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AbstrACt
Objective To investigate whether there were any differences 
in the patterns of metabolic abnormalities between patients 
with rheumatoid arthritis (RA) with comorbid type 2 diabetes 
mellitus (T2DM) and other populations, and to plot the dose–
response relationships between metabolic indexes and the 
risk of comorbid T2DM among patients with RA.
Design and setting This is a retrospective case–
control study using electronic medical records (EMRs). 
Patients with RA and/or T2DM or controls who were 
admitted to the First Affiliated Hospital of China Medical 
University between April 2008 and December 2016 
were retrospectively recruited through the EMR system. 
After age-matching and sex-matching, 261 controls, 
274 patients with T2DM, 276 patients with RA and 151 
patients with RA+T2DM were eventually recruited.
results Patients with RA+T2DM exhibited higher levels of 
systolic blood pressure (SBP), fasting plasma glucose (FPG) 
and triglyceride (TG) than the RA only patients. Moreover, 
the proportions of impaired fasting glucose (IFG), and total 
cholesterol (TC) and low-density lipoprotein cholesterol 
(LDL-C) dyslipidaemia in the RA+T2DM group were higher 
than those in the RA alone group (for IFG: 28.48% vs 
18.84%, p=0.02; for TC: 25.17% vs 15.22%, p=0.01; for 
LDL-C: 25.83% vs 17.03%; p=0.03). Rheumatoid factor 
(RF) positivity and IFG were independent risk indicators for 
comorbid T2DM among patients with RA (for RF positivity: 
OR=0.45; 95% CI: 0.29 to 0.69; p<0.001; for IFG: 
OR=1.70; 95% CI: 1.04 to 2.76; p=0.03).
Conclusion Linear dose–response associations between 
SBP, TC, TG and the risk of comorbid T2DM among patients 
with RA were observed, whereas a non-linear dose–response 
association between FPG and the risk of comorbid T2DM was 
found. Patients with RA+T2DM were more likely to exhibit 
metabolic abnormalities than RA only patients. Patients 
with RA+T2DM with metabolic abnormalities deserve more 
attention from rheumatologists and endocrinologists.

IntrODuCtIOn
Rheumatoid arthritis (RA), a systemic and 
chronic inflammatory disease characterised by 

joint swelling, joint pain and damage of syno-
vial joints, may lead to functional disability 
and premature mortality.1 It was estimated 
that the prevalence of RA was approximately 
0.24% worldwide,2 whereas the prevalence of 
RA could be as high as 1.02% in China.3 The 
prevalence of RA in the Northern Chinese 
population was slightly higher than that of the 
Southern Chinese population.4 Regardless 
of the great improvements in the treatment 
strategies for RA over the past decades, RA has 
caused a heavy disease burden globally, with a 
mortality rate of 0.8 per 100 000 people.2

Although the prevention of joint destruc-
tion during RA has been strongly emphasised 
in recent decades, there is now a high level 
of concern about the associated comorbidi-
ties among these patients. As reported in the 
COMORA study, patients with RA showed a 
higher prevalence of cardiovascular events, 

strengths and limitations of this study

 ► Few studies have examined the metabolic abnor-
malities of rheumatoid arthritis (RA) and type 2 di-
abetes mellitus (T2DM) simultaneously, especially 
among the Northern Chinese population.

 ► Restricted cubic spline functions were applied to 
draw the dose–response curves that represent the 
associations between metabolic indexes and risk of 
comorbid T2DM among patients with RA.

 ► As the participants were recruited using electronic 
medical records and outpatient patients were not 
included, we were unable to calculate the exact 
incidence of T2DM in established patients with RA.

 ► The confounding effects that the between-group 
treatment differences have on metabolic indexes 
should not be neglected, though age- and sex-pro-
pensity score matching (PSM) was conducted.
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infections, osteoporosis and cancers compared with 
the general population.5 Furthermore, the number of 
comorbidities in patients with RA was positively related 
to disease activity and severity.6 Nevertheless, the manage-
ment of those comorbidities is far from optimal.5

The risk of cardiovascular disease (CVD) in patients 
with RA is twofold higher than that of the general 
population. Moreover, evidence from a national data-
base in the uric acid (UA) showed that type 2 diabetes 
mellitus (T2DM) was highly prevalent in patients with RA 
(28.3%).7 RA and T2DM share a common pathogenesis 
basis of inflammation,8 which has been hypothesised to 
play an important role in the development and propaga-
tion of atherosclerosis and CVD.9 The enhanced effects of 
RA on CVD risk were similar to those of T2DM.10–12 There-
fore, patients with RA with comorbid T2DM (RA+T2DM) 
may suffer from a greater CVD burden.

