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ABSTRACT 
Objectives  To examine the association of diabetes-specific health literacy (DSHL) and 
health-related quality of life (HRQoL) among elderly individuals with prediabetes in rural 
China.
Design,setting and participants A cross-sectional study included 434 elderly individuals 
with prediabetes from 42 villages in rural China.
Main outcome measures  HRQoL was assessed using the Medical Outcomes Study 
36-Item Short Form Health Survey (SF-36). DSHL was measured by a validated questionnaire 
in China. Differences in HRQoL between groups with and without adequate DSHL were tested 
by multivariate analysis of covariance (MANCOVA).
Results  The prevalence of prediabetes was 21.5%. The average age of participants (n=434) 
was 69.4±6.4 years, and 58.5% were female. The median DSHL score was 10.0 points, and 
only 12.2% had adequate DSHL. Bivariate analysis showed that those with adequate DSHL 
had increases of 2.9 points in the physical health component score (PCS) and 4.4 points in the 
mental health component score (MCS) compared to those without. After adjustment for 

confounders, a significant MANCOVA model (Wilks’=0.974, F=5.63, P=0.004) indicated 
that individuals with prediabetes who had adequate DSHL reported higher MCS (Mdiff=3.5, 
95%CI: 1.8, 6.3, effect size=0.38). This remained significant across subscales: general health 
(P=0.028), vitality (P=0.014), social functioning (P=0.017) and mental health (P=0.005).
Conclusions Low DSHL was associated with worsening HRQoL among elderly individuals 
with prediabetes in rural China, particularly in the mental health components.

Keywords quality of life; health literacy; elderly; prediabetes
Trial registration number ChiCTR-IOR-15007033
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Article summary
Strengths and limitations of this study
 This is the first study to examine the association between health-related quality of 

life (HRQoL) and diabetes-specific health literacy among elderly individuals with 
pre-diabetes in rural China.

 The study provides valuable information on HRQoL among elderly with prediabetes 
in rural areas in China.

 The association between HRQoL and DSHL is analysed form eight domains , as well 
as from the physical health component and the mental health component, making 
the results more comprehensive.

 The cross-sectional study design makes causal.
 relationships undeterminable. The study is limited by its self-reported design.
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Introduction
Prediabetes describes individuals who have impaired fasting glucose (IFG) or/and impaired 
glucose tolerance (IGT)1. Several studies have identified that individuals with prediabetes 
have a high risk of developing diabetes, and the occurrence increases with age2 3. 
Approximately 5%–10% of people with prediabetes become diabetic annually, although the 
conversion rate varies by population and the definition of prediabetes 4 5. Therefore, people 
with prediabetes are an important target group for interventions intended to prevent diabetes.

Health-related quality of life (HRQoL) refers to how individuals subjectively assess their 
own well-being and their ability to perform physical, psychological and social functions6. 
Several studies have demonstrated that many risk factors, such as smoking, chronic diseases, 
poor diet, insufficient physical activity, and overweight, lead to lower HRQoL 7-9. Studies have 
also found that the HRQoL score was relatively lower among individuals with IGT than 
among the healthy population; additionally, individuals progressing to prediabetes or 
diabetes suffer from greater loss in HRQoL than people with persistent normal glucose 
tolerance10-12. Moreover, HRQoL affects both the entry and subsequent utilization of health 
services and the cost of health care in China 13 14. Thus, assessing HRQoL in the intermediate 
period between normal plasma glucose and diabetes enables us to investigate its influencing 
factors and consequently create interventions to improve it, especially by relieving pain, 
malaise and consequences of diseases 15.

Health literacy (HL) is the degree to which individuals have the capacity to obtain, 
process and understand the basic health information and service need to make informed 
health decision16. Over the past decades, a growing body of research suggests that inadequate 
HL is associated with adverse health outcomes, such as poor self-rated health, 
misunderstandings about medical conditions and increased mortality risk17-19. Moreover, 
inadequate HL is common in individuals with type 2 diabetes and has been associated with 
diabetes outcomes, including worse glycemic control and increased risk for hypoglycemia 20 21. 
However, HL is arguably a broad multidimensional concept that serves as a bridge between 
literacy skills and abilities and the illness context in which individuals find 
themselves22.Clearly, some dimensions of literacy skills and abilities are generalizable across 
all health populations. However, in the presence of a specific illness context, some 
disease-specific HL would seem necessary for successful self-management of that disease. For 
example, diabetes-specific HL (DSHL) is particularly salient in the assessment of self-care for 
diabetes or prediabetes in older adults 23. Nevertheless, there is no clear definition of DSHL in 
the current literature. A study demonstrated that DSHL was positively associated with 
self-graded assessment of diabetes care24. Some studies have indicated that DSHL is 
associated with diabetes-related knowledge, self-efficacy, diabetes-care behaviors and 
glycemic control25 26.
    Several studies have evaluated the association between HL and HRQoL among patients 
with type 2 diabetes 27, hypertension 28and ischemic heart disease29. A meta-analysis including 
12,303 subjects indicated that the pooled correlation coefficient between HL and QoL was 
0.3530. Another study covering 1774 junior middle school students showed that students who 
were equipped with higher HL were associated with greater QoL31. However, few studies have 
investigated the relationship between specific HL and QoL, and almost no studies in the 
literature have explored the effect of diabetes-specific HL on HRQoL among elderly 
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individuals with prediabetes. Moreover, there is still a paucity of published studies on DSHL 
and HRQoL among elderly individuals with prediabetes in rural areas in China.

Therefore, the purpose of our study was to investigate the situation of HRQoL and DSHL 
among the elderly with prediabetes in rural areas in China. Moreover, we intended to explore 
the association between DSHL and HRQoL. We hypothesized that elderly individuals with 
prediabetes with sufficient DSHL would report higher HRQoL scores. We hope that this study 
will contribute to the formulation of effective interventions to improve QoL and promote 
diabetes prevention.

Research design and methods
Study design
This cross-sectional study was conducted in the rural areas of Yiyang City of Hunan Province 
in China between April and July 2015. The study was registered at the Chinese Clinical Trial 
Registry (trial registration number: ChiCTR-IOR-15007033). The study was approved by the 
Medical Ethics Committee of Central South University (Changsha, China; Identification Code: 
CTXY-150002-7; 27 February 2015). All participants signed the respective consent forms.
Sample size
Sample size was calculated using the formula for cross-sectional studies, as follows:

𝑁 =
𝑍2

1 ― /2𝑝(1 ― 𝑝)

𝑑2

where =1.96 when =0.05, p is the prevalence of prediabetes (which was 20% in this 𝑍2
1 ― /2

study according to our presurvey), and d is an admissible error (which was 4%). According to 
the formula, the theoretical sample size was 423, which included an extra 10% to allow for 
subjects lost during the study.
Participants

Participants in this study were aged 60 years and older and were from the rural areas of 
Yiyang City of Hunan Province. To select a representative sample of the elderly population 
with prediabetes, a screening program was carried out among the elderly population in Yiyang 
City. A multistage cluster randomized sampling method was used to select a representative 
sample. In the first stage, two out of six counties were selected according to geographical 
characteristics. In the second stage, 2 (Yangluozhou and Yinfengqiao) out of 11 townships and 
2 (Qingshuzui and Maocaojie) out of 9 townships were randomly selected. In the third stage, 
25% of the rural villages were randomly selected from each chosen township (each township 
contains 30–50 villages). In the final stage, all households in each selected village with elderly 
individuals who had lived in the area for 3 years or longer were eligible to participate in the 
screening program. Those with severe physical and mental illness as well as diabetes were 
excluded from the screening. An oral glucose tolerance test (OGTT) was used to distinguish 
between prediabetes and normal plasma glucose. The diagnostic standards for prediabetes as 
stated in the 1999 WHO criteria32 were (1) an IFG group with fasting plasma glucose of 6.1–
7.0 mmol/L and a 2-hour postglucose load of <7.8 mmol/L; (2) an IGT group with a 2-hour 
postglucose load of 7.8–11.1 mmol/L and fasting plasma glucose of ≤6.1 mmol/L; and (3) an 
IFG+IGT group.

More details of the study population and screening procedure have been published 
elsewhere33. In brief, 2144 elderly individuals took part in the screening program, and 461 
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elderly individuals had prediabetes. For various reasons, 21 of those with prediabetes 
provided no response, and the response rate was 95.4%. Six more individuals had incomplete 
data. Finally, a total of 434 individuals with prediabetes from 42 villages were included in this 
study.

Data collection 
   Sociodemographic information was collected by trained staff using a set of structured 
questionnaires, which included age, gender, education, marital status, presence of other 
chronic diseases, history of hyperglycemia, family history of diabetes, physical activity, 
smoking and alcohol drinking. Marital status was classified as married and nonmarried. 
Nonmarried status included divorced, never married, lost a partner and living together 
without a marriage certificate. Chronic diseases included hypertension, coronary heart disease, 
dyslipidemia and others. History of hyperglycemia was defined as a situation of fasting 
glucose >6.1 mmol/L or 2-hour glucose >7.8 mmol/L without a diagnosis of diabetes. Physical 
activity was assessed using the International Physical Activity Questionnaire-long version 

(IPAQ), and individuals who achieved 600 MET-min/week were categorized as active34. 
Smoking was defined as averaging one or more cigarettes in the last year. Alcohol drinking 
was defined as drinking a glass of wine (approximately 250 mL beer or 100 mL sake or 20 mL 
liquor).
    Anthropometric measurements, including height, weight, blood pressure, waist 
circumference and hip circumference, were assessed using a standard tool. The measurement 
procedure was published in a previous study35. Body mass index (BMI) was calculated using 
the formula of weight in kilograms divided by height in m2 (kg/m2). The current Chinese 
standard classification states that the cut-off values for normal weight, overweight and obesity 
BMI are 18.5 kg/m2, 24.0 kg/m2 and 28.0 kg/m2 36, respectively. Hypertension was defined as 
systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg. The waist 
to hip ratio (WHR) was calculated by dividing the waist circumference by the hip 
circumference. A WHR >0.9 in men or >0.8 in women was defined as abnormal WHR37.
    DSHL was assessed using the Questionnaire of Health Literacy of Diabetes Mellitus of the 
Public in China designed by the Chinese Center for Health Education38. This questionnaire 
has high reliability and validity, with a Cronbach’s α of 0.86635. The questionnaire is 
organized into three main domains: diabetes-related knowledge, diabetes-related behavior, 
and acquisition and utilization of diabetes information. The diabetes-related knowledge 
section assessed attitudes toward diabetes, typical symptoms of diabetes, complications of 
diabetes, factors conferring a high risk of developing diabetes and methods to prevent 
diabetes. The diabetes-related behaviors included sitting time duration, physical exercise, 
dietary pattern, physical examination, and smoking and alcohol drinking habits. In the part 
about the acquisition and utilization of diabetes information, the participants were asked 
about the method or way to find diabetes-related information, the degree of their acquisition 
of diabetes-related information and their ability to identify the correctness of diabetes-related 
information. An alternative classification was used where the scores 19.5 points and above 
were classified as adequate DSHL and remaining classified as inadequate38.

HRQoL was assessed using the Medical Outcomes Study 36-Item Short Form Health 
Survey (SF-36). The SF-36 health survey questionnaire has been translated and validated in 
Chinese, and the Chinese version has been proven to be reliable and valid in an elderly 
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population 39.This 36-item measure is organized into eight domains that constitute two main 
components: the physical health component and the mental health component. The physical 
health component includes four parts: physical functioning (PF), role physical (RP), bodily 
pain (BP) and general health (GH). Vitality (VT), social functioning (SF), role-emotional (RE) 
and mental health (MH) are included in the mental health component. The eight domains 
were scored from 0 to 100, indicating the worst to best possible health. Each domain score 
was further summarized and standardized into the physical component score (PCS) and the 
mental component score (MCS) according to American norms to allow for international 
comparisons40.
Data analysis
   Data were presented as n (%) for categorical variables and meanSD or median (P25-P75) 
for numerical variables. Nonparametric tests were used because the distribution of the DSHL 
scores was non-Gaussian. The Mann-Whitney U test or Kruskal-Wallis test was used to 
identify the differences in total DSHL scores according to different variables. The t-test or 
one-way variance (ANOVA) was used to compare the differences in the scores for different 
domains of HRQoL. General linear models of multivariate analysis of covariance (MANCOVA) 
were used to test differences in HRQoL between the adequate DSHL group and the 
inadequate group. Sociodemographic and anthropometric variables were treated as possible 
covariates. A significant MANCOVA was followed by univariate F-tests using the Wilks’ λ 
statistic. Linear independent pairwise comparisons were analyzed to examine the magnitude 
of the difference in the mean scores of the dependent variables. Effect sizes (d) were 
computed by dividing the difference in means between groups by the pooled SD and were 

interpreted as small (d0.20), medium (0.2<d0.50) or large (0.5<d0.80)41. The data were 
analyzed using SPSS Version.20.0 (SPSS/IBM, Armonk, New York, USA).
Results
DSHL score
A total of 461 elderly individuals had prediabetes, and the prevalence of prediabetes was 21.5% 
(461/2144) in rural areas of Yiyang City. In total, 434 elderly individuals with prediabetes 
were included in this study. The average age of all participants was 69.4±6.4 years. The 

average fasting plasma glucose was 5.90.5 mmol/L, and the average 2-hour plasma glucose 
load was 7.21.9 mmol/L. A majority of the subjects were female, had completed less than 6 
years of education, smoked, drank no alcohol and had no hypertension. The characteristics of 
the study subjects are shown in Table 1.
   The overall median DSHL score was 10.0 (IQR 7.0-13.0). A total of 53 (12.2%) subjects 
with prediabetes had adequate DSHL. Men had lower HL scores than women. Furthermore, 
married elderly individuals had higher DSHL scores than nonmarried individuals. Individuals 
with a history of hyperglycemia had a higher DSHL score than people with no history. 
Similarly, individuals with prediabetes who had completed 6 years or more of education had a 
higher score than those who had completed less than 6 years. The DSHL score according to 
different characteristics is presented in Table 1.

