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ABSTRACT  

Background: Up until now, differences in HbA1c levels by socio-economic status (SES) have been 

identified, but not yet quantified in people with type 2 diabetes. The aim of this study was therefore to 

assess the difference in HbA1c levels between people with type 2 diabetes of different SES in a 

systematic review and meta-analysis. 

Methods: A systematic literature search was conducted in MEDLINE, Embase, Ebsco, and the 

Cochrane Library until February 2016. Included studies described adults with type 2 diabetes in whom 

the association between SES and HbA1c levels was studied. Studies were rated for methodological 

quality and data were synthesized quantitatively (meta-analysis) and qualitatively (levels of evidence), 

stratified for type of SES variable, i.e. education, income, deprivation, and employment. 

Results: Forty-five studies were included: 15 high, 21 moderate, and 9 of low methodological quality. 

The pooled mean difference in HbA1c levels between people of low and high SES was 0.30% (95%CI 

0.09;0.51) (3.52 mmol/mol (95%CI 1.14;5.89)) for education, and 0.31% (95%CI 0.05;0.57) (3.72 

mmol/mol (95%CI 0.94;6.49)) for income. Strong evidence was provided that people of low SES have 

higher HbA1c levels than people of high SES, for respectively deprivation, education, and income. 

Conclusions: A statistically and clinically relevant difference in HbA1c levels was observed for level 

of education and income in our meta-analyses in people with type 2 diabetes. Future research should 

focus on finding SES-sensitive strategies to reduce HbA1c levels in people with type 2 diabetes. 

 

Keywords: socio-economic status, HbA1c, glycemic control, type 2 diabetes, meta-analysis, 

systematic review. 

 

  



 
 

 

INTRODUCTION 

Over the past few decades, extensive research has shown a negative association between a person’s 

socio-economic status (SES) and health. SES is typically defined as a person’s social status, 

economic status, and work status, for example by measuring education, income, and occupation (1). 

Most studies have shown that people with a low SES have worse health outcomes, compared to 

people with a higher SES. These SES differences are frequently observed for chronic conditions with 

high morbidity and mortality rates, such as cancer, diabetes, cardiovascular conditions, and arthritis 

(2; 3).  

For type 2 diabetes, SES differences have been identified in all stages of the disease: from 

pre-diabetes to disease progression to death. It was shown in a meta-analysis from 2011 that three 

indicators of low SES were associated with an overall increased risk of type 2 diabetes, respectively 

education (41%), income (40%), and occupation (31%) (4). Low SES has also been associated with 

inequalities in diabetes care: HbA1c levels, blood pressure, and lipid levels were less often assessed; 

and metabolic targets seem to be less often achieved in people with type 2 diabetes of low SES, 

compared to those of high SES (5). Furthermore, a person’s low SES has been associated with an 

increased risk of both diabetes-related and all-cause mortality in people with type 2 diabetes (6). 

Although SES differences in health have been identified for people with type 2 diabetes, the 

existing literature has thus far not been pooled to quantify the clinical difference for important 

metabolic parameters, such as glycemic control. Good glycemic control, as measured by hemoglobin 

A1c (HbA1c), is important for the prevention of microvascular and macrovascular diabetes-related 

complications (7). A recent systematic review by Grintsova et al. from 2014 showed that individual 

SES factors as well as regional deprivation were associated with poor glycemic control and failure to 

reach glycemic targets (5). These findings confirmed an earlier systematic review, which additionally 

reported socio-economic inequalities in diabetes diagnosis and control (8). However, these reviews 

have neither pooled nor weighted the evidence for risk of bias. Moreover, these reviews also included 

papers with mixed type 1 and 2 diabetes samples (5; 8) and type 1 diabetes samples (8), which may 

have led to conclusions not directly applicable to people with type 2 diabetes.  

We therefore performed a systematic review and meta-analysis to summarize and pool the 

difference in HbA1c levels between people with type 2 diabetes of different SES. In order for policy 



 
 

 

makers, researchers, or clinicians to make an informed decision about tailoring glycemic interventions 

to the SES of people with type 2 diabetes, it is important to quantify the clinical difference and 

synthesize all available evidence. 

 

MATERIALS AND METHODS 

Data sources and searches 

A systematic search of the literature was conducted in MEDLINE (Pubmed), Embase, Ebsco 

(PsycINFO, CINAHL) and the Cochrane Library until February 2
nd

, 2016. Reference lists of included 

studies were searched manually for additional studies. In short, the search strategy focused on a 

combination of these terms and their synonyms: (Type 2 diabetes OR NIIDM OR T2DM) AND (HbA1c 

OR glycated hemoglobin OR glycemic control) AND (socio-economic status/position/inequality OR 

deprivation OR poverty OR occupation OR employment OR income OR educational level). The full 

search strategy is provided in Additional file 1. The Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines were followed for experimental studies (9) and the 

Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines for observational studies 

(10). The protocol of this review was registered in the PROSPERO database under 

CRD42016034147. 

 

Study selection 

Studies were included if 1) the study population consisted of people with type 2 diabetes of the age of 

18 years and over; 2) one or more SES variables were studied (see search strategy for all SES 

variables considered); 3) HbA1c levels were studied as a continuous variable; 4) the results from the 

association between SES and HbA1c level were reported in the article or could be provided afterwards 

by the authors; 5) the peer-reviewed article was available as full text; and 6) the article was written in 

English. Studies were excluded when the population was a mixed sample of type 1 and 2 diabetes 

with no data reported separately for type 2 diabetes. 

All studies identified in the literature search were screened for eligibility by title and abstract by 

one reviewer (AR). The full text versions of potentially eligible studies were independently assessed 

for inclusion by AR (100%); and were distributed for duplicate independent assessment among the 



 
 

 

four other reviewers FR (85%), SB (5%), JM (5%) and GN (5%). Discrepancies were resolved through 

discussion, consulting a third author if necessary. 

 

Data extraction 

Data extraction was performed by AR (100%) and independently duplicated by FR (25%), SB (25%), 

JM (25%), and GN (25%). A pre-piloted form was used to extract data from the included studies. Data 

extraction included: study design, study population, relevant selection criteria, setting, period of 

analysis, country, number of participants (%male), ethnicity, age, diabetes duration, HbA1c levels, 

HbA1c measurement method, diabetes treatment, type of SES variable(s) (individual or regional 

level), distribution of SES variables (e.g. in quintiles or high vs. low), method of measurement (self-

report, questionnaire), type of statistical analysis, confounders, and results. If studies did not show 

effect sizes for the association between SES and HbA1c levels, authors were requested via email to 

provide the data. If N for analysis was not provided, it was extracted from the baseline characteristics. 

Discrepancies identified during the duplicate data extraction were resolved through discussion, 

consulting a third author when necessary.  

 

Methodological quality assessment 

An adaptation of the Quality Assessment Tool for Quantitative Studies as developed by the Effective 

Public Health Practice Project (EPHPP) was used to rate the methodological quality of the included 

studies (11). This nineteen-item tool was adapted by Mackenbach et al. (2014) and is suitable for 

assessing the methodological quality of studies of observational and experimental design (12). It 

contains eight domains of methodological quality: 1) study design; 2) blinding; 3) representativeness 

with regard to selection bias; 4) representativeness with regard to withdrawals/dropouts; 5) 

confounders; 6) data-collection; 7) data-analysis; and 8) reporting.  

Confounding was scored as ‘weak’ when data were not corrected for at least age, sex, 

diabetes duration, and diabetes medication; a ‘moderate’ score was attributed to studies who 

corrected for at least one of these confounders; and ‘strong’ score was attributed to those who 

corrected for at least all of these confounders or to those who checked in univariable analysis whether 

these confounders were significantly associated with the outcome and hence only corrected for 



 
 

 

significant confounders in multivariable analysis. Data-collection was scored as ‘no rating’ when no 

information was provided on how HbA1c levels were assessed in the study itself or its the design 

paper. Information on the method of HbA1c analysis equaled a ‘moderate’ rating, inclusion of intra-

assay coefficients resulted in a ‘strong’ rating for data-collection. Data-analysis was scored as ‘weak’ 

when data was not tested, ‘moderate’ score for univariable analysis, and ‘strong’ for multivariable 

analysis. 

