed that a GP consultation would have a temporary protective effect 

against the risk of hospitalisations or development of complications for people living with diabetes 

(Table 2A.2). However, this was rated from very true (3/16) to true (6/16) and somewhat true (6/16). 

One participant who replied ‘somewhat true’ expanded in a comment: ‘Depending if it was a routine 

surveillance consult which would give a longer temporal potential effect or an emergency consult for 

cellulitis which might mean that I refer them [to] hospital immediately’.  
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Table 2A.1. GP practising experience with diabetes patients  

Characteristics Frequency 
(N=16) 

Percentage 
(%) 

How many years have you been practising as a GP?   

Under 5 years 2 12.5 

5 years or more  14 87.5 

How often do you see patients with diabetes in the last two 
years? 
 

  

Every day 8 50.0 

Every week 4 25.0 

Every month 3 17.7 

Rarely 1 6.3 

Do you discuss a care plan with patients with diabetes? 
  

  

Always  7 43.7 

Very often 6 37.5 

Sometimes 3 18.7 

How do you rate the importance of proactively planning 
follow-up care for patients with diabetes in maintaining 
their health and well-being? 
 

  

Extremely important  11 68.7 

Very important  2 12.5 

Moderately important  2 12.5 

Slightly important  1 6.3 

 

Table 2A.2. GP’s beliefs regarding the temporal protective effect of a GP consultation  

GPs’ 

believe  

Do you believe that GP consultation would have ‘time limited/temporal protective 

effect’ following GP consultation on reducing potentially preventable hospitalisation 

for people with diabetes  

Very true True Somewhat 

true 

Somewhat 

untrue 

Untrue  Not what I 

believe 

N (%) 3 (18.7) 6 (37.5) 6 (37.5) 1 (6.2) 0 (0.0) 0 (0.0) 
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Fifty percent of GPs (8/16) believed that the temporal protective effect following a GP consultation 

would be about 10 to 12 months for diabetes without complication, while the other 50% of 

participants believed it would be shorter (varying between 1 to 7 months). For diabetes with one or 

two complications, GPs’ responses were less consistent. Among 16 participants, three estimated 

about 8 to 9 months, 5 estimated 6 to 7 months, 5 estimated 2 to 3 months, while 3 respondents 

believed that the protective effect would be less than a month. For diabetes with three or more 

complications, the majority (8/16) believed that the temporal protective effect would be one month 

or less, others believed it would be 2 to 7 months (6/16) and 8 to 9 months (1/16) ( Table 2A.3). 

Table 2A.3. GPs’ estimation of the temporal protective effect by clinical conditions 

GP’s estimation Length of the temporal protective effect of a GP consultation  

 1 month 

or less  

2 - 3 

months  

4-5 

months 

6-7 

months  

8-9 

months 

10-12 

months 

 N (%) N (%) N (%) N (%) N (%) N (%) 

Diabetes with NO 

complication 

4 

(25.0) 

1 

(6.2) 

2 

(12.5) 

1 

(6.2) 

0 

(0.0) 

8 

(50.0) 

Diabetes with 1 or 2 

complications 

3 

(18.8) 

5 

(31.2) 

0 

(0.0) 

5 

(31.2) 

3 

(18.8) 

0 

(0) 

Diabetes with 3 or more 

complications 

8 

(50.0) 

2 

(12.5) 

2 

(12.5) 

2 

(12.5) 

1 

(6.2) 

1 

(6.2) 
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Empirical estimation of the optimal time period under potentially protective effect of GP care 

Study population 

A total of 29 007 individuals were identified with diabetes by 1 July 2009. We then excluded those 

who died within two-year after the baseline year (2009) (n=2 310, 7.9%) to allow a minimum of two-

year follow-up for every individual. Individuals who did not have any hospitalisation and general 

practitioner encounter in the whole studied period from 1 July 2009 to 30 June 2016 were also 

excluded (n=95, 0.3 %).  Finally, we excluded a small number (n=1 728, 6.0 %) of individuals without 

details of age, sex, and/or socioeconomic characteristics.  A total of 24874 individuals were included 

in models search for estimation of the optimal time period under GP cover.  

The study population were stratified into three cohorts (i) individuals with no complications of 

diabetes, (ii) those with one or two complications of diabetes and (iii) those with three or more 

complications of diabetes to account for disease severity levels (1). The data in each complication 

cohort were constructed in a panel structure with annual measures of the main outcome, predictor 

and covariate over the period between 2009/2010 to 2015/2016 financial years 

Outcome measures 

The outcome measure was the number of diabetes related hospitalisations within each financial 

year, identified using ICD-10-AM codes suggested by the National Health Performance Framework 

(2) and hospitalisation where diabetes was identified as a significant risk factor (3). The 

hospitalisations were excluded routine hospitalisations for kidney dialysis and inter-hospital 

transfers were counted as a single episode of care.  

Main predictor: Maximum time interval between GP contacts 

For each individual, the date of GP services within a financial year was identified in MBS data. The 

time between GP visits was determined by number of days: (1) between GP visits within a financial 

year and; (2) between the date of first GP visit of a financial year and the date of the last GP visit in 

the previous financial year(s) looking back up to 3 financial years. In the case where a hospitalisation 
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was observed, time was counted either to the first GP visit post-hospitalisation provided that the GP 

visit was within 14 days of discharge or from day 14 after hospital discharge date and the next GP 

visit (4). This rule was based on the previous study which indicates 14 day period after discharge as 

the period with a low risk of readmission (5). Among multiple time intervals between GP contacts in 

a financial, the maximum time interval was selected for further analysis.  

Other covariates: demographic and socio-demographic characteristics at the baseline and  average 

time interval between GP visits, GP regularity, GP frequency and GP continuity provider index, 

history of diabetes related hospitalisations, comorbidities at each financial year were included in the 

analyses.  

Threshold effect models 

Threshold effect based on random effects negative binomial models were conducted to identify the 

optimal maximum time interval to GP visit in which the number of diabetes related hospitalisations 

were minimal for each complication cohort. This approach was proposed by Gannon, Harris (6) and 

applied previously (1, 7). Briefly, the model searched for subpopulations in which the association 

between diabetes related hospitalisations and the maximum time interval between GP visits was 

homogeneous and used information criteria Akaike Information Criterion (AIC) and Bayesian 

Information Criterion (BIC) to select the optimal model. The threshold effects models were specified 

with (1) all the observed covariates; (2) lag1 of GP utilisation including frequency of GP contacts and 

regularity of GP contact, (3) Mundlak variables, (group means of time-varying variables including 

frequency of GP contact, regularity of GP contact and comorbidities) to allow for arbitrary 

correlation between observed and unobserved heterogeneity terms in the model  (8, 9) and (4) the 

initial condition – history of diabetes-related hospitalisations at the baseline year – was also included 

to allow for any endogeneity arising from the dynamic set-up of the approach (10).  The optimal 

maximum time intervals identified from the threshold effect models in each cohort were presented 

at the Table 1A and were used to calculate the Cover Index which is defined as the proportion of 
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time in a financial year people with diabetes were under cover of primary care (via their GP) as 

previously described above. 
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Results of threshold effects models 

Table 1A shows the results of threshold effect models for each complication cohorts including no 

complication, one/two complication and three or more complication cohorts. Based on the BIC and 

the AIC, the preferred models indicated 3 subpopulations for both non-complication and one/two 

complication cohorts and five sub-populations for three or more complications cohort. The optimal 

maximum time interval estimated from the threshold effect models was 13 months (Coef. -0.027) 

for diabetes with no complications, 8 months (Coef. -0.05) for diabetes with 1-2 complications and 6 

months (Coef. -0.05) for 3+ complications.  Those optimal time intervals were considered as the time 

interval under GP cover corresponding to individuals’ complication level and used to calculate the 

Cover Index.
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Table 1A. Threshold search for the optimal maximum time interval to GP visits by complication cohorts for people aged 45 years and older 

Complication cohorts No complication 1-2 complications 3+ complications 

Models 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Number of subpopulations 1 2 3 4 36 1 2 3 4 36 1 2 3 4 5 36 

AIC 35681.7 35627.9 35603.5 35596.9 35618.1 34824.4 34759.4 34746.5 34742.5 34779.9 70216.6 69935.6 69867.8 69837.5 69832.7 69853.7 

BIC 35951.6 35915.7 35900.3 35902.7 36211.7 35084.9 35037.4 35033.1 35037.8 35335.7 70483.6 70220.4 70161.5 70140.1 70144.2 70423.4 

Threshold parameters (months)                                 

 - 13 1 1 - - 1 1 1 - - 1 1 1 1 - 

 - - 13 6 - - - 8 2 - - - 2 2 2 - 

 - - - 16 - - - - 8 - - - - 20 6 - 

 - - - - - - - - - - - - - - 20 - 

 - - - - - -   - - - -  - - - -  - 

Coefficients                            

 - -0.046** 0.387*** 0.288** - - 0.445*** 0.347*** 0.470*** - - 0.394*** 0.690*** 0.595*** 0.489*** - 

 - 0.068*** -0.027 -0.071** - - -0.003 -0.050* 0.028 - - -0.030* 0.146*** 0.097*** 0.043 - 

 -   0.073*** -0.030 - - - 0.021 -0.031 - - - 0.013 -0.021 -0.055** - 

 -   - 0.073*** - - - - 0.028 - - -   0.088*** -0.022 - 

 -   - - - - - -   - - - -   0.084*** - 

Note: * indicate p-values with * is p-value <0.05; ** is p-value <0.01; *** is p-value <0.001 
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The cover index calculation  

The Cover Index was calculated for each financial year (ie 1 July to 30 June) ascertained from the 

number of days within each year that the individual remained alive and not in hospital (i.e., was 

living in the community and therefore eligible for a GP visit). The annual number of days under GP 

cover was the number of days following each GP visit that were within the defined optimal 

maximum time interval with special consideration given to the start of each year and time following 

a hospitalisation, as follows.  For the start of each year the days from the last GP visit in the 

preceding year that were within the optimal maximum time period and fell within the financial year 

of interest were counted. Following a hospitalisation, determination of cover re-started on the 

earliest of either the 15th day post-separation date or the date of the first GP visit.  
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A. The cover derived from WA optimal maximum time intervals B. The cover derived from NSW optimal maximum time intervals C. The cover derived from GP opinion optimal maximum time intervals

Page 43 of 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

A. The cover derived from WA optimal maximum time intervals B. The cover derived from NSW optimal maximum time intervals
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Table 5A - Effect of Cover levels derived from NSW time interval on diabetes related hospitalisations and length of stay 

  
Diabetes related 
hospitalisation 

LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes related 
hospitalisation 

  IRR 95%CI 
p-

value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI 
p-

value 

Unweighted (1)                         

Low Cover 3.2  (2.6; 4.1) <0.001 3.3  (2.3; 4.9) <0.001 1.5 (1.0; 2.1) 0.05 2.9 (1.5; 5.6) 0.01 

Medium Cover 2.9  (2.5; 3.2) <0.001 3.3  (2.7; 4.2) <0.001 1.9  (1.5; 2.4) <0.001 2.2  (1.5; 3.2) <0.001 

High Cover 2.8  (2.6; 2.9) <0.001 2.0  (1.8; 2.1) <0.001 1.6  (1.5; 1.8) <0.001 1.5  (1.3; 1.7) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Weighted  (2)             

Low Cover 3.2  (1.9; 5.5) <0.001 1.0 (0.4; 3.0) 0.9 1.5 (0.8; 2.9) 0.2 1.0 (0.3; 3.9) 1 

Medium Cover 3.2  (2.7; 3.8) <0.001 1.9 (1.2; 3.1) 0.009 2.1  (1.5; 2.9) <0.001 1.1 (0.6; 2.0) 0.8 

High Cover 2.7  (2.5; 2.8) <0.001 1.6  (1.3; 2.1) <0.001 1.7  (1.5; 1.8) <0.001 1.2 (0.9; 1.7) 0.2 

Perfect Cover Ref   Ref   Ref   Ref   

Doubly robust estimation (3)             

Low Cover 3.1  (1.9; 5.0) <0.001 0.7 (0.4; 1.3) 0.2 1.5 (0.8; 2.7) 0.1 0.6 (0.3; 1.4) 0.2 

Medium Cover 3.0  (2.5; 3.5) <0.001 1.8  (1.4; 2.4) <0.001 1.7  (1.3; 2.3) <0.001 1.0 (0.7; 1.6) 0.8 

High Cover 2.7  (2.5; 2.9) <0.001 1.9  (1.6; 2.2) <0.001 1.6  (1.5; 1.8) <0.001 1.5  (1.3; 1.9) <0.001 

Perfect Cover Ref     Ref     Ref     Ref     
 

Notes: 

(1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisations, cover in, frequency of GP contacts, regularity, UPC, 

number of specialist visits) 

(2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 

(3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 5B - Effect of Cover levels derived from the survey time interval on diabetes related hospitalisations and length of stay 

  
Diabetes related 
 hospitalisation 

LOS diabetes related  
hospitalisation 

Unplanned diabetes related  
hospitalisation 

LOS unplanned diabetes related  
hospitalisation 

  IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value 

Unweighted (1)                         

Low Cover 4.8  (4.2; 5.6) <0.001 4.6  (3.7; 5.7) <0.001 3.7  (2.9; 4.7) <0.001 4.0  (2.7; 5.8) <0.001 

Medium Cover 5.2  (4.7; 5.7) <0.001 5.1  (4.4; 5.8) <0.001 3.8  (3.2; 4.4) <0.001 4.0  (3.2; 5.0) <0.001 

High Cover 4.0  (3.7; 4.4) <0.001 2.8  (2.5; 3.1) <0.001 2.6  (2.3; 3.0) <0.001 2.2  (1.9; 2.7) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Weighted  (2)             

Low Cover 3.4  (2.4; 4.6) <0.001 7.1  (3.7; 13.5) <0.001 4.3  (2.4; 7.7) <0.001 8.4  (4.3; 16.7) <0.001 