Metabolic abnormalities are well-known CVD risk 
factors for both the RA and T2DM populations. A high 
prevalence of metabolic abnormalities will significantly 
increase the risk of CVD in RA, especially for those with 
comorbid T2DM. Therefore, the management of meta-
bolic abnormalities is an urgent priority to reduce CVD 
risk in patients with RA+T2DM. Unfortunately, metabolic 
abnormalities in chronic disease are usually under poor 
control in China. One study from Chinese rural districts 
showed that the awareness, treatment and control of 
T2DM were as low as 60.11%, 54.8% and 18.77%, respec-
tively.13 Another multicentre study demonstrated a high 
prevalence of dyslipidaemia (67.1%), but relatively low 
proportions of awareness, treatment and control in 
Chinese patients with T2DM (68.7%, 55.9% and 39.5%, 
respectively).14 Likewise, the management of hyperten-
sion is also suboptimal in Chinese patients with T2DM, 
with approximately 58.2% of the patients failed to achieve 
the recommended goal for blood pressure control.15 
Meanwhile, a previous study showed that approximately 
40% of patients with RA with CVD risk factors did not 
receive dyslipidaemia screening from their primary care 
providers.16 Therefore, a scientific management strategy 
for the risk factors for CVD in patients with chronic 
diseases remains a great challenge for both care providers 
and patients.

As the applications of electronic medical records 
(EMRs) increase, growing interest arises in the use of EMRs 
to facilitate medical research.17 EMRs have been adopted 
in previous studies to assist in T2DM or RA manage-
ment in the USA.18 19 The current study was conducted 
to investigate whether there were any differences in the 
patterns of metabolic abnormalities between patients 
with RA+T2DM and other populations using EMRs. Addi-
tionally, as we were extremely interested in the contin-
uous dose–response associations, restricted cubic spline 
(RCS) functions were applied to draw the dose–response 
curves that represent the associations between metabolic 
indexes and the risk of comorbid T2DM among patients 
with RA. Our study will provide evidence for integrated 
and intensive management for patients with RA+T2DM in 

a real-world clinical setting and will assist rheumatologists 
in managing CVD risk more effectively in this population.

MethODs
study design and patients
The present study was designed as a hospital-based case–
control study and was aimed at exploring the risk of devel-
oping T2DM in patients with RA. Patients with RA or 
T2DM admitted to the First Affiliated Hospital of China 
Medical University during April 2008 and December 
2016 were retrospectively recruited from the EMR system. 
Patients who were referred to our inpatient department 
because of appendicitis were treated as the control 
group. Those controls were confirmed to have no history 
of T2DM, coronary artery disease, stroke, malignancies 
and inflammatory autoimmune disease after appropriate 
medical investigations. The EMRs were classified and 
coded according to the International Classification of 
Diseases-Tenth Revision (ICD-10). The codes for RA were 
M05.x–06.x, and codes for T2DM were E11.x, E13.x–14.x 
and the codes for appendicitis were K35.x–37.x.

Patients with RA or T2DM with a history of stroke 
or coronary artery disease (CAD) were excluded. All 
subjects under the age of 18 were also excluded. Patients 
with RA+T2DM were defined as those who developed 
T2DM on the basis of established RA. All of these patients 
should have been diagnosed RA first and then DM, which 
was reflected in the EMRs by a T2DM’ duration shorter 
than the RA’ duration. Otherwise, the patients were 
excluded from the current study. According to the inclu-
sion and exclusion criteria, 477 patients with RA+T2DM, 
4541 controls, 12 824 patients with T2DM and 5502 
patients with RA were recruited. After excluding the 
study subjects without some of the necessary indexes and 
using a propensity score matching (PSM) strategy,20 151 
patients with RA+T2DM, 261 controls, 274 patients with 
T2DM and 276 patients with RA were eventually enrolled. 
The selection process for study participants is shown in 
the online supplemental figure 1.