Studies can have between five to eight component ratings resulting in one overall rating, 

ranging from high methodological quality (low risk of bias) to low methodological quality (high risk of 

bias). For example, when five component ratings were given: high methodological quality was 

attributed to those studies with no ‘weak‘ ratings and at least two ‘strong’ ratings; moderate 

methodological quality was attributed to those studies with one ‘weak’ rating or fewer than two ‘strong’ 

ratings; low methodological quality was attributed to those studies with two or more ‘weak’ ratings. All 

included studies were independently assessed for methodological quality by two raters (AR and JM). 

The ratings of each domain and the overall ratings were compared between the two raters to reach 

consensus. 

 

Quantitative data synthesis 

For studies that provided data on mean HbA1c levels between SES groups, the inverse variance 

method was used to perform a random-effects meta-analysis of the mean difference in HbA1c levels 

in Review Manager 5.3 [Nordic Cochrane Center]. HbA1c levels are reported in percentages (National 

Glycohemoglobin Standardization Program (NGSP)) and in mmol/mol (International Federation of 

Clinical Chemistry and Laboratory Medicine (IFCC)). Levels were converted via 

http://www.ngsp.org/convert1.asp. Data were pooled in case more than two studies reported data. 

Mean differences were compared between highest and lowest SES groups. When SES variables had 

more than two categories, the highest category was compared to the lowest. Analyses were stratified 

for type of SES variable: education, income, deprivation, employment, and a miscellaneous group 

respectively.  

Statistical heterogeneity was assessed with the I
2
 statistic, reflecting the percentage of total 

variance that can be explained by heterogeneity, ranging from 0% (no heterogeneity) to 100% 



 
 

 

(differences can completely be explained by chance alone) (13). A P-value <0.05 was considered 

statistically significant. Funnel plots were used to assess publication bias.   

 

Qualitative data synthesis 

Since few studies provided data on mean HbA1c levels between SES groups, all data were 

synthesized qualitatively by means of levels of evidence. Analyses were stratified for type of analysis 

(univariable vs. multivariable analyses) and for type of SES variable, education, income, deprivation, 

employment, and a miscellaneous group respectively. Similar to the quantitative analysis, the highest 

vs. the lowest SES categories were compared.  

A rating system adapted from Licht-Strunk et al. was applied to determine the strength of the 

evidence. Evidence was considered ‘consistent’ in case ≥75% of the studies reporting on a similar 

SES variable showed the same direction of the association (14). Strong evidence was provided when 

at least two studies of high methodological quality showed consistent associations. Moderate evidence 

was provided when one study of high methodological and at least one study of lower methodological 

quality (moderate or weak) showed consistent associations. Weak evidence was provided when one 

study of high methodological quality studied the association or consistent associations were found in 

at least three studies of lower methodological quality (moderate or weak). When less than three 

studies of lower methodological quality (moderate or weak) showed consistent associations, evidence 

was considered inconclusive. Finally, inconsistent evidence was provided when <75% of studies 

reported the same direction of the association, regardless of study quality (14) (see Figure 1).  

 

RESULTS 

Description of included studies 

The systematic literature search identified 6080 articles. After screening the titles and abstracts of all 

references, 235 potentially eligible articles were read full text. Forty-eight studies met the inclusion 

criteria of this review (15-62). As four studies examined identical associations within the same sample 

(56-59), we only included one of those papers in our study (56). In total, 45 studies were therefore 

included (see Figure 2). 



 
 

 

 An overview of the included studies is shown in Table 1. The sample sizes varied from 30 to 

28,329 people with type 2 diabetes, resulting in a total of 136,246 people with type 2 diabetes 

investigated. Most studies were conducted in North-America (23 studies), followed by Europe (thirteen 

studies), Asia (seven studies), one Middle-Eastern study, and one African study. Forty-two studies had 

observational designs (28 cross-sectional, eight prospective, and six retrospective observational 

studies), two were experimental studies, and one was a quasi-experimental study.  

The majority of studies were conducted in primary care populations (sixteen studies) or in a 

sample of primary care and secondary care populations (nine studies). Five studies were conducted in 

solely secondary care populations, and two in tertiary care populations. One study was conducted in a 

secondary and tertiary care population, and one study was conducted in a primary and tertiary care 

population. Eleven studies had other or unclear study settings.  

 

Methodological quality rating 

An overview of the methodological quality assessment of the studies is presented in Additional file 2. 

Fifteen studies were considered to be of high methodological quality (low risk of bias), 21 studies of 

moderate methodological quality (moderate risk of bias), and nine studies of low methodological 

quality (high risk of bias). Most studies were considered to be of moderate quality because they 

received one weak rating for either representativeness with regard to selection bias or confounding. 

Studies of low methodological quality most often had weak ratings for representativeness with regard 

to selection bias, confounding, and data-analysis. 

 

Education 

Education was the most often studied SES variable; 29 studies reported on the association between 

education and HbA1c levels (15; 16; 19-21; 23-26; 28; 30; 33-35; 37; 38; 43-49; 51-53; 56; 60; 62). A 

random-effects meta-analysis of nine studies revealed that people with the lowest educational level 

had a 0.30% (95%CI 0.09;0.51) or 3.52 mmol/mol (95%CI 1.14;5.89) higher mean HbA1c level, 

compared to people with the highest educational level. Heterogeneity between studies was significant 

with I
2 

statistic of 91% (P<0.01) (see Figure 3a). Exploring heterogeneity in subgroup analyses based 

on primary care studies (I
2
=78%) or non-Asian studies (I

2
=84%) did not identify the source of 



 
 

 

heterogeneity. Examination of the funnel plot did not raise suspicion of publication bias (data not 

shown). 

Table 2a shows the qualitative data-synthesis of the association between educational level 

and HbA1c level. Overall, strong evidence (75%) was provided from univariable analyses and 

inconsistent evidence (66.7%) was provided from multivariable analyses that people of the lowest 

educational level have higher HbA1c levels, compared to people with type 2 diabetes of the highest 

educational level.  

 

Income 

There were 22 studies on the association between income and HbA1c levels (15; 16; 19; 23-27; 30; 

32; 33; 35; 37; 38; 43; 45; 46; 50-52; 55; 56). A random-effects meta-analysis of seven studies 

revealed that people with the lowest income level have a 0.31% (95%CI 0.05;0.57) or 3.72 mmol/mol 

(95%CI 0.94;6.49) higher mean HbA1c, compared to people with the highest income level. 

Heterogeneity between studies was significant with I
2 

statistic of 84% (P<0.01) (see Figure 3b). 

Exploring heterogeneity in subgroup analyses based on primary care studies (I
2
=84%) or non-Asian 

studies (I
2
=81%) did not identify the source of heterogeneity. Examination of the funnel plot did not 

raise suspicion of publication bias (data not shown). 

Table 2b shows the qualitative data-synthesis of the association between income level and 

HbA1c level. Overall, inconsistent evidence (73.3%) was provided from univariable analyses and 

strong evidence (75%) was provided from multivariable analyses that people with the lowest income 

level have higher HbA1c levels, compared to people with type 2 diabetes with the highest income 

level.  

 

Deprivation 

There were seven studies on the association between deprivation and HbA1c levels (17; 22; 39-41; 

46; 54). Quantitative data-synthesis was not performed due to low number of studies reporting HbA1c 

levels (2 studies). Table 2c shows the qualitative data-synthesis of the association between 

deprivation and HbA1c level. Strong evidence was provided from both univariable (80%) and 



 
 

 

multivariable (100%) analyses that people who were most deprived had higher HbA1c levels, 

compared to people with type 2 diabetes who were the least deprived. 