Table 1 The DSHL score according to different characteristics

Characteristics n (%) DSHL score† P-value‡

Age
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  60-70 years 239 (55.1) 10.0 (8.0-15.0) 0.461
  70 years and older 195 (45.9) 10.0 (7.5-11.0)
Gender
  Male 180 (41.5) 9.0 (7.0-12.0) <0.001
  Female 254 (58.5) 11.0 (8.0-13.0)
Marital status
  Married 312 (71.9) 10.0 (7.0-13.0) 0.044
  Nonmarried 122 (28.1) 9.0 (7.0-11.0)
Education
  Less than 6 years 353 (83.3) 9.0 (6.5-12.0) <0.001
  6 years and more  81 (18.7) 12.0 (9.0-16.0)
History of hyperglycemia
  Yes   28 (6.5) 12.5 (9.3-20.5) 0.001

No 406 (93.5) 9.0 (7.0-12.0)
Family history of diabetes
  Yes  36 (8.3) 12.0 (7.0-13.8) 0.165

No 398 (91.7) 10.0 (7.0-12.0)
Have other chronic disease
  Yes 176 (40.6) 10.0 (7.0-13.0) 0.544

No 258 (59.4) 10.0 (7.0-13.0)
Physical activity

Active 182 (41.9) 10.5 (8.0-13.5) 0.227
Inactive 252 (58.1)  9.5 (8.0-13.0)

Smoking 
Yes 237 (54.6) 10.0 (8.0-12.0) 0.525
No 197 (45.4) 10.0 (8.0-13.0)

Alcohol drinking
Yes  98 (22.6) 10.0 (8.0-12.0) 0.308
No 336 (77.4) 10.0 (7.5-13.0)

BMI
  Lean   17 (3.9)  9.0 (5.5-13.5) 0.547
  Normal 233 (53.7)  9.0 (7.0-13.0)
  Overweight 129 (29.7) 10.0 (7.0-12.0)
  Obese  55 (12.7) 10.0 (7.0-13.0)
Hypertension
  Yes 173 (39.9) 10.5 (8.5-13.0) 0.256

No 261 (61.1) 9.5 (8.0-12.0)
WHR
  Normal  77 (17.7) 9.0 (7.0-12.0) 0.074
  Abnormal 357 (82.3) 10.0 (7.0-13.0)

DSHL, diabetes-specific health literacy
†Data are presented as the median (P25-P75)
‡P value was determined by Kruskal-Wallis test or Mann-Whitney U test.
BMI, body mass index; WHR, waist to hip ratio
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Health-related quality of life score 
Individuals with prediabetes reported a PCS of 42.1 points (95%CI: 41.2, 43.1) and an MCS of 

46.4 points (95%CI: 45.5, 47.1). The PCS of the four domains were 76.123.4, 71.442.4, 
75.715.9 and 57.821.5, and the MCS of the four domains were 72.218.1, 79.717.1, 
85.133.3 and 74.817.5. The means and their SDs for eight subscales of HRQoL scores 
according to different characteristics are shown in Table 2. Neither domain score showed a 
significant difference for the variables of gender, family history of diabetes or alcohol drinking 
(All P >0.05). The BP and GH scores were lower among people aged 70 years and older. The 
MH score was lower among people who were not married. Individuals with prediabetes who 
had completed 6 years of education or more had higher SF and RE scores than people 
educated 1-6 years. Individuals who achieved active physical activity seemed to have higher 
scores in the PF, BP and GH domains. The RP, GH and RE scores were similarly higher 
among elderly people with normal BMI. Moreover, individuals with normal WHR had higher 
BP, SF and RE scores.

Table 2  HRQoL scores of eight domains measured by SF-36

Physical Health Components Mental Health Components
Characteristics

PF RP BP GH VT SF RE MH

Overall 76.123.4 71.442.4 75.715.9 57.821.5 72.218.1 79.717.1 85.133.3 74.817.5

Age

  60-70 years 76.923.5 74.141.6 77.416.6* 60.021.5* 72.917.7 80.516.6 87.231.1 75.717.4

  70 years and older 74.923.1 67.243.4 73.114.4* 54.821.1* 71.118.8 78.517.8 82.036.3 73.417.7

Gender

  Male 75.823.4 73.341.4 74.916.5 58.520.7 72.518.3 80.716.3 86.032.3 74.218.5

  Female 76.323.4 70.143.2 76.315.5 57.222.1 72.018.0 79.017.6 84.534.0 75.216.9

Marital status

  Married 75.623.9 73.242.2 75.316.3 58.821.6 73.018.1 79.716.9 85.433.2 76.016.9*

  Nonmarried 77.521.8 66.642.9 76.714.9 54.920.8 69.918.1 79.817.7 84.433.6 71.418.8*

Education

 Less than 6 years 75.923.6 71.042.7 75.715.7 57.421.5 71.518.5 78.816.9* 83.134.9* 74.417.6

 6 years and more 76.922.8 73.341.4 75.716.7 59.121.4 75.016.3 83.217.5* 93.124.5* 76.317.2

History of hyperglycemia

  Yes 75.923.5 67.943.3 73.2 12.9 51.230.1* 64.020.9* 76.0 17.3 80.936.6 69.2 19.9

No 77.222.5 71.942.3 76.016.2 58.520.3* 73.217.5* 80.2 17.0 85.732.9 75.5 17.1

Family history of diabetes

  Yes 75.723.9 72.942.3 75.216.2 58.421.9 72.718.2 79.516.8 84.534.0 75.617.2

No 77.222.1 67.542.5 77.115.0 55.920.3 70.817.8 80.317.9 86.831.4 72.618.4

Other chronic disease

  Yes 72.924.1* 72.042.6 71.716.2* 56.720.5 71.918.0 78.717.1 84.833.5 74.018.3

No 78.122.7* 71.142.4 78.115.2* 58.422.1 72.418.2 80.317.1 85.333.2 75.317.0

Physical activity

Active 80.424.5* 72.942.8 78.517.2* 61.621.8* 73.816.4 80.918.3 90.128.0 76.316.4

Inactive 74.523.7* 70.942.3 74.615.3* 56.321.2* 71.618.7 79.216.6 83.334.9 74.217.9
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Smoking 

Yes 76.224.2 70.143.2 75.316.3 57.221.4 71.918.1 78.117.8* 85.033.8 73.817.4

No 75.922.4 73.041.5 76.115.5 58.521.5 72.618.2 81.716.1* 85.432.8 75.917.7

Alcohol drinking

Yes 76.3 23.1 71.142.7 75.315.7 57.721.4 72.718.0 79.616.9 84.034.5 74.817.4

No 75.424.5 72.441.5 76.816.7 57.921.7 70.418.6 80.117.9 89.128.6 74.518.0

BMI

  Lean 79.125.4 60.945.7* 73.913.4 53.723.5* 65.617.7 78.7 16.0 78.339.7* 69.220.7

  Normal 76.722.8 77.039.6* 76.116.0 59.920.3* 73.7 18.0 81.2 17.1 89.228.5* 75.717.3

  Overweight 75.124.5 76.639.2* 76.215.3 57.721.5* 70.718.8 78.717.5 82.636.2* 73.916.9

  Obese 74.123.2 47.047.2* 73.917.4 51.623.9* 71.117.3 76.016.3 76.140.5* 74.418.0

Hypertension

  Yes 78.022.9* 66.944.4 75.317.1 55.523.8 71.018.7 77.817.5 78.538.0* 74.717.7

No 73.123.8* 74.340.9 75.915.1 59.219.8 73.017.9 80.916.7 89.429.2* 74.817.5

WHR

  Normal 77.323.5 72.841.6 78.417.1* 59.221.6 72.818.3 81.615.8* 88.129.8* 76.017.6

  Abnormal 74.423.2 69.443.6 71.813.1* 55.821.2 71.417.8 76.918.4* 80.937.5* 73.117.4

Data are presented as the meanSD, and analysis was performed using analysis of variance (ANOVA) or 

t-test. *P<0.05; PF, physical functioning; RP, role physical; BP, bodily pain; GH, general health; VT, 

vitality; SF, social functioning; RE, role-emotional; MH, mental health

Association between DSHL and HRQoL 
Crude analysis indicated that when the eight subscales of HRQoL were placed as the 
dependent variables and DSHL (as a binary variable) was entered as the independent variable, 
the overall MANCOVA showed significant differences in the general health, vitality, social 

functioning and mental health scores between the two groups (Wilk’=0.955, F=2.44, 
P=0.014). After adjusting for other covariants, individuals with adequate DSHL reported 
higher scores on GH (Mdiff=6.8, P=0.028), VT (Mdiff=6.6, P=0.014), SF (Mdiff=6.0, P=0.017) 
and MH (Mdiff=7.4, P=0.005) than did those with inadequate DSHL. The associations 
between DSHL and different domains of HRQoL are shown in Table 3.

Crude analysis showed that with two components of HRQoL entered as dependent 
variables, the overall MANCOVA was significant (Wilks’=0.965, F=7.87, P<0.001). 
Individuals with adequate DSHL had higher PCS (Mdiff=2.9, ES=0.30) and MCS (Mdiff=4.4, 
ES=0.47) than those with inadequate HL after adjusting for age, gender, education, marital 
status, other chronic diseases, family history of diabetes, history of hyperglycemia, physical 
activity, hypertension, smoking, drinking, BMI and WHR. A linear independent pairwise 
comparison indicated that individuals with prediabetes who had higher DSHL reported 
higher MCS (Mdiff=3.5, 95%CI: 1.8, 6.3) with a medium effect size (ES=0.38). The association 
between DSHL and HRQoL among elderly individuals with prediabetes is shown in Table 4.

Table 3 Association between DSHL and different subscales of HRQoL among elderly individuals with 

prediabetes

Adequate DSHL Inadequate DSHL Difference
Sf-36 domains

Mean SE Mean SE Mdiff (95%CI) ES(d) P-value
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Crude analysis (Wilk’=0.955, F=2.44, P=0.014) 

PF 80.0 3.2 75.5 1.2 4.6 (-2.3,11.2) 0.20 0.193

       RP 74.5 5.8 70.9 2.3 3.5 (-5.7,15.4) 0.08 0.224

       BP 78.9 2.2 75.2 0.8 3.7 (-1.8, 8.3) 0.23 0.110

       GH 64.5 2.9 56.8 1.1 7.6 (1.6,13.7) 0.38 0.013

       VT 78.9 2.5 71.3 0.9 7.5 (2.4,12.8) 0.42 0.004

       SF 86.0 2.3 78.8 0.9 7.2 (2.4,12.1) 0.43 0.001

RE 91.2 4.6 84.3 1.7 6.9 (-2.7,16.5) 0.21 0.158

       MH 81.8 2.4 73.8 0.9 8.0 (3.0,13.0) 0.46 0.002

Adjusted analysis (Wilk’=0.958, F=2.31, P=0.019) †

PF 79.6 3.2 75.6 1.2 4.0 (-2.8,10.8) 0.17 0.252

       RP 73.1 5.9 71.2 2.1 1.9 (-6.7,14.2) 0.07 0.186

       BP 78.4 2.1 75.3 0.8 3.1 (-1.2,7.5) 0.19 0.161

       GH 63.7 2.9 56.9 1.1 6.8 (1.7,12.9) 0.33 0.028

       VT 78.0 2.5 71.4 0.9 6.6 (1.3,11.8) 0.37 0.014

       SF 84.9 2.3 79.0 0.9 6.0 (1.1,10.9) 0.36 0.017

RE 88.0 4.6 84.7 1.7 3.4 (-6.2,12.9) 0.10 0.492

       MH 81.2 2.4 73.9 0.9 7.4 (2.3,12.5) 0.43 0.005

DSHL, diabetes-specific health literacy; PF, physical functioning; RP, role-physical; BP, bodily pain; GH, general 

health; VT, vitality; SF, social functioning; RE, role-emotional; MH, mental health.

† Adjusted for age, gender, education, marital status, other chronic disease, physical activity, family history of 

diabetes, history of hyperglycemia, smoking, drinking, hypertension, BMI and WHR.

Mdiff, mean difference; ES(d), mean difference/pooled SD. 

Table 4 Association between DSHL and HRQoL among elderly individuals with prediabetes

 Adequate DSHL  Inadequate DSHL Difference
Variables

Mean SE Mean SE Mdiff (95%CI)  ES (d)  P-value

Crude analysis (Wilks’=0.965, F=7.87, P<0.001)

PCS 44.6 1.3 41.7 0.5 2.9 (1.4,5.7)  0.30 0.046

MCS 50.2 1.3 45.8 0.5 4.4 (1.7,7.1)  0.47 0.001

Adjusted analysis (Wilks’=0.974, F=5.63, P=0.004)†

PCS 44.4 1.3 41.8 0.6 2.6 (-1.2,5.4) 0.27 0.067

MCS 49.4 1.3 45.9 0.7 3.5 (1.8, 6.3) 0.38 0.012

DSHL, diabetes-specific health literacy; Mdiff, mean difference; ES (d), mean difference/pooled SD; PCS, physical 

component summary score; MCS, mental component summary score.

†Adjusted for age, gender, education, marital status, other chronic disease, physical activity, family history of diabetes, 

history of hyperglycemia, smoking, drinking, hypertension, BMI and WHR.