Medium Cover 4.0  (3.3; 4.8) <0.001 6.2  (4.3; 9.1) <0.001 4.3  (3.4; 5.4) <0.001 5.4  (3.8; 7.8) <0.001 

High Cover 2.9  (2.4; 3.5) <0.001 2.6  (1.8; 3.6) <0.001 2.5  (2.0; 3.2) <0.001 2.3  (1.6; 3.3) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Doubly robust estimation (3)             

Low Cover 3.3  (2.4; 4.4) <0.001 4.2  (2.6; 7.0) <0.001 3.5  (2.2; 5.4) <0.05 2.8  (1.7; 4.8) <0.001 

Medium Cover 4.2  (3.6; 4.9) <0.001 6.3  (4.8; 8.2) <0.001 4.1  (3.2; 5.1) <0.001 5.3  (3.9; 7.2) <0.001 

High Cover 3.2  (2.8; 3.7) <0.001 3.1  (2.5; 3.8) <0.001 2.6  (2.1; 3.2) <0.001 2.6  (2.0; 3.4) <0.001 

Perfect Cover Ref     Ref     Ref     Ref     

 

Notes: 

(4) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover in, frequency of GP contacts, regularity, UPC, 

number of specialist visits) 

(5) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 

(6) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 5C- Effect of Cover levels derived from the WA interval on diabetes related hospitalisations and length of stay among sub-population 

  
Diabetes related  
hospitalisation 

LOS diabetes related  
hospitalisation 

Unplanned diabetes related  
hospitalisation 

LOS unplanned diabetes related  
hospitalisation 

  IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value 

Unweighted (1)                         

Low Cover 3.1  (2.5; 4.0) <0.001 3.3  (2.2; 4.9) <0.001 1.4 (0.9; 2.1) 0.09 2.7** (1.4; 5.3) 0.003 

Medium Cover 3.0  (2.6; 3.4) <0.001 3.3  (2.6; 4.2) <0.001 1.9  (1.5; 2.4) <0.001 1.6* (1.1; 2.3) 0.02 

High Cover 2.8  (2.6; 3.0) <0.001 2.0  (1.8; 2.2) <0.001 1.7  (1.6; 1.9) <0.001 1.6  (1.4; 1.9) <0.001 

Perfect Cover Ref   Ref   Ref   Ref   

Weighted  (2)             

Low Cover 3.3  (2.0; 5.5) <0.001 1.1 (0.4; 3.1) 0.8 1.8 (0.9; 3.6) 0.09 1.5 (0.3; 6.5) 0.5 

Medium Cover 3.4  (2.9; 4.1) <0.001 1.6* (1.0; 2.7) 0.04 2.1  (1.5; 3.0) <0.001 0.9 (0.5; 1.6) 0.6 

High Cover 2.7  (2.6; 2.9) <0.001 1.7  (1.3; 2.1) <0.001 1.7  (1.5; 1.9) <0.001 1.2 (0.9; 1.7) 0.2 

Perfect Cover Ref   Ref   Ref   Ref   

Doubly robust estimation (3)             

Low Cover 3.2  (2.0; 5.0) <0.001 0.9 (0.5; 1.7) 0.7 1.8 (1.0; 3.3) 0.07 0.9 (0.4; 2.0) 0.7 

Medium Cover 3.2  (2.7; 3.8) <0.001 1.7  (1.3; 2.4) <0.001 1.8  (1.4; 2.5) <0.001 0.8 (0.5; 1.2) 0.2 

High Cover 2.8  (2.6; 2.9) <0.001 2.1  (1.8; 2.4) <0.001 1.7  (1.5; 1.9) <0.001 1.7  (1.4; 2.1) <0.001 

Perfect Cover Ref     Ref     Ref     Ref     

 

Notes: 

(7) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover in, frequency of GP contacts, regularity, UPC, 

number of specialist visits) 

(8) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 

(9) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 6A - Effect of Cover levels with 28 day post discharge window on diabetes related hospitalisations and length of stay 

  Diabetes related hospitalisation 
LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes related 
hospitalisation 

  IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value 
Unweighted (1)                         
Low Cover 2.5  (2.0; 3.2) <0.001 2.6  (1.8; 3.9) <0.001 1.2 (0.8; 1.7) 0.4 2.5 (1.3; 4.8) 0.008 
Medium Cover 1.8  (1.6; 2.2) <0.001 2.5  (1.9; 3.2) <0.001 1.4 (1.1; 1.9) 0.01 1.7 (1.1; 2.7) 0.01 
High Cover 2.1  (2.0; 2.3) <0.001 1.5  (1.4; 1.7) <0.001 1.3  (1.2; 1.5) <0.001 1.3  (1.1; 1.6) 0.001 
Perfect Cover Ref   Ref   Ref   Ref   
Weighted  (2)             
Low Cover 2.2 (1.3; 3.7) 0.004 0.9 (0.3; 2.7) 0.8 1.8 (0.9; 3.6) 0.9 2.8 (0.7; 10.4) 0.1 
Medium Cover 1.8  (1.4; 2.3) <0.001 1.5 (0.9; 2.4) 0.08 1.6 (1.0; 2.5) 0.03 1.2 (0.6; 2.2) 0.5 
High Cover 2.1  (1.9; 2.2) <0.001 1.3 (1.1; 1.5) 0.005 1.4  (1.3; 1.6) <0.001 1.2 (0.9; 1.6) 0.1 
Perfect Cover Ref   Ref   Ref   Ref   
Doubly robust 
estimation (3)             
Low Cover 2.2 (1.4; 3.4) 0.001 0.7 (0.4; 1.4) 0.3 2.1 (1.1; 4.0) 0.03 1.2 (0.5; 2.9) 0.6 
Medium Cover 1.8  (1.4; 2.2) <0.001 1.1 (0.8; 1.6) 0.5 1.5 (1.0; 2.3) 0.06 0.8 (0.5; 1.3) 0.3 
High Cover 2.1  (2.0; 2.2) <0.001 1.4  (1.2; 1.6) <0.001 1.4  (1.2; 1.5) <0.001 1.3 (1.0; 1.6) 0.01 
Perfect Cover Ref     Ref     Ref     Ref     

 

Notes: 

(1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
comorbidity, complication, duration of diabetes, history of diabetes related hospitalisations, cover in, frequency of GP contacts, regularity, UPC, 
number of specialist visits) 

(2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 
(3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 6B - Effect of Cover levels with 45 day post discharge window on diabetes related hospitalisations and length of stay 

  
Diabetes related  
hospitalisation 

LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes 
related hospitalisation 

  IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value 
Unweighted (1)                         
Low Cover 2.2  (1.7; 2.8) <0.001 2.1  (1.4; 3.2) <0.001 1.0 (0.6; 1.4) 0.8 1.5 (0.8; 3.0) 0.2 
Medium Cover 1.5  (1.2; 1.8) <0.001 2.5  (1.8; 3.4) <0.001 1.0 (0.8; 1.4) 0.8 1.1 (0.7; 1.9) 0.6 
High Cover 2.0  (1.9; 2.1) <0.001 1.5  (1.3; 1.6) <0.001 1.3  (1.1; 1.5) <0.001 1.3 (1.1; 1.6) 0.01 
Perfect Cover Ref   Ref   Ref   Ref   
Weighted  (2)             
Low Cover 1.4 (0.8; 2.3) 0.2 0.8 (0.3; 2.4) 0.7 1.0 (0.5; 2.2) 0.9 1.4 (0.4; 5.0) 0.5 
Medium Cover 1.3 (1.0; 1.8) 0.09 0.9 (0.6; 1.5) 0.7 1.0 (0.6; 1.6) 0.9 0.6 (0.3; 1.2) 0.1 
High Cover 1.8  (1.7; 2.0) <0.001 1.2 (1.0; 1.4) 0.1 1.3  (1.1; 1.5) <0.001 1.1 (0.8; 1.4) 0.6 
Perfect Cover Ref   Ref   Ref   Ref   
Doubly robust 
estimation (3)             
Low Cover 1.5 (0.9; 2.4) 0.1 0.4 (0.2; 0.8) 0.009 1.2 (0.6; 2.5) 0.5 0.4 (0.2; 1.0) 0.04 
Medium Cover 1.2 (0.9; 1.7) 0.1 0.7 (0.5; 1.1) 0.1 1.0 (0.6; 1.6) 0.9 0.5 (0.3; 0.8) 0.004 
High Cover 1.8  (1.7; 2.0) <0.001 1.2 (1.0; 1.3) 0.07 1.3  (1.1; 1.5) <0.001 1.1 (0.9; 1.4) 0.2 
Perfect Cover Ref     Ref     Ref     Ref     

 

Notes: 

(4) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover in, frequency of GP contacts, regularity, UPC, 
number of specialist visits) 

(5) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 
(6) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 6C- Effect of Cover levels with no post discharge window on diabetes related hospitalisations and length of stay among sub-population 

  
Diabetes related 
hospitalisation 

LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes 
related hospitalisation 

  IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI 
p-

value 
Unweighted (1)                         
Low Cover 0.7 (0.5; 1.0) 0.068 1.4 (0.8; 2.5) 0.2 0.4 (0.2; 0.8) 0.05 1.1 (0.4; 2.7) 0.8 
Medium Cover 0.7 (0.5; 0.9) 0.004 4.3 (2.9; 6.5) <0.001 0.6 (0.4; 1.0) 0.03 1.1 (0.6; 2.1) 0.6 
High Cover 0.9 (0.7; 1.1) 0.3 1.3 (1.0; 1.8) 0.04 1.2 (0.9; 1.6) 0.1 2.2 (1.4; 3.5) 0.001 
Perfect Cover Ref   Ref   Ref   Ref   
Weighted  (2)             
Low Cover 1.2 (0.5; 2.6) 0.7 0.4 (0.1; 1.0) 0.05 0.8 (0.3; 2.1) 0.6 0.2 (0.06; 0.9) 0.03 
Medium Cover 0.8 (0.4; 1.4) 0.3 0.8 (0.4; 1.8) 0.6 0.6 (0.3; 1.3) 0.2 0.5 (0.2; 1.4) 0.2 
High Cover 1.0 (0.7; 1.4) 0.8 1.0 (0.6; 1.8) 0.8 1.7 (1.1; 2.7) 0.01 1.4 (0.8; 2.5) 0.3 
Perfect Cover Ref   Ref   Ref   Ref   
Doubly robust 
estimation (3)             
Low Cover 1.2 (0.6; 2.3) 0.6 0.6 (0.3; 1.3) 0.1 0.9 (0.4; 2.1) 0.7 0.5 (0.2; 1.3) 0.1 
Medium Cover 0.6 (0.4; 1.0) 0.06 0.5 (0.3; 0.9) 0.03 0.5 (0.2; 1.0) 0.04 0.2 (0.1; 0.5) <0.001 
High Cover 0.9 (0.6; 1.2) 0.4 1.0 (0.6; 1.6) 0.8 1.6 (1.1; 2.4) 0.02 1.9 (1.1; 3.4) 0.016 
Perfect Cover Ref     Ref     Ref     Ref     

 

Notes: 

(7) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover in, frequency of GP contacts, regularity, UPC, 
number of specialist visits) 

(8) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 
(9) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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The RECORD statement – checklist of items, extended from the STROBE statement, that should be reported in observational studies using 
routinely collected health data.

Item 
No.

STROBE items Location in 
manuscript where 
items are reported

RECORD items Location in 
manuscript where 
items are reported

Title and abstract
1 (a) Indicate the study’s design 

with a commonly used term in 
the title or the abstract (b) 
Provide in the abstract an 
informative and balanced 
summary of what was done and 
what was found

RECORD 1.1: The type of data used 
should be specified in the title or 
abstract. When possible, the name of 
the databases used should be 
included.

RECORD 1.2: If applicable, the 
geographic region and timeframe 
within which the study took place 
should be reported in the title or 
abstract.

RECORD 1.3: If linkage between 
databases was conducted for the 
study, this should be clearly stated in 
the title or abstract.

1.1 Abstract, data 
sources. 

1.2 Abstract, data 
sources 

1.3 Abstract, data 
sources. 

Introduction
Background 
rationale

2 Explain the scientific 
background and rationale for the 
investigation being reported

Introduction, lines 
96 to 119

Objectives 3 State specific objectives, 
including any prespecified 
hypotheses

Introduction, lines 
116-119

Methods
Study Design 4 Present key elements of study 

design early in the paper
Methods- Study 
population and 
study design (line 
152- 164)

Setting 5 Describe the setting, locations, 
and relevant dates, including 

Methods, data 
sources and study 
population
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periods of recruitment, exposure, 
follow-up, and data collection

Participants 6 (a) Cohort study - Give the 
eligibility criteria, and the 
sources and methods of selection 
of participants. Describe 
methods of follow-up
Case-control study - Give the 
eligibility criteria, and the 
sources and methods of case 
ascertainment and control 
selection. Give the rationale for 
the choice of cases and controls
Cross-sectional study - Give the 
eligibility criteria, and the 
sources and methods of selection 
of participants

(b) Cohort study - For matched 
studies, give matching criteria 
and number of exposed and 
unexposed
Case-control study - For 
matched studies, give matching 
criteria and the number of 
controls per case

RECORD 6.1: The methods of study 
population selection (such as codes 
or algorithms used to identify 
subjects) should be listed in detail. If 
this is not possible, an explanation 
should be provided. 

RECORD 6.2: Any validation 
studies of the codes or algorithms 
used to select the population should 
be referenced. If validation was 
conducted for this study and not 
published elsewhere, detailed 
methods and results should be 
provided.

RECORD 6.3: If the study involved 
linkage of databases, consider use of 
a flow diagram or other graphical 
display to demonstrate the data 
linkage process, including the 
number of individuals with linked 
data at each stage.

6.1 Methods, study 
population and 
design. 

6.2 Methods, data 
sources. References 
27. 

6.3 Methods, data 
source, reference 
24, 25 and 26

Variables 7 Clearly define all outcomes, 
exposures, predictors, potential 
confounders, and effect 
modifiers. Give diagnostic 
criteria, if applicable.