 

Employment 

There were six studies on the association between employment status and HbA1c levels (15; 20; 24; 

31; 53; 56). Quantitative data-synthesis was not performed due to low number of studies (2 studies). 

Table 2d shows the qualitative data-synthesis of the association between employment status and 

HbA1c level. Overall, inconsistent evidence was provided from univariable (60%) and multivariable 

(66.7%) analyses that unemployed people had higher HbA1c levels, compared to people with type 2 

diabetes who were employed.  

 

Other SES variables 

There were five studies on the association between other SES variables and HbA1c levels (29; 35; 42; 

56; 61) (Table 2e). There were also seven studies that examined the association between SES and 

mean or median change in HbA1c level (18; 36; 38; 39; 44; 50; 60) (Tables 2f). Due to the 

miscellaneous character of these studies, data were synthesized only descriptively. 

 

DISCUSSION 

This is the first systematic review to quantify the difference in HbA1c levels between people with type 

2 diabetes of low and high SES. In the meta-analysis, we observed a statistically significant higher 

mean HbA1c level of 0.30% (95%CI 0.09;0.51) (3.52 mmol/mol (95%CI 1.14;5.89)) in people with the 

lowest education, compared to people with the highest education; and a 0.31% (95%CI 0.05;0.57) 

(3.72 mmol/mol (95%CI 0.94;6.49)) higher mean HbA1c level in people with the lowest income, 

compared to people with the highest income. When the evidence was weighted for risk of bias, strong 

evidence was provided from both univariable and multivariable analyses that people of high 

deprivation have higher HbA1c levels, compared to people of low deprivation. In addition, strong 

evidence was found that low education (univariable analyses) and low income (multivariable analyses) 

were associated with higher HbA1c levels, compared to high education and high income. 



 
 

 

 Besides a statistically significant difference in HbA1c levels for education and income, the 

results from our meta-analysis must also be interpreted with regard to clinical significance. It was 

shown in the United Kingdom Prospective Diabetes Study (UKPDS) that each 1% reduction in HbA1c 

level was associated with 21% risk reduction of diabetes-related death, 14% reduction of myocardial 

infarctions, and 37% reduction of micro-vascular complications (7). Therefore, the 0.30% and 0.31% 

difference in mean HbA1c level between people of low and high SES for education and income can be 

considered as clinically relevant. 

 The statistically significant differences in mean HbA1c level that were observed for education 

and income in our meta-analysis largely confirmed the qualitative data-synthesis of univariable 

analyses. For income, it should be noted, though, that the level of evidence did not reach the 75% 

threshold for strong evidence with 73.3% of all findings reporting in the same direction. When 

corrected for important confounders in multivariable analyses, strong evidence was provided for 

income differences, but not for education (inconsistent; 66.7%). 

Consistently strong evidence was provided for differences in HbA1c levels by deprivation from 

both univariable and multivariable analyses. Deprivation was the only SES variable measured on a 

regional level, and it was often assessed by the Townsend score based on census data, which 

includes unemployment rates, non-car ownership, non-home ownership, and household overcrowding 

(63). Interestingly, only one study examined both patient and practice deprivation and concluded that 

the deprivation of the practice a patient resided in was more strongly associated with HbA1c levels 

than the deprivation of the patient, suggesting that other practice-related factors are also of 

importance (17).  

 The exact pathways through which SES affects HbA1c levels in people with type 2 diabetes 

are yet to be elucidated. According to the conceptual framework developed by Brown et al. (64), low 

SES may affect diabetes-related health outcomes via proximal factors, including individual health 

behaviors, access to care, and processes of care; and via distal factors, including characteristics of 

the individual, care provider, health care system, and neighborhood. These factors can act as 

moderators and/or mediators in the association, and critical covariates, such as age, sex, and 

ethnicity, must be taken into account when studying this association (64). Importantly, this framework 

provides insight into which factors could be targeted in interventions that pay attention to SES 



 
 

 

differences in people with type 2 diabetes. As SES itself is rather static and robust to directly intervene 

on, an intervention could  be tailored to low SES groups by focusing on moderating and mediating 

factors that seem susceptible to change, for example individual health behaviors such as glucose 

monitoring, smoking, and physical activity, or individual characteristics, such as patient-provider 

communication, mental health, social support, and health literacy (64).  

This is the first systematic review to quantify and to asses - when weighted for risk of bias - the 

difference in HbA1c levels for people with type 2 diabetes of different SES. Strengths of this review 

include the systematic assessment of the methodological quality of each study, the inclusion of studies 

of solely people with type 2 diabetes, and the inclusion of studies published since the publication of 

the previous reviews (5; 8). In addition, important confounders such as age, sex, diabetes duration, 

and diabetes medication were taken into account in our quality ratings. However, some limitations 

must be taken into account. Although recommended by the framework by Brown et al. (64), we did not 

include ethnicity as a prerequisite covariate in multivariable analysis because of its 

moderating/mediating association with SES and diabetes-related outcomes. A second limitation is that 

a low score for the methodological quality assessment may not necessarily correspond to a low quality 

of the study. It could be a consequence of lack of reporting, for example because many papers did not 

study the association between SES and HbA1c level as a primary aim. Third, it must be taken into 

account that the 75% cut-off for consistent associations in the qualitative data-synthesis is rather 

arbitrary, and if this criterion would be altered a different conclusion could be drawn. Another limitation 

is that studies had to be excluded when data on the association between SES and Hba1c level was 

not shown or could not be provided afterwards upon request, which may have led to selection bias. A 

final limitation is that the included studies were characterized by heterogeneity due to different 

classification, categorization, and analysis of variables. Due to this heterogeneity, we decided only to 

pool descriptive data in our meta-analysis. 

In conclusion, a statistically significant and clinically relevant difference in HbA1c levels was 

found between people with type 2 diabetes of low and high SES. Regardless of how SES was 

measured, strong evidence was provided that people with type 2 diabetes of low SES have higher 

HbA1c levels than people with type 2 diabetes of high SES.  The findings of this review underline the 

importance and clinical relevance of addressing differences in glycemic control by SES in people with 



 
 

 

type 2 diabetes. Future research should focus on finding SES-sensitive strategies to reduce HbA1c 

levels in people with type 2 diabetes.  

 

 

 

 

  



 
 

 

Table 1. Characteristics of included studies 

Author (year), 
reference 

Design, population, 
country (period of 
analysis) 

N (%men), ethnicity, age 
(years) 

Diabetes duration, 
HbA1c 

Diabetes treatment Remarks 

An (2012), 
(15) 

 Observational (C) 

 Primary care 

 South Korea (NS) 

 124 (36.3%) 

 Unknown 

 Mean 68.9 (SD?) 

 <1 year (7.3%), 
1–4 years 
(25.8%), 5–9 
years (21.0%), 
≥10 years 
(45.9%) 

 Mean 6.99% 
(SD 0.99) 

Unknown  

Bains (2011), 
(16) 

 Observational (C) 

 Primary care 

 US (June – August 
2008) 

 125 (27.5%) 

 Black (71.4%), white 
(28.6%) 

 <65 years (50.7%) 

 Unknown 

 Mean 7.6% (SD 
0.2) 

Unknown Low income and predominantly 
minority population. 

Bebb (2005), 
(17) 

 Observational (C) 

 Primary care 

 UK (October 1
st
, 2001 

– September 30
th
, 

2002; census data 
Townsend score 1991) 

 1534 (59%) 

 White (90.6%), South 
Asian (3.7%), Black 
African/Caribbean 
(5.3%), Other (0.4%) 

 Median 66.2 (IQR 
58.3 – 71.7) 

 0-5 years 
(54.2%), 6-10 
years  (24.4%), 
11-15 years 
(12.5%), >15 
years (8.9%) 

 Mean 7.7% (SD 
1.4) 

 Diet only (22.2%) 

 Oral medication 
(65.3%) 

 Insulin (12.5%) 

Baseline data from cluster 
randomized controlled trial. 