Discussion
   This cross-sectional study showed a high prevalence (21.5%) of prediabetes among the 
elderly population in rural areas in China, which is similar to the findings of the earlier study42. 
The results, together with the large population living in rural areas, suggest that this serious 
public health problem in China requires better prevention.
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   Many studies have used general HL measurement instruments, such as REALM or 
TOFHLA, which are not disease or condition-specific. However, the literature lacked valid 
tools for the measurement of disease-specific HL. Fortunately, an increasing number of 
studies have developed a series of new assessment instruments for DSHL 43 44. Therefore, our 
study used a DSHL questionnaire with high reliability and validity that was designed by the 
Chinese Center for Health Education. The questionnaire was able to effectively examine the 
level of HL about diabetes knowledge, diabetes preventive behaviors and the acquisition and 
utilization of diabetes information among individuals with prediabetes35 38. The results of this 
study indicated that the DSHL among elderly individuals with prediabetes in rural areas is 
relatively low. Only 12.2% of subjects have sufficient DSHL, which was similar to the results 
using the same questionnaire administered previously to 4282 residents aged 18–60 years in 
China38. Furthermore, based on the results of the univariate analysis, the DSHL score showed 
significant differences in the variables of gender, education and history of hyperglycemia, 
which are consistent with the findings of other studies45 46.
   Although the effect of HL on HRQoL has been widely discussed among some populations 
in previous studies47-49, few studies have explored the association between HL and HRQoL 
among individuals with prediabetes. There is also a lack of research probing the effect of 
disease- or condition-specific HL on HRQoL. To our knowledge, this is the first study to 
examine the relationship between DSHL and HRQoL among elderly individuals with 
prediabetes. The results of this analysis partially support the research hypotheses. DSHL was 
positively associated with mental well-being of HRQoL according to bivariate and 
multivariate analyses. Compared with individuals with prediabetes with lower HL levels, 
subjects with higher HL had better mental well-being (SF-36 MCS), especially in the VT, SF 
and MH subscales. However, the relationship between HL levels and physical well-being 
(SF36-PCS) was significant only in the bivariate model and became nonsignificant after 
controlling for sociodemographic and somatometric covariates. More specifically, the elderly 
with prediabetes who had sufficient diabetes-specific HL reported higher MCS scores 
(Mdiff=3.5, 95%CI: 1.8, 6.3) than did the participants with insufficient HL after controlling for 
other confounders. These results are in concordance with those of previous studies that 
targeted the relationship between general HL and HRQoL7 50-53. For instance, a cohort study 
of type 2 diabetes demonstrated that patients with adequate HL had a 2.1-point increase in 
PCS and a 3.1-point increase in MCS compared to those with inadequate HL51. In another 
study, Jayasinghe and her colleagues found that HL accounted for 45% and 70% of the total 
between-patient variance explained in PCS-12 and MCS-12, respectively7. Furthermore, a 
study conducted in 605 patients with symptomatic heart failure (HF) showed that those with 
adequate literacy had better HRQoL scores (mean difference=7.2,P<0.01) than did those with 
low literacy52. A cross-sectional survey of 1841 cancer patients in Wisconsin also indicated 
that higher HL was positively associated with the physical, functional, emotional, and social 
well-being subscales of HRQoL53. However, our results also contradict the findings of 
previous studies that examined the association27-29 54-56. Data from a clinical trial that included 
154 predominantly white patients with type 2 diabetes who screened positive for depression 
showed that the between-HL group difference in change over 1 year was only nonsignificant at 
0.76 points for PCS and 0.56 points for MCS27. In another study conducted among frequent 
users of health care services, no association was found between HL and QoL on both PCS and 
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MCS 55. Two other studies 29 54 demonstrated that HL was not significantly associated with 
only the mental component of HRQoL. A prospective cohort study of 4278 older adults in the 
UK showed that low HL significantly predicted declines in the physical, psychological and 
environmental domains of QoL but not in the social relationship QoL 56. There are three 
reasons for this variance. First, most studies pay attention to the impact of general HL rather 
than specific HL on QoL. However, general HL includes the ability to obtain, process and 
understand all basic health information, not just a specific disease. Secondly, the various 
studies used different measurement tools of HL and HRQoL. Lastly, the contradictory results 
were also likely due to differences in the study populations and sample size.

These results suggest that individuals with newly diagnosed prediabetes who have higher 
levels of DSHL may have higher HRQoL, especially for the mental health component. A 
potential explanation for the relationship between DSHL and the physical and mental 
components of HRQoL may be that low DSHL limits individuals’ understanding of complex 
information about diabetes knowledge, prevention, diagnosis and treatment and thus 
becomes a barrier to individuals’ participation in medical processes. Moreover, people with 
lower HL tend to have difficulty communicating, which prevents them from asking questions, 
clearly expressing their concerns, emotions, and needs to providers and seeking additional 
services, such as support for mental health50 53. As we discussed previously, individuals with 
inadequate DSHL may have difficulties obtaining or/and understanding diabetes knowledge, 
be slower to adopt positive diabetes prevention behaviors and lack the approach of seeking 
diabetes care information. Furthermore, as a previous study found that subjects with low 
literacy were 3 times more likely to have depression54, insufficient DSHL may further limit the 
patient’s ability to talk with their families and health care providers about difficult emotional 
issues or abstract psychosocial implications of diabetes. Individuals with lower levels of DSHL 
may not have knowledge of signs or symptoms of concern and may experience a psychological 
panic, reducing the MCS of HRQoL. Furthermore, the finding that DSHL is associated with 
changes in HRQoL outcomes in the prediabetes population raises the need for testing the 
hypothesis of whether DSHL is a modifiable factor and, if so, considering whether 
interventions aimed at improving DSHL through health education also lead to improvement 
in HRQoL in this population. To date, there is no evidence on whether HL is a modifiable 
factor, but many studies that address DSHL may play a key role in health promotion and 
improve glycemia outcome57.

Our study also revealed that individuals with prediabetes showed lower PCS than MCS, 
and the mean scores of the four domains of the mental health components were likewise 
higher than those of four subscales of the physical health components, which was consistent 
with the findings of other studies58 59. One explanation is that some elderly have difficulties in 
physical activities due to illness. A study has also shown that chronic diseases have a stronger 
effect on reducing physical function than psychological function60. Similar to the results of our 
study, elderly individuals with chronic disease, overweight or obesity and physical inactivity 
have lower scores on the subscales of physical function, bodily pain and general health; 
however, these domains are components of the physical health aspect of HRQoL.

Our study also has several limitations. First, its cross-sectional design did not permit 
causal inferences. Furthermore, both cohort studies and randomized controlled trial designs 
garner a deeper understanding of the relationship between DSHL and HRQoL. Second, HL 
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was measured using the public questionnaire of HL of diabetes mellitus. This may influence 
the way in which our study may be compared to previous studies, the majority of which 
measured multidimensional competences rather than a single competence of functional HL. 
However, the definition and measurement of disease-specific HL are evolving and diverse 
across countries. Third, self-administered questionnaires were used to assess HL and HRQoL. 
Thus, inaccurate estimation and recall bias were inevitable. However, this limitation was 
minimized because both instruments used in this study are valid and reliable. Lastly, the 
effect size between HL and HRQoL may be underestimated due to the “over adjustment” for 
confounders.
Conclusions
    In summary, inadequate DSHL was associated with lower HRQoL among elderly 
individuals with prediabetes in rural areas in China, particularly in mental health components, 
although the difference could be considered small after accounting for sociodemographic and 
anthropometric characteristics. These findings suggest that assessing and improving DSHL 
may be important in individuals with prediabetes.
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Association between diabetes-specific health literacy and health-related quality of life 
among elderly individuals with prediabetes in rural Hunan Province, China: A 
cross-sectional study

Zhao Hu1, Lulu Qin2, Huilan Xu1,*  

1 Department of Social Medicine and Health Management, Xiangya School of Public 
Health, Central South University, Changsha, 410078 ,China(15200807487@163.com)
2 Department of Social Medicine and Health Management, School of Medicine, Hunan 
Normal University, Changsha, 410013, China(qinlulu_1989@sina.com)
*Correspondence: Huilan Xu, E-mail: xhl6363@sina.com; Tel./Fax: +86-731-8480-5459

ABSTRACT 
Objectives  To examine the association between diabetes-specific health literacy (DSHL) 
and health-related quality of life (HRQoL) among elderly individuals with prediabetes in rural 
China.
Design,setting and participants A cross-sectional study included 434 elderly individuals 
with prediabetes from 42 villages in rural China.
Main outcome measures  HRQoL was assessed using the Medical Outcomes Study 
36-Item Short Form Health Survey (SF-36). DSHL was measured by a validated questionnaire 
in China. Differences in HRQoL between groups with and without adequate DSHL were tested 
by multivariate analysis of covariance (MANCOVA).
Results  The prevalence of prediabetes was 21.5%. The average age of participants (n=434) 
was 69.4±6.4 years, and 58.5% were female. Bivariate analysis showed that those with high 
DSHL had increases of 2.9 points in the physical health component score (PCS) and 4.4 points 
in the mental health component score (MCS) compared to those without. After adjustment for 

potential confounders, a significant MANCOVA model (Wilks’=0.974, F=5.63, P=0.004) 
indicated that individuals with prediabetes who had high DSHL reported higher MCS 
(Mdiff=3.5, 95%CI: 1.8, 6.3, effect size=0.38). This remained significant across subscales: 
general health (P=0.028), vitality (P=0.014), social functioning (P=0.017) and mental health 
(P=0.005).
Conclusions Low DSHL was associated with worsening HRQoL among elderly individuals 
with prediabetes in rural China, particularly in the mental health components.

Keywords quality of life; health literacy; elderly; prediabetes
Trial registration number ChiCTR-IOR-15007033
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Article summary
Strengths and limitations of this study
 This is the first study to examine the association between health-related quality of 

life (HRQoL) and diabetes-specific health literacy among elderly individuals with 
pre-diabetes in rural China.

 The study provides valuable information on HRQoL among elderly with prediabetes 
in rural areas in China.

 The association between HRQoL and DSHL is analysed form eight domains , as well 
as from the physical health component and the mental health component, making 
the results more comprehensive.

 The cross-sectional study design makes causal relationships undeterminable.
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Introduction
Prediabetes describes individuals who have impaired fasting glucose (IFG) or/and impaired 
glucose tolerance (IGT)1. Several studies have identified that individuals with prediabetes 
have a high risk of developing diabetes, and the occurrence increases with age 2-4. 
Approximately 5%–10% of people with prediabetes become diabetic annually, although the 
progression rate varies by population and the definition of prediabetes5 6. In China, the 
estimated prevalence of prediabetes was 35.7% in adults and 45.8% in the elderly population 
in 20137. Therefore, people with prediabetes especially for elderly are an important target 
group for interventions intended to prevent diabetes.

   Health-related quality of life (HRQoL) is a comprehensive and multidimensional 
condition that refers to an individual’s perceived physical and mental health under the 
influence of illness, injury and treatment over time8 9.Several studies have demonstrated that 
many risk factors, such as smoking, chronic diseases, poor diet, insufficient physical activity, 
and overweight, lead to lower HRQoL 10-12. Because biomedical measures sometimes may not 
sensitively indicate the deterioration or improment in symptoms and health status, HRQoL 
has been increasingly incorporated as a complementary and essential outcome measure in 
medical interventions and population health surveys to assess changes in physical,mental, 
social and well-being of these individuals. Studies have found that the HRQoL is usually 
impaired in individuals with prediabetes compared to healthy population; additionally, 
individuals with prediabetes progressing to diabetes suffer from a great loss in HRQoL 13-15. 
Moreover, HRQoL affects both the entry and subsequent utilization of health services and the 
cost of health care in China 16 17. Thus, assessing HRQoL in the intermediate period between 
normal plasma glucose and type 2 diabetes is important,beacause the concept has a broader 
definition that enables us to fully understand both the somatic and emotional health status of 
individuals with prediabetes and consequently create interventions to improve it, especially 
by relieving pain, malaise and consequences of diseases 18.

Health literacy (HL) is the degree to which individuals have the capacity to obtain, 
process and understand the basic health information and service need to make informed 
health decision19. Over the past decades, a growing body of research suggests that inadequate 
HL is associated with adverse health outcomes, such as poor self-rated health, 
misunderstandings about medical conditions and increased mortality risk20-22. However, HL 
is arguably a broad multidimensional concept that serves as a bridge between literacy skills 
and abilities and the illness context in which individuals find themselves 23.Clearly, some 
dimensions of literacy skills and abilities are generalizable across all health populations. 
However, in the presence of a specific illness context, some disease-specific HL would seem 
necessary for successful self-management of that disease. For example, diabetes-specific HL 
(DSHL) is particularly salient in the assessment of self-care for type 2 diabetes in adults 24. 
Nevertheless, there is no clear definition of DSHL in the current literature. In general, DSHL 
represents the ability to obtain and understand diabetes-related information and to make 
informed diabetes care decisions. A study demonstrated that DSHL was positively associated 
with self-graded assessment of diabetes care25. Some studies have indicated that DSHL is 
associated with diabetes-related knowledge, diabetes-care behaviors and glycemic control26 27.

Several studies have evaluated the impact of HL on HRQoL in patients with type 2 
diabetes 28, hypertension 29and ischemic heart disease30.  However, these studies focus on 
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HL related to obtaining and comprehending general medical information rather than disease 
or condition-specific HL.Furthermore,some HRQoL measures have also been widely used in 
cost-utility analyses to determine the cost-effectiveness of treatments and interventions in 
several populations including those with chronic conditions31 32. Therefore,an exploration of 
the impact of DSHL on HRQoL would also be of great importance for determining whether it 
is necessary to incorporate it as a potential confounding factor in cost-utility analyses of type 
2 diabetes interventions.At present, there is a few studies have investigated the relationship 
between specific HL and HRQoL, and almost no studies in the literature have explored the 
effect of diabetes-specific HL on HRQoL among individuals with prediabetes. 

Therefore, to address these issues and to help bridge the gap between HL and outcome 
research in individuals with prediabetes, the current study aimed to explore the impact of 
DSHL on HRQoL among the elderly with prediabetes in rural areas in China.We hypothesized 
that elderly individuals with prediabetes with high DSHL would report better HRQoL. We 
hope that this study will contribute to the formulation of effective interventions to improve 
HRQoL and promote diabetes prevention.