RECORD 7.1: A complete list of 
codes and algorithms used to classify 
exposures, outcomes, confounders, 
and effect modifiers should be 
provided. If these cannot be reported, 
an explanation should be provided.

Methods, outcome 
measures, 
independent 
measures, other 
indices of continuity 
of care, and pre-
treatment covariates

Data sources/ 
measurement

8 For each variable of interest, 
give sources of data and details 
of methods of assessment 
(measurement).

Methods, data 
sources. 
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Describe comparability of 
assessment methods if there is 
more than one group

Bias 9 Describe any efforts to address 
potential sources of bias

Methods, statistical 
methods line 248-
269  

Study size 10 Explain how the study size was 
arrived at

Methods and 
Results  (lines 273-
275)

Quantitative 
variables

11 Explain how quantitative 
variables were handled in the 
analyses. If applicable, describe 
which groupings were chosen, 
and why

Methods, outcome 
measure, 
independent 
measures, other 
indices of continuity 
of care, and pre-
treatment covariates

Statistical 
methods

12 (a) Describe all statistical 
methods, including those used to 
control for confounding
(b) Describe any methods used 
to examine subgroups and 
interactions
(c) Explain how missing data 
were addressed
(d) Cohort study - If applicable, 
explain how loss to follow-up 
was addressed
Case-control study - If 
applicable, explain how 
matching of cases and controls 
was addressed
Cross-sectional study - If 
applicable, describe analytical 
methods taking account of 
sampling strategy
(e) Describe any sensitivity 
analyses

 Methods, statistical 
methods
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Data access and 
cleaning methods

.. RECORD 12.1: Authors should 
describe the extent to which the 
investigators had access to the 
database population used to create 
the study population.

RECORD 12.2: Authors should 
provide information on the data 
cleaning methods used in the study.

12.1 Methods

12.2 Methods, data 
sources 

Linkage .. RECORD 12.3: State whether the 
study included person-level, 
institutional-level, or other data 
linkage across two or more 
databases. The methods of linkage 
and methods of linkage quality 
evaluation should be provided.

12.3 Methods, data 
sources (lines 125-
140)

Results
Participants 13 (a) Report the numbers of 

individuals at each stage of the 
study (e.g., numbers potentially 
eligible, examined for eligibility, 
confirmed eligible, included in 
the study, completing follow-up, 
and analysed)
(b) Give reasons for non-
participation at each stage.
(c) Consider use of a flow 
diagram

RECORD 13.1: Describe in detail 
the selection of the persons included 
in the study (i.e., study population 
selection) including filtering based 
on data quality, data availability and 
linkage. The selection of included 
persons can be described in the text 
and/or by means of the study flow 
diagram.

13.1 Method, study 
population and 
designs (line 133-
164) and Results  
(lines 273)

Descriptive data 14 (a) Give characteristics of study 
participants (e.g., demographic, 
clinical, social) and information 
on exposures and potential 
confounders
(b) Indicate the number of 
participants with missing data 
for each variable of interest

Results, lines 274 to 
284 and Table 1
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(c) Cohort study - summarise 
follow-up time (e.g., average and 
total amount)

Outcome data 15 Cohort study - Report numbers 
of outcome events or summary 
measures over time
Case-control study - Report 
numbers in each exposure 
category, or summary measures 
of exposure
Cross-sectional study - Report 
numbers of outcome events or 
summary measures

Results, Table 1  

Main results 16 (a) Give unadjusted estimates 
and, if applicable, confounder-
adjusted estimates and their 
precision (e.g., 95% confidence 
interval). Make clear which 
confounders were adjusted for 
and why they were included
(b) Report category boundaries 
when continuous variables were 
categorized
(c) If relevant, consider 
translating estimates of relative 
risk into absolute risk for a 
meaningful time period

Results,  

(a) Line 298-311, 
Table 2, and 
Appendix 4,5 and 6

b) Categorisation 
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28 Abstract 

29 Objectives: To evaluate the relationship between the proportion of time under the potentially 

30 protective effect of a general practitioner (GP) captured using the Cover Index and diabetes related 

31 hospitalisation and length of stay (LOS).

32 Design: An observational cohort study over two three-year time periods (2009/10-2011/12 as the 

33 baseline and 2012/13-2014/15 as the follow-up). 

34 Setting: Linked self-report and administrative health service data at individual level from the 45 and 

35 Up Study in New South Wales (NSW), Australia 

36 Participants: A total of 21 965 individuals aged 45 years and older identified with diabetes before 

37 July 2009 were included in this study. 

38 Main outcome measures: Diabetes-related hospitalisation, unplanned diabetes related 

39 hospitalisation and LOS of diabetes related hospitalisation and unplanned diabetes related 

40 hospitalisation.

41 Methods: The average annual GP Cover Index over a three year period was calculated using 

42 information obtained from Australian Medicare and hospitalisation. The effect of exposure to 

43 different levels of the Cover on the main outcomes were estimated using negative binomial models 

44 weighted for inverse probability of treatment weight (IPTW) to control for observed covariate 

45 imbalance at the baseline period. 

46 Results: Perfect GP cover was observed among 53% of people with diabetes in the study cohort. 

47 Compared with perfect level of GP cover, having lower levels of GP cover including high (IRR 2.8, 

48 95%CI 2.6-3.0), medium (IRR 3.2, 95%CI 2.7-3.8) and low (IRR 3.1, 95%CI 2.0-4.9) was significantly 

49 associated with higher number of diabetes related hospitalisation. Similar association was observed 

50 between the different levels of GP cover and other outcomes including LOS for diabetes related 

51 hospitalisation, unplanned diabetes related hospitalisation and LOS for unplanned diabetes related 

52 hospitalisation.  
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53 Conclusions: Measuring longitudinal continuity in terms of time under cover of GP care may offer 

54 opportunities to optimise the performance of primary health care and reduce secondary care costs 

55 in the management of diabetes. 

56

57 Article summary 

58 Strengths and limitations of this study

59  In this study, we used a large contemporary population based cohort linked with individuals’ 

60 health care service records that enabled us to account for differences across time periods 

61 and a wide range of demographic, socioeconomic and clinical characteristics.

62  Using empirical analytic approaches to construct the GP cover index, the study was able to 

63 explore latent patterns of GP utilisation relative to demographic and clinical characteristics 

64 that unpack further dimensions of longitudinal continuity of primary care.

65  The Cover Index expresses the proportion of time under cover of GP care and therefore can 

66 quantify the extent of sufficiency of primary care utilisation and can be applied at the 

67 individual, subpopulation or whole population level. 

68  Since both GP cover and hospitalisations were measured over the same period, caution is 

69 required when interpreting any causal relationship between the cover of GP care and 

70 diabetes related hospitalisation although imbalance in the observed demographic and 

71 clinical characteristics between GP cover levels was controlled using IPTW.

72  Hospitalisations classified as diabetes related hospitalisation in this study may not be all truly 

73 avoidable by effective GP care, however, further analysis using unplanned diabetes related 

74 hospitalisation outcome confirmed that increasing GP cover reduces unplanned 

75 hospitalisation, likely via better management of the condition. 

76

77
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78 Introduction 

79 Diabetes causes major burden for health care systems worldwide with 425 million people living with 

80 diabetes in 2017 (1). About 1.1 million people in 2017 are living with diabetes in Australia (2). 

81 Diabetes and its related complication are associated with poor health outcomes, low quality of life 

82 and substantially high burden of health care expenditure (2, 3).  

83 To address burden of complex chronic conditions such as diabetes, many health care systems have 

84 been oriented towards strengthening the roles of primary health care (4, 5). In Australia, the 

85 government has set a focus on strengthening the Primary health care system through providing 

86 financial incentive for aspects of primary care such as services/practice incentive payment (6). The 

87 practice incentive payment was introduced in 1998 and went through many changed but has 

88 remained stable since 2006 (7). General practitioners (GP) play a central role of primary care  

89 providing care for approximately 85% of the general population (5). The GPs are responsible for first 

90 contact of care, gatekeeping access to health care system, coordinating and integrating with other 

91 health professionals in secondary care settings including speciality, allied health and hospital care 

92 (5).  The GPs’ roles have been vital for efficient use of health care resources, management of chronic 

93 conditions (8) and improving population health outcomes (4, 9). 

94 Literature highlights the importance of continuity of care in which GPs play a central role, to ensure 

95 a sufficient provision of care, minimise unnecessary or harmful care and to promote self-

96 management for people with the chronic complex conditions (10-14). A modern concept of 

97 continuity comprises of three main aspects including interpersonal continuity, management 

98 continuity and information continuity (15).  Previous studies found that more continuity of care in 

99 terms of interpersonal continuity captured by higher continuity of provider (12, 16), and 

100 management continuity captured by greater regularity of GP visits (17-19)  is associated with better 

101 patient satisfaction, and fewer avoidable hospitalisations.
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102 For people with ambulatory care sensitive conditions (ACSC) such as diabetes, proactive care offers 

103 an opportunity for early and sufficient action to be taken to prevent the onset and delay progression 

104 of degenerative diseases (20). Recent evidence examining patterns of GP utilisation has 

105 demonstrated that the time interval between GP visits was associated with lower number of 

106 hospitalisation (21, 22). The time interval between GPs services is integrated into a new continuity of 

107 care metric named the Cover Index capturing the proportion of time people are under the 

108 potentially protective effect of GP care (21). The Cover Index offers a new measure of continuity of 

109 care accounting for management aspect of care to support comprehensive evaluation of continuity 

110 of care in the context of a high burden of complex and multiple chronic conditions (21). 

111 Knowledge about how differing amounts of time people are under the protective effect of contact 

112 with GP (as measured by the Cover index) on diabetes related hospitalisations would provide useful 

113 information to aid in the development of policies that support proactive care by GPs for people with 

114 chronic conditions such as diabetes and improve health outcomes for the population. Building on 

115 the previous study (21) using historical data, this study aimed to apply the cover index to evaluate 

116 the GP cover of people with diabetes in the contemporary setting and its association with diabetes 

117 related hospitalisation and length of stay.   

118 Methods

119 This was a retrospective observational cohort study using self-reported survey data linked with 

120 routinely collected unit record administrative health data. Reporting follows the Reporting of studies 

121 Conducted using Observational Routinely-collected health Data (RECORD) guidelines (23)

122 Data sources

123 This was a retrospective observational study using data from the Sax Institute’s 45 and Up Study in 

124 New South Wales; details of the cohort profile have been previously reported (24). The Sax 

125 Institute’s 45 and Up Study was sampled from the Department of Humans Services (formerly 

126 Medicare Australia) enrolment data base. The study comprises of over 267 000 people aged 45 years 
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127 and over with individual information on demographics, socioeconomic status, lifestyle factors, 

128 health status and well-being collected from the survey between 2006 and 2009. Survey data were 

129 linked with administrative health records from i) the New South Wales Admitted Patient Data 

130 Collection (APDC)(2005 to 2015), ii) the Medicare Benefits Schedule (MBS) (2005 to 2015), iii) the 

131 Pharmaceutical Benefit Scheme (PBS) (2005 to 2015) and (iv) the NSW Register of Births Deaths and 

132 Marriages (RBDM) (2006 to 2015). The NSW Centre for Health Record Linkage (CHeReL) conducted 

133 the linkage for APDC and RBDM. CHeReL linkages are probablistic. The MBS and PBS data are linked 

134 deterministically by the Sax Insititute using a unique identifier provided by the Australian 

135 Government Department of Human Services. The privacy of individual patients is conserved using 

136 probabilistically linked technique with very low false-positive and false-negative rates of <0.5 and 

137 <0.1%, respectively (25). All individual data were de-identified and assigned a unique project person 

138 number. 

139 The APDC data comprised dates of admission and discharge, diagnoses (primary and secondary), 

140 procedures performed and other details of individual episodes of hospitalisation such as type of 

141 admission, transfer and discharged status from all private and public hospitals in NSW. Details of 

142 diagnoses were recorded using 10th revision Australian Modification codes (ICD-10-AM) in the 

143 principal diagnosis and up to 54 additional diagnoses (26). The MBS records consisted of claim items, 

144 date of services and de-identified provider codes for medical and diagnostic services provided out of 

145 hospital under Australia's universal health insurance scheme. The PBS records comprised claims for 

146 subsidised prescription medicines and included item code, Anatomical Therapeutic Chemical (ATC) 

147 code, quantity and date supplied. The death registry had information on the date and cause of death 

148 and were used to identify participants in the study population who died during the study period.

149 Study population and study design

150 The study population included people aged 45 years and older identified with diabetes any time 

151 prior to 01/7/2009 using information from self-report, APDC and PBS data. People were identified as 
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152 having diabetes if they answered yes to the question “has the doctor ever told you that you have 

153 diabetes?; or they had an APDC record with ICD-10-AM codes for diabetes (E10, E11, E13, E14) in 

154 any field of diagnoses and/or a PBS claim indicating a dispensing between 2005 and 2009 using ATC 

155 code of A10A (insulins and analogues) or A10B (blood glucose lowering drugs excluding insulins) 

156 (27). 

157 The study cohort was structured into a cohort with two observed time periods (based on financial 

158 years: 1 July to 30 June): the baseline period from 1 July 2009 to 30 June 2012 for evaluating pre-

159 exposure characteristics and the follow-up period from 2012/13 to 2014/15 for evaluating the effect 

160 of GP cover on hospitalisation. A total of 21,965 individuals who were still alive on 1 July 2015 and 

161 had no missing basic demographic characteristics or potential linkage errors were included for the 

162 study. 

163 Ethics approval

164 Ethics approval was obtained from Curtin University Human Research Ethics Committee (RD-42-14) 

165 and the NSW Population and Health Services Research Ethics Committee (HREC/17/CIPHS/37). 

166 Consent was given by all participants in the Sax Institute’s 45 and Up Study for their information to 

167 be used in approved studies, and for follow-up and data linkage. The conduct of the Sax Institute’s 

168 45 and Up Study was approved by the University of NSW Human Research Ethics Committee.

169 Patient and public involvement

170 A consumer representative was involved in the design of the grant used to fund this research. The 45 

171 and Up Study, which provided data for this project, maintains a repository of published research 

172 using this cohort online.  