Diagnosis criteria of t2DM and rA
Study subjects would be diagnosed with T2DM if they met 
at least one of the following conditions8: (1) previously 
diagnosed T2DM in the EMRs; (2) prescriptions for anti-
diabetic drugs; and (3) newly diagnosed T2DM according 
to laboratory tests that indicated a fasting plasma glucose 
(FPG) >7.0 mmol/L, a random glucose level >11.1 mmol/L, 
or a glucose tolerance test result >11.1 mmol/L. Patients 
who fulfilled the 2010 American College of Rheumatology 
(ACR)/EULAR or 1987 ACR classification criteria were 
diagnosed with RA.21 22

Data collection
The relevant data, including demographic character-
istics, smoking and drinking habits, RA characteristics 
and medications used were extracted from the patients’ 
EMRs. The C reactive protein (CRP) level, erythrocyte 
sedimentation rate (ESR), rheumatoid factor (RF) status 
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and anticyclic peptide containing citrulline (anti-CCP) 
status were routinely examined in patients with RA but 
not in patients with T2DM and controls. Therefore, these 
indexes were unavailable in patients with T2DM and 
controls. Likewise, glycated haemoglobin (HbA1c) was 
only available in patients with T2DM and patients with 
RA+T2DM but not in patients with RA and controls. The 
laboratory tests were uniformly carried out by the labora-
tory centre of our hospital using overnight fasting venous 
blood samples.

Definition
A CRP >10 mg/L or ESR >30 mm/h were indicators of 
elevated inflammation markers.23 24 Hypertension was 
defined as systolic blood pressure (SBP) >140 mm Hg or 
diastolic blood pressure (DBP) >90 mm Hg. If the FPG was 
ranged from 5.6 to 6.9 mmol/L, the patients were classi-
fied as having impaired fasting glucose (IFG). Hyperuri-
caemia was defined as a serum UA level >0.42 mmol/L for 
men and postmenopausal women or >0.36 mmol/L for 
premenopausal women.8 Dyslipidaemia was diagnosed 
according to the newly revised version of guidelines on 
the prevention and treatment of dyslipidaemia in Chinese 
adults.25 The proposed cutoff values for total cholesterol 
(TC), triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C) and low-density lipoprotein cholesterol 
(LDL-C) were 5.2, 1.7, 1.0 and 3.4 mmol/L, respectively. 
The cutoff point for the TC/HDL-C ratio was set at 4.5.26

statistical analysis
Continuous variables were expressed as the mean±SD or 
medians with interquartile range (25th, 75th), as appro-
priate. Categorical variables were expressed as frequen-
cies (percentage). One-way analysis of variance was used 
to examine differences in the mean of continuous vari-
ables, followed by post hoc tests using the Fisher least-sig-
nificant difference strategy where appropriate. The 
Wilcoxon rank-sum test was used to compare differences 
in medians. The χ2 tests were used to compare the propor-
tions of categorical variables. Univariate and multivariate 
logistic regression analyses were sequentially conducted 
to further assess the associations between inflammatory 
markers, metabolic indexes and risk of T2DM among 
patients with RA, and the OR with the corresponding 
95% CI was also calculated. The candidate variables for 
multivariate logistic regression analyses were those with 
p≤0.10 after the univariate logistic regression analyses.

As RCS makes it possible to characterise flexible and 
visible dose–response relationships between an expo-
sure and outcome,27 this method was used to depict the 
dose–response associations between continuous variables 
and the risk of T2DM in established patients with RA 
based on logistic regression models. The adjusted covari-
ates included age, sex and other potential confounders. 
The reference values were set at 140 mm Hg for SBP, 
90 mm Hg for DBP, 6.1 mmol/L for FPG, 5.2 mmol/L for 
TC, 1.7 mmol/L for TG, 10 mg/L for CRP, 1.0 mmol/L 
for HDL-C, 3.4 mmol/L for LDL-C, 4.5 for the TC/

HDL-C ratio and 0.36 mmol/L for UA. The number of 
commonly used spline knots could be 3 (5th, 50th and 
95th percentiles), 4 (5th, 25th, 75th and 95th percentiles) 
or 5 (5th,10th, 50th, 90th and 95th percentiles), and was 
finally determined by the Akaike information criterion 
(AIC), a statistical index to evaluate model goodness of fit, 
where the smaller the value is the better.28 The SAS macro 
was provided by Desquilbet and Mariotti,28 and had been 
previously used in an article by our group.29 The SAS 
macro provided tests for both overall and non-linear asso-
ciations between risk indicators and the risk of concom-
itant T2DM among patients with RA. If the test for an 
overall association between indicator and risk of T2DM 
was statistically significant, the indicator was significantly 
associated with T2DM, regardless of the shape of the asso-
ciations. Furthermore, if the test for the non-linear associ-
ations was also statistically significant, the association was 
significantly not linear.

PSM was performed using SPSS software (V.22.0, IBM 
Corporation, Armonk, New York, USA).30 The matching 
factors were age and sex, and the matching ratio was 
1:2:2:2 for RA+T2DM, controls, T2DM alone and RA 
only subjects, respectively. Logistic regression models 
were applied to estimate the propensity scores, and the 
participants were matched using the nearest neighbour 
matching algorithm with a calliper width of 0.05.31 The 
other statistical analyses were conducted using SAS soft-
ware (V.9.3). All tests were two-tailed, with a p value <0.05 
considered statistically significant.