Research design and methods
Study design
This cross-sectional study was conducted in the rural areas of Yiyang City of Hunan Province 
in China between April and July 2015. The study was registered at the Chinese Clinical Trial 
Registry (trial registration number: ChiCTR-IOR-15007033). The study was approved by the 
Medical Ethics Committee of Central South University (Changsha, China; Identification Code: 
CTXY-150002-7; 27 February 2015). All participants signed the respective consent forms.
Sample size
Sample size was calculated using the formula for cross-sectional studies, as follows:

𝑁 =
𝑍2

1 ― /2𝑝(1 ― 𝑝)

𝑑2

where =1.96 when =0.05, p is the prevalence of prediabetes (which was 20% in this 𝑍2
1 ― /2

study according to our presurvey), and d is an admissible error (which was 4%). According to 
the formula, the theoretical sample size was 423, which included an extra 10% to allow for 
subjects lost during the study.
Participants

Participants in this study were aged 60 years and older and were from the rural areas of 
Yiyang City of Hunan Province. To select a representative sample of the elderly population 
with prediabetes, a screening program was carried out among the elderly population in Yiyang 
City. A multistage cluster randomized sampling method was used to select a representative 
sample. In the first stage, two out of six counties were selected according to geographical 
characteristics. In the second stage, 2 (Yangluozhou and Yinfengqiao) out of 11 townships and 
2 (Qingshuzui and Maocaojie) out of 9 townships were randomly selected. In the third stage, 
25% of the rural villages were randomly selected from each chosen township (each township 
contains 30–50 villages). In the final stage, all households in each selected village with elderly 
individuals who had lived in the area for 3 years or longer were eligible to participate in the 
screening program(n=3,197). Among them, 603 moved away, 336 had severe physical or 
mental illness, and 114 refused to participate.Finally, a total of 2,144 individuals participated 
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in the screening program. 
An oral glucose tolerance test (OGTT) was used to distinguish between prediabetes and 

normal plasma glucose. The diagnostic standards for prediabetes as stated in the 1999 WHO 
criteria33 were (1) an IFG group with fasting plasma glucose of 6.1–7.0 mmol/L and a 2-hour 
postglucose load of <7.8 mmol/L; (2) an IGT group with a 2-hour postglucose load of 7.8–11.1 
mmol/L and fasting plasma glucose of ≤6.1 mmol/L; and (3) an IFG+IGT group.

More details of the study population and screening procedure have been published 
elsewhere34. In brief, 2,144 elderly individuals took part in the screening program, and 461 
elderly individuals had prediabetes. For various reasons, 21 of those with prediabetes 
provided no response, and the response rate was 95.4%. Six individuals had incomplete data 
also excluded in this study. Finally, a total of 434 individuals with prediabetes from 42 villages 
were included in this study.

Data collection 
   Sociodemographic information was collected by trained staff using a set of structured 
questionnaires, which included age, gender, education, marital status, presence of other 
chronic diseases, history of hyperglycemia, family history of diabetes, physical activity, 
smoking and alcohol drinking. Marital status was classified as married and nonmarried. 
Nonmarried status included divorced, never married and lost a partner. Chronic diseases 
included hypertension, coronary heart disease, dyslipidemia and others. History of 
hyperglycemia was defined as a situation of fasting glucose >6.1 mmol/L or 2-hour 
glucose >7.8 mmol/L without a diagnosis of diabetes. Physical activity was assessed using the 
International Physical Activity Questionnaire-long version (IPAQ), and individuals who 

achieved 600 metabolic equivalent(MET)-min/week were categorized as active35.  Smoking 
was defined as averaging one or more cigarettes per day in the last year. Alcohol drinking was 
defined as drinking more than one glass of wine (approximately 250 mL beer or 100 mL sake or 
20 mL liquor) per month in the last year.    Anthropometric measurements, including height, 
weight, blood pressure, waist circumference and hip circumference, were assessed using a 
standard tool. The measurement procedure was published in a previous study36. Body mass 
index (BMI) was calculated using the formula of weight in kilograms divided by height in m2 
(kg/m2). The current Chinese standard classification states that the cut-off values for normal 
weight, overweight and obesity BMI are 18.5 kg/m2, 24.0 kg/m2 and 28.0 kg/m2 37, 
respectively. Hypertension was defined as systolic blood pressure ≥140 mm Hg and/or 
diastolic blood pressure ≥90 mm Hg. The waist to hip ratio (WHR) was calculated by dividing 
the waist circumference by the hip circumference. A WHR >0.9 in men or >0.8 in women was 
defined as abnormal WHR38.

DSHL was assessed using the Questionnaire of Health Literacy of Diabetes Mellitus of the 
Public in China,which was designed by the Chinese Center for Health Education to assess 
health literacy about diabetes prevention and control in the general population 39. This 
questionnaire was widely used in epidemiological studies in China, and has high reliability 
and validity, with a Cronbach’s α of 0.86639. DSHL can provide a comprehensive evaluation of 
an individual’s diabetes prevention and control knowledge, risk awareness, and ability to 
manage risk factors.The questionnaire is organized into three main domains: diabetes-related 
knowledge, diabetes-related behavior, and acquisition and utilization of diabetes information. 
The diabetes-related knowledge section assessed attitudes toward diabetes, typical symptoms 
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of diabetes, complications of diabetes, factors conferring a high risk of developing diabetes 
and methods to prevent diabetes. The diabetes-related behaviors included sitting time 
duration, physical exercise, dietary pattern, physical examination, and smoking and alcohol 
drinking habits. In the part about the acquisition and utilization of diabetes information, the 
participants were asked about the method or way to find diabetes-related information, the 
degree of their acquisition of diabetes-related information and their ability to identify the 
correctness of diabetes-related information. An alternative classification was used where the 
scores 19.5 points and above were classified as high DSHL and remaining classified as low .

HRQoL was assessed using the Medical Outcomes Study 36-Item Short Form Health 
Survey (SF-36)40. The SF-36 health survey questionnaire has been translated and validated in 
Chinese, and the Chinese version has been proven to be reliable and valid in an elderly 
population 41. This 36-item measure is organized into eight domains that constitute two main 
components: the physical health component and the mental health component. The physical 
health component includes four parts: physical functioning (PF), role physical (RP), bodily 
pain (BP) and general health (GH). Vitality (VT), social functioning (SF), role-emotional (RE) 
and mental health (MH) are included in the mental health component. The eight domains 
were scored from 0 to 100, indicating the worst to best possible health. Each domain score 
was further summarized and standardized into the physical component score (PCS) and the 
mental component score (MCS) according to American norms to allow for international 
comparisons42.
Data analysis
   Data were presented as n (%) for categorical variables and meanSD or median (P25-P75) 
for numerical variables. Nonparametric tests were used because the distribution of the DSHL 
scores was non-Gaussian. The Mann-Whitney U test or Kruskal-Wallis test was used to 
identify the differences in total DSHL scores according to different variables. The t-test or 
one-way variance (ANOVA) was used to compare the differences in the scores for different 
domains of HRQoL. General linear models of multivariate analysis of covariance (MANCOVA) 
were used to test differences in HRQoL between the adequate DSHL group and the 
inadequate group. Sociodemographic and anthropometric variables were treated as possible 
covariates. A significant MANCOVA was followed by univariate F-tests using the Wilks’ λ 
statistic. Linear independent pairwise comparisons were analyzed to examine the magnitude 
of the difference in the mean scores of the dependent variables. Effect sizes (d) were 
computed by dividing the difference in means between groups by the pooled SD and were 

interpreted as small (d0.20), medium (0.2<d0.50) or large (0.5<d0.80)43. The data were 
analyzed using SPSS Version.20.0 (SPSS/IBM, Armonk, New York, USA).
Patient and public involvement

Neither patients nor public were directly involved in the development, design or 
recruitment of the study. Anthropometric and glucose test results were provided to the 

participants at the point of testing. The participants, as part of the consent process, were fully 
informed about the time burden of participation and the nature of the questions. The 
participants answered the survey only after they provided their written informed consent to 
participate in the study.
Results
A total of 461 elderly individuals had prediabetes, and the prevalence of prediabetes was 21.5% 
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(461/2,144) in rural areas of Yiyang City. In total, 434 elderly individuals with prediabetes 
were included in this study. The average age of all participants was 69.4±6.4 years. The 

average fasting plasma glucose was 5.90.5 mmol/L, and the average 2-hour plasma glucose 
load was 7.21.9 mmol/L. A majority of the subjects were female, had completed less than 6 
years of education, smoked, drank no alcohol and had no hypertension. The characteristics of 
the study subjects are shown in Table 1.
   The overall median DSHL score was 10.0 (IQR 7.0-13.0). A total of 53 (12.2%) subjects 
with prediabetes reported high DSHL. Men had lower HL scores than women. Furthermore, 
married elderly individuals had higher DSHL scores than nonmarried individuals. Individuals 
with a history of hyperglycemia had a higher DSHL score than people with no history. 
Similarly, individuals with prediabetes who had completed 6 years or more of education had a 
higher score than those who had completed less than 6 years. The DSHL score according to 
different characteristics is presented in Table 1.

Table 1 The DSHL score according to different characteristics

Characteristics n (%) DSHL score† P-value‡

Age
  60-69 years 239 (55.1) 10.0 (8.0-15.0) 0.461
  70 years and older 195 (44.9) 10.0 (7.5-11.0)
Gender
  Male 180 (41.5) 9.0 (7.0-12.0) <0.001
  Female 254 (58.5) 11.0 (8.0-13.0)
Marital status
  Married 312 (71.9) 10.0 (7.0-13.0) 0.044
  Nonmarried 122 (28.1) 9.0 (7.0-11.0)
Education
  Less than 6 years 353 (81.3) 9.0 (6.5-12.0) <0.001
  6 years and more  81 (18.7) 12.0 (9.0-16.0)
History of hyperglycemia
  Yes   28 (6.5) 12.5 (9.3-20.5) 0.001

No 406 (93.5) 9.0 (7.0-12.0)
Family history of diabetes
  Yes   36 (8.3) 12.0 (7.0-13.8) 0.165

No 398 (91.7) 10.0 (7.0-12.0)
Have other chronic disease
  Yes 176 (40.6) 10.0 (7.0-13.0) 0.544

No 258 (59.4) 10.0 (7.0-13.0)
Physical activity

Active 182 (41.9) 10.5 (8.0-13.5) 0.227
Inactive 252 (58.1)  9.5 (8.0-13.0)

Smoking 
Yes  99(22.8) 10.0 (8.0-12.0) 0.525
No 335(77.2) 10.0 (8.0-13.0)

Alcohol drinking
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Yes  98 (22.6) 10.0 (8.0-12.0) 0.308
No 336 (77.4) 10.0 (7.5-13.0)

BMI
  Lean    17 (3.9)  9.0 (5.5-13.5) 0.547
  Normal 233 (53.7)  9.0 (7.0-13.0)
  Overweight 129 (29.7) 10.0 (7.0-12.0)
  Obese  55 (12.7) 10.0 (7.0-13.0)
Hypertension
  Yes 173 (39.9) 10.5 (8.5-13.0) 0.256

No 261 (60.1) 9.5 (8.0-12.0)
WHR
  Normal  77 (17.7) 9.0 (7.0-12.0) 0.074
  Abnormal 357 (82.3) 10.0 (7.0-13.0)

DSHL, diabetes-specific health literacy
†Data are presented as the median (P25-P75)
‡P value was determined by Kruskal-Wallis test or Mann-Whitney U test.
BMI, body mass index; WHR, waist to hip ratio
Health-related quality of life score 
Individuals with prediabetes reported a PCS of 42.1 points (95%CI: 41.2, 43.1) and an MCS of 

46.4 points (95%CI: 45.5, 47.1). The scores for the four domains of the PCS were 76.123.4, 
71.442.4, 75.715.9 and 57.821.5, and the scores for the four domains of the MCS were 
72.218.1, 79.717.1, 85.133.3 and 74.817.5. The means and their SDs for eight subscales of 
HRQoL scores according to different characteristics are shown in Table 2. Neither domain 
score showed a significant difference for the variables of gender, family history of diabetes or 
alcohol drinking (All P >0.05). The BP and GH scores were lower among people aged 70 years 
and older. The MH score was lower among people who were not married. Individuals with 
prediabetes who had completed 6 years of education or more had higher SF and RE scores 
than people educated 1-6 years. Individuals who achieved active physical activity seemed to 
have higher scores in the PF, BP and GH domains. The RP, GH and RE scores were similarly 
higher among elderly people with normal BMI. Moreover, individuals with normal WHR had 
higher BP, SF and RE scores.