173 Outcome measures

174 Diabetes related hospitalisation were defined as hospitalisations for conditions where diabetes has 

175 been previously identified as a significant risk factor, captured using the principal diagnosis code 
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176 (28). We used the conditions suggested by an Australian study (28) which collated evidence from 

177 literature on conditions that is attributable to diabetes. This comprehensively list allowed us to fully 

178 capture the burden of hospitalisation related to diabetes (Appendix 1) rather than limit the analysis 

179 to diabetic potentially preventable hospitalisation, which also do not have consensus in their 

180 definition (28-32). We excluded routine hospitalisations for kidney dialysis and inter-hospital 

181 transfers were counted as a single episode of care. We also measured unplanned diabetes-related 

182 hospitalisations which restricted diabetes-related hospitalisations into those admitted 

183 hospitalisation through emergency departments. Three-year accumulated length of stay (LOS) were 

184 also calculated for diabetes related hospitalisations and unplanned diabetes related hospitalisations 

185 with same day episodes counted as one day. 

186 Independent measures 

187 Cover Index of GP contacts

188 The Cover Index of GP contacts was the main predictor used in this study. The index is defined as the 

189 proportion of time in a pre-specified ascertainment period that people with diabetes are under the 

190 potentially protective effect of care from their GP (cover), range from 0 to 1, where 1 is the perfect 

191 cover (see Figure 1). In this study, the Cover index was calculated annually to facilitate interpretation 

192 by policy makers since financial incentives and clinical guidelines usually use one year to determine 

193 eligibility/compliance (eg annual diabetes cycle of care payments in Australia) (33, 34). In addition, 

194 this allows for comparability with most other continuity of care indices such as regularity and usual 

195 provider care, which are often evaluated annually.  The average of the annual Cover Index over the 

196 three years was then calculated, and classified as low cover (0-0.5), medium cover (>0.5 – 0.85), high 

197 cover (>0.85-0.99) and perfect cover (>0.99-1). The methods to calculate Cover have been previously 

198 reported (21). 

199 In this study for the main analysis the cover index was calculated using the maximum optimal time 

200 interval under GP cover suggested by the previous study conducted in Western Australia (21). The 
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201 study suggested that the maximum optimal time interval under potentially protective effect of GP 

202 care for people with diabetes was 13 months for diabetes with no complications, 11 months for 

203 people with one or two complications and 9 months for people with three or more complications 

204 (21). 

205 For the sensitive analyses, the cover index was also calculated using (i) the maximum optimal time 

206 interval under GP cover estimated from the current study cohort with similar model specification 

207 from the previous publication and (ii) using expert opinion derived from a survey of GPs with 

208 expertise in managing chronic conditions. Details of the GP survey is presented in Appendix 2. The 

209 maximum optimal time interval suggested by the NSW cohort was 13, 8 and 6 months for diabetes 

210 with none, one or two and three complications, respectively. The details of the estimation using the 

211 NSW cohort is presented in Appendix 3. The maximum optimal time interval suggested by the GP 

212 survey was 10-12 months, 6-9 months and 01 months for diabetes with none, one or two 

213 complication and three or more complications, respectively (see Appendix 2).

214 Other indices of continuity of care by a GP 

215 Frequency of GP contact was calculated as the accumulated number of GP contacts of each financial 

216 year and three-year period, excluding visits within 14 days of the previous visit to avoid over-

217 counting GP episodes of care (35). 

218 The regularity index was used to measure the distribution of GP visits over each year and was 

219 calculated annually as [1/(1+standard deviation of the days between visits)], described in detail 

220 elsewhere (18, 19, 36). The regularity index was categorised into quintiles for each three-year 

221 period. 

222 Usual provider continuity (UPC) was measured using the usual provider of care index, which 

223 measures the proportion of GP contacts within a financial year that were provided by the same GP 

224 (12), and were aggregated into the three-year period. 

Page 10 of 59

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

10

225 Other covariates 

226 This study also measured demographic and socioeconomic characteristics including age classified as 

227 45-54, 55-64, 65-74, 75-84 or 85+ years; sex, Indigenous status, education, residential remoteness 

228 classified according to Accessibility Remoteness of Australia index (ARIA) (37), and quintiles of the 

229 Census-specific Socio-economic Indexes for Areas (SEIFA) index of relative socioeconomic 

230 disadvantage (38). Duration of diabetes was counted from self-reported age at diagnosis with 

231 diabetes, first date of diagnosis recorded in APDC, or incident diabetes-related PBS record, 

232 whichever came first, and classified as 1-5 years, 6-10 years and 11+ years. The number of self-

233 reported comorbidities was the sum of all self-reported conditions including cancers, heart disease, 

234 high blood pressure, stroke, blood clot, asthma or hay fever, depression and anxiety, and Parkinson’s 

235 disease. Levels of limitation in terms of the ability to perform daily activities such as walking, 

236 bending, dressing and bathing were measured using the Medical Outcome Study Physical Function 

237 Scale (39), and classified into four groups: no limitation, minor limitation, mild limitation and severe 

238 limitation. The number of comorbidities up to time period 1 was also counted in the APDC using the 

239 Multipurpose Australian Comorbidity Scoring System (MACSS) with a five-year look-back period (40, 

240 41). Diabetes complications up to time period 1 were identified using ICD-10-AM codes in the APDC 

241 data and classified into three severity level groups: no complication, 1-2 complications and 3+ 

242 complications as used elsewhere (42, 43). The number of out of hospital specialist visits were 

243 identified using MBS claims data, counted for each financial year and then aggregated over a three-

244 year period for time period 1 and time period 2.

245 Statistical methods

246 Descriptive observed characteristics was conducted across the cover levels. A generalised propensity 

247 score (GPS) for multiple treatment approach was used to control for any imbalance in distribution of 

248 the observed covariates in estimating the effect of the cover on the hospitalisation outcomes (44). 

249 The twang package in R (45) was used to perform the generalised boosted models (GBM) in 

250 estimating GPS and evaluating covariate balance after adjusting for inverse probability treatment 
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251 weight (IPTW). Both the mean of absolute standardised bias and the Kolmogorow-Simirnov statistic 

252 were used as the stopping rules for selecting the optimal iteration of the GBM (44, 45). The 

253 population standardised bias which is less than 0.2 is considered as balance achieved for the given 

254 covariate (44). A similar effective sample size yielded for both balance stopping rules, hence the GPS 

255 from the model fit with the mean of absolute standardised bias stopping rule was presented for the 

256 results. Appendix 4 provides the details of assessing the balance in distribution of the observed 

257 characteristics across the GP cover levels, for all the cover index calculating using WA, NSW and 

258 survey referenced intervals. 

259 The effects of levels of cover on diabetes related hospitalisations, unplanned diabetes related 

260 hospitalisations and length of stay (for both all and unplanned hospitalisations) were examined using 

261 negative binomial models adjusting for all health care service use at time period 2 including 

262 frequency of GP contacts, regularity of GP contacts and number of specialist visits. The negative 

263 binomial models were used to account for over-dispersion of the outcome variables as suggested by 

264 a likelihood ratio test. In addition, as a high proportion of zeros was observed in the outcome 

265 variables, zero-inflated negative binomial model for modelling the number of hospitalisation 

266 outcomes and hurdle model for modelling the length of stay outcomes were also performed to 

267 check the robustness of the results. The models were performed using three different specifications: 

268 multivariate models without IPTW, with IPTW, and doubly robust estimation which included both 

269 IPTW and all observed covariates.  

270 Sensitivity analyses was conducted for the cover index calculated using referenced time intervals 

271 estimated from the NSW cohort and the GP survey. The sensitivity analysis was also conducted in 

272 the sub-population which excluded cases identified with diabetes using information from oral 

273 medication only. The 14 day grace period after hospital discharge was imposed in the cover 

274 calculation based on evidence in literature (46-50), however a sensitive analysis with the wider grace 

275 period (28 and 45 days) and no imposed grace period were also performed. 
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276 All analyses were conducted using STATA (51) for Windows version MP14 and twang package in R 

277 version 3.5.2 (45). 

278 Results

279 A total of 21 965 individuals aged 45 years and older identified with diabetes in the 45 and Up Study 

280 population were eligible for this study. The baseline social demographic and clinical characteristics 

281 across the levels of GP cover was shown in Table 1. At the time period 2, 53.4% of the study 

282 population had a perfect level of cover with GPs, following by 39.0% of a high level, 3.9% of medium 

283 level and 3.6% of low level of cover. More than half of all cover groups were living in highly 

284 accessible areas, had at least higher school/university/tafe and roughly 40% had less than 5 years 

285 duration of diabetes. However, the distribution of some demographic and clinical characteristics 

286 varied across the levels of GP cover. The low level of GP cover were dominated by males (64%), aged 

287 75 + years (43%), severe level of limitation (33%) and 3+ complication (34%). In contrast, the perfect 

288 level of GP cover were characterised with equal gender distribution (52.0% of males) and lower 

289 proportion of people aged 75+ years (22%), severe level of limitation (27%) and 3+ complication 

290 (21%).

291
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292 Table 1. Characteristics by Cover levels measured at the time period 2

 
Low cover

(N=786)

Medium 
cover

(N=857)
High cover 

(N=8576)
Perfect Cover

(N=11764)

 N % N % N % N %
Sex
Male 503  64.0 532  62.1 4,670  54.5 6,108  52.0 
Female 283  36.0 325  37.9 3,906  45.5 5,638  48.0 
Age groups
45/54yrs 90  11.5 220  25.7 1,106  12.9 1,878  16.0 
55-64yrs 181  23.0 275  32.1 2,384  27.8 3,390  28.9 
65-74yrs 174  22.1 218  25.4 3,108  36.2 3,904  33.2 
75-84yrs 212  27.0 111  13.0 1,777  20.7 2,223  18.9 
85+yrs 129  16.4 33   3.9 201   2.3 351   3.0 
Indigenous
Yes 774  98.5 834  97.3 8,463  98.7 11,590  98.7 
No 12   1.5 23   2.7 113   1.3 156   1.3 
Accessibility
Highly accessible 80  10.2 76   8.9 931  10.9 1,258  10.7 
Accessible 13   1.7 8   0.9 66   0.8 132   1.1 
Moderate 258  32.8 288  33.6 3,103  36.2 3,937  33.5 
Very remote/remote 435  55.3 485  56.6 4,476  52.2 6,419  54.6 
SEIFA
Highest disadvantage 193  24.6 164  19.1 1,993  23.2 2,829  24.1 
High disadvantage 241  30.7 219  25.6 2,202  25.7 3,481  29.6 
Moderate 115  14.6 193  22.5 1,382  16.1 1,536  13.1 
Less disadvantage 114  14.5 142  16.6 1,396  16.3 1,679  14.3 
Least disadvantage 123  15.6 139  16.2 1,603  18.7 2,221  18.9 
Education
Below secondary school 114  14.5 113  13.2 1,458  17.0 2,288  19.5 
Secondary school 464  59.0 588  68.6 4,947  57.7 6,571  55.9 
Higher school/uni/tafe 208  26.5 156  18.2 2,171  25.3 2,887  24.6 
Levels of limitation
No 263  33.5 214  25.0 2,674  31.2 3,482  29.6 
Minor 97  12.3 185  21.6 1,214  14.2 1,930  16.4 
Moderate 163  20.7 273  31.9 2,435  28.4 3,189  27.1 
Severe 263  33.5 185  21.6 2,253  26.3 3,145  26.8 
Duration of diabetes
1-5 years 326  41.5 378  44.1 3,587  41.8 5,118  43.6 
6-10 years 260  33.1 254  29.6 2,698  31.5 3,508  29.9 
10+  years 200  25.4 225  26.3 2,291  26.7 3,120  26.6 
Number of self-report comorbidity 2  1-3 1  1-2 2  1-3 2  1-3)
Quintiles of regularity TP1
No GP contacts 188  23.9 23   2.7 19   0.2 6   0.1 
1 337  42.9 450  52.5 2,076  24.2 2,926  24.9 
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2 78   9.9 169  19.7 2,367  27.6 3,102  26.4 
3 66   8.4 119  13.9 2,328  27.1 2,913  24.8 
4 117  14.9 96  11.2 1,786  20.8 2,799  23.8 

UPC index TP1 .33   0-0.67 0.8
  0.65-

0.91 0.82   0.69-0.92 0.82
  0.68-

0.92

Number of specialist visits TP1 0  0-6 7  1-16 9  4-18 7  2-14
Number of GP contacts TP1 2  0-8 11  6-16 18  14-22 18  14-23
Levels of complications prior to TP1
0-nocomplication 337  42.9 449  52.4 3,898  45.5 6,459  55.0 
1/2 complication 185  23.5 208  24.3 2,469  28.8 2,820  24.0 
 3+complication 264  33.6 200  23.3 2,209  25.8 2,467  21.0 
Number of comorbidity   (MACSS) prior TP1 4  1-7 3  1-6 4  2-6 3  0-5
Number of diabetes related hospitalisation 
TP1 0  0-1 0  0-0 0  0-1 0  0-0
Number of unplanned diabetes related 
hospitalisation TP1 0  0-0 0  0-0 0  0-0 0  0-0

293

294 Note:

295 n and % for categorical variables and Median (IQR) for continuous variables

296 SEIFA: Census-specific Socio-economic Indexes for Areas

297 MACSS: Multipurpose Australian Comorbidity Scoring System

298 TP1: time period 1 between 2009/2010 and 2011/2012

299 Low level of cover: the cover score from 0 to 0.5; Medium level: the cover score above 0.5 to 0.85; High level 
300 of cover if the cover score above 0.85 to 0.99; Perfect level of cover: above 0.99 to 1.0 

301

302
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303 Results of the effect of GP cover on diabetes related hospitalisation, unplanned diabetes related 

304 hospitalisation and LOS for the hospitalisation using negative binomial models are presented in 

305 Table 2. A similar result was found in the robustness check analysis that suggested the effect of 

306 excess zero was minimal, presented in Appendix 5 (Table 1A and 1B). The results of doubly robust 

307 estimation show that compared with the perfect level of GP cover, having less GP cover including 

308 high, medium and low level was significantly associated with 2.8 times (95%CI 2.6-3.0),  3.2 times 

309 (95%CI 2.7-3.8) and 3.1 time (95%CI 2.0-4.9) higher number of diabetes related hospitalisation, 

310 respectively. Similar effect was observed in LOS of diabetes related hospitalisation with higher in LOS 

311 for the high level of cover (IRR 1.9, 95%CI 1.6-2.3),  medium level of cover (IRR 1.7, 95%CI 1.3-2.3), 

312 compared with the perfect level of GP cover, except for low level of cover with no significant 

313 association (IRR 0.8, 95%CI 0.4-1.5)  . 