Patient and public involvement
The patients were not actively involved during the design 
and conduct of this study. The patients and the general 
public will be informed of the study results through 
peer-reviewed journals.

results
basic characteristics
As shown in table 1, there were 151 patients with 
RA+T2DM (33 men and 118 women), with a mean age 
of 61.00±9.53 years. The percentages of current tobacco 
and alcohol consumers in these patients were 8.61% 
and 3.97%, respectively. No significant differences were 
observed in mean age, sex and proportions of smoking 
and alcohol consumption among the four groups of study 
subjects (p>0.05 for all).

The median duration of T2DM in the RA+T2DM 
group was much lower than that of the T2DM group 
(18 vs 78 months, p<0.001). There was no significant 
difference in the median RA duration between the 
RA+T2DM and RA groups (24 vs 36 months, p=0.69). 
Likewise, our results showed no differences in the 
mean CRP and ESR levels between the RA+T2DM and 
RA groups (for CRP: 36.70 vs 36.19 mg/L, p=0.92; for 
ESR: 38.46 vs 41.88 mm/h, p=0.40). The proportions of 
the anti-CCP-positive patients were similar between the 
RA+T2DM and RA groups (46.00% vs 53.99%, p=0.17). 
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Table 2 The blood pressure, FPG, HbA1c, lipid metabolic parameters and UA of different group of participants

Characteristic
Controls
(n=261)

T2DM
(n=274)

RA
(n=276)

RA+T2DM
(n=151) P value

SBP (mm Hg) 126.79±18.63*** 135.51±19.09† 128.82±19.60** 134.35±19.73 <0.001

DBP (mm Hg) 74.21±11.97** 81.46±10.69** 76.44±11.63† 77.79±11.14 <0.001

FPG (mmol/L) 5.47±0.98 *** 9.78±4.85*** 5.25±0.90*** 7.04±2.14 <0.001

HbA1c (%) NA 8.30±2.37*** NA 7.24±1.56 <0.001

TC (mmol/L) 4.70±1.15† 5.00±1.29** 4.29±1.02† 4.55±1.26 <0.001

TG (mmol/L) 1.30±0.97† 2.18±2.76*** 1.27±0.82* 1.63±1.88 <0.001

HDL-C (mmol/L) 1.24±0.39*** 1.20±0.38** 1.08±0.34† 1.10±0.36 <0.001

LDL-C (mmol/L) 2.95±0.98† 3.11±0.99** 2.70±0.86† 2.79±0.92 <0.001

TC/HDL-C 4.23±2.34† 4.47±1.48† 4.24±1.29† 4.46±1.55 0.22

UA (mmol/L) 0.29±0.09† 0.30±0.10† 0.26±0.09† 0.28±0.11 <0.001

*P value <0.05 when compared with the RA+T2DM group.
**P value <0.01 when compared with the RA+T2DM group.
***P value <0.001 when compared with the RA+T2DM group.
†P value >0.05 when compared with the RA+T2DM group.
DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; NA, not available; RA, rheumatoid arthritis; SBP, systolic blood pressure; T2DM, type 2 diabetes 
mellitus; TC, total cholesterol; TG, triglycerides; UA, uric acid.

Table 1 The basic characteristics of different group of participants

Characteristic
Controls
(n=261)

T2DM
(n=274)

RA
(n=276)

RA+T2DM
(n=151) P value

Age (years) 60.22±11.99 60.85±9.34 61.10±9.26 61.00±9.53 0.77

Gender (M/F) 61/200 65/209 44/232 33/118 0.09

Current smoker (%) 17 (6.51) 21 (7.66) 21 (7.64) 13 (8.61) 0.88

Alcohol consumption (%) 13 (4.98) 15 (5.47) 14 (5.07) 6 (3.97) 0.93

Duration of T2DM (months)

  Median (25th, 75th) NA 78 (18~144) NA 18 (1~72) <0.001

Duration of RA (months)