Table 2  HRQoL scores of eight domains measured by SF-36

Physical Health Components Mental Health Components
Characteristics

PF RP BP GH VT SF RE MH

Overall 76.123.4 71.442.4 75.715.9 57.821.5 72.218.1 79.717.1 85.133.3 74.817.5

Age

  60-69 years 76.923.5 74.141.6 77.416.6* 60.021.5* 72.917.7 80.516.6 87.231.1 75.717.4

  70 years and older 74.923.1 67.243.4 73.114.4* 54.821.1* 71.118.8 78.517.8 82.036.3 73.417.7

Gender

  Male 75.823.4 73.341.4 74.916.5 58.520.7 72.518.3 80.716.3 86.032.3 74.218.5

  Female 76.323.4 70.143.2 76.315.5 57.222.1 72.018.0 79.017.6 84.534.0 75.216.9

Marital status

  Married 75.623.9 73.242.2 75.316.3 58.821.6 73.018.1 79.716.9 85.433.2 76.016.9*
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  Nonmarried 77.521.8 66.642.9 76.714.9 54.920.8 69.918.1 79.817.7 84.433.6 71.418.8*

Education

  Less than 6 years 75.923.6 71.042.7 75.715.7 57.421.5 71.518.5 78.816.9* 83.134.9* 74.417.6

  6 years and more 76.922.8 73.341.4 75.716.7 59.121.4 75.016.3 83.217.5* 93.124.5* 76.317.2

History of hyperglycemia

  Yes 75.923.5 67.943.3 73.2 12.9 51.230.1* 64.020.9* 76.0 17.3 80.936.6 69.2 19.9

No 77.222.5 71.942.3 76.016.2 58.520.3* 73.217.5* 80.2 17.0 85.732.9 75.5 17.1

Family history of diabetes

  Yes 75.723.9 72.942.3 75.216.2 58.421.9 72.718.2 79.516.8 84.534.0 75.617.2

No 77.222.1 67.542.5 77.115.0 55.920.3 70.817.8 80.317.9 86.831.4 72.618.4

Other chronic disease

  Yes 72.924.1* 72.042.6 71.716.2* 56.720.5 71.918.0 78.717.1 84.833.5 74.018.3

No 78.122.7* 71.142.4 78.115.2* 58.422.1 72.418.2 80.317.1 85.333.2 75.317.0

Physical activity

Active 80.424.5* 72.942.8 78.517.2* 61.621.8* 73.816.4 80.918.3 90.128.0 76.316.4

Inactive 74.523.7* 70.942.3 74.615.3* 56.321.2* 71.618.7 79.216.6 83.334.9 74.217.9

Smoking 

Yes 76.224.2 70.143.2 75.316.3 57.221.4 71.918.1 78.117.8* 85.033.8 73.817.4

No 75.922.4 73.041.5 76.115.5 58.521.5 72.618.2 81.716.1* 85.432.8 75.917.7

Alcohol drinking

Yes 76.3 23.1 71.142.7 75.315.7 57.721.4 72.718.0 79.616.9 84.034.5 74.817.4

No 75.424.5 72.441.5 76.816.7 57.921.7 70.418.6 80.117.9 89.128.6 74.518.0

BMI

  Lean 79.125.4 60.945.7* 73.913.4 53.723.5* 65.617.7 78.7 16.0 78.339.7* 69.220.7

  Normal 76.722.8 77.039.6* 76.116.0 59.920.3* 73.7 18.0 81.2 17.1 89.228.5* 75.717.3

  Overweight 75.124.5 76.639.2* 76.215.3 57.721.5* 70.718.8 78.717.5 82.636.2* 73.916.9

  Obese 74.123.2 47.047.2* 73.917.4 51.623.9* 71.117.3 76.016.3 76.140.5* 74.418.0

Hypertension

  Yes 78.022.9* 66.944.4 75.317.1 55.523.8 71.018.7 77.817.5 78.538.0* 74.717.7

No 73.123.8* 74.340.9 75.915.1 59.219.8 73.017.9 80.916.7 89.429.2* 74.817.5

WHR

  Normal 77.323.5 72.841.6 78.417.1* 59.221.6 72.818.3 81.615.8* 88.129.8* 76.017.6

  Abnormal 74.423.2 69.443.6 71.813.1* 55.821.2 71.417.8 76.918.4* 80.937.5* 73.117.4

Data are presented as the meanSD, and analysis was performed using analysis of variance (ANOVA) or 

t-test. *P<0.05; PF, physical functioning; RP, role physical; BP, bodily pain; GH, general health; VT, 

vitality; SF, social functioning; RE, role-emotional; MH, mental health

Association between DSHL and HRQoL 
Crude analysis indicated that when the eight subscales of HRQoL were placed as the 
dependent variables and DSHL (as a binary variable) was entered as the independent variable, 
the overall MANCOVA showed significant differences in the general health, vitality, social 

functioning and mental health scores between the two groups (Wilk’=0.955, F=2.44, 
P=0.014). After adjusting for other covariants, individuals with high DSHL reported higher 
scores on GH (Mdiff=6.8, P=0.028), VT (Mdiff=6.6, P=0.014), SF (Mdiff=6.0, P=0.017) and MH 
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(Mdiff=7.4, P=0.005) than did those with low DSHL. The associations between DSHL and 
different domains of HRQoL are shown in Table 3.

Crude analysis showed that with two components of HRQoL entered as dependent 
variables, the overall MANCOVA was significant (Wilks’=0.965, F=7.87, P<0.001). 
Individuals with high DSHL had higher PCS score(Mdiff=2.9, ES=0.30) and MCS 
score(Mdiff=4.4, ES=0.47) than those with low DSHL. After adjusting for age, gender, 
education, marital status, other chronic diseases, family history of diabetes, history of 
hyperglycemia, physical activity, hypertension, smoking, drinking, BMI and WHR, a linear 
independent pairwise comparison indicated that individuals with prediabetes who had higher 
DSHL reported higher MCS (Mdiff=3.5, 95%CI: 1.8, 6.3) with a medium effect size (ES=0.38). 
The association between DSHL and HRQoL among elderly individuals with prediabetes is 
shown in Table 4.

Table 3 Association between DSHL and different subscales of HRQoL among elderly individuals with 

prediabetes

High DSHL Low DSHL Difference
SF-36 domains

Mean SE Mean SE Mdiff (95%CI) ES(d) P-value

Crude analysis (Wilk’=0.955, F=2.44, P=0.014) 

PF 80.0 3.2 75.5 1.2 4.6 (-2.3,11.2) 0.20 0.193

       RP 74.5 5.8 70.9 2.3 3.5 (-5.7,15.4) 0.08 0.224

       BP 78.9 2.2 75.2 0.8 3.7 (-1.8, 8.3) 0.23 0.110

       GH 64.5 2.9 56.8 1.1 7.6 (1.6,13.7) 0.38 0.013

       VT 78.9 2.5 71.3 0.9 7.5 (2.4,12.8) 0.42 0.004

       SF 86.0 2.3 78.8 0.9 7.2 (2.4,12.1) 0.43 0.001

RE 91.2 4.6 84.3 1.7 6.9 (-2.7,16.5) 0.21 0.158

       MH 81.8 2.4 73.8 0.9 8.0 (3.0,13.0) 0.46 0.002

Adjusted analysis (Wilk’=0.958, F=2.31, P=0.019) †

PF 79.6 3.2 75.6 1.2 4.0 (-2.8,10.8) 0.17 0.252

       RP 73.1 5.9 71.2 2.1 1.9 (-6.7,14.2) 0.07 0.186

       BP 78.4 2.1 75.3 0.8 3.1 (-1.2,7.5) 0.19 0.161

       GH 63.7 2.9 56.9 1.1 6.8 (1.7,12.9) 0.33 0.028

       VT 78.0 2.5 71.4 0.9 6.6 (1.3,11.8) 0.37 0.014

       SF 84.9 2.3 79.0 0.9 6.0 (1.1,10.9) 0.36 0.017

RE 88.0 4.6 84.7 1.7 3.4 (-6.2,12.9) 0.10 0.492

       MH 81.2 2.4 73.9 0.9 7.4 (2.3,12.5) 0.43 0.005

DSHL, diabetes-specific health literacy; PF, physical functioning; RP, role-physical; BP, bodily pain; GH, general 

health; VT, vitality; SF, social functioning; RE, role-emotional; MH, mental health.

† Adjusted for age, gender, education, marital status, other chronic disease, physical activity, family history of 

diabetes, history of hyperglycemia, smoking, drinking, hypertension, BMI and WHR.

Mdiff, mean difference; ES(d), mean difference/pooled SD. 

Table 4 Association between DSHL and HRQoL among elderly individuals with prediabetes

 High  DSHL  Low  DSHL Difference
Variables

Mean SE Mean SE Mdiff (95%CI)  ES (d)  P-value
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Crude analysis (Wilks’=0.965, F=7.87, P<0.001)

PCS 44.6 1.3 41.7 0.5 2.9 (1.4,5.7)  0.30 0.046

MCS 50.2 1.3 45.8 0.5 4.4 (1.7,7.1)  0.47 0.001

Adjusted analysis (Wilks’=0.974, F=5.63, P=0.004)†

PCS 44.4 1.3 41.8 0.6 2.6 (-1.2,5.4) 0.27 0.067

MCS 49.4 1.3 45.9 0.7 3.5 (1.8, 6.3) 0.38 0.012

DSHL, diabetes-specific health literacy; Mdiff, mean difference; ES (d), mean difference/pooled SD; PCS, physical 

health component score; MCS, mental health component score.

†Adjusted for age, gender, education, marital status, other chronic disease, physical activity, family history of diabetes, 

history of hyperglycemia, smoking, drinking, hypertension, BMI and WHR.

Discussion
    This cross-sectional study showed a high prevalence (21.5%) of prediabetes among the 
elderly population in rural areas in China, which is similar to the findings of the earlier study44. 
The results, together with the large elderly population living in rural areas, suggest that this 
serious public health problem in China requires better prevention.

Many studies have used general HL measurement instruments, such as REALM or 
TOFHLA, which are not disease or condition-specific. However, our study used a DSHL 
questionnaire with high reliability and validity that was designed by the Chinese Center for 
Health Education, and is suitable for a nondiabetic population 39. The questionnaire was able 
to effectively and accurately examine the level of HL about diabetes knowledge, diabetes 
prevention behaviors and the acquisition and utilization of diabetes information among 
individuals with prediabetes.There is a direct association between DSHL and patient 
assessments of their self-care ability ,which indicates that HL measures should include 
indicators of knowledge and understanding25.Thus, in terms of prevention,knowing the HL of 
individuals with prediabetes regarding diabetes prevention and control contribute to the 
development of more effective interventions and health education methods. Based on the 
results of the univariate analysis, the DSHL score showed significant differences in the 
variables of gender, education and history of hyperglycemia, which are consistent with the 
findings of other studies45 46.

Although the effect of HL on HRQoL has been widely discussed among some populations 
in previous studies47-49, few studies have explored the association between HL and HRQoL 
among individuals with prediabetes. There is also a lack of research probing the effect of 
disease- or condition-specific HL on HRQoL. To the best of our knowledge, this is the first 
study to examine the relationship between DSHL and HRQoL among elderly individuals with 
prediabetes. Our study found that DSHL was positively associated with some health domains 
of HRQoL according to bivariate and multivariate analyses. Compared with individuals with 
prediabetes with lower HL levels, subjects with higher HL reported higher score on GH,VT,SF 
and MH subscales. That is, the prediabetic older adults with lower HL were more likely to 

have limited social activities, poor health perceptions, tiredness and psychological 
distress.When the eight domain scores standardized and summarized as the PCS and MCS, 
the relationship between HL levels and HRQoL was signficant in the mental-well being(SF-36 
MCS), while physical health (SF36 PCS) was significant only in the bivariate model and 
became nonsignificant after controlling for sociodemographic and somatometric covariates. 
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On the one hand, more subscales of the MCS component than the PCS were significant 
associated with DSHL.On the other hand, some information loss may occur in the process of 
standardizing and summarizing the scores of the eight domain into two components.However, 
these results are in concordance with those of previous studies that targeted the relationship 
between general HL and HRQoL10 50-53. For instance, Jayasinghe and her colleagues found 
that HL accounted for 45% and 70% of the total between-patient variance explained in PCS-12 
and MCS-12, respectively10. Furthermore, a study conducted in 605 patients with 
symptomatic heart failure (HF) showed that those with higher literacy had better HRQoL 
scores (mean difference=7.2,P<0.01) than did those with lower literacy52. A cross-sectional 
survey of 1841 cancer patients in Wisconsin also indicated that higher HL was positively 
associated with the physical, functional, emotional, and social well-being subscales of 
HRQoL53. However, our results also contradict the findings of previous studies that examined 
the association28-30 54-56. Data from a clinical trial that included 154 predominantly white 
patients with type 2 diabetes who screened positive for depression showed that the 
between-HL group difference in change over 1 year was only nonsignificant at 0.76 points for 
PCS and 0.56 points for MCS28. In another study conducted among frequent users of health 
care services, no association was found between HL and HRQoL on both PCS and MCS 55. 
Two other studies 30 54 demonstrated that HL was not significantly associated with only the 
mental component of HRQoL. A prospective cohort study of 4278 older adults in the UK 
showed that low HL significantly predicted declines in the physical, psychological and 
environmental domains of HRQoL but not in the social relationship HRQoL 56. There are 
three reasons for this variance. First, most studies pay attention to the impact of general HL 
rather than specific HL on HRQoL. However, general HL includes the ability to obtain, 
process and understand all basic health information, not just a specific disease. Second, the 
various studies used different tools to measure HL and HRQoL. Last, the contradictory results 
were also likely due to differences in social and culture factors, and in the study populations 
and sample sizes.

These results suggest that individuals with newly diagnosed prediabetes who have higher 
levels of DSHL may have higher HRQoL, especially for the mental health component. A 
potential explanation for the relationship between DSHL and the physical and mental 
components of HRQoL may be that low DSHL limits individuals’ understanding of complex 
information about diabetes knowledge and prevention, and thus becomes a barrier to 
individuals’ participation in diabetes education and intervention. Moreover, people with lower 
HL tend to have difficulty communicating, which prevents them from asking questions, 
clearly expressing their concerns, emotions, and needs to providers and seeking additional 
services, such as support for mental health50 53. Furthermore, as a previous study found that 
subjects with low literacy were 3 times more likely to have depression54.Considering that 
individuals with lower HL were more likely to have limited social activities, tiredness and 
psychological distress,lower DSHL may further limit the individual’s ability to talk with their 
families and health education and care providers about difficult emotional issues or abstract 
psychosocial implications of diabetes. Individuals with lower levels of DSHL may not have 
knowledge of signs or symptoms of concern and may experience a psychological panic, 
reducing the MCS of HRQoL. The findings about the impact of DSHL on HRQoL in the 
prediabetic population could help us to identify focus groups and provide multifaceted and 
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collaborative interventions to delay the development of type 2 diabetes. They also provide 
information that could contribute to assessments of the effects and cost-effectiveness of 
diabetes education and intervention. Healthcare staff should be aware of health literacy 
problems among elderly adults, and should simplify health-related information to increase 
the responsiveness of subjects with low health literacy during consultations and interventions. 
Furthermore, the finding that DSHL is associated with changes in HRQoL outcomes raises the 
need for testing the hypothesis of whether HL is a modifiable factor and, if so, considering 
whether interventions aimed at improving HL also lead to improvements in HRQoL and 
health conditions in this population. 