Boehm (1993), 
(18) 

 Experimental (RCT) 

 Primary and secondary 
care 

 US (NS) 

 156 (40%) 

 Unknown 

 Mean 58 (SD 11.3) 

 Mean 10 years 
(SD 8.0) 

 >8% GHb 
(77.6%) 

 Insulin (55%) Four groups of behavioral 
analysis and implementation of 
behavioral strategies. 

Bowker 
(2004), (19) 

 Observational (C) 

 Participants recruited 
for RCT 

 Canada (November 
1st, 2001 – June 30th, 
2003) 

Insurance: 

 166 (44.3%) 

 Unknown 

 Mean 59.2 (SD 10.8) 
 
No insurance: 

Insurance:  

 Mean 7.3 years 
(SD 6.6) 

 Mean 7.1% (SD 
1.2). 

No insurance:  

Insurance:  

 oral agents (39.9%) 
 
No insurance:  

 oral agents (60.1%)  

Insulin users were excluded. 



 
 

 

 239 (55.7%) 

 Unknown 

 Mean 68.2 (SD 10.7) 

 Mean 8.3 years 
(SD 7.3) 

 Mean 7.4% (SD 
1.4) 

Chen (2014), 
(20) 

 Observational (C) 

 Tertiary care  

 China (SRRSH: May 
1st, 2005, and April 
30th, 2008 

 SPH: 2005-2008) 

SRRSH:  

 960 (57%) 

 Unknown 

 Mean 55.60 (SD 
(12.89) 

SPH: 

 911 (50%) 

 Unknown 

 Mean 61.61 (SD 
12.32) 

SRRSH:  

 Mean 67.30 
months (SD 
64.42) 

 Mean 8.70% 
(SD 2.82) 
 

SPH:  

 Mean 120.19 
months (SD 
84.49) 

 Mean 10.05% 
(SD 2.58) 

Not shown Only persons hospitalized with a 
primary diagnosis of type 2 
diabetes were included. 

Chiu (2010), 
(21) 

 Observational (P) 

 HRS survey 

 US (1998-2003) 

 809 (50%) 

 Non-Hispanic White 
(81.1%), non-
Hispanic Black 
(10.8%), Hispanic/ 
other (8.2%) 

 Mean 65.3 (range 51-
89) 

 Mean 9.9 years 
(range 1-42) 

 
Men:  

 Mean 7.27% 
(SD?) 

Women:  

 Mean 7.29% 
(SD?) 

 Diet only (28.1%) 

 Oral medication 
(50.9%) 

 Insulin only or 
combination 
(21.0%) 

Sample from survey of 
community dwelling middle 
aged and older (>=51 years) US 
adults that oversamples 
Hispanic Americans and African 
Americans. 

Connolly 
(1996), (22) 

 Observational (C) 

 Secondary care 

 UK (1993) 

Total sample 
(NIDDM+IDDM): 

 1553 (53.5%) 

 Ethnic minority (3-
19%) 

 Median 59-64 

 Median 4-6 
years 
(NIDDM+IDDM) 

 Median HbA1c 
per deprivation 
category 
(NIDDM only): 

1. 4.7% (3.8-6.45)  
2. 5.2% (3.9-6.4) 
3. 5.3% (4.2-6.6) 

Unknown Socio-demographic 
characteristics only shown for 
NIDDM + IDDM. 



 
 

 

4. 5.1% (4.15-
6.45) 

5. 5.3% (4.0-6.5) 
6. 5.6% (4.4-7.0) 
7. 5.0% (4.1-6.75) 

Curtis (2014), 
(23) 

 Observational (R) 

 Unclear setting 

 US (January 1st, 2007 
– August 30th 2012) 

 14,458 (50.2%) 

 Caucasian (63.41%), 
African American 
(16.90%), Asian 
(1.27%), 
Other/Unknown: 
(18.41%) 

 21–44 years 
(10.72%), 45–54 
years (20.99%), 55–
64 years (30.52%), 
65–71 years 
(16.18%), 72+ years 
(21.58%) 

 Unknown 

 Mean 8.59% 
(SD 2.35) 
(=before basal 
insulin initiation) 

Pre-period anti-diabetic 
therapy use 

 Prandial Insulin 
(7.19%) 

 Pre-Mix Insulin 
(3.47%) 

 Orals: (71.43%) 

 GLP-1 Agonist 
(8.22%) 

Patients with Electronic Medical 
Records in Humedica’s 
database who started on basal 
insulin were included. 

Dalsgaard 
(2014), (24) 

 Observational (P) 

 Primary care 

 Denmark (2001-2006 
(screening program), 
2009 (follow-up)) 

 At baseline 1533 
(57%) 

 Unknown 

 Mean 59.9 (SD 6.9) 

 Follow-up time 
Mean 5.9 years 
(SD 1.4) 

 Baseline HbA1c 
46 mmol/mol 
(42–53) or 6.4% 
(6.7) 

Unknown Cohort analysis of ADDITION 
trial, type 2 diabetes was 
identified during screening. 

Daly  (2009), 
(25) 

 Observational (C) 

 Primary care 

 US (2003) 

 253 (43%) 

 White (85%) 

 Mean 60.2 years 
(SD?) 

 Mean 10.1 
years (SD?) 

 Mean 7.08% 
(range 4.9% - 
15.4%) 

 Insulin (33%)  

De Rekeneire 
(2003), (26) 

 Observational (C) 

 Community sample 

 US (April 1997 – June 
1998) 

 468 (53.4%) 

 White (41.5%), Black 
(58.5%) 

 Black women: Mean 
73.4 (SD 2.9), white 

Diabetes duration = 
age at diagnosis 
Black women:  

 Mean 60.2 (SD 
11.6) 

 Insulin or 
hypoglycemic 
agents (82.3%) 

 Insulin (25%) 
 

Sample were well-functioning 
70-79 year old Black and White 
persons with type 2 diabetes 
living in the community. 



 
 

 

women: Mean 73.3 
(SD 3), black men: 
Mean 73.7 (SD 2.7), 
white men: Mean 73.9 
(SD 2.8) 

 Mean 8.3% (SD 
1.8) 

White women: 

 Mean 58.9 (SD 
13.6) 

 Mean 7.3 % (SD 
1.2) 

 
Black men: 

 Mean 59.6 (SD 
10.5) 

 Mean 8.5% (SD 
1.6) 

White men: 

 Mean 60.4 (SD 
13) 

 Mean 7.5% 9SD 
1.2) 

 
Age- and sex-
adjusted HbA1c: 

 Black: Mean 
8.4% (SD?) 

 White: Mean 
7.4% (SD?) 

Duru 2011, 
(27) 

 Observational (P) 

 TRIAD study 
participants 

 US (July 2000 – 
August 2001) 

 Total N=1939 
 
Spanish speaking:  

 64 (46.9%) 

 Latino (100%) 

 Mean 60.7 (SD 12.9) 
 

English speaking: 

 1875 (48.1%) 

 White, non-Latino 

Spanish speaking:  

 Mean 10.5 
years (SD 7.1) 

 Baseline HbA1c 
Mean 10.1% 
(SD 1.6) 
 

English speaking:  

 Mean 10.8 
years (SD 9.3) 

 Baseline HbA1c 

Spanish speaking: 

 Diet controlled 
(31.3%) 

 1 oral medicine 
(65.9%) 

 ≥2 oral medications 
(34.1%) 
 

English Speaking: 

 Diet controlled 
(28.8%) 

Only participants who were not 
using insulin at baseline, had 
HbA1c >=8%, and enrolled in 
TRIAD study of managed care 
were included. 