314 The doubly robust models indicated a higher effect of GP cover on unplanned diabetes related 

315 hospitalisation and its LOS. The medium cover (IRR 1.7, 95%CI 1.5-1.9) and high cover (IRR 1.7, 95%CI 

316 1.3-2.3) have a significant higher number of unplanned diabetes related hospitalisation compared to 

317 the perfect level of GP cover. For LOS of unplanned diabetes related hospitalisation, the significant 

318 association was observed only a high level of cover with IRR 1.6, 95%CI 1.3-1.9 (Table 2). 
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319 Table 2 Effect of Cover levels on diabetes related hospitalisations and length of stay

 
Diabetes related 
hospitalisation

LOS diabetes related 
hospitalisation

Unplanned diabetes related 
hospitalisation

LOS unplanned diabetes 
related hospitalisation

 IRR 95%CI p-value IRR 95%CI
p-

value IRR 95%CI
p-

value IRR 95%CI
p-

value
Unweighted (1)             
Low Cover 3.2 (2.6; 4.1) <0.001 3.3 (2.2; 4.8) <0.001 1.4 (1.0; 2.1) 0.06 2.8 (1.4; 5.3) 0.002
Medium Cover 2.9 (2.6; 3.4) <0.001 3.3 (2.6; 4.2) <0.001 1.8 (1.5; 2.3) <0.001 1.8 (1.2; 2.7) <0.001
High Cover 2.8 (2.7; 3.0) <0.001 1.9 (1.8; 2.1) <0.001 1.7 (1.5; 1.8) <0.001 1.5 (1.3; 1.8) <0.001
Perfect Cover Ref Ref Ref Ref
Weighted  (2)
Low Cover 3.2 (2.0; 5.3) <0.001 1.2 (0.4; 3.3) 0.7 1.8 (0.9; 3.5) 0.1 1.6 (0.4; 6.5) 0.4
Medium Cover 3.3 (2.8; 4.0) <0.001 1.7 (1.1; 2.8) 0.02 2.0 (1.4; 2.8) <0.001 1.0 (0.5; 1.8) 0.9
High Cover 2.7 (2.6; 2.9) <0.001 1.7 (1.3; 2.1) <0.001 1.7 (1.5; 1.9) <0.001 1.2 (0.9; 1.6) 0.1
Perfect Cover Ref Ref Ref Ref
Doubly robust 
estimation (3)
Low Cover 3.1 (2.0; 4.9) <0.001 0.8 (0.4; 1.5) 0.4 1.7 (0.9; 3.2) 0.07 0.8 (0.4; 1.9) 0.6
Medium Cover 3.2 (2.7; 3.8) <0.001 1.7 (1.3; 2.3) <0.001 1.7 (1.3; 2.3) <0.001 0.8 (0.6; 1.3) 0.4
High Cover 2.8 (2.6; 3.0) <0.001 1.9 (1.6; 2.3) <0.001 1.7 (1.5; 1.9) <0.001 1.6 (1.3; 1.9) <0.001
Perfect Cover Ref   Ref   Ref   Ref   
320 Notes:

321 (1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and 
322 number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, 
323 comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover, frequency of GP contacts, regularity, UPC, number 
324 of specialist visits)
325 (2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates
326 (3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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327 Sensitivity analysis for the cover index derived from the NSW cohort and GP opinion on the optimal 

328 time interval also provided similar effects, although the results from the cover levels derived from 

329 GP opinion shows larger effect and significantly associated across all levels of cover. When examined 

330 the effect of cover in the subpopulation which excluded cases identified using information from the 

331 oral medication only, we also found a significant association between the cover levels and diabetes 

332 related and unplanned diabetes related hospitalisations. The details of the results presented in the 

333 Appendix 6 (Table 1A-1C) for both diabetes related and unplanned diabetes related hospitalisation 

334 and their LOS.  

335 Results of another sensitivity analyses for different scenarios in calculating the cover index related to 

336 1) extending the 14 day grace period following hospital discharge to 28 and 45 days and 2) removing 

337 the 14 grace period are presented in Appendix 7 (Table 1A-1C). Extending the grace period to 28 and 

338 45 days resulted in lesser effect of the GP cover on diabetes related hospitalisation and unplanned 

339 hospitalisation, although a similar pattern was observed compared with the result of the 14 day 

340 period used in calculating the cover. If the 14 day period was not imposed and in-hospital time was 

341 excluded in calculation of the cover, no significant association was observed between different levels 

342 of cover and diabetes related hospitalisations and LOS. For unplanned diabetes related 

343 hospitalisation, an association was observed for the high cover level and inverse association was 

344 observed in medium cover.

345 Discussion 

346 This study provided compressive evaluation of the relationship between GP cover and diabetes 

347 related hospitalisation and LOS for the hospitalisation among people with diabetes. The results 

348 showed that only 48% of people with diabetes had the perfect level of cover by GP care over a three 

349 year period. After adjusting for imbalance in distribution of observed covariates at the baseline, 

350 having the perfect level of GP cover was significantly associated with lower number of diabetes 

351 related hospitalisation and shorter LOS of the hospitalisation. 
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352 Our study used a large population based cohort linked with individuals’ health care service records 

353 that enabled us to account for differences across a wide range of demographic, socioeconomic and 

354 clinical characteristics (52). The self-report data provided an opportunity to include individuals at the 

355 early stage of diabetes prior to any hospitalisation for the condition which makes our study 

356 population more likely to be representative of the general population living with diabetes. The data 

357 were linked with historical administrative data from 2005, which allowed us to capture the history of 

358 complications and comorbidities to better adjust for effect of disease severity on health service 

359 utilisation. By using empirical analytic approaches to construct the GP cover index, the study was 

360 able to explore latent patterns of GP utilisation relative to demographic and clinical characteristics 

361 that unpack further dimensions of longitudinal continuity of primary care. In addition, the study used 

362 doubly robust methods that can correct for any miss-specification of the propensity score models 

363 used in calculating IPTW (53). 

364 The Cover Index appears to be easier to interpret than indices such as regularity, which has no 

365 natural units, as it expresses the proportion of time under cover of GP care and therefore can 

366 indicate absolute levels of insufficiency of primary care utilisation. The metric can be applied at the 

367 individual, subpopulation or whole population level and therefore is suitable for both development 

368 of financial levers via payment incentives (eg an MBS item) or monitoring utilisation of primary care. 

369 The index can also be calculated for individuals with single or no GP visits, which is better than other 

370 continuity care metrics such as regularity and usual provider index which can only calculated when 

371 at least two GP visits were observed within a time frame (12, 19) thus unlike these two metrics the 

372 Cover Index can comprehensively capture the whole population.

373 This study has some limitations. Whereas efforts were made to facilitate a reasonable interpretation 

374 of GP cover, the classification of cover index into different levels may not be an optimal approach. As 

375 both cover index and the main interest outcome were measured simultaneously, caution is required 

376 when interpreting any causal relationship between the cover of GP care and diabetes related 
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377 hospitalisations since both were measured over the same period. To partially counteract this the 

378 study controlled for imbalance in the observed demographic and clinical characteristics using IPTW 

379 calculated from generalised propensity score. Hospitalisations classified as diabetes related 

380 hospitalisation in this study may not be all truly avoidable by effective GP care as discussed in 

381 literature (54-56). To further explore this, we evaluated a second outcome, unplanned diabetes 

382 related hospitalisations which, because of their emergency admissions status are more likely to 

383 represent hospitalisations that are unexpected and result from uncontrolled clinical events. We 

384 found that the association of the perfect level of GP cover remained significant when we limited the 

385 outcome to unplanned diabetes related hospitalisations confirming that increasing GP cover reduces 

386 unplanned hospitalisation, likely via better management of the condition. This study included 

387 individuals with diabetes identified using only history of diabetes oral medications such as 

388 metformin and liraglutide. As the medications can be used for other conditions such as polycystic 

389 ovary syndrome or weight lost, the study population may include small number of people without 

390 diabetes that may introduce bias in the results. However, a similar results was observed among sub-

391 population which excluded the individuals identified with diabetes using only history of oral 

392 medication that indicates the potential bias due to including the individuals was minimal. This study 

393 used self-reported information to identify diabetes that may cause recall bias though the effect may 

394 be negligible as diagnosis with diabetes is a significant life event. Endogeneity may arise in this study 

395 due to failing to include all explanatory variables in the model, however, it has been mitigated by 

396 including both diabetes related hospitalisation and cover observed in the baselined period as 

397 instrument to correct for endogeneity (57, 58). The cover index was calculated using an imposed 14 

398 day grace period following discharge that may introduce inverse causality in the association between 

399 the cover index and hospitalisation. Sensitivity analyses of different scenarios with longer grace 

400 period and without the grace period indicated a variation in the effect of GP cover on the 

401 hospitalisation outcome.  Although the 14 day grace period appears to be in line with evidence in 
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402 literature (46-50, 59), a study to provide further validation of this grace period should be considered 

403 to improve performance of the cover index. 

404 Our findings suggest that there is an opportunity for avoiding hospital admissions for people with 

405 diabetes through proactively providing GP care within an optimal time period. This result is in line 

406 with the previous studies which looked at primary care MBS re-imbursement items containing time 

407 components (26, 60). The items such as the annual cycle of care item, annual review of GP 

408 management plan item and team care arrangement item were found significantly associated with 

409 lower the risk of hospitalisation among people with diabetes (26, 60).

410 Our finding is supported by numerous literature which implies timeliness support is an important 

411 factor to improve patients’ health outcomes. Building upon the philosophy of the chronic care 

412 models, a systematic review emphasised that supporting self-management is the most frequent 

413 element that is consistently associated with improving patients’ outcomes (61). The most effective 

414 strategies to support self-management of diabetes require timely provision of information and 

415 advice, often repeatedly that tailored to current needs of patients with diabetes (62). The timeliness 

416 support can offers opportunities for re-engagement with health professionals and reinforcement 

417 knowledge of diabetes that enable people with diabetes to re-evaluate their perception of diabetes 

418 and empowers them in making treatment decision (62). The lack of timeliness support often leads to 

419 a cumulative deficit for people with diabetes in enduring effective self-management of their 

420 condition (62). This is in line with a qualitative study which found that the perception and knowledge 

421 of diabetes controllability often diminished over time due to nature progress of disease regardless of 

422 compliance with recommended self-care activities (63). Thus, self-diabetes care activities are not 

423 always done effectively due to complexity of their own realities (62, 64). Regular contacts their GP 

424 for check-ups facilitate a chance of not only receiving preventive advice but also adapting care 

425 regimes to be suitable with patients’ circumstances (64-66). However, the time between GP contacts 

426 has not been fully integrated in most current indices such as frequency of visits, regularity of contact 
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427 and usual provider of care indices.  The cover index integrates with the potentially protective effect 

428 that provides useful indicator to evaluating performance of primary health care in managing chronic 

429 conditions. 

430 In term of GP led model of care, GPs are in the best position to manage care, coordinate with 

431 appropriate specialists and continuously review and updating care plans because of their deep-

432 knowledge and close relationship with the patient (67). In addition, GPs rather than other specialists 

433 can offer a superior care by not primarily focussing on the condition but on the condition in the 

434 context of the patients’ other health problems (4). Regular having GP care is therefore necessary to 

435 maintain high quality care for people with complex condition like diabetes (65). Burridge, Foster (64) 

436 valued the established routines of the GP led model of care as it creates a positive environment and 

437 sense of an alliance with health-care professionals which was conducive to diabetes management 

438 (64). Thus, although GP visit can be for other than diabetes care, it still has potentially protective 

439 effect on overall diabetes related health outcomes. A significant association GP cover and 

440 hospitalisation found in our study again confirmed the central role of GP in effective management of 

441 diabetes. Thus, facilitate the perfect level of cover of GP care for people with diabetes would be a 

442 possible strategy in order to improve health outcomes for people with diabetes and effectively 

443 reduce avoidable hospitalisation and LOS. 

444 Conclusion 

445 Our study found that longitudinal continuity of care in terms of a time under cover of the protective 

446 effect of GP contact is associated with reduction in admissions and LOS of both diabetes related 

447 hospitalisation and unplanned diabetes related hospitalisation. These results provide a more 

448 comprehensive view of continuity of primary care and information valuable for the design 

449 interventions and policy levers aimed at optimising disease management for people with diabetes, 

450 allocating health resources and improving quality and effectiveness of health care.  

451 Figure legend/caption
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452 Figure 1: Calculation of the cover index

453 Footnote: 

454 Following a hospital admission, a 14 day-period of grace was given before requiring a post discharge 

455 GP visit. Calculation of days out of cover was re-started either at day 15 (if no GP contact was 

456 observed) or on the date of the GP visit (if a GP visit was observed prior to day 15).