Our study also revealed that individuals with prediabetes showed lower PCS than MCS, 
and the mean scores of the four domains of the mental health components were likewise 
higher than those of four subscales of the physical health components, which was consistent 
with the findings of other studies57 58. One explanation is that some elderly have difficulties in 
physical activities due to illness. A study has also shown that chronic diseases have a stronger 
effect on reducing physical function than psychological function59. Similar to the results of our 
study, elderly individuals with chronic disease, overweight or obesity and physical inactivity 
have lower scores on the subscales of physical function, bodily pain and general health; 
however, these domains are components of the physical health aspect of HRQoL.

Our study also has several limitations. Firstly, its cross-sectional design did not permit 
causal inferences. Furthermore, both cohort studies and randomized controlled trial designs 
garner a deeper understanding of the relationship between DSHL and HRQoL. Secondly, HL 
was measured using the public questionnaire of HL of diabetes mellitus. This may influence 
the way in which our study may be compared to previous studies, the majority of which 
measured multidimensional competences rather than a single competence of functional HL. 
Thirdly, self-administered questionnaires were used to assess some variables maybe induce 
recall bias. However, this limitation was minimized because instruments used in this study 
are valid and reliable. Finally,our study sample was taken from rural areas in one city of one 
province of China. Therefore, the generalization of the results to other populations should be 
carefully considered. 
Conclusions
    In summary, lower DSHL was associated with poorer HRQoL among elderly individuals 
with prediabetes in rural areas in China, particularly in terms of mental health components. 
These findings suggest that assessing and improving both DSHL and HRQoL may be 
important for individuals with prediabetes.
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Association between diabetes-specific health literacy and health-related quality of life 
among elderly individuals with prediabetes in rural Hunan Province, China: A 
cross-sectional study

Zhao Hu1, Lulu Qin2, Huilan Xu1,*  

1 Department of Social Medicine and Health Management, Xiangya School of Public 
Health, Central South University, Changsha, 410078 ,China(15200807487@163.com)
2 Department of Social Medicine and Health Management, School of Medicine, Hunan 
Normal University, Changsha, 410013, China(qinlulu_1989@sina.com)
*Correspondence: Huilan Xu, E-mail: xhl6363@sina.com; Tel./Fax: +86-731-8480-5459

ABSTRACT 
Objectives  To examine the association between diabetes-specific health literacy (DSHL) 
and health-related quality of life (HRQoL) among elderly individuals with prediabetes in rural 
China.
Design,setting and participants This cross-sectional study included 434 elderly 
individuals with prediabetes from 42 villages in rural China.
Main outcome measures  HRQoL was assessed using the Medical Outcomes Study 
36-Item Short Form Health Survey (SF-36). DSHL was measured by a validated questionnaire 
in China. Differences in HRQoL between groups with and without adequate DSHL were tested 
by multivariate analysis of covariance (MANCOVA).
Results  The prevalence of prediabetes was 21.5%. The average age of participants (n=434) 
was 69.4±6.4 years, and 58.5% were female. Bivariate analysis showed that those with high 
DSHL had increases of 2.9 points in the physical health component score (PCS) and 4.4 points 
in the mental health component score (MCS) compared to those without. After adjustment for 

potential confounders, a significant MANCOVA model (Wilks’=0.974, F=5.63, P=0.004) 
indicated that individuals with prediabetes who had high DSHL reported higher MCS 
(Mdiff=3.5, 95%CI: 1.8, 6.3, effect size=0.38). This remained significant across subscales: 
general health (P=0.028), vitality (P=0.014), social functioning (P=0.017) and mental health 
(P=0.005).
Conclusions Low DSHL was associated with worsening HRQoL among elderly individuals 
with prediabetes in rural China, particularly in the mental health components.

Keywords quality of life; health literacy; elderly; prediabetes
Trial registration number ChiCTR-IOR-15007033
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Article summary
Strengths and limitations of this study
 This is the first study to examine the association between health-related quality of 

life (HRQoL) and diabetes-specific health literacy among elderly individuals with 
pre-diabetes in rural China.

 The study provides valuable information on HRQoL among elderly individuals with 
prediabetes in rural areas in China.

 The association between HRQoL and DSHL was analyzed in eight domains , as well 
as in the physical health component and the mental health component, making the 
results more comprehensive.

 The cross-sectional study design makes causal relationships undeterminable.
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Introduction
Prediabetes describes individuals who have impaired fasting glucose (IFG) or/and impaired 
glucose tolerance (IGT)1. Prediabetes is a less common but important condition that 
constitutes an intermediate state between type 2 diabetes and a healthy status. Several studies 
have identified that individuals with prediabetes have a high risk of developing diabetes, and 
the occurrence increases with age 2-4. Approximately 5%–10% of people with prediabetes 
become diabetic annually, although the progression rate varies by population and the 
definition of prediabetes5 6. In China, the estimated prevalence of prediabetes was 35.7% in 
adults and 45.8% in the elderly population in 20137. Therefore, people with prediabetes 
especially for elderly are an important target group for interventions intended to prevent 
diabetes.

   Health-related quality of life (HRQoL) is a comprehensive and multidimensional 
condition that refers to an individual’s perceived physical and mental health under the 
influence of illness, injury and treatment over time8 9.Several studies have demonstrated that 
many risk factors, such as smoking, chronic diseases, poor diet, insufficient physical activity, 
and overweight, lead to lower HRQoL 10-12. Because biomedical measures sometimes may not 
sensitively indicate the deterioration or improvement in symptoms and health status, HRQoL 
has been increasingly incorporated as a complementary and essential outcome measure in 
medical interventions and population health surveys to assess changes in the physical, mental, 
and social well-being of these individuals. Studies have found that the HRQoL is usually 
impaired in individuals with prediabetes compared to the healthy population; additionally, 
individuals with prediabetes progressing to diabetes suffer from a great loss in HRQoL 13-15. 
Moreover, HRQoL affects both the entry and subsequent utilization of health services and the 
cost of health care in China 16 17. Thus, assessing HRQoL in the intermediate period between 
normal plasma glucose and type 2 diabetes is important; because the concept has a broader 
definition that enables us to fully understand both the somatic and emotional health statuses 
of individuals with prediabetes and consequently create interventions to improve it, especially 
by relieving pain, malaise and consequences of diseases 18.

Health literacy (HL) is the degree to which individuals have the capacity to obtain, 
process and understand the basic health information and service need to make informed 
health decision19. Over the past decades, a growing body of research suggests that inadequate 
HL is associated with adverse health outcomes, such as poor self-rated health, 
misunderstandings about medical conditions and increased mortality risk20-22. However, HL 
is arguably a broad multidimensional concept that serves as a bridge between literacy skills 
and abilities and the illness context in which individuals find themselves 23.Clearly, some 
dimensions of literacy skills and abilities are generalizable across all health populations. 
However, in the presence of a specific illness context, some disease-specific HL would seem 
necessary for successful self-management of that disease. For example, diabetes-specific HL 
(DSHL) is particularly salient in the assessment of self-care for type 2 diabetes in adults 24. 
Nevertheless, there is no clear definition of DSHL in the current literature. In general, DSHL 
represents the ability to obtain and understand diabetes-related information and to make 
informed diabetes care decisions. A study demonstrated that DSHL was positively associated 
with self-graded assessment of diabetes care25. Some studies have indicated that DSHL is 
associated with diabetes-related knowledge, diabetes-care behaviors and glycemic control26 27.
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Thus, prediabetes patients with lower levels of DSHL may not have knowledge of the signs or 

symptoms of concern and may have a higher risk of developing poor health outcomes than 
those who have higher DSHL.

Several studies have evaluated the impact of HL on HRQoL in patients with type 2 
diabetes 28, hypertension 29and ischemic heart disease30.  However, these studies focus on 
HL related to obtaining and comprehending general medical information rather than disease 
or condition-specific HL.Furthermore,some HRQoL measures have also been widely used in 
cost-utility analyses to determine the cost-effectiveness of treatments and interventions in 
several populations including those with chronic conditions31 32. Therefore, an exploration of 
the impact of DSHL on HRQoL would also be of great importance for determining whether it 
is necessary to incorporate it as a potential confounding factor in cost-utility analyses of type 
2 diabetes interventions.Moreover, examining the association between DSHL and HRQoL 
could help us to identify new targets and create more precise and multifaceted prevention and 
intervention strategies to delay the development of type 2 diabetes. At present, there are a few 
studies that have investigated the relationship between specific HL and HRQoL, and almost 
no studies in the literature have explored the effect of diabetes-specific HL on HRQoL among 
individuals with prediabetes. 

Therefore, to address these issues and to help bridge the gap between HL and outcome 
research in individuals with prediabetes, the current study aimed to explore the impact of 
DSHL on HRQoL among elderly individuals with prediabetes in rural areas in China.We 
hypothesized that elderly individuals with prediabetes with high DSHL would report better 
HRQoL. We hope that this study will contribute to the formulation of effective interventions 
to improve HRQoL and promote diabetes prevention.

Research design and methods
Study design
This cross-sectional study was conducted in the rural areas of Yiyang City of Hunan Province 
in China between April and July 2015. The study was registered at the Chinese Clinical Trial 
Registry (trial registration number: ChiCTR-IOR-15007033). The study was approved by the 
Medical Ethics Committee of Central South University (Changsha, China; Identification Code: 
CTXY-150002-7; 27 February 2015). All participants signed the respective consent forms.
Sample size
Sample size was calculated using the formula for cross-sectional studies, as follows:

𝑁 =
𝑍2

1 ― /2𝑝(1 ― 𝑝)

𝑑2

where =1.96 when =0.05, p is the prevalence of prediabetes (which was 20% in this 𝑍2
1 ― /2

study according to our presurvey), and d is an admissible error (which was 4%). According to 
the formula, the theoretical sample size was 423, which included an extra 10% to allow for 
subjects lost during the study.
Participants

Participants in this study were aged 60 years and older and were from the rural areas of 
Yiyang City of Hunan Province. To select a representative sample of the elderly population 
with prediabetes, a screening program was carried out among the elderly population in Yiyang 
City. A multistage cluster randomized sampling method was used to select a representative 
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sample. In the first stage, two (Nanxian and Yuanjiang) out of six counties were selected 
according to geographical characteristics (north and south of Yiyang city). In the second stage, 

2 (Yangluozhou and Yinfengqiao) out of 11 townships from Yuanjiang county and 2 
(Qingshuzui and Maocaojie) out of 9 townships from Nanxian county were randomly selected 
by drawn lots. In the third stage, as each township contains 30-50 villages, a proportionate 
sampling method was used to select 25% of the villages from each selected township. Thus 12 
villages from Yangluozhou township, 9 villages from Yinfengqiao township, 11 villages from 
Qingshuzui township, and 10 villages from Maocaojie township were randomly selected. In 
the final stage, all households in each selected village with elderly individuals who had lived in 
the area for 3 years or longer were eligible to participate in the screening program(n=3,197). 
Among them, 603 moved away, 336 had severe physical or mental illness, and 114 refused to 
participate.Finally, a total of 2,144 individuals participated in the screening program. 

An oral glucose tolerance test (OGTT) was used to distinguish between prediabetes and 
normal plasma glucose. The diagnostic standards for prediabetes as stated in the 1999 WHO 
criteria33 were (1) an IFG group with fasting plasma glucose of 6.1–7.0 mmol/L and a 2-hour 
postglucose load of <7.8 mmol/L; (2) an IGT group with a 2-hour postglucose load of 7.8–11.1 
mmol/L and fasting plasma glucose of ≤6.1 mmol/L; and (3) an IFG+IGT group.

More details of the study population and screening procedure have been published 
elsewhere34. In brief, 2,144 elderly individuals took part in the screening program, and 461 
elderly individuals had prediabetes. For various reasons, 21 of those with prediabetes 
provided no response, and the response rate was 95.4%. Six individuals who had incomplete 
data were also excluded from this study. Finally, a total of 434 individuals with prediabetes 
from 42 villages were included in this study.

Data collection 
   Sociodemographic information was collected by trained staff using a set of structured 
questionnaires, which included age, gender, education, marital status, presence of other 
chronic diseases, history of hyperglycemia, family history of diabetes, physical activity, 
smoking and alcohol drinking. Marital status was classified as married and nonmarried. 
Nonmarried status included divorced, never married and lost a partner. Chronic diseases 
included hypertension, coronary heart disease, dyslipidemia and others. History of 
hyperglycemia was defined as a situation of fasting glucose >6.1 mmol/L or 2-hour 
glucose >7.8 mmol/L without a diagnosis of diabetes. Physical activity was assessed using the 
International Physical Activity Questionnaire-long version (IPAQ), and individuals who 

achieved 600 metabolic equivalent(MET)-min/week were categorized as active35.Smoking 
was defined as averaging one or more cigarettes per day in the last year. Alcohol drinking was 
defined as drinking more than one glass of wine (approximately 250 mL beer or 100 mL sake 
or 20 mL liquor) per month in the last year.    

Anthropometric measurements, including height, weight, blood pressure, waist 
circumference and hip circumference, were assessed using a standard tool. The measurement 
procedure was published in a previous study36. Body mass index (BMI) was calculated using 
the formula of weight in kilograms divided by height in m2 (kg/m2). The current Chinese 
standard classification states that the cut-off values for normal weight, overweight and obesity 
BMI are 18.5 kg/m2, 24.0 kg/m2 and 28.0 kg/m2 37, respectively. Hypertension was defined as 
systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg. The waist 
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to hip ratio (WHR) was calculated by dividing the waist circumference by the hip 
circumference. A WHR >0.9 in men or >0.8 in women was defined as abnormal WHR38.