 
 

 

(35.0%), Latino 
(18.1%), African 
American, non-Latino 
(15.5%), Asian/Pacific 
Islander (21.0%), 
Other (10.5%) 

 Mean 58.7 (SD 12.1) 
 

Mean 9.6% (SD 
1.5) 

 1 oral medicine 
(56%) 

 ≥2 oral medications 
(43.9%) 

Fisher (2010), 
(28) 

 Observational (C) 

 Pre-intervention 
assessment 

 US (NS) 

 463 (48.5%) 

 Non-white (28.0%) 

 Mean 58.8 (SD 9.1) 

 Unknown 

 Mean 8.1% (SD 
1.21) 

Unknown  

Flores-
Hernández 
(2015), (29) 

 Observational (C) 

 NHS survey 

 Mexico (2006 and 
2012) 

2006:  

 2965 (42.5%) 

 Unknown 

 Mean 56.2 (weighted 
95%CI 56.1-56.3)  

 
2012: 

 4483 (44.5%)  

 Unknown 

 Mean 56.9 (weighted 
95%CI 56.6-57.0) 

2006:  

 Mean 8.3 years 
(weighted 
95%CI 8.2-8.3) 

 Mean 11.5% 
(weighted 
95%CI 11.2-
11.8) 

 
2012:  

 Mean 9.2 years 
(weighted 
95%CI 9.1-9.3) 

 Mean 9.3% 
(weighted 
95%CI 9.0-9.6) 

Unknown  

Gao (2013), 
(30) 

 Observational (C) 

 Primary care 

 China (June – October 
2011) 

 222 (38.3%) 

 Unknown 

 Mean 54.5 (SD 6.4; 
range 44-80) 

 Mean 8.3 years 
(SD 6.4); 
median 7 years 
(range 1-42) 

 Mean 6.6% (SD 
1.2; range 4.5-
12.9) 

Unknown  

Garancini  Observational (C)  1963 (44.2%)  Mean 15.2 All NIDDM patients are Only <79 year old NIDDM 



 
 

 

(1997), (31)  Primary/secondary 
care 

 Italy (first semester of 
1993) 

 Unknown 

 Mean 64.0 (SD 9.9) 

years (SD 8.4) 

 Mean 8.2% (SD 
1.7) 

insulin treated (100%) 
40.2% intensive 
therapy (high number 
of injections). 

participants who started insulin 
therapy > 1 year before study 
were included. 

Gebre-
Yohannes 
(1997), (32) 

 Observational (C) 

 Primary/secondary 
care 

 Ethiopia (January 26
th
 

– March 7
th
, 1995) 

 43 (53.3%) 

 Unknown 

 Mean 57.7 (SD 10.3) 

 Mean 6.0 years 
(SD 5.3) 

 Mean 11.0% 
(SD 2.0) 

 Insulin once daily 
(6%) 

 Insulin twice daily 
(11.6%) 

 Oral 
hypoglycaemics 
(76.7%) 

 Diet only (4.7%) 

Reporting here on NIDDM 
patients only. 

Goonesekera 
(2015), (33) 

 Observational (C) 

 Participants of the III 
Bach wave 
(population-based 
cohort) 

 US (2010-2012) 

 682 (49%) 

 Black (37.2%), 
Hispanic (39.4%), 
White (23.3%) 

 >=65 years: 44% 
 

>11 years (47%) 
>=7% (43%) 
 
African-Americans 
7.4% (SD?) 
Hispanic-Americans 
7.2% (SD?) 
Non-Hispanic 
Caucasians 6.9% 
(SD?) 
 

Not drug-treated 
(18.3%) 
 
Drug-treated (81.3%): 

 Insulin only (23%) 

 Oral medication 
only (50%) 

 Insulin + oral 
medication (21%) 

 Other (7%) 

Sample contains equal 
proportions of non-Hispanic 
Caucasians, non-Hispanic 
African-American, and 
Hispanics aged 30-79 years. 

Goudswaards 
(2004), (34) 

 Observational (C) 

 Primary care 

 The Netherlands (July 
1999 – October 2000) 

 1641 (44%) 

 Unknown 

 Mean 65.3 (SD 13.3) 

 Mean 5.5 years 
(SD 6.0) 

 Mean 7.1% (SD 
1.7) 

 Diet only (22%) 

 Oral (66%) 

 Insulin + oral (5%) 

 Insulin (7%) 

 

Guo (2012), 
(35) 

 Observational (C) 

 Secondary (19%) and 
tertiary (81%) care 

 China (April – July 
2010) 

 5961 (54.24%) 

 Unknown 

 Mean 59.50 (SD 
12.48) 

 Mean 8.79 
years (SD 6.85) 

 Mean 8.27% 
(SD 2.23) 

 Oral only (34.74%) 

 Insulin only 
(23.47%) 

 oral + insulin 
(38.06%) 

 Not on medication 
treatment (3.71%) 

 Not available 

Inclusion criterion 1> year type 
2 diabetes. 



 
 

 

(0.02%) 

Haddad 
(2014), (36) 

 Quasi experimental 
(feasibility study) 

 Secondary care 

 Iraq (NS) 

 42 (28.6%) 

 Unknown 

 Mean 51.4 (SD 10.3) 
 

 Mean 6 months 
(SD?) 

 Mean 9.3% 
(SD1.3%) 

 Diet and metformin 
(100%) 

 Some (%?) 
glimepiride, 
glibenclamide 

Within 1 year of diagnosis, a 
minimum intermediate school 
level of education, or access to 
assistance in reading SMSs. 
 
29 week-intervention with 
weekly SMSs with diabetes self-
management information. 

Hausmann 
(2010), (37) 

 Observational (C) 

 ENHANCE trial 
baseline data 

 US (NS) 

Total 282 (33.0%) 
 
Non-Hispanic white: 

 203 (37.3%) 

 Mean 57.3 (SD 11.1) 
 
African American: 

 79 (20.2%) 

 Mean 51.1 (SD 8.9) 

Non-Hispanic white:  

 Unknown  

 Mean 7.40 (SD 
1.71) 

 
African American:  

 Unknown 

 Mean 8.14 (SD 
2.53) 

Non-Hispanic white:  

 Insulin (19.4%) 
 
African American: 

 Insulin (25.3%) 

African American and White 
participants with type 2 diabetes 
in a diabetes self-management 
clinical trial (ENHANCE trial) 

Houle (2015), 
(38) 

 Observational (P) 

 Primary/secondary 
care 

 Canada (NS) 

 295 (50%) 

 NS: 22% born outside 
Canada 

 Mean 59.4 (SD 10.8- 
range 31-83) 

Mean 7.3 years (SD 
7.8) 
>=53 mmol/mol 
(>7.0%): 47% 
HbA1c range: 10 
mmol/mol (3.1%) – 
119 mmol/mol 
(13.0%) 

 Insulin (21.4%) 
 

Canadian type 2 diabetes 
patients who just completed a 
diabetes education course. 

James 
(2012a), (39) 

 Observational (P) 

 Primary care 

 UK (2007-2009) 

 6104 (53%) 

 White (18%), South 
Asian (63%), Black 
African/Caribbean 
(16%), Other (3%) 

 Mean age (at 
baseline) 57 (SD?) 

 0-2 years: 19%, 
>2 years: 81% 

 Mean (at 
baseline) 9.2 
(SD?) 

 Metformin only 7% 

 Combined oral 
46% 

 Insulin 33% 

 Metformin to 
combined oral 8% 

 Any to insulin 7% 

Ethnically diverse sample of 
type 2 diabetes patients with 
poorly controlled (>7.5%) 
HbA1c at baseline in primary 
care. 