457
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Appendix 1. ICD-10-AM and procedure codes for identifying diabetes related hospitalisation 

Conditions  ICD-10-AM principle diagnosis and procedure 
codes 

Diabetes/diabetes complications E10-E14 

Circulatory disorders  

Hypertension I10-I13, I15 

Ischemic heart disease I20-I22, I24, I25 

Cerebrovascular disease I60-I67, I69, G45, H34.0, R47.0 

Heart failure I50.0-I50.1, I50.9, I51.6-I51.7, I51.9 

Atherosclerosis I70 

Peripheral vascular disease I73, I87.2, I99, I74, I77.1 

Visual disorders  

Glaucoma H40, H42.8 

Cataract H25-H26, H28.0 

Blindness H54 

Other disorders  

Nephropathy N00, N01, N03-N05, N07, N08, N16-N19, Z49, 
Z99.2 

Other renal complications  

Infections of kidney N10, N11.8-N11.9, N12, N15.1, N15.9, N28.8 

Cystitis, urinary tract infection N30, N39.0 

Proteinuria R80 

Neuropathy/other neurologic symptoms G56-G57, G58.7, G60.8, M79.2, M54.10, 
M54.11, M54.19 

Chronic skin ulcer L89, L97, L98.4 

Gangrene R02 

Non-traumatic lower-extremity amputation or 
revision 

44338–00, 44358–00, 44361-00, -01, 44364–
00,-01, 44367–00, -01, -02, 44376–00 

Other complications  

Candidiasis of vulva and vagina B37.3 N77.1 

Chronic osteomyelitis of the foot M86.37, M86.47, M86.57, M86.67, M86.87 

Cellulitis L03 
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Appendix 2. Exploring GP opinion on the potential protective effect of a GP contact Semi-

structured survey  

A semi-structured survey was used to explore the opinions of GPs on the existence and duration 

of the temporal protective effect of a GP consultation. The protective effect was defined as the 

duration of time following a GP consultation that people with diabetes would be expected to 

have a lower risk of hospitalisations and complications. The results were used to inform the 

empirical analysis.  

Participants and procedures  

This study used a cross-sectional survey design conducted among a convenience sample of GPs 

currently practising in Australia between September 2017 and April 2018. Participants were 

primarily recruited through key contacts from the project steering panel and Western Australian 

Primary Health Alliance. Additional recruitment was carried out at GP panel meeting events. To 

be eligible for the study the participants had to be currently practising GPs with experience of 

diabetes management. The participants were offered the choice of answering the survey either 

online using the Curtin Qualtrics platform or via a paper version. Information about the study 

and a consent form were included with the survey. All surveys were coded and were free of 

identifying personal information to maintain confidentiality for participants.   

Measures   

This survey consisted of four main parts including:  

1) Participants’ practice experience with patients with diabetes which collected 

information regarding years in practice, frequency of encounters with patients with diabetes, 

and experience with diabetes management.   

2) Self-ratings on belief in the time protective effect following a GP consultation for people 

with diabetes.  
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4) Estimations of the duration of the protective effects of a GP consultation for people with 

diabetes exhibiting several different characteristics; i.e. types of complications (macrovascular 

complications and microvascular complications), and complication status (no complication, one 

or two complications or multiple complications).  

All the questions were designed on a six-point Likert scale with open-ended possibilities for 

participants to add comments. Prior to conducting the survey, the questionnaire was reviewed 

by a separate cohort of GPs and researchers in the field and revised according to their feedback.   

Data management and analysis  

Responses to the online survey were saved via the Qualtrics program and then downloaded and 

saved as an Excel file. The responses to the paper-based version were also entered into Excel. All 

data were stored and handled according to Curtin University guidelines.   

A simple descriptive analysis was conducted to provide a summary of frequency of GPs’ responses 

to the options for each section. Any responses entered in the open-ended sections were entered 

in separate columns and presented in quote marks. These results were then used to inform the 

empirical analyses.   

Semi-structured survey results   

A total of 16 out of 42 potential participants (38%) responded to the survey. Each respondent 

had been practising as a GP for an average of 17 years, with 14 practising in Australia for at least 

five years and only two practising for two or three years. Most participants reported providing 

services frequently for people with diabetes. Eight out of 16 GPs reported every day; 4 out of 16 

reported once a week; 3 out of 16 reported once a month and none reported rarely or never. 

GPs reported that they sometimes (2/16); often (6/16) or always (8/16) discussed care plans 

with diabetes patients. The majority of GPs (13/16) rated that proactively planning follow-up 

Page 33 of 59

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

care for patients with diabetes would be extremely important or very important, while others 

rated it moderately important or slightly important (3/16) and none responded with low or not 

important ratings (Table 2A.1).   

Most (15/16) respondents believed that a GP consultation would have a temporary protective 

effect against the risk of hospitalisations or development of complications for people living with 

diabetes  

(Table 2A.2). However, this was rated from very true (3/16) to true (6/16) and somewhat true 

(6/16). One participant who replied ‘somewhat true’ expanded in a comment: ‘Depending if it 

was a routine surveillance consult which would give a longer temporal potential effect or an 

emergency consult for cellulitis which might mean that I refer them [to] hospital immediately’.   
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Table 1A.1. GP practising experience with diabetes patients   

Characteristics  Frequency 

(N=16)  

Percentage 

(%)  

How many years have you been practising as a GP?  

Under 5 years  

  

2  

  

12.5  

5 years or more   14  87.5  

How often do you see patients with diabetes in the last 
two years?  
  

Every day  

  

8  

  

50.0  

Every week  4  25.0  

Every month  3  17.7  

Rarely  1  6.3  

Do you discuss a care plan with patients with diabetes?  

   

Always   

  

7  

  

43.7  

Very often  6  37.5  

Sometimes  3  18.7  

How do you rate the importance of proactively 
planning follow-up care for patients with diabetes in 
maintaining their health and well-being?  
  

Extremely important   

  

11  

  

68.7  

Very important   2  12.5  

Moderately important   2  12.5  

Slightly important   1  6.3  

  

Table 1A.2. GP’s beliefs regarding the temporal protective effect of a GP consultation  

GPs’ 

believe   

Do you believe that GP consultation would have ‘time limited/temporal 

protective effect’ following GP consultation on reducing potentially preventable 

hospitalisation for people with diabetes   

Very true  True  Somewhat  

true  

Somewhat 

untrue  

Untrue   Not what I 

believe  

N (%)  3 (18.7)  6 (37.5)  6 (37.5)  1 (6.2)  0 (0.0)  0 (0.0)  
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Fifty percent of GPs (8/16) believed that the temporal protective effect following a GP 

consultation would be about 10 to 12 months for diabetes without complication, while the other 

50% of participants believed it would be shorter (varying between 1 to 7 months). For diabetes 

with one or two complications, GPs’ responses were less consistent. Among 16 participants, 

three estimated about 8 to 9 months, 5 estimated 6 to 7 months, 5 estimated 2 to 3 months, 

while 3 respondents believed that the protective effect would be less than a month. For 

diabetes with three or more complications, the majority (8/16) believed that the temporal 

protective effect would be one month or less, others believed it would be 2 to 7 months (6/16) 

and 8 to 9 months (1/16) (Table 2A.3).  

Table 1A.3. GPs’ estimation of the temporal protective effect by clinical conditions  

 
GP’s estimation  Length of the temporal protective effect of a GP consultation   

  

  

1 month  

or less   

2 - 3  

months   

4-5  

months  

6-7 

months   

8-9  

months  

10-12 

months  

N (%)  N (%)  N (%)  N (%)  N (%)  N (%)  

Diabetes with NO 

complication  

4  

(25.0)  

1  

(6.2)  

2  

(12.5)  

1  

(6.2)  

0  

(0.0)  

8  

(50.0)  

Diabetes with 1 or 2 

complications  

3  

(18.8)  

5  

(31.2)  

0  

(0.0)  

5  

(31.2)  

3  

(18.8)  

0  

(0)  

Diabetes with 3 or more 

complications  

8  

(50.0)  

2  

(12.5)  

2  

(12.5)  

2  

(12.5)  

1  

(6.2)  

1  

(6.2)  
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Empirical estimation of the optimal time period under potentially protective effect of GP care 

Study population 

A total of 29 007 individuals were identified with diabetes by 1 July 2009. We then excluded those 

who died within two-year after the baseline year (2009) (n=2 310, 7.9%) to allow a minimum of two-

year follow-up for every individual. Individuals who did not have any hospitalisation and general 

practitioner encounter in the whole studied period from 1 July 2009 to 30 June 2016 were also 

excluded (n=95, 0.3 %).  Finally, we excluded a small number (n=1 728, 6.0 %) of individuals without 

details of age, sex, and/or socioeconomic characteristics.  A total of 24874 individuals were included 

in models search for estimation of the optimal time period under GP cover.  

The study population were stratified into three cohorts (i) individuals with no complications of 

diabetes, (ii) those with one or two complications of diabetes and (iii) those with three or more 

complications of diabetes to account for disease severity levels (1). The data in each complication 

cohort were constructed in a panel structure with annual measures of the main outcome, predictor 

and covariate over the period between 2009/2010 to 2015/2016 financial years 

Outcome measures 

The outcome measure was the number of diabetes related hospitalisations within each financial 

year, identified using ICD-10-AM codes suggested by the National Health Performance Framework 

(2) and hospitalisation where diabetes was identified as a significant risk factor (3). The 

hospitalisations were excluded routine hospitalisations for kidney dialysis and inter-hospital 

transfers were counted as a single episode of care.  

Main predictor: Maximum time interval between GP contacts 

For each individual, the date of GP services within a financial year was identified in MBS data. The 

time between GP visits was determined by number of days: (1) between GP visits within a financial 

year and; (2) between the date of first GP visit of a financial year and the date of the last GP visit in 

the previous financial year(s) looking back up to 3 financial years. In the case where a hospitalisation 
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was observed, time was counted either to the first GP visit post-hospitalisation provided that the GP 

visit was within 14 days of discharge or from day 14 after hospital discharge date and the next GP 

visit (4). This rule was based on the previous study which indicates 14 day period after discharge as 

the period with a low risk of readmission (5). Among multiple time intervals between GP contacts in 

a financial, the maximum time interval was selected for further analysis.  

Other covariates: demographic and socio-demographic characteristics at the baseline and  average 

time interval between GP visits, GP regularity, GP frequency and GP continuity provider index, 

history of diabetes related hospitalisations, comorbidities at each financial year were included in the 

analyses.  

Threshold effect models 

Threshold effect based on random effects negative binomial models were conducted to identify the 

optimal maximum time interval to GP visit in which the number of diabetes related hospitalisations 

were minimal for each complication cohort. This approach was proposed by Gannon, Harris (6) and 

applied previously (1, 7). Briefly, the model searched for subpopulations in which the association 

between diabetes related hospitalisations and the maximum time interval between GP visits was 

homogeneous and used information criteria Akaike Information Criterion (AIC) and Bayesian 

Information Criterion (BIC) to select the optimal model. The threshold effects models were specified 

with (1) all the observed covariates; (2) lag1 of GP utilisation including frequency of GP contacts and 

regularity of GP contact, (3) Mundlak variables, (group means of time-varying variables including 

frequency of GP contact, regularity of GP contact and comorbidities) to allow for arbitrary 

correlation between observed and unobserved heterogeneity terms in the model  (8, 9) and (4) the 

initial condition – history of diabetes-related hospitalisations at the baseline year – was also included 

to allow for any endogeneity arising from the dynamic set-up of the approach (10).  The optimal 

maximum time intervals identified from the threshold effect models in each cohort were presented 

at the Table 1A and were used to calculate the Cover Index which is defined as the proportion of 
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time in a financial year people with diabetes were under cover of primary care (via their GP) as 

previously described above. 
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Results of threshold effects models 

Table 1A shows the results of threshold effect models for each complication cohorts including no 

complication, one/two complication and three or more complication cohorts. Based on the BIC and 

the AIC, the preferred models indicated 3 subpopulations for both non-complication and one/two 

complication cohorts and five sub-populations for three or more complications cohort. The optimal 

maximum time interval estimated from the threshold effect models was 13 months (Coef. -0.027) 

for diabetes with no complications, 8 months (Coef. -0.05) for diabetes with 1-2 complications and 6 

months (Coef. -0.05) for 3+ complications.  Those optimal time intervals were considered as the time 

interval under GP cover corresponding to individuals’ complication level and used to calculate the 

Cover Index.
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Table 1A. Threshold search for the optimal maximum time interval to GP visits by complication cohorts for people aged 45 years and older 

Complication cohorts No complication 1-2 complications 3+ complications 

Models 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Number of subpopulations 1 2 3 4 36 1 2 3 4 36 1 2 3 4 5 36 

AIC 35681.7 35627.9 35603.5 35596.9 35618.1 34824.4 34759.4 34746.5 34742.5 34779.9 70216.6 69935.6 69867.8 69837.5 69832.7 69853.7 

BIC 35951.6 35915.7 35900.3 35902.7 36211.7 35084.9 35037.4 35033.1 35037.8 35335.7 70483.6 70220.4 70161.5 70140.1 70144.2 70423.4 

Threshold parameters (months)                                 

 - 13 1 1 - - 1 1 1 - - 1 1 1 1 - 

 - - 13 6 - - - 8 2 - - - 2 2 2 - 

 - - - 16 - - - - 8 - - - - 20 6 - 

 - - - - - - - - - - - - - - 20 - 

 - - - - - -   - - - -  - - - -  - 

Coefficients                            

 - -0.046** 0.387*** 0.288** - - 0.445*** 0.347*** 0.470*** - - 0.394*** 0.690*** 0.595*** 0.489*** - 

 - 0.068*** -0.027 -0.071** - - -0.003 -0.050* 0.028 - - -0.030* 0.146*** 0.097*** 0.043 - 

 -   0.073*** -0.030 - - - 0.021 -0.031 - - - 0.013 -0.021 -0.055** - 

 -   - 0.073*** - - - - 0.028 - - -   0.088*** -0.022 - 

 -   - - - - - -   - - - -   0.084*** - 

Note: * indicate p-values with * is p-value <0.05; ** is p-value <0.01; *** is p-value <0.001 
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The cover index calculation  

The Cover Index was calculated for each financial year (ie 1 July to 30 June) ascertained from the 

number of days within each year that the individual remained alive and not in hospital (i.e., was 

living in the community and therefore eligible for a GP visit). The annual number of days under GP 

cover was the number of days following each GP visit that were within the defined optimal 

maximum time interval with special consideration given to the start of each year and time following 

a hospitalisation, as follows.  For the start of each year the days from the last GP visit in the 

preceding year that were within the optimal maximum time period and fell within the financial year 

of interest were counted. Following a hospitalisation, determination of cover re-started on the 

earliest of either the 15th day post-separation date or the date of the first GP visit.  
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A. The cover derived from WA optimal maximum time intervals B. The cover derived from NSW optimal maximum time intervals