DSHL was assessed using the Questionnaire of Health Literacy of Diabetes Mellitus of the 
Public in China,which was designed by the Chinese Center for Health Education to assess 
health literacy about diabetes prevention and control in the general population 39. This 
questionnaire has been widely used in epidemiological studies in China, and has high 
reliability and validity, with a Cronbach’s α of 0.86639. DSHL can provide a comprehensive 
evaluation of an individual’s diabetes prevention and control knowledge, risk awareness, and 
ability to manage risk factors.The questionnaire is organized into three main domains: 
diabetes-related knowledge, diabetes-related behavior, and acquisition and utilization of 
diabetes information. The diabetes-related knowledge section assessed attitudes toward 
diabetes, typical symptoms of diabetes, complications of diabetes, factors conferring a high 
risk of developing diabetes and methods to prevent diabetes. The diabetes-related behaviors 
included sitting time duration, physical exercise, dietary pattern, physical examination, and 
smoking and alcohol drinking habits. In the part about the acquisition and utilization of 
diabetes information, the participants were asked about the method or way to find 
diabetes-related information, the degree of their acquisition of diabetes-related information 
and their ability to identify the correctness of diabetes-related information. An alternative 
classification was used where the scores 19.5 points and above were classified as high DSHL 
and the remaining were classified as low. Although the prediabetic population may not 
experience certain symptoms of diabetes, people with a high health literacy status can identify 
the risk factors related to the development of type 2 diabetes and thus engage in diabetes care 
behavior. The purpose and structure of this questionnaire allows it to effectively and 
accurately measure the participants’ ability to obtain,process and understand diabetes-related 
information and make informed diabetes care decisions.

HRQoL was assessed using the Medical Outcomes Study 36-Item Short Form Health 
Survey (SF-36)40. The SF-36 health survey questionnaire has been translated and validated in 
Chinese, and the Chinese version has been proven to be reliable and valid in an elderly 
population 41. This 36-item measure is organized into eight domains that constitute two main 
components: the physical health component and the mental health component. The physical 
health component includes four parts: physical functioning (PF), role physical (RP), bodily 
pain (BP) and general health (GH). Vitality (VT), social functioning (SF), role-emotional (RE) 
and mental health (MH) are included in the mental health component. The eight domains 
were scored from 0 to 100, indicating the worst to best possible health. Each domain score 
was further summarized and standardized into the physical component score (PCS) and the 
mental component score (MCS) according to American norms to allow for international 
comparisons42.
Data analysis
   Data were presented as n (%) for categorical variables and meanSD or median (P25-P75) 
for numerical variables. Nonparametric tests were used because the distribution of the DSHL 
scores was non-Gaussian. The Mann-Whitney U test or Kruskal-Wallis test was used to 
identify the differences in total DSHL scores according to different variables. The t-test or 
one-way variance (ANOVA) was used to compare the differences in the scores for different 
domains of HRQoL. General linear models of multivariate analysis of covariance (MANCOVA) 
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were used to test differences in HRQoL between the adequate DSHL group and the 
inadequate group. Sociodemographic and anthropometric variables were treated as possible 
covariates. A significant MANCOVA was followed by univariate F-tests using the Wilks’ λ 
statistic. Linear independent pairwise comparisons were analyzed to examine the magnitude 
of the difference in the mean scores of the dependent variables. Effect sizes (d) were 
computed by dividing the difference in means between groups by the pooled SD and were 

interpreted as small (d0.20), medium (0.2<d0.50) or large (0.5<d0.80)43. The data were 
analyzed using SPSS Version.20.0 (SPSS/IBM, Armonk, New York, USA).
Patient and public involvement

Neither patients nor public were directly involved in the development, design or 
recruitment of the study. Anthropometric and glucose test results were provided to the 
participants at the point of testing. 
Results
A total of 461 elderly individuals had prediabetes, and the prevalence of prediabetes was 21.5% 
(461/2,144) in rural areas of Yiyang City. In total, 434 elderly individuals with prediabetes 
were included in this study. The average age of all participants was 69.4±6.4 years. The 

average fasting plasma glucose was 5.90.5 mmol/L, and the average 2-hour plasma glucose 
load was 7.21.9 mmol/L. A majority of the subjects were female, had completed less than 6 
years of education, smoked, drank no alcohol and had no hypertension. The characteristics of 
the study subjects are shown in Table 1.
   The overall median DSHL score was 10.0 (IQR 7.0-13.0). Men had lower HL scores than 
women. Furthermore, married elderly individuals had higher DSHL scores than nonmarried 
individuals. Individuals with a history of hyperglycemia had a higher DSHL score than people 
with no history. Similarly, individuals with prediabetes who had completed 6 years or more of 
education had a higher score than those who had completed less than 6 years. The DSHL 
score according to different characteristics is presented in Table 1.

Table 1 The DSHL score according to different characteristics

Characteristics n (%) DSHL score† P-value‡

Age
  60-69 years 239 (55.1) 10.0 (8.0-15.0) 0.461
  70 years and older 195 (44.9) 10.0 (7.5-11.0)
Gender
  Male 180 (41.5) 9.0 (7.0-12.0) <0.001
  Female 254 (58.5) 11.0 (8.0-13.0)
Marital status
  Married 312 (71.9) 10.0 (7.0-13.0) 0.044
  Nonmarried 122 (28.1) 9.0 (7.0-11.0)
Education
  Less than 6 years 353 (81.3) 9.0 (6.5-12.0) <0.001
  6 years and more  81 (18.7) 12.0 (9.0-16.0)
History of hyperglycemia
  Yes   28 (6.5) 12.5 (9.3-20.5) 0.001

No 406 (93.5) 9.0 (7.0-12.0)
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Family history of diabetes
  Yes   36 (8.3) 12.0 (7.0-13.8) 0.165

No 398 (91.7) 10.0 (7.0-12.0)
Have other chronic disease
  Yes 176 (40.6) 10.0 (7.0-13.0) 0.544

No 258 (59.4) 10.0 (7.0-13.0)
Physical activity

Active 182 (41.9) 10.5 (8.0-13.5) 0.227
Inactive 252 (58.1)  9.5 (8.0-13.0)

Smoking 
Yes  99(22.8) 10.0 (8.0-12.0) 0.525
No 335(77.2) 10.0 (8.0-13.0)

Alcohol drinking
Yes  98 (22.6) 10.0 (8.0-12.0) 0.308
No 336 (77.4) 10.0 (7.5-13.0)

BMI
  Lean    17 (3.9)  9.0 (5.5-13.5) 0.547
  Normal 233 (53.7)  9.0 (7.0-13.0)
  Overweight 129 (29.7) 10.0 (7.0-12.0)
  Obese  55 (12.7) 10.0 (7.0-13.0)
Hypertension
  Yes 173 (39.9) 10.5 (8.5-13.0) 0.256

No 261 (60.1) 9.5 (8.0-12.0)
WHR
  Normal  77 (17.7) 9.0 (7.0-12.0) 0.074
  Abnormal 357 (82.3) 10.0 (7.0-13.0)

DSHL, diabetes-specific health literacy
†Data are presented as the median (P25-P75)
‡P value was determined by Kruskal-Wallis test or Mann-Whitney U test.
BMI, body mass index; WHR, waist to hip ratio
Health-related quality of life score 
Individuals with prediabetes reported a PCS of 42.1 points (95%CI: 41.2, 43.1) and an MCS of 

46.4 points (95%CI: 45.5, 47.1). The scores for the four domains of the PCS were 76.123.4, 
71.442.4, 75.715.9 and 57.821.5, and the scores for the four domains of the MCS were 
72.218.1, 79.717.1, 85.133.3 and 74.817.5. The means and their SDs for eight subscales of 
HRQoL scores according to different characteristics are shown in Table 2. Neither domain 
score showed a significant difference for the variables of gender, family history of diabetes or 
alcohol drinking (All P >0.05). The BP and GH scores were lower among people aged 70 years 
and older. The MH score was lower among people who were not married. Individuals with 
prediabetes who had completed 6 years of education or more had higher SF and RE scores 
than people educated 1-6 years. Individuals who achieved active physical activity seemed to 
have higher scores in the PF, BP and GH domains. The RP, GH and RE scores were similarly 
higher among elderly people with normal BMI. Moreover, individuals with normal WHR had 
higher BP, SF and RE scores.
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Table 2  HRQoL scores of eight domains measured by SF-36

Physical Health Components Mental Health Components
Characteristics

PF RP BP GH VT SF RE MH

Overall 76.123.4 71.442.4 75.715.9 57.821.5 72.218.1 79.717.1 85.133.3 74.817.5

Age

  60-69 years 76.923.5 74.141.6 77.416.6* 60.021.5* 72.917.7 80.516.6 87.231.1 75.717.4

  70 years and older 74.923.1 67.243.4 73.114.4* 54.821.1* 71.118.8 78.517.8 82.036.3 73.417.7

Gender

  Male 75.823.4 73.341.4 74.916.5 58.520.7 72.518.3 80.716.3 86.032.3 74.218.5

  Female 76.323.4 70.143.2 76.315.5 57.222.1 72.018.0 79.017.6 84.534.0 75.216.9

Marital status

  Married 75.623.9 73.242.2 75.316.3 58.821.6 73.018.1 79.716.9 85.433.2 76.016.9*

  Nonmarried 77.521.8 66.642.9 76.714.9 54.920.8 69.918.1 79.817.7 84.433.6 71.418.8*

Education

  Less than 6 years 75.923.6 71.042.7 75.715.7 57.421.5 71.518.5 78.816.9* 83.134.9* 74.417.6

  6 years and more 76.922.8 73.341.4 75.716.7 59.121.4 75.016.3 83.217.5* 93.124.5* 76.317.2

History of hyperglycemia

  Yes 75.923.5 67.943.3 73.2 12.9 51.230.1* 64.020.9* 76.0 17.3 80.936.6 69.2 19.9

No 77.222.5 71.942.3 76.016.2 58.520.3* 73.217.5* 80.2 17.0 85.732.9 75.5 17.1

Family history of diabetes

  Yes 75.723.9 72.942.3 75.216.2 58.421.9 72.718.2 79.516.8 84.534.0 75.617.2

No 77.222.1 67.542.5 77.115.0 55.920.3 70.817.8 80.317.9 86.831.4 72.618.4

Other chronic disease

  Yes 72.924.1* 72.042.6 71.716.2* 56.720.5 71.918.0 78.717.1 84.833.5 74.018.3

No 78.122.7* 71.142.4 78.115.2* 58.422.1 72.418.2 80.317.1 85.333.2 75.317.0

Physical activity

Active 80.424.5* 72.942.8 78.517.2* 61.621.8* 73.816.4 80.918.3 90.128.0 76.316.4

Inactive 74.523.7* 70.942.3 74.615.3* 56.321.2* 71.618.7 79.216.6 83.334.9 74.217.9

Smoking 

Yes 76.224.2 70.143.2 75.316.3 57.221.4 71.918.1 78.117.8* 85.033.8 73.817.4

No 75.922.4 73.041.5 76.115.5 58.521.5 72.618.2 81.716.1* 85.432.8 75.917.7

Alcohol drinking

Yes 76.3 23.1 71.142.7 75.315.7 57.721.4 72.718.0 79.616.9 84.034.5 74.817.4

No 75.424.5 72.441.5 76.816.7 57.921.7 70.418.6 80.117.9 89.128.6 74.518.0

BMI

  Lean 79.125.4 60.945.7* 73.913.4 53.723.5* 65.617.7 78.7 16.0 78.339.7* 69.220.7

  Normal 76.722.8 77.039.6* 76.116.0 59.920.3* 73.7 18.0 81.2 17.1 89.228.5* 75.717.3

  Overweight 75.124.5 76.639.2* 76.215.3 57.721.5* 70.718.8 78.717.5 82.636.2* 73.916.9

  Obese 74.123.2 47.047.2* 73.917.4 51.623.9* 71.117.3 76.016.3 76.140.5* 74.418.0

Hypertension

  Yes 78.022.9* 66.944.4 75.317.1 55.523.8 71.018.7 77.817.5 78.538.0* 74.717.7

No 73.123.8* 74.340.9 75.915.1 59.219.8 73.017.9 80.916.7 89.429.2* 74.817.5

WHR
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  Normal 77.323.5 72.841.6 78.417.1* 59.221.6 72.818.3 81.615.8* 88.129.8* 76.017.6

  Abnormal 74.423.2 69.443.6 71.813.1* 55.821.2 71.417.8 76.918.4* 80.937.5* 73.117.4

Data are presented as the meanSD, and analysis was performed using analysis of variance (ANOVA) or 

t-test. *P<0.05; PF, physical functioning; RP, role physical; BP, bodily pain; GH, general health; VT, 

vitality; SF, social functioning; RE, role-emotional; MH, mental health

Association between DSHL and HRQoL 
Crude analysis indicated that when the eight subscales of HRQoL were placed as the 
dependent variables and DSHL (as a binary variable) was entered as the independent variable, 
the overall MANCOVA showed significant differences in the general health, vitality, social 

functioning and mental health scores between the two groups (Wilk’=0.955, F=2.44, 
P=0.014). After adjusting for other covariants, individuals with high DSHL reported higher 
scores on GH (Mdiff=6.8, P=0.028), VT (Mdiff=6.6, P=0.014), SF (Mdiff=6.0, P=0.017) and MH 
(Mdiff=7.4, P=0.005) than did those with low DSHL. The associations between DSHL and 
different domains of HRQoL are shown in Table 3.

Crude analysis showed that with two components of HRQoL entered as dependent 
variables, the overall MANCOVA was significant (Wilks’=0.965, F=7.87, P<0.001). 
Individuals with high DSHL had higher PCS score(Mdiff=2.9, ES=0.30) and MCS 
score(Mdiff=4.4, ES=0.47) than those with low DSHL. After adjusting for age, gender, 
education, marital status, other chronic diseases, family history of diabetes, history of 
hyperglycemia, physical activity, hypertension, smoking, drinking, BMI and WHR, a linear 
independent pairwise comparison indicated that individuals with prediabetes who had higher 
DSHL reported higher MCS (Mdiff=3.5, 95%CI: 1.8, 6.3) with a medium effect size (ES=0.38). 
The association between DSHL and HRQoL among elderly individuals with prediabetes is 
shown in Table 4.