James 
(2012b), (40) 

 Observational (R open 
cohort study) 

 N=24,111 (53%) 

 White (22%), South 

 Unknown 

 Mean (?) 8.1 

 Metformin only 
(27%) 

Adult type 2 diabetes patients in 
two most ethnically diverse and 
socially deprived, inner London 



 
 

 

 Primary care 

 UK (September 2004-
2009) 

Asian (58%), Black 
African/Caribbean 
(17%), Other ethnic 
groups (3%) 

 Mean (?) 52.6 (SD?) 

(SD?)  Combined oral 
(50%) 

 Insulin (23%) 

boroughs. 

Laraia (2012), 
(41) 

 Observational (C) 

 DISTANCE survey 
participants 

 US (2005-2007) 

 19,804 (51.2%) 

 African American 
(17.2%), Latino 
(18.3%), White 
(22.4%), Asian 
(26.4%), Other, 
Unknown (12.0%), 
Missing (3.7%) 

 30-51 years (24.4%), 
52-65 years (43.8%), 
>65 years (31.8%) 

 Unknown 

 Mean 7.5% (SD 
1.6) 

Unknown The DISTANCE survey has 
approximately equal samples 
from the 5 largest ethnic groups 
(African  American, Chinese, 
Filipino, Latino and White). 

Lawlor (2007), 
(42) 

 Observational (P) 

 Primary care 

 UK (April 1999 – 
March 2001) 

 220 (0%) 

 Unknown 

 Mean 69.4 (68.6-
70.2) 

 Unknown 

 Mean 6.9% 
(6.79-7.00) 

Unknown Reporting on 60-79 year old 
females with diagnosed 
diabetes. Study also includes 
females with undiagnosed 
diabetes. 

Long (2010), 
(43) 

 Observational (C) 

 Secondary care 

 US (June 26
th
 2002 – 

March 11
th
 2004) 

 294 (98%) 

 Black (100%) 

 Mean 62.44 (95%CI 
61.23-63.64) 

 Mean 1.73 
years (95%CI 
1.60-1.86) 

 Mean 7.99% 
(95%CI 7.74-
8.23) 

Unknown Sample only includes black  
veterans with type 2 diabetes. 

McEwen 
(2009), (44) 

 Observational (P) 

 Primary/secondary 
care (TRIAD cohort) 

 USA (2000-2003) 

 520 (50%) 

 Hispanic (16%), Black 
(10%), White (35%), 
Asian/Pacific Islander 
(28%), Other (12%) 

 Mean 58 (SD 12) 

 Mean 11 years 
(SD 9) 

 Mean 9.1% (SD 
1.5) 

At baseline: 
diet/exercise or oral 
medications (100%) 
Follow-up:  

 Intensify with oral 
medication (69.6%) 

 Intensify with 
insulin (30.4%) 

 

Sample of analysis included 
sub-optimally controlled (>7.2%) 
type 2 diabetes patients who 
were using diet/exercise or oral 
medications at baseline and 
intensified therapy. 



 
 

 

Newlin (2008), 
(45) 

 Observational (C) 

 Primary care (baseline 
sample from RCT) 

 US (NS) 

 109 (0%) 

 100% Black 

 Mean 48 (SD 9.57) 

 Unknown 

 Mean 8.15% 
(SD 2.15) 

Number of 
medications: 

 0 (23.85%) 

 1 (35.78%) 

 2 (33.03%) 

 3 (7.34%) 

Black women only. 

O’Kane 
(2010), (46) 

 Observational (C) 

 Primary/secondary 
care 

 UK (2003) 

 446 (57%) 

 Unknown 

 Mean 64.7 (SD 11.4) 

 Mean 11.2 
years (SD 6.2) 

 Mean 7.6% (SD 
1.4) 

 Diet alone (7.4%) 

 Oral agents alone 
(54.3%) 

 Insulin (38.3%) 

Participants from an area with 
high social deprivation. 

Östgren 
(2013), (47) 

 Observational (R) 

 Primary care 

 Sweden (1999-2009) 

 28,329 (56%)  

 Unknown 

 Mean 63.5 (SD 11.2) 

 Unknown 

 Mean 62 
mmol/mol (SD 
15)/ Mean 7.8% 
(1.4) 

 Oral agents (87%)  

 Insulin (18%) 

Participants without 
pharmacological treatment were 
excluded. 

Powell (2007), 
(48) 

 Observational (C) 

 Secondary care 

 US (NS) 

 68 (20.6%) 

 African American 
(66.2%), Other 
(33.8%) 

 Median 55.0 (IQR 
51.0-60.0) 

 Median 7 years 
(IQR 3.0-15.5) 

 Most recent 
HbA1c: median 
8.25% (IQR 7.6-
10) 

 Average HbA1c: 
median 8.65% 
(IQR 7.7-10.0) 

 Insulin (53%) Participants received care at a 
general internal medicine clinic 
that predominantly cares for a 
low-income, medically 
underserved population. 

Rahman 
(2008), (49) 

 Observational (C) 

 Primary/secondary 
care 

 Malaysia (August – 
October 2005) 

 208 (40.4%) 

 Unknown 

 Mean 55.6 (SD 8.55) 

 Median 6 years 
(IQR=7) 

 Mean 10.17% 
(SD 1.691) 

Unknown Only poorly controlled (>6.5%) 
diabetes included. 

Schectman 
(2002), (50) 

 Observational (R) 

 Primary care 

 US (January 2000 – 
March 2001) 

 829 (39.5%) 

 African American 
(41.7%), Caucasian 
(58.3%) 

 Mean 58.7 (SD 11.5) 

 Unknown 

 Most recent 
HbA1c: Mean 
8.1% (SD 2.0) 

 Concomitant 
Insulin (30.4%) 

 No. oral agents per 
patient 
1. (48.6%); 2. 
(43.8%); 3. (7.6%) 

Indigent population taking at 
least 1 oral agent and self-
identified as either African 
American or Caucasian. 



 
 

 

Schillinger 
(2002), (51) 

 Observational (C) 

 Primary care  

 US (June – December 
2000) 

 408 (42%) 

 Asian (18%), Black 
(25%), Latino (42%) 

 White (15%)  

 Mean 58.1 (SD 11.4) 

 Mean 9.5 years 
(SD 8.0) 

 Mean 8.5% 
(SD= unknown) 
(25 percentile: 
7.2%; 75 
percentile: 
9.5%) 

 Diet alone (6%) 

 Oral only (54%) 

 Insulin only (12%) 

 Insulin + oral (28%) 

 

Sundquist 
(2010), (52) 

 Observational (C) 

 Primary care  

 Sweden (2005) 

 Total 5048 (57.7%) 
 
Men (N=2912) 

 Country of birth: 
Sweden country of 
birth (59.8%) 

 35–44 years (6.5%), 
45–54 years (19.9%), 
55–64 years (40.4%), 
65–74 years (33.2%) 

  
Women (N=2136) 

 Sweden country of 
birth (50.5%) 

 35–44 years (6.7%), 
45–54 years (16.5%), 
55–64 years (37.3%), 
65–74 years (39.5%) 

Men:  

 Unknown 

 Mean 6.4 (SEM 
0.03) 

 
Women:  

 Unknown 

 Mean 6.4 (SEM 
0.03) 

Unknown  

Tang (2007), 
(53) 

 Observational (R) 

 Secondary care  

 China (September 
2005 – February 2006) 

 149 (54.4%) 

 Unknown 

 Mean 59.8 (range 27-
90) 

 

Unknown 
Men: Mean 7.1 (SD 
0.8) 
Women: Mean 7.6 
(SD 1.1) 

 Diet only (8.7%) 

 Diet and oral 
(85.2%) 

 Diet, oral, and 
insulin  (2.7%) 

 Diet and insulin 
(3.4%) 

 

Unwin (1996), 
(54) 

 Observational (R) 

 Primary/secondary 

 950 (61.1%) 

 Unknown 

 Unknown 

 Mean 6.8 (SE 

 Insulin (32.1%) 