  Median (25th, 75th) NA NA 36 (6~120) 24 (4~120) 0.69

CRP (mg/L) NA NA 36.19±49.55 36.70±53.37 0.92

ESR (mm/h)* NA NA 41.88±31.86 38.46±29.20 0.40

RF positivity (%) NA NA 208 (75.36) 88 (58.28) <0.001

Anti-CCP positive (%)* NA NA 149 (53.99) 46 (46.00) 0.17

Steroid use (%) NA NA 168 (60.87) 116 (76.82) <0.001

Traditional DMARDs (%) NA NA 210 (76.09) 120 (79.47) 0.43

Biologic DMARDs (%) NA NA 24 (8.70) 19 (12.58) 0.20

Oral antidiabetic drugs (%) NA 119 (43.43) NA 115 (76.16) <0.001

Insulin (%) NA 94 (34.31) NA 64 (42.38) 0.10

Statin (%) NA 69 (25.18)† 21 (7.61)*** 36 (23.84) <0.001

Antihypertensive drugs (%) NA 76 (27.74)*** 68 (24.64)*** 77 (50.99) <0.001

*ESR and anti-CCP level were unavailable in 77 and 51 patients with RA+T2DM, respectively.
***P value <0.001 when compared with the RA+T2DM group.
†P value >0.05 when compared with the RA+T2DM group.
Bold text indicated that the overall analysis across groups was statistically significant. 
Anti-CCP, anticyclic peptide containing citrulline; CRP, C reactive protein; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte 
sedimentation rate; F, female; M, male; NA, not available; RA, rheumatoid arthritis; RF, rheumatoid factor; T2DM, type 2 diabetes mellitus.
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A total of 58.28% of the patients in the RA+T2DM group 
were RF positive, which was significantly lower than the 
75.36% in the RA group (p<0.001). In contrast, the 
proportion of patients taking corticosteroids in the 
RA+T2DM group was higher than that in the RA group 
(76.82% vs 60.87%, p<0.001). The usage of traditional 
disease-modifying antirheumatic drugs (DMARDs) and 
biologic DMARDs did not significantly differ between 
the RA+T2 DM and RA groups (p=0.43 and 0.20, 
respectively). Our results indicated that patients in the 
RA+T2DM group were more likely to take oral antidi-
abetic drugs than those in the T2DM group (76.16% 
vs 43.43%, p<0.001), but the use of insulin injections 
was comparable between the two groups of patients 
(p=0.10). The percentages of statin use among the 
patients with T2DM, RA and RA+T2DM were 25.18%, 
7.61% and 23.84%, respectively (23.84% vs 25.18%, 
p=0.76; 23.84% vs 7.61%, p<0.0001). The percentages 
of antihypertensive drug use in the patients with T2DM, 
RA and RA+T2DM were 27.74%, 24.64% and 50.99%, 
respectively.

Comparison of metabolic parameters between different 
groups of participants
As presented in table 2, SBP in the RA+T2DM group 
was obviously higher than that in the RA and control 
groups (p<0.01 and <0.001, respectively). DBP in the 
RA+T2DM group was significantly lower than that in 
the T2DM group (p<0.01), but higher than that in the 
control group (p<0.01). FPG concentrations in the 
patients with RA+T2DM were significantly higher than 
those in the controls (p<0.001) and patients with RA 
(p<0.001), but significantly lower than those in the 

patients with T2DM (p<0.001). The HbA1c concentra-
tions in the RA+T2DM group were significantly lower 
than those in the T2DM group (p<0.001).

As for plasma lipids, the TC, TG, HDL-C and LDL-C 
concentrations in the RA+T2DM group were lower than 
those in the T2DM group (p<0.01, <0.001, <0.01 and 
<0.01, respectively). TG concentrations in the patients 
with RA+T2DM were significantly higher than those 
in the patients with RA (p<0.05). Conversely, HDL-C 
concentrations in the patients with RA+T2DM were 
significantly lower than those in the controls. However, 
the plasma UA levels and TC/HDL-C ratio in the 
RA+T2DM group were not significantly different from 
those in the other three groups.

Comparison of elevated inflammation markers and metabolic 
abnormalities between patients with rA with and without 
comorbid t2DM
The previously mentioned cutoff values for the different 
indexes were used to calculate the percentages of meta-
bolic abnormalities in the RA and RA+T2DM groups, and 
then chi-square tests were applied to examine their differ-
ences between groups. No significant differences were 
observed in the percentages of patients with elevated CRP 
and ESR between the two groups. Approximately half of 
the patients with RA+T2DM had an HbA1c level >7% 
(47.68%). The proportion of patients with IFG in the 
RA+T2DM group was obviously higher than that in the RA 
group (28.48% vs 18.84%, p=0.02). Plasma TC and LDL-C 
dyslipidaemia were more prevalent in the RA+T2DM 
group than in the RA group (for TC: 25.17% vs 15.22%, 
p=0.01; for LDL-C: 25.83% vs 17.03%, p=0.03). The inci-
dences of hypertension, TG, HDL-C, hyperuricaemia as 