Table 3 Association between DSHL and different subscales of HRQoL among elderly individuals with 

prediabetes

High DSHL Low DSHL Difference
SF-36 domains

Mean SE Mean SE Mdiff (95%CI) ES(d) P-value

Crude analysis (Wilk’=0.955, F=2.44, P=0.014) 

PF 80.0 3.2 75.5 1.2 4.6 (-2.3,11.2) 0.20 0.193

       RP 74.5 5.8 70.9 2.3 3.5 (-5.7,15.4) 0.08 0.224

       BP 78.9 2.2 75.2 0.8 3.7 (-1.8, 8.3) 0.23 0.110

       GH 64.5 2.9 56.8 1.1 7.6 (1.6,13.7) 0.38 0.013

       VT 78.9 2.5 71.3 0.9 7.5 (2.4,12.8) 0.42 0.004

       SF 86.0 2.3 78.8 0.9 7.2 (2.4,12.1) 0.43 0.001

RE 91.2 4.6 84.3 1.7 6.9 (-2.7,16.5) 0.21 0.158

       MH 81.8 2.4 73.8 0.9 8.0 (3.0,13.0) 0.46 0.002

Adjusted analysis (Wilk’=0.958, F=2.31, P=0.019) †

PF 79.6 3.2 75.6 1.2 4.0 (-2.8,10.8) 0.17 0.252

       RP 73.1 5.9 71.2 2.1 1.9 (-6.7,14.2) 0.07 0.186

       BP 78.4 2.1 75.3 0.8 3.1 (-1.2,7.5) 0.19 0.161

       GH 63.7 2.9 56.9 1.1 6.8 (1.7,12.9) 0.33 0.028
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       VT 78.0 2.5 71.4 0.9 6.6 (1.3,11.8) 0.37 0.014

       SF 84.9 2.3 79.0 0.9 6.0 (1.1,10.9) 0.36 0.017

RE 88.0 4.6 84.7 1.7 3.4 (-6.2,12.9) 0.10 0.492

       MH 81.2 2.4 73.9 0.9 7.4 (2.3,12.5) 0.43 0.005

DSHL, diabetes-specific health literacy; PF, physical functioning; RP, role-physical; BP, bodily pain; GH, general 

health; VT, vitality; SF, social functioning; RE, role-emotional; MH, mental health.

† Adjusted for age, gender, education, marital status, other chronic disease, physical activity, family history of 

diabetes, history of hyperglycemia, smoking, drinking, hypertension, BMI and WHR.

Mdiff, mean difference; ES(d), mean difference/pooled SD. 

Table 4 Association between DSHL and HRQoL among elderly individuals with prediabetes

 High  DSHL  Low  DSHL Difference
Variables

Mean SE Mean SE Mdiff (95%CI)  ES (d)  P-value

Crude analysis (Wilks’=0.965, F=7.87, P<0.001)

PCS 44.6 1.3 41.7 0.5 2.9 (1.4,5.7)  0.30 0.046

MCS 50.2 1.3 45.8 0.5 4.4 (1.7,7.1)  0.47 0.001

Adjusted analysis (Wilks’=0.974, F=5.63, P=0.004)†

PCS 44.4 1.3 41.8 0.6 2.6 (-1.2,5.4) 0.27 0.067

MCS 49.4 1.3 45.9 0.7 3.5 (1.8, 6.3) 0.38 0.012

DSHL, diabetes-specific health literacy; Mdiff, mean difference; ES (d), mean difference/pooled SD; PCS, physical 

health component score; MCS, mental health component score.

†Adjusted for age, gender, education, marital status, other chronic disease, physical activity, family history of diabetes, 

history of hyperglycemia, smoking, drinking, hypertension, BMI and WHR.

Discussion
    This cross-sectional study showed a high prevalence (21.5%) of prediabetes among the 
elderly population in rural areas in China, which is similar to the findings of the earlier study44. 
The results, together with the large elderly population living in rural areas, suggest that this 
serious public health problem in China requires better prevention.

Many studies have used general HL measurement instruments, such as REALM or 
TOFHLA, which are not disease or condition-specific. However, our study used a DSHL 
questionnaire with high reliability and validity that was designed by the Chinese Center for 
Health Education, and is suitable for a nondiabetic population 39. The questionnaire was able 
to effectively and accurately examine the level of HL about diabetes knowledge, diabetes 
prevention behaviors and the acquisition and utilization of diabetes information among 
individuals with prediabetes.There is a direct association between DSHL and patient 
assessments of their self-care ability ,which indicates that HL measures should include 
indicators of knowledge and understanding25.Thus, in terms of prevention,knowing the HL of 
individuals with prediabetes regarding diabetes prevention and control contribute to the 
development of more effective interventions and health education methods. Based on the 
results of the univariate analysis, the DSHL score showed significant differences in the 
variables of gender, education and history of hyperglycemia, which are consistent with the 
findings of other studies45 46.

Although the effect of HL on HRQoL has been widely discussed among some populations 
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in previous studies47-49, few studies have explored the association between HL and HRQoL 
among individuals with prediabetes. There is also a lack of research probing the effect of 
disease- or condition-specific HL on HRQoL. To the best of our knowledge, this is the first 
study to examine the relationship between DSHL and HRQoL among elderly individuals with 
prediabetes. Our study found that DSHL was positively associated with some health domains 
of HRQoL according to bivariate and multivariate analyses. Compared with individuals with 
prediabetes with lower HL levels, subjects with higher HL reported higher scores on the 
GH,VT,SF and MH subscales of HRQoL. That is, the prediabetic older adults with lower HL 

were more likely to have limited social activities(SF), poor general health perceptions(GH), 
tiredness(VT) and psychological distress(MH).When the eight domain scores were 
standardized and summarized as the PCS and MCS, the relationship between DSHL levels and 
HRQoL was significant in the mental-well being(SF-36 MCS), while it was significant in the 
physical health domain(SF36 PCS) only in the bivariate model and became nonsignificant 
after controlling for sociodemographic and somatometric covariates. On the one hand, more 
subscales of the MCS component than of the PCS were significantly associated with DSHL; 
this finding could be helpful in further studies exploring the influence of HL on certain 
subscales of HRQoL. On the other hand, some information loss may occur in the process of 
standardizing and summarizing the scores of the eight domains into two components because 

of the different weights of the eight domains. However, the PCS and MCS scales are scored 
using the linear T-score transformation method so that a one-point difference is one-tenth of 
a standard deviation, and higher scores indicate a better health status42. Therefore, a 2- to 
3-point difference in the PCS and MCS score in our study is significant and meaningful. These 
results are in concordance with those of previous studies that targeted the relationship 
between general HL and HRQoL10 50-53. For instance, Jayasinghe and her colleagues found 
that HL accounted for 45% and 70% of the total between-patient variance explained in PCS-12 
and MCS-12, respectively10. Furthermore, a study conducted in 605 patients with 
symptomatic heart failure (HF) showed that those with higher literacy had better HRQoL 
scores (mean difference=7.2,P<0.01) than did those with lower literacy52. A cross-sectional 
survey of 1841 cancer patients in Wisconsin also indicated that higher HL was positively 
associated with the physical, functional, emotional, and social well-being subscales of 
HRQoL53. However, our results also contradict the findings of previous studies that examined 
the association28-30 54-56. Data from a clinical trial that included 154 predominantly white 
patients with type 2 diabetes who screened positive for depression showed that the 
between-HL group difference in change over 1 year was only nonsignificant at 0.76 points for 
PCS and 0.56 points for MCS28. In another study conducted among frequent users of health 
care services, no association was found between HL and HRQoL on both PCS and MCS 55. 
Two other studies 30 54 demonstrated that HL was not significantly associated with only the 
mental component of HRQoL. A prospective cohort study of 4278 older adults in the UK 
showed that low HL significantly predicted declines in the physical, psychological and 
environmental domains of HRQoL but not in the social relationship HRQoL 56. There are 
three reasons for this variance. First, most studies pay attention to the impact of general HL 
rather than specific HL on HRQoL. However, general HL includes the ability to obtain, 
process and understand all basic health information, not just a specific disease. Second, the 
various studies used different tools to measure HL and HRQoL. Last, the contradictory results 
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were also likely due to differences in social and culture factors, and in the study populations 
and sample sizes.

These results suggest that individuals with newly diagnosed prediabetes who have higher 
levels of DSHL may have higher HRQoL, especially for the mental health component. A 
potential explanation for the relationship between DSHL and the physical and mental 
components of HRQoL may be that low DSHL limits individuals’ understanding of complex 
information about diabetes knowledge and prevention, and thus becomes a barrier to 
individuals’ participation in diabetes education and intervention. Moreover, people with lower 
HL tend to have difficulty communicating, which prevents them from asking questions, 
clearly expressing their concerns, emotions, and needs to providers and seeking additional 
services, such as support for mental health50 53. Furthermore, as a previous study found that 
subjects with low health literacy were 3 times more likely to have depression54.Considering 
that individuals with lower HL were more likely to have limited social activities, tiredness and 
psychological distress,lower DSHL may further limit individuals’ ability to talk with their 
families and health education and care providers about difficult emotional issues or abstract 
psychosocial implications of diabetes. Thus, different DSHL groups may show differences in 
understanding and acceptance when faced with the same diabetes education information and 
intervention programs. This process may be also associated with responsiveness during 
consultations and interventions.Individuals with lower levels of DSHL may not have 
knowledge of signs or symptoms of concern and may experience a psychological panic, 
reducing the MCS of HRQoL. The findings about the impact of DSHL on HRQoL in the 
prediabetic population could help us to identify new target groups and provide multifaceted 
and collaborative interventions to delay the development of type 2 diabetes. They also provide 
information that could contribute to assessments of the effects and cost-effectiveness of 
diabetes education and intervention. Healthcare staff should be aware of health literacy 
problems among elderly adults, and should simplify health-related information to increase 
the responsiveness of subjects with low health literacy during consultations and interventions. 
Although our findings were based on the results of a cross-sectional study, HRQoL could be 
viewed as an essential supplementary outcome in health surveys or intervention process; thus, 
it is important to carry out HRQoL monitoring to fully understand the health status of 
different HL groups. Furthermore, the finding that DSHL is associated with changes in 
HRQoL outcomes raises the need for testing the hypothesis of whether DSHL is a modifiable 
factor and, if so, considering whether interventions aimed at improving DSHL may also lead 
to improvements in HRQoL and health conditions in this population. Therefore, there are 
important public health implications of examining the association between DSHL and 
HRQoL. 

Our study also revealed that individuals with prediabetes showed lower PCS than MCS, 
and the mean scores of the four domains of the mental health components were likewise 
higher than those of four subscales of the physical health components, which was consistent 
with the findings of other studies57 58. One explanation is that some elderly have difficulties in 
physical activities due to illness. A study has also shown that chronic diseases have a stronger 
effect on reducing physical function than psychological function59. Similar to the results of our 
study, elderly individuals with chronic disease, overweight or obesity and physical inactivity 
have lower scores on the subscales of physical function, bodily pain and general health; 
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however, these domains are components of the physical health aspect of HRQoL.
Our study also has several limitations. First, its cross-sectional design did not permit 

causal inferences. Furthermore, both cohort studies and randomized controlled trial designs 
garner a deeper understanding of the relationship between DSHL and HRQoL. Second, HL 
was measured using the public questionnaire of HL of diabetes mellitus. This may influence 
the way in which our study may be compared to previous studies, the majority of which 
measured multidimensional competences rather than a single competence of functional HL. 
Third, self-administered questionnaires were used to assess some variables, which might have  
introduced recall bias. However, this limitation was minimized because instruments used in 
this study are valid and reliable. Finally,our study sample was taken from rural areas in one 
city of one province of China. Therefore, the generalization of the results to other populations 
should be carefully considered. 
Conclusions
    In summary, lower DSHL was associated with poorer HRQoL among elderly individuals 
with prediabetes in rural areas in China, particularly in terms of the mental health component. 
These findings suggest that assessing and improving both DSHL and HRQoL may be 
important for individuals with prediabetes.
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STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*
Checklist for cohort, case-control, and cross-sectional studies (combined)

Section/Topic Item # Recommendation Reported on page #
(a) Indicate the study’s design with a commonly used term in the title or the abstract 1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 1

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 4

Objectives 3 State specific objectives, including any pre-specified hypotheses 4

Methods
Study design 4 Present key elements of study design early in the paper 4
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
4

(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

4Participants 6

(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

NA

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

5,6

Data sources/ measurement 8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

5,6

Bias 9 Describe any efforts to address potential sources of bias 6
Study size 10 Explain how the study size was arrived at 4
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen 

and why
6

(a) Describe all statistical methods, including those used to control for confounding 6

(b) Describe any methods used to examine subgroups and interactions 6
(c) Explain how missing data were addressed NA

Statistical methods 12

(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

6
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses NA

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed
7

(b) Give reasons for non-participation at each stage 6
(c) Consider use of a flow diagram NA

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

7

(b) Indicate number of participants with missing data for each variable of interest 7
(c) Cohort study—Summarise follow-up time (eg, average and total amount) NA

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time NA
Case-control study—Report numbers in each exposure category, or summary measures of exposure NA
Cross-sectional study—Report numbers of outcome events or summary measures 7

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

8,9,10

(b) Report category boundaries when continuous variables were categorized 8,9,10
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period NA

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses NA
Discussion
Key results 18 Summarise key results with reference to study objectives 11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
12,13

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

12,13

Generalisability 21 Discuss the generalisability (external validity) of the study results 13
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
13

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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