 Tablets (49.6%) 

Data for type 2 diabetes shown 
separately from type 1 diabetes 



 
 

 

care 

 UK (1992) 
 Median 59 (IQR 51-

64) 

0.05)  Diet only (18.3%) 

Venkatesh 
(2013), (55) 

 Observational (C) 

 Other (recruited in 
Asian Indian 
organizations, stores 
etc) 

 US (NS) 

 30 (53.3%) 

 100% first generation 
Asian Indians in the 
US 

AC:  

 Mean 54.4 (SD 13.1) 
UC: 

 Mean 59.9 (SD 9.4) 

Total sample: Mean 
7.2% (SD 1.0; range 
5.8-9.3) 
AC:  

 Mean 11.0 
years (SD 9.8) 

 Mean 6.4% (SD 
0.3) 

 
UC:  

 Mean 14.0 
years (SD 10.3) 

 Mean 7.9% (SD 
0.7) 

Unknown Convenience sample of 15 type 
2 diabetes patients with 
acceptable glycemic control 
(AC; HbA1c <7%) and 15 type 2 
diabetes patients with 
unacceptable glycemic control 
(UC; HbA1c >=7%). 
 

Walker 
(2014a), (56) 

 Observational (C) 

 Primary/secondary 
care 

 US (NS) 

 615 (61.6%) 

 Non-Hispanic Black 
(64.9%), Non-
Hispanic Whites 
(33.0%), 
Hispanic/Other (2.1%) 

 Mean 61.3 (SD 10.9) 

 Unknown 

 Mean 7.9% (SD 
1.8)/ 63 
mmol/mol (SD 
19.7) 

Unknown  

White (2010), 
(60) 

 Experimental (RCT) 

 Primary care 

 US (February 2001 – 
April 2002 enrollment) 

 Total: 217 (43.8%) 

 Non-white 
race/ethnicity (66.4%) 
 

Intervention:  

 112 (43.7%) 

 Non-white 
race/ethnicity (72.3%) 

 Median 53 (IQR 45-
61) 

 
Control: 

Intervention:  

 Median 5 years 
(IQR 1.63 – 
11.00) 

 Median 10.5% 
(IQR 9.1 -12.2) 

 
Control:  

 Median 6 years 
(IQR 1.25 – 
12.50) 

 Median 10.1% 
(IQR 9.1 – 11.5) 

Intervention: insulin 
(40.2%) 
Control: insulin (38.1%) 

Post-hoc analysis of RCT with 
only poorly controlled diabetes 
(>=8%) (Diabetes Disease 
management program DDMP) 
 
Intervention group: Patients in 
the intervention group received  
care from their primary care 
provider supplemented by a 
DDMP.  
Control group: Control patients 
received a one-time disease 
management session from 



 
 

 

 105 (43.8%) 

 Non-white 
race/ethnicity (60.0%) 

 Median 58 (IQR 50-
64) 

pharmacists, followed by usual 
care from their primary care 
provider. 
 

Wolf (2012), 
(61) 

 Observational (C) 

 Tertiary care 

 Germany (1989-2007) 

 651 (53.9%) 

 Caucasian (100%) 
 
=<9 SES score:  

 Mean 65.9 (SD 10.5/ 
range 27–88); 
 

10-12 SES score:  

 Mean 66.2 (SD 10.8/ 
range 33–92); 
 

>= 13 SES score: 

 Mean 65.3 (SD 10.5/ 
range 32–91). 
 

=<9 SES score:  

 Mean 15.3 
years (SD 8.6/ 
range 0–43); 

 Mean 7.7% 
(SD1.0/ range 
5.2–12.8);  

 
10-12 SES score: 

 Mean 7.6% (SD 
0.9/ range 5.8–
11.0);  

 Mean 13.6 
years (SD 9.5/ 
range 0–40); 

 
>=13 SES score: 

 Mean 7.4% (SD 
0.9/ range 5.4–
10.4)  

 Mean 13.0 
years (SD 9.0/ 
range 0–38) 

Unknown Diabetic nephropathy treated in 
tertiary care. Type 2 diabetes 
shown separately from type 1 
diabetes. Only Caucasian, 
stable patients were studied, 
acute kidney injury patients 
were excluded. HbA1c adjusted 
for number of Hba1c 
measurements. 

Yang (2015), 
(62) 

 Observational (P) 

 Primary/tertiary care 

 China (August 2008- 
July 2009) 

 2866 (40.1%) 

 Unknown 

 Mean 63.9 (SD 9.9) 
(age at baseline) 

Low education: 

 Median 5.3 
years (range 
2.0–11.8)  

 Mean 7.44%  
(SD 1.59 

  
Medium education:  

 Insulin (21.8%) 

 Insulin 
secretagogue 
(35.7%) 

 Metformin (45.4%) 

 Alfa-glucosidase 
inhibitor (42.9%) 

Receiving integrated care for 42 
months. 



 
 

 

 Median 5.1 
years (range 
1.6–10.1) 

 Mean 7.22% 
(SD 1.45) 
 

High education: 

 Median 5.4 
years (range 
1.9–10.8) 

 Mean 6.99% 
(SD 1.28) 

 Thiazolidinedione 
(5.2%) 

Abbreviations: %?= percentage unknown; AC= acceptable control; C= cross-sectional design; IDDM= insulin-dependent diabetes mellitus; IQR= interquartile range; mean (?) = mean unknown; 
NHS= National Health Survey; NIDDM= non-insulin dependent diabetes mellitus; NS= not specified; P= prospective; R= retrospective; RCT= randomized clinical trial; SD= standard deviation; SD?= 
standard deviation unknown; SEM= standard error of the mean; SPH=location 2 in Chen 2014 paper ‘Shandong Provincial Hospital’; SRRSH= location 1 Chen 2014 paper ‘Sir Run Run Shaw 
Hospital’; UC= unacceptable control; US= United States of America. 

  



 
 

 

Table 2a. Association between education and HbA1c levels 

HIGH METHODOLOGICAL QUALITY     

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(20) Chen 2014 (model 2; SRRSH sample of new admissions only)   High<low  >0.05 

(23) Curtis 2014   High>low >0.05 

(33) Goonesekera 2015   High>low >0.05 

(34) Goudswaard 2004 High<low  <0.05 High<low  <0.05 

(46) O'Kane 2010 High>low 0.0582 High>low >0.05 

(48) Powell 2007 High<low  >0.05 High>low >0.05 

(51) Schillinger 2002 High<low  <0.05 High<low  >0.05 

 Subtotal 75% (3/4) high<low  42.9% (3/7) high<low 

  

MODERATE METHODOLOGICAL QUALITY 

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(16) Bains 2011   High>low  >0.05 

(19) Bowker 2004   High<low  >0.05 

(21) Chiu 2010 High<low  >0.05   

(24) Dalsgaard 2014 High=low  >0.05   

(25) Daly 2009  High<low  >0.05   

(28) Fisher 2010   High<low  >0.05 

(30) Gao 2013 High=low  >0.05   

(37) Hausmann 2010 (model 2)   High<low  >0.05 

(38) Houle 2015 (baseline differences) High<low  <0.05   

(43) Long 2010 (model 1)   High<low  <0.05 

(45) Newlin 2008 (step 2) High<low  <0.05 High<low  <0.05 

(49) Rahman 2008   High<low  <0.05 

(56) Walker 2014a   High<low  <0.05 

(62) Yang 2015 (mean HbA1c at baseline)* High<low <0.05   

 Subtotal 71.4% (5/7) high<low 87.5% (7/8) high<low  

      

LOW METHODOLOGICAL QUALITY     

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(15) An 2012 High>low <0.05   

(26) De Rekeneire 2003 (black participants) High<low  NT   



 
 

 

(26) De Rekeneire 2003 (white participants) High<low  NT   

(35) Guo 2012 High<low  <0.05   

(47) Ostgren 2013 High<low  <0.05   

(52) Sundquist 2010 (male participants) High<low  <0.05    

(52) Sundquist 2010 (female participants) High<low  <0.05    

(53) Tang 2007 High<low  <0.05    

 Subtotal 87.5% (7/8) high<low   

    

 OVERALL 78.9% (15/19) high<low 66.7% (10/15) high<low 
Abbreviations: NT= not tested. In case data was included in meta-analysis, p-value shown is from meta-analysis. *Yang 2015 also studied the effect education after a 42-month care program on 
mean HbA1c (univariable analysis: high<low, P<0.05). 