Table 3 Comparison of elevated inflammation markers and metabolic abnormalities between patients with RA with and 
without comorbid T2DM

Variables RA (%) RA+T2DM (%) χ2 P value

CRP >10 mg/L 171 (61.96) 81 (53.64) 2.79 0.09

ESR >30 mm/h* 147 (53.26) 39 (52.70) 0.01 0.93

HbA1c ≥7% NA 72 (47.68) NA NA

IFG 52 (18.84) 43 (28.48) 5.24 0.02

Hypertension 91 (32.97) 62 (41.06) 2.78 0.10

Dyslipidaemia

  TC >5.2 mmol/L 42 (15.22) 38 (25.17) 6.34 0.01

  TG >1.7 mmol/L 55 (19.93) 41 (27.15) 2.92 0.09

  HDL-C <1.0 mmol/L 121 (43.84) 72 (47.68) 0.58 0.45

  LDL-C >3.4 mmol/L 47 (17.03) 39 (25.83) 4.70 0.03

  TC/HDL-C >4.5 95 (34.42) 63 (41.72) 2.23 0.14

Hyperuricaemia 17 (6.16) 11 (7.28) 0.20 0.65

*ESR level is not available in 77 patients with RA+T2DM. 
Bold text indicated that the Chi-square test  between groups was statistically significant. 
CRP, C reactive protein; ESR, erythrocyte sedimentation rate; HbA1c, glycated haemoglobin; HDL-C, high-density lipoprotein cholesterol; 
IFG, impaired fasting glucose; LDL-C, low-density lipoprotein cholesterol; RA, rheumatoid arthritis; T2DM, type 2 diabetes mellitus; TC, total 
cholesterol; TG, triglycerides. 
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well as the TC/HDL-C ratio were comparable between 
the two groups (table 3).

Association between elevated inflammation markers, 
metabolic abnormalities and risk of comorbid t2DM among 
patients with rA
Multivariate logistic regression analysis showed that 
RF positivity and IFG were independent risk factors for 
comorbid T2DM among patients with RA. RF positivity was 
significantly associated with a 55% reduction (OR=0.45; 
95% CI: 0.29 to 0.69) in T2DM risk among patients with 
RA. In contrast, IFG was significantly associated with 
a 1.70-fold increase (OR=1.70; 95% CI: 1.04 to 2.76) in 
comorbid T2DM risk among patients with RA (table 4). 
We did not find any significant association between the 
other indexes and the risk of comorbid T2DM among 
patients with RA.

Dose–response analyses of the associations between 
inflammation markers, metabolic indexes and risks of 
comorbid t2DM among patients with rA
As shown in figure 1A, the dose–response curve indi-
cated a linear association between SBP and the risk 
of comorbid T2DM among patients with RA (test for 
overall association: p=0.02; test for non-linear associa-
tion: p=0.71; AIC=542.17). Similarly, statistically signifi-
cant linear dose–response associations between TC, TG 
and risk of comorbid T2DM were observed (for TC, test 
for the overall association: p=0.03; test for non-linear 
association: p=0.20, AIC=542.88; for TG, test for overall 
association: p=0.05, test for the non-linear association: 
p=0.75, AIC=542.13)(figure 2A and B). In contrast, the 
dose–response association between FPG and the risk of 
comorbid T2DM was found to be non-linear (test for 
the overall association: p<0.001, test for the non-linear 
association: p=0.04, AIC=480.01) (figure 1B). However, 
our results failed to show any significant dose–response 
associations between CRP, DBP, HDL-C, LDL-C, the TC/
HDL-C ratio, UA and risk of comorbid T2DM among 
patients with RA (online supplemental figures 2–4).

risk predictions based on the constructed dose–response 
curves
Risk predictions were performed using the dose–
response curves previously constructed. As shown in 
the online supplemental tables 1–4, the ORs and their 
corresponding 95% CIs for any given SBP, FPG, TC and 
TG values within the specified variation ranges could be 
obtained from those dose–response curves, with a group of 
specific values serving as references (140 mm Hg for SBP, 
6.1 mmol/L for FPG, 5.2 mmol/L for TC and 1.7 mmol/L 
for TG). For instance, patients with RA with a TC level 
of 5.7 mmol/L had a 1.16-fold (OR=1.16; 95% CI: 1.01 to 
1.33) higher risk for comorbid T2DM than those with a 
TC level of 5.2 mmol/L. Conversely, patients with RA with 
a TC level of 3.7 mmol/L were 46% (OR=0.54; 95% CI: 
0.31 to 0.92) less likely to suffer from comorbid T2DM, 
than those with a reference level TC.