C. The cover derived from GP opinion optimal maximum time intervals
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Table 1A. Effect of the cover levels on hospitalisation using zero-inflated negative binomial model  

  Diabetes related hospitalisation Unplanned diabetes related hospitalisation 

  IRR 95%CI p-value IRR 95%CI p-value 

Unweighted (1)             

Low Cover 3.2 (2.6; 4.1) <0.001 1.4 (1.0; 2.1) <0.001 

Medium Cover 2.9 (2.6; 3.4) <0.001 1.8 (1.5; 2.3) <0.001 

High Cover 2.8 (2.7; 3.0) <0.001 1.7 (1.5; 1.8) <0.001 

Perfect Cover Ref   Ref   

Weighted  (2)       

Low Cover 3.0 (1.8; 5.0) <0.001 1.8 (0.9; 3.5) 0.9 

Medium Cover 3.3 (2.8; 3.9) <0.001 2.0 (1.4; 2.8) 0.009 

High Cover 2.7 (2.5; 2.9) <0.001 1.7 (1.5; 1.9) <0.001 

Perfect Cover Ref   Ref   

Doubly robust estimation (3)       

Low Cover 3.0 (2.0; 4.7) <0.001 1.7 (0.9; 3.2) 0.2 

Medium Cover 3.2 (2.7; 3.7) <0.001 1.7 (1.3; 2.3) <0.001 

High Cover 2.7 (2.6; 2.9) <0.001 1.7 (1.5; 1.9) <0.001 

Perfect Cover Ref     Ref     

 
 Note: 
 
(1)The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and number 
of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, comorbidity, 
complication, duration of diabetes, history of diabetes related hospitalisations, cover in, frequency of GP contacts, regularity, UPC, number of specialist 
visits) 

(2)The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 

(3)The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 1B. Effect of the cover levels on length of stay of hospitalisation using hurdle model  

  LOS Diabetes related hospitalisation   LOS Unplanned diabetes related hospitalisation 

  dy/dx 95%CI p-value dy/dx 95%CI p-value 

Unweighted (1)             

Low Cover 2.0 (1.3; 2.7) <0.001 0.8 (0.1; 1.4) 0.015 

Medium Cover 1.2 (0.8; 1.6) <0.001 0.5 (0.1; 0.9) 0.007 

High Cover 1.1 (0.9; 1.3) <0.001 0.5 (0.3; 0.6) <0.001 

Perfect Cover Ref   Ref   

Weighted  (2)       

Low Cover 0.7 (-1.3; 2.6) 0.509 0.8 (-1; 2.7) 0.366 

Medium Cover 1.7 (0.9; 2.6) <0.001 0.7 (-0.02; 1.5) 0.056 

High Cover 1.3 (0.9; 1.7) <0.001 0.6 (0.3; 0.9) <0.001 

Perfect Cover Ref   Ref   

Doubly robust estimation (3)       

Low Cover 0.2 (-1.7; 2.1) 0.844 0.6 (-0.5; 1.6) 0.281 

Medium Cover 1.4 (0.6; 2.2) 0.001 0.5 (-0.1; 1) 0.118 

High Cover 1.3 (0.7; 1.8) <0.001 0.6 (0.3; 0.8) <0.001 

Perfect Cover Ref     Ref     

Note:  

*As the coefficient of the hurdle model is not directly interpretable, the effect of cover on the length of stay was obtained through post estimation margin. 

The dy/dx means that compared with the perfect level, each lower level of cover increases or decrease length of stay by the rate of +/- dy/dx  

(1)The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and number 
of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity, comorbidity, 
complication, duration of diabetes, history of diabetes related hospitalisations, cover in, frequency of GP contacts, regularity, UPC, number of specialist 
visits) 

(2)The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates 

(3)The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates 
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Table 1A - Effect of Cover levels derived from NSW time interval on diabetes related hospitalisations and length of stay 

Diabetes related 
hospitalisation 

LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes related 
hospitalisation 

IRR 95%CI 
p-

value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI 
p-

value 

Unweighted (1) 

Low Cover 3.2 (2.6; 4.1) <0.001 3.3 (2.3; 4.9) <0.001 1.5 (1.0; 2.1) 0.05 2.9 (1.5; 5.6) 0.01 

Medium Cover 2.9 (2.5; 3.2) <0.001 3.3 (2.7; 4.2) <0.001 1.9 (1.5; 2.4) <0.001 2.2 (1.5; 3.2) <0.001 

High Cover 2.8 (2.6; 2.9) <0.001 2.0 (1.8; 2.1) <0.001 1.6 (1.5; 1.8) <0.001 1.5 (1.3; 1.7) <0.001 

Perfect Cover Ref Ref Ref Ref 

Weighted  (2) 

Low Cover 3.2 (1.9; 5.5) <0.001 1.0 (0.4; 3.0) 0.9 1.5 (0.8; 2.9) 0.2 1.0 (0.3; 3.9) 1 

Medium Cover 3.2 (2.7; 3.8) <0.001 1.9 (1.2; 3.1) 0.009 2.1 (1.5; 2.9) <0.001 1.1 (0.6; 2.0) 0.8 

High Cover 2.7 (2.5; 2.8) <0.001 1.6 (1.3; 2.1) <0.001 1.7 (1.5; 1.8) <0.001 1.2 (0.9; 1.7) 0.2 

Perfect Cover Ref Ref Ref Ref 

Doubly robust estimation (3) 

Low Cover 3.1 (1.9; 5.0) <0.001 0.7 (0.4; 1.3) 0.2 1.5 (0.8; 2.7) 0.1 0.6 (0.3; 1.4) 0.2 

Medium Cover 3.0 (2.5; 3.5) <0.001 1.8 (1.4; 2.4) <0.001 1.7 (1.3; 2.3) <0.001 1.0 (0.7; 1.6) 0.8 

High Cover 2.7 (2.5; 2.9) <0.001 1.9 (1.6; 2.2) <0.001 1.6 (1.5; 1.8) <0.001 1.5 (1.3; 1.9) <0.001 

Perfect Cover Ref Ref Ref Ref 

Notes: 

(1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity,

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisations, cover in, frequency of GP contacts, regularity, UPC,

number of specialist visits)

(2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates

(3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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Table 1B - Effect of Cover levels derived from the survey time interval on diabetes related hospitalisations and length of stay 

Diabetes related 
 hospitalisation 

LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes related 
hospitalisation 

IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value

Unweighted (1) 

Low Cover 4.8 (4.2; 5.6) <0.001 4.6 (3.7; 5.7) <0.001 3.7 (2.9; 4.7) <0.001 4.0 (2.7; 5.8) <0.001 

Medium Cover 5.2 (4.7; 5.7) <0.001 5.1 (4.4; 5.8) <0.001 3.8 (3.2; 4.4) <0.001 4.0 (3.2; 5.0) <0.001 

High Cover 4.0 (3.7; 4.4) <0.001 2.8 (2.5; 3.1) <0.001 2.6 (2.3; 3.0) <0.001 2.2 (1.9; 2.7) <0.001 

Perfect Cover Ref Ref Ref Ref 

Weighted  (2) 

Low Cover 3.4 (2.4; 4.6) <0.001 7.1 (3.7; 13.5) <0.001 4.3 (2.4; 7.7) <0.001 8.4 (4.3; 16.7) <0.001 

Medium Cover 4.0 (3.3; 4.8) <0.001 6.2 (4.3; 9.1) <0.001 4.3 (3.4; 5.4) <0.001 5.4 (3.8; 7.8) <0.001 

High Cover 2.9 (2.4; 3.5) <0.001 2.6 (1.8; 3.6) <0.001 2.5 (2.0; 3.2) <0.001 2.3 (1.6; 3.3) <0.001 

Perfect Cover Ref Ref Ref Ref 

Doubly robust estimation (3) 

Low Cover 3.3 (2.4; 4.4) <0.001 4.2 (2.6; 7.0) <0.001 3.5 (2.2; 5.4) <0.05 2.8 (1.7; 4.8) <0.001 

Medium Cover 4.2 (3.6; 4.9) <0.001 6.3 (4.8; 8.2) <0.001 4.1 (3.2; 5.1) <0.001 5.3 (3.9; 7.2) <0.001 

High Cover 3.2 (2.8; 3.7) <0.001 3.1 (2.5; 3.8) <0.001 2.6 (2.1; 3.2) <0.001 2.6 (2.0; 3.4) <0.001 

Perfect Cover Ref Ref Ref Ref 

Notes: 

(4) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity,

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover in, frequency of GP contacts, regularity, UPC,

number of specialist visits)

(5) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates

(6) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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Table 1C- Effect of Cover levels derived from the WA interval on diabetes related hospitalisations and length of stay among sub-population 

Diabetes related 
hospitalisation 

LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes related 
hospitalisation 

IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value

Unweighted (1) 

Low Cover 3.1 (2.5; 4.0) <0.001 3.3 (2.2; 4.9) <0.001 1.4 (0.9; 2.1) 0.09 2.7** (1.4; 5.3) 0.003 

Medium Cover 3.0 (2.6; 3.4) <0.001 3.3 (2.6; 4.2) <0.001 1.9 (1.5; 2.4) <0.001 1.6* (1.1; 2.3) 0.02 

High Cover 2.8 (2.6; 3.0) <0.001 2.0 (1.8; 2.2) <0.001 1.7 (1.6; 1.9) <0.001 1.6 (1.4; 1.9) <0.001 

Perfect Cover Ref Ref Ref Ref 

Weighted  (2) 

Low Cover 3.3 (2.0; 5.5) <0.001 1.1 (0.4; 3.1) 0.8 1.8 (0.9; 3.6) 0.09 1.5 (0.3; 6.5) 0.5 

Medium Cover 3.4 (2.9; 4.1) <0.001 1.6* (1.0; 2.7) 0.04 2.1 (1.5; 3.0) <0.001 0.9 (0.5; 1.6) 0.6 

High Cover 2.7 (2.6; 2.9) <0.001 1.7 (1.3; 2.1) <0.001 1.7 (1.5; 1.9) <0.001 1.2 (0.9; 1.7) 0.2 

Perfect Cover Ref Ref Ref Ref 

Doubly robust estimation (3) 

Low Cover 3.2 (2.0; 5.0) <0.001 0.9 (0.5; 1.7) 0.7 1.8 (1.0; 3.3) 0.07 0.9 (0.4; 2.0) 0.7 

Medium Cover 3.2 (2.7; 3.8) <0.001 1.7 (1.3; 2.4) <0.001 1.8 (1.4; 2.5) <0.001 0.8 (0.5; 1.2) 0.2 

High Cover 2.8 (2.6; 2.9) <0.001 2.1 (1.8; 2.4) <0.001 1.7 (1.5; 1.9) <0.001 1.7 (1.4; 2.1) <0.001 

Perfect Cover Ref Ref Ref Ref 

Notes: 

(7) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity,

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover in, frequency of GP contacts, regularity, UPC,

number of specialist visits)

(8) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates

(9) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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Table 1A - Effect of Cover levels with 28 day post discharge window on diabetes related hospitalisations and length of stay 

Diabetes related hospitalisation 
LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes related 
hospitalisation 

IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value

Unweighted (1) 

Low Cover 2.5 (2.0; 3.2) <0.001 2.6 (1.8; 3.9) <0.001 1.2 (0.8; 1.7) 0.4 2.5 (1.3; 4.8) 0.008 

Medium Cover 1.8 (1.6; 2.2) <0.001 2.5 (1.9; 3.2) <0.001 1.4 (1.1; 1.9) 0.01 1.7 (1.1; 2.7) 0.01 

High Cover 2.1 (2.0; 2.3) <0.001 1.5 (1.4; 1.7) <0.001 1.3 (1.2; 1.5) <0.001 1.3 (1.1; 1.6) 0.001 

Perfect Cover Ref Ref Ref Ref 

Weighted  (2) 

Low Cover 2.2 (1.3; 3.7) 0.004 0.9 (0.3; 2.7) 0.8 1.8 (0.9; 3.6) 0.9 2.8 (0.7; 10.4) 0.1 

Medium Cover 1.8 (1.4; 2.3) <0.001 1.5 (0.9; 2.4) 0.08 1.6 (1.0; 2.5) 0.03 1.2 (0.6; 2.2) 0.5 

High Cover 2.1 (1.9; 2.2) <0.001 1.3 (1.1; 1.5) 0.005 1.4 (1.3; 1.6) <0.001 1.2 (0.9; 1.6) 0.1 

Perfect Cover Ref Ref Ref Ref 
Doubly robust 
estimation (3) 

Low Cover 2.2 (1.4; 3.4) 0.001 0.7 (0.4; 1.4) 0.3 2.1 (1.1; 4.0) 0.03 1.2 (0.5; 2.9) 0.6 

Medium Cover 1.8 (1.4; 2.2) <0.001 1.1 (0.8; 1.6) 0.5 1.5 (1.0; 2.3) 0.06 0.8 (0.5; 1.3) 0.3 

High Cover 2.1 (2.0; 2.2) <0.001 1.4 (1.2; 1.6) <0.001 1.4 (1.2; 1.5) <0.001 1.3 (1.0; 1.6) 0.01 

Perfect Cover Ref Ref Ref Ref 

Notes: 

(1) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity,

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisations, cover in, frequency of GP contacts, regularity, UPC,

number of specialist visits)

(2) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates

(3) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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Table 1B - Effect of Cover levels with 45 day post discharge window on diabetes related hospitalisations and length of stay 

Diabetes related 
hospitalisation 

LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes 
related hospitalisation 

IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value

Unweighted (1) 

Low Cover 2.2 (1.7; 2.8) <0.001 2.1 (1.4; 3.2) <0.001 1.0 (0.6; 1.4) 0.8 1.5 (0.8; 3.0) 0.2 