 
 

  



 
 

 

Table 2b. Association between income and HbA1c levels 

HIGH METHODOLOGICAL QUALITY     

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(23) Curtis 2014   High<low <0.05 

(32) Gebre-Yohannes 1997   High<low <0.05 

(33) Goonesekera 2015   High<low >0.05 

(46) O'Kane 2010 High>low >0.05 High>low >0.05 

(50) Schectman 2002 (most recent Hba1c) High>low >0.05 Not shown >0.05 

(51) Schillinger 2002 High<low >0.05   

 Subtotal  33.3% (1/3)  high<low 75% (3/4) high<low 

    

MODERATE METHODOLOGICAL QUALITY 

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(16) Bains 2011   High>low >0.05 

(19) Bowker 2004   High<low >0.05 

(24) Dalsgaard 2014 High<low >0.05   

(25) Daly 2009 High<low >0.05   

(30) Gao 2013 High<low 0.066   

(37) Hausmann 2010 (model 2)   High>low >0.05 

(38) Houle 2015 (poverty) High<low <0.05   

(43) Long 2010 (model 1;poverty)*   High<low >0.05 

(45) Newlin 2008 (step 2) High<low 0.054 High>low >0.05 

(55) Venkatesh 2013 (model 1)   High<low >0.05 

(56) Walker 2014a   High<low <0.05 

 Subtotal 100% (5/5) high<low 57.1% (4/7) high<low 

    

LOW METHODOLOGICAL QUALITY     

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(15) An 2012 High>low <0.05   

(26) De Rekeneire 2003 (black participants) High>low NT   

(26) De Rekeneire 2003 (white participants) High<low NT   

(27) Duru 2011 High<low >0.05   

(35) Guo 2012 High<low <0.05   

(52) Sundquist 2010 (male participants) High<low <0.05   



 
 

 

(52) Sundquist 2010 (female participants) High<low <0.05   

 Subtotal  71.4% (5/7) high<low   

    

 OVERALL 73.3% (11/15) high<low 63.6% (7/11)  high<low 
Abbreviations: NT= not tested. In case data was included in meta-analysis, p-value shown is from meta-analysis. * Long 2010 also studied the influence of neighborhood poverty on HbA1c levels 
(multivariable analysis: high<low, P>0.05). 

  



 
 

 

Table 2c. Association between deprivation and HbA1c levels 

HIGH METHODOLOGICAL QUALITY     

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(17) Bebb 2005 (patient deprivation)* High<low <0.05   

(39) James 2012a High>low NT   

(40) James 2012b High<low NT High<low <0.05 

(41) Laraia 2012 High<low <0.05 High<low <0.05 

(46) O’Kane 2010 High<low NT High<low >0.05 

 Subtotal 80% (4/5) high<low 100% (3/3) high<low 

    

MODERATE METHODOLOGICAL QUALITY 

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(22) Connoly 1996 High<low >0.05   

(54) Unwin 1996 High<low >0.05   

(54) Unwin 1996 (subgroup of insulin users) High<low 0.041   

 Subtotal 100% (2/2) high<low  

    

 OVERALL 85.7% (6/7) high<low 100% (3/3) high<low 
Abbreviations: NT= not tested. * Bebb 2005 also studied the influence of the practice deprivation a patient resided in on HbA1c level (univariable and multivariable analysis: high<low, P<0.05) 

  



 
 

 

Table 2d. Association between employment and HbA1c levels 

HIGH METHODOLOGICAL QUALITY     

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(20) Chen 2014 (model 2; SRRSH sample of new admissions only)   Employed<unemployed >0.05 

(20) Chen 2014 (model 2; SHP sample of new admissions only)*   Employed>unemployed >0.05 

(31) Garancini 1997 Employed<unemployed <0.05 Employed<unemployed  <0.05 

 Subtotal 100% (1/1) employed<unemployed 66.7% (2/3) employed<unemployed 

    

MODERATE METHODOLOGICAL QUALITY 

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(24) Dalsgaard 2014 Employed<unemployed >0.05   

(56) Walker 2014a Unemployed>employed >0.05   

 Subtotal 50% (1/2) employed<unemployed  

    

LOW METHODOLOGICAL QUALITY     

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(15) An 2012 Employed>unemployed  >0.05   

(53) Tang 2007 Employed<unemployed >0.05   

 Subtotal 50% (1/2) employed<unemployed   

    

 OVERALL 60% (3/5) employed<unemployed 66.7% (2/3) employed<unemployed 
Abbreviations: SHP= Shandong Provincial Hospital; SRRSH= Sir Run Run Shaw Hospital.  *Chen 2014 also studied in the SHP sample of all admissions the association between employment and 
HbA1c levels (multivariable analysis employed>unemployed, P>0.05).  

 

  



 
 

 

Table 2e. Association between other SES variables and HbA1c levels 

MODERATE METHODOLOGICAL QUALITY 

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(29) Flores-Hernandez 2015   High (highest SES score) < low (lowest 
SES score 

<0.05 

(42) Lawlor 2007 (diagnosed type 2 
diabetes) 

  High (most advantaged childhood SEP < 
low (least advantaged childhood SEP) 

>0.05 

(42) Lawlor 2007 (diagnosed type 2 
diabetes) 

  High (most advantaged adult SEP) < low 
(least advantaged adult SEP) 

>0.05 

(56) Walker 2014a   High (highest subjective social status) > 
low (lowest subjective social status) 

<0.05 

(61) Wolf 2011 High (highest SES score)< low (lowest SES score) <0.05   

    

WEAK METHODOLOGICAL QUALITY 

Ref Author (year of publication) Univariable analysis P-value Multivariable analysis P-value 

(35) Guo 2012 High (highest occupation) < low (lowest 
occupation) 

<0.05   

    
Abbreviations: SES= socio-economic status; SEP= socio-economic position. 

 

  



 
 

 

Table 2f. Association between various SES variables and changes in HbA1c levels 

Ref Author (year of publication) Methodological 
quality 

SES 
variable 

Univariable analysis* P-value Multivariable 
analysis* 

P-
value 

(36) Haddad 2014 W Education   High>low >0.05 

(38) Houle 2015, short term changes (step 2) M Education   High>low  >0.05 

(38) Houle 2015, long term changes (step 2) M Education   High>low  >0.05 

(44) McEwen 2009  H Education   High>low  >0.05 

(60) White 2010, median change in Hba1c M Education   High=low (control 
group) 
High<low (intervention 
group) 

>0.05 

(38) Houle 2015 short term changes (step 2) M Income   High>low >0.05 

(38) Houle 2015 long term changes (step 2) M Income   High<low >0.05 

(44) McEwen 2009  H Income   High<low <0.05 

(50) Schectman 2002  H Income High>low >0.05 Not shown >0.05 

(60) White 2010, median change in HbA1c M Income   High>low (control 
group) 
High>low (intervention 
group) 

>0.05 

(39) James 2012a H Deprivation    Least deprived>most 
deprived 

>0.05 

(18) Boehm 1993 L Employment Employed< unemployed <0.05   

(18) Boehm 1993, (intervention subgroup) L Employment Employed> unemployed >0.05   
Abbreviations: H= high methodological quality; L= low methodological quality