DIsCussIOn
To the best of our knowledge, few studies have examined 
the metabolic abnormalities of RA and T2DM simultane-
ously,8 especially among the Northern Chinese popula-
tion. Our findings showed that patients with RA+T2DM 
exhibited higher levels of SBP, FPG and TG than the RA 
only patients, but had lower levels of DBP, FPG, HbA1c, 
TC, TG, HDL-C and LDL-C than the T2DM only patients. 
Compared with controls, patients with RA+T2DM had 
higher levels of SBP, DBP and FPG but relatively lower 
levels of HDL-C. Moreover, the percentages of patients 
with IFG, and TC and LDL-C dyslipidaemia in the 
RA+T2DM group were significantly higher than those in 
RA only group. RF positivity and IFG were independent 
risk factors for comorbid T2DM among patients with RA. 
We speculated that the relatively lower proportion of 
RF-positive patients in the RA+T2DM group might partly 
be attributed to the anti-inflammatory effect of some oral 
antidiabetic drugs such as metformin.32 33 Interestingly, 
the dose–response associations between SBP, TC, TG and 

Table 4 The logistic regression analysis for the risk of comorbid T2DM among patients with RA

Variables

Univariate Multivariate

Crude OR 95% CI P value Adjusted OR* 95% CI P value

CRP >10 mg/L 0.71 0.48 to 1.06 0.10 0.71 0.46 to 1.10 0.13

RF positivity 0.46 0.30 to 0.70 <0.001 0.45 0.29 to 0.69 <0.001

IFG 1.72 1.08 to 2.73 0.02 1.70 1.04 to 2.76 0.03

Hypertension 1.42 0.94 to 2.13 0.10 1.32 0.86 to 2.03 0.20

TC dyslipidaemia 1.87 1.14 to 3.07 0.01 1.53 0.86 to 2.03 0.26

TG dyslipidaemia 1.50 0.94 to 2.38 0.09 1.23 0.74 to 2.06 0.42

LDL-C dyslipidaemia 1.70 1.05 to 2.74 0.03 1.11 0.54 to 2.25 0.78

*Age and sex served as additional adjusted factors.
Bold text indicated that multivariate logistic regression analysis for  the variable was statistically significant. 
CRP, C reactive protein; IFG, impaired fasting glucose; LDL-C, low-density lipoprotein cholesterol; RA, rheumatoid arthritis; RF, rheumatoid 
factor; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglycerides.
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risk of comorbid T2DM among patients with RA were 
linear, whereas the dose–response association between 
FPG and the risk of comorbid T2DM was non-linear.

Evidence has shown that RA and T2DM have a common 
pathological basis of inflammation.8 Patients with RA were 
more likely to develop CVD than the general population.9 
Likewise, patients with T2DM were disproportionately 
affected by CVD when compared with the non-diabetic 
population.34 Therefore, there was no doubt that patients 
with RA with comorbid T2DM would bear a dramatically 
greater CVD disease burden than the healthy popula-
tion. The majority of excess CVD risk is correlated to 
an increased prevalence of established traditional risk 
factors such as hypertension, hyperglycaemia and dyslip-
idaemia.9 34

Our results showed that patients with RA with T2DM 
had higher SBP than patients with only RA. It was easy to 
predict the higher levels of FPG in patients with RA+T2DM 
than those in the RA only patients. In addition, a higher 
proportion of patients with RA+T2DM than RA only 

patients displayed IFG. As IFG is a transitional and revers-
ible abnormality during the development of T2DM, this 
factor may theoretically represent a powerful but inex-
pensive tool for cardiometabolic risk stratification.35 IFG 
is superior to oral glucose tolerance in that the former 
could be easily identified with simple FPG measurements, 
but the latter needs to conduct an oral glucose tolerance 
test. Therefore, IFG was a good indicator of T2DM among 
patients with RA. Interestingly, the higher levels of SBP 
and FPG in patients with RA+T2DM might be partially 
attributed to therapeutic corticosteroid use,25 and this 
finding was further supported by the fact that the propor-
tion of corticosteroid use in the RA+T2DM group was 
higher than that in the RA group (76.82% vs 60.87%). 
Healthcare providers should carefully balance the bene-
fits and risks before starting corticosteroid therapy.25 
Interestingly, a recent study suggested a promising ther-
apeutic choice for patients with RA+T2DM, interleukin 
(IL)−1β blocking molecules, as IL-1β is actively involved 
in the pathogenesis of both RA and T2DM.36 The authors 