Medium Cover 1.5 (1.2; 1.8) <0.001 2.5 (1.8; 3.4) <0.001 1.0 (0.8; 1.4) 0.8 1.1 (0.7; 1.9) 0.6 

High Cover 2.0 (1.9; 2.1) <0.001 1.5 (1.3; 1.6) <0.001 1.3 (1.1; 1.5) <0.001 1.3 (1.1; 1.6) 0.01 

Perfect Cover Ref Ref Ref Ref 

Weighted  (2) 

Low Cover 1.4 (0.8; 2.3) 0.2 0.8 (0.3; 2.4) 0.7 1.0 (0.5; 2.2) 0.9 1.4 (0.4; 5.0) 0.5 

Medium Cover 1.3 (1.0; 1.8) 0.09 0.9 (0.6; 1.5) 0.7 1.0 (0.6; 1.6) 0.9 0.6 (0.3; 1.2) 0.1 

High Cover 1.8 (1.7; 2.0) <0.001 1.2 (1.0; 1.4) 0.1 1.3 (1.1; 1.5) <0.001 1.1 (0.8; 1.4) 0.6 

Perfect Cover Ref Ref Ref Ref 
Doubly robust 
estimation (3) 

Low Cover 1.5 (0.9; 2.4) 0.1 0.4 (0.2; 0.8) 0.009 1.2 (0.6; 2.5) 0.5 0.4 (0.2; 1.0) 0.04 

Medium Cover 1.2 (0.9; 1.7) 0.1 0.7 (0.5; 1.1) 0.1 1.0 (0.6; 1.6) 0.9 0.5 (0.3; 0.8) 0.004 

High Cover 1.8 (1.7; 2.0) <0.001 1.2 (1.0; 1.3) 0.07 1.3 (1.1; 1.5) <0.001 1.1 (0.9; 1.4) 0.2 

Perfect Cover Ref Ref Ref Ref 

Notes: 

(4) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity,

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover in, frequency of GP contacts, regularity, UPC,

number of specialist visits)

(5) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates

(6) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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Table 1C- Effect of Cover levels with no post discharge window on diabetes related hospitalisations and length of stay among sub-population 

Diabetes related 
hospitalisation 

LOS diabetes related 
hospitalisation 

Unplanned diabetes related 
hospitalisation 

LOS unplanned diabetes 
related hospitalisation 

IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI 
p-

value 

Unweighted (1) 

Low Cover 0.7 (0.5; 1.0) 0.068 1.4 (0.8; 2.5) 0.2 0.4 (0.2; 0.8) 0.05 1.1 (0.4; 2.7) 0.8 

Medium Cover 0.7 (0.5; 0.9) 0.004 4.3 (2.9; 6.5) <0.001 0.6 (0.4; 1.0) 0.03 1.1 (0.6; 2.1) 0.6 

High Cover 0.9 (0.7; 1.1) 0.3 1.3 (1.0; 1.8) 0.04 1.2 (0.9; 1.6) 0.1 2.2 (1.4; 3.5) 0.001 

Perfect Cover Ref Ref Ref Ref 

Weighted  (2) 

Low Cover 1.2 (0.5; 2.6) 0.7 0.4 (0.1; 1.0) 0.05 0.8 (0.3; 2.1) 0.6 0.2 (0.06; 0.9) 0.03 

Medium Cover 0.8 (0.4; 1.4) 0.3 0.8 (0.4; 1.8) 0.6 0.6 (0.3; 1.3) 0.2 0.5 (0.2; 1.4) 0.2 

High Cover 1.0 (0.7; 1.4) 0.8 1.0 (0.6; 1.8) 0.8 1.7 (1.1; 2.7) 0.01 1.4 (0.8; 2.5) 0.3 

Perfect Cover Ref Ref Ref Ref 
Doubly robust 
estimation (3) 

Low Cover 1.2 (0.6; 2.3) 0.6 0.6 (0.3; 1.3) 0.1 0.9 (0.4; 2.1) 0.7 0.5 (0.2; 1.3) 0.1 

Medium Cover 0.6 (0.4; 1.0) 0.06 0.5 (0.3; 0.9) 0.03 0.5 (0.2; 1.0) 0.04 0.2 (0.1; 0.5) <0.001 

High Cover 0.9 (0.6; 1.2) 0.4 1.0 (0.6; 1.6) 0.8 1.6 (1.1; 2.4) 0.02 1.9 (1.1; 3.4) 0.016 

Perfect Cover Ref Ref Ref Ref 

Notes: 

(7) The negative binomial model adjusted for current health service use (frequency of GP contacts, regularity of GP contact, UPC of GP contacts, and

number of specialist contacts); and pre-treatment covariates (age, gender, indigenous, education, level of limitation, self-report comorbidity,

comorbidity, complication, duration of diabetes, history of diabetes related hospitalisation, cover in, frequency of GP contacts, regularity, UPC,

number of specialist visits)

(8) The negative binomial model adjusted for current health service use and weighted with IPTW of observed covariates

(9) The negative binomial model adjusted for current health service use; pre-treatment covariates and weighted with IPTW of observed covariates
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The RECORD statement – checklist of items, extended from the STROBE statement, that should be reported in observational studies using 
routinely collected health data.

Item 
No.

STROBE items Location in 
manuscript where 
items are reported

RECORD items Location in 
manuscript where 
items are reported

Title and abstract
1 (a) Indicate the study’s design 

with a commonly used term in 
the title or the abstract (b) 
Provide in the abstract an 
informative and balanced 
summary of what was done and 
what was found

RECORD 1.1: The type of data used 
should be specified in the title or 
abstract. When possible, the name of 
the databases used should be 
included.

RECORD 1.2: If applicable, the 
geographic region and timeframe 
within which the study took place 
should be reported in the title or 
abstract.

RECORD 1.3: If linkage between 
databases was conducted for the 
study, this should be clearly stated in 
the title or abstract.

1.1 Abstract, data 
sources. 

1.2 Abstract, data 
sources 

1.3 Abstract, data 
sources. 

Introduction
Background 
rationale

2 Explain the scientific 
background and rationale for the 
investigation being reported

Introduction, lines 
96 to 119

Objectives 3 State specific objectives, 
including any prespecified 
hypotheses

Introduction, lines 
116-119

Methods
Study Design 4 Present key elements of study 

design early in the paper
Methods- Study 
population and 
study design (line 
152- 164)

Setting 5 Describe the setting, locations, 
and relevant dates, including 

Methods, data 
sources and study 
population

Page 54 of 59

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-032790 on 8 A

pril 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

periods of recruitment, exposure, 
follow-up, and data collection

Participants 6 (a) Cohort study - Give the 
eligibility criteria, and the 
sources and methods of selection 
of participants. Describe 
methods of follow-up
Case-control study - Give the 
eligibility criteria, and the 
sources and methods of case 
ascertainment and control 
selection. Give the rationale for 
the choice of cases and controls
Cross-sectional study - Give the 
eligibility criteria, and the 
sources and methods of selection 
of participants

(b) Cohort study - For matched 
studies, give matching criteria 
and number of exposed and 
unexposed
Case-control study - For 
matched studies, give matching 
criteria and the number of 
controls per case

RECORD 6.1: The methods of study 
population selection (such as codes 
or algorithms used to identify 
subjects) should be listed in detail. If 
this is not possible, an explanation 
should be provided. 

RECORD 6.2: Any validation 
studies of the codes or algorithms 
used to select the population should 
be referenced. If validation was 
conducted for this study and not 
published elsewhere, detailed 
methods and results should be 
provided.

RECORD 6.3: If the study involved 
linkage of databases, consider use of 
a flow diagram or other graphical 
display to demonstrate the data 
linkage process, including the 
number of individuals with linked 
data at each stage.

6.1 Methods, study 
population and 
design. 

6.2 Methods, data 
sources. References 
27. 

6.3 Methods, data 
source, reference 
24, 25 and 26

Variables 7 Clearly define all outcomes, 
exposures, predictors, potential 
confounders, and effect 
modifiers. Give diagnostic 
criteria, if applicable.

RECORD 7.1: A complete list of 
codes and algorithms used to classify 
exposures, outcomes, confounders, 
and effect modifiers should be 
provided. If these cannot be reported, 
an explanation should be provided.

Methods, outcome 
measures, 
independent 
measures, other 
indices of continuity 
of care, and pre-
treatment covariates

Data sources/ 
measurement

8 For each variable of interest, 
give sources of data and details 
of methods of assessment 
(measurement).

Methods, data 
sources. 
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Describe comparability of 
assessment methods if there is 
more than one group

Bias 9 Describe any efforts to address 
potential sources of bias

Methods, statistical 
methods line 248-
269  

Study size 10 Explain how the study size was 
arrived at

Methods and 
Results  (lines 273-
275)

Quantitative 
variables

11 Explain how quantitative 
variables were handled in the 
analyses. If applicable, describe 
which groupings were chosen, 
and why

Methods, outcome 
measure, 
independent 
measures, other 
indices of continuity 
of care, and pre-
treatment covariates

Statistical 
methods

12 (a) Describe all statistical 
methods, including those used to 
control for confounding
(b) Describe any methods used 
to examine subgroups and 
interactions
(c) Explain how missing data 
were addressed
(d) Cohort study - If applicable, 
explain how loss to follow-up 
was addressed
Case-control study - If 
applicable, explain how 
matching of cases and controls 
was addressed
Cross-sectional study - If 
applicable, describe analytical 
methods taking account of 
sampling strategy
(e) Describe any sensitivity 
analyses

 Methods, statistical 
methods
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Data access and 
cleaning methods

.. RECORD 12.1: Authors should 
describe the extent to which the 
investigators had access to the 
database population used to create 
the study population.

RECORD 12.2: Authors should 
provide information on the data 
cleaning methods used in the study.

12.1 Methods

12.2 Methods, data 
sources 

Linkage .. RECORD 12.3: State whether the 
study included person-level, 
institutional-level, or other data 
linkage across two or more 
databases. The methods of linkage 
and methods of linkage quality 
evaluation should be provided.

12.3 Methods, data 
sources (lines 125-
140)

Results
Participants 13 (a) Report the numbers of 

individuals at each stage of the 
study (e.g., numbers potentially 
eligible, examined for eligibility, 
confirmed eligible, included in 
the study, completing follow-up, 
and analysed)
(b) Give reasons for non-
participation at each stage.
(c) Consider use of a flow 
diagram

RECORD 13.1: Describe in detail 
the selection of the persons included 
in the study (i.e., study population 
selection) including filtering based 
on data quality, data availability and 
linkage. The selection of included 
persons can be described in the text 
and/or by means of the study flow 
diagram.

13.1 Method, study 
population and 
designs (line 133-
164) and Results  
(lines 273)

Descriptive data 14 (a) Give characteristics of study 
participants (e.g., demographic, 
clinical, social) and information 
on exposures and potential 
confounders
(b) Indicate the number of 
participants with missing data 
for each variable of interest

Results, lines 279 to 
290 and Table 1
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(c) Cohort study - summarise 
follow-up time (e.g., average and 
total amount)

Outcome data 15 Cohort study - Report numbers 
of outcome events or summary 
measures over time
Case-control study - Report 
numbers in each exposure 
category, or summary measures 
of exposure
Cross-sectional study - Report 
numbers of outcome events or 
summary measures

Results, Table 1  

Main results 16 (a) Give unadjusted estimates 
and, if applicable, confounder-
adjusted estimates and their 
precision (e.g., 95% confidence 
interval). Make clear which 
confounders were adjusted for 
and why they were included
(b) Report category boundaries 
when continuous variables were 
categorized
(c) If relevant, consider 
translating estimates of relative 
risk into absolute risk for a 
meaningful time period

Results,  

(a) Line 303-318, 
Table 2, and 
Appendix 5 and 7

b) Categorisation 
provide in the 
methods (lines 197-
200)

 c) Incident risk 
ratios were reported 
line 303-318 and 
Table 2

Other analyses 17 Report other analyses done—
e.g., analyses of subgroups and 
interactions, and sensitivity 
analyses

Methods lines 270-
275
Appendix 6 and 7

Discussion
Key results 18 Summarise key results with 

reference to study objectives
Discussion, lines 
346-351

Limitations 19 Discuss limitations of the study, 
taking into account sources of 
potential bias or imprecision. 

RECORD 19.1: Discuss the 
implications of using data that were 
not created or collected to answer the 

Discussion, lines 
373-403
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Discuss both direction and 
magnitude of any potential bias

specific research question(s). Include 
discussion of misclassification bias, 
unmeasured confounding, missing 
data, and changing eligibility over 
time, as they pertain to the study 
being reported.

Interpretation 20 Give a cautious overall 
interpretation of results 
considering objectives, 
limitations, multiplicity of 
analyses, results from similar 
studies, and other relevant 
evidence

Discussion and 
Conclusion section 
(lines 375-421).

Generalisability 21 Discuss the generalisability 
(external validity) of the study 
results

Australian context 
clear in manuscript 
with discussion of 
relevant literature 

Other Information
Funding 22 Give the source of funding and 

the role of the funders for the 
present study and, if applicable, 
for the original study on which 
the present article is based

Role of the funding 
source, lines 489-
495
 

Accessibility of 
protocol, raw 
data, and 
programming 
code

.. RECORD 22.1: Authors should 
provide information on how to 
access any supplemental information 
such as the study protocol, raw data, 
or programming code.

22.1 Supplementary 
data provided to 
justify results and 
interpretation. The 
45 and Up Study 
data
were used under 
license for the 
current study. 
Restrictions by the 
data
custodians mean 
that the data are not 
publicly available or 
able to be
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provided by the 
authors.
Researchers 
wanting to access 
the datasets used in 
this study should 
refer to the 45 and 
Up Study 
application process 
(https://www.saxins
titute.org.au/for-
researchers) and the 
Centre for Health 
Record Linkage 
application process ( 
www.cherel.org.au/
apply-for-linked-
data )

*Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sørensen HT, von Elm E, Langan SM, the RECORD Working 
Committee.  The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement.  PLoS Medicine 2015; 
in press.

*Checklist is protected under Creative Commons Attribution (CC BY) license.
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