Figure 1 Adjusted dose–response association between SBP (A), FPG (B) and the risk of T2DM among patients with RA. 
Adjusted factors include age, sex, RF and/or IFG. The Y-axis indicates the ln(OR) of T2DM for any value of SBP or FPG 
compared with the reference values. Dashed lines refer to the 95% CIs. AIC, Akaike information criterion; FPG, fasting plasma 
glucose; IFG, impaired fasting glucose; RA, rheumatoid arthritis; RF, rheumatoid factor; SBP, systolic blood pressure; T2DM, 
type 2 diabetes mellitus.
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found that active patients with RA with concomitant 
T2DM could achieve their treatment goals for both 
diseases (DAS28 <2.6 and HbA1c <7%) after taking anak-
inra.36 Evidence from another study showed that some 
non-tumour necrosis factor targeting biologics and small 
molecules (such as tocilizumab and abatacept) may have 
a role in improving insulin sensitivity.37 Under the setting 
of limited healthcare budgets, these targeted molecules 
with additional therapeutic effects for comorbidities are a 
strongly perceived need.38 Approximately 47.68% of our 
patients with RA+T2DM had an HbA1c level >7%, which 
indicated that almost half of the patients with RA+T2DM 
received insufficient antidiabetic treatment and that 
more aggressive glycaemia control was needed.

Compared with RA alone patients, those with 
RA+T2DM had higher levels of TG as well as higher 
proportions of TC and LDL-C dyslipidaemia. The lipid 
profiles of the two groups revealed that patients with 
RA+T2DM had a greater CVD disease burden than RA 
only patients. Among all types of lipid dyslipidaemia, 
HDL-C dyslipidaemia was the most common one, 

although the prevalence of HDL-C dyslipidaemia was not 
significantly different between the two groups. Our find-
ings were consistent with previous studies.8 39 Surprisingly, 
we found that the DBP, FPG, HbA1c, TC, TG, HDL-C, 
LDL-C levels were lower in patients with RA+T2DM than 
in T2DM only patients. One reasonable explanation is 
that the DM duration of patients with RA+T2DM was 
much shorter than that of DM only patients (18 vs 78 
months). A longer DM duration is related to a higher 
prevalence of CVD risk factors. Future studies should be 
conducted with newly diagnosed patients with T2DM to 
avoid potential bias.

The associations between SBP, FPG, TC, TG and the 
risk of comorbid T2DM among established patients with 
RA were further verified by the subsequent dose–response 
analyses. Importantly, using the drawn dose–response 
curves, we could calculate the risks of developing T2DM 
among patients with RA with any specific levels of the 
above indexes. This would facilitate T2DM risk assess-
ments for patients with RA and enable individualised and 
tailored management strategies for patients with RA.

Figure 2 Adjusted dose–response association between TC (A), TG (B) and the risk of T2DM among patients with RA. Adjusted 
factors include age, sex, RF and IFG. The Y-axis indicates the ln(OR) of T2DM for any value of TC or TG compared with the 
reference values. Dashed lines refer to the 95% CIs. AIC, Akaike information criterion; IFG, impaired fasting glucose; RA, 
rheumatoid arthritis; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride.
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As a retrospective observational study, some limita-
tions could not be avoided. First, as the participants were 
recruited using EMRs and outpatients were not included, 
we were unable to calculate the exact incidence of T2DM 
in established patients with RA. Second, the data were 
retrospectively collected and a considerable proportion 
of participants were excluded because of missing values, 
which may lead to selection bias. Third, the confounding 
effects that the between-group treatment differences have 
on the various metabolic indexes should not be neglected, 
although age-PSM and sex-PSM was conducted. Fourth, as 
a case–control study without a follow-up period, the causal 
relationship between the potential factors and the risk of 
developing T2DM among patients with RA could not be 
definitively proven. Fifth, recent studies have revealed a 
close association between uncontrolled disease activity 
(poor EULAR-DAS28 response) and the risk of devel-
oping T2DM.40 41 However, we were unable to verify their 
findings as the EULAR-DAS28 forms were not routinely 
included in the medical records and the patients were 
not regularly followed up after discharge. Disease activity 
should be taken into consideration in future research. 
Finally, the single-centre design may reduce the external 
validity of our results.40 Nevertheless, our results reflect 
the current climate of managing of metabolic abnormal-
ities among patients with RA with T2DM in a real-world 
clinical setting.

COnClusIOns
In conclusion, patients with RA+T2DM were more likely 
to exhibit metabolic abnormalities than those in RA only 
patients. Patients with RA+T2DM deserve more atten-
tion from rheumatologists and endocrinologists. Lipid 
levels should be routinely monitored and more stringent 
control of hypertension and glycaemia are warranted. 
Well-designed and large-sample studies are needed to 
validate our findings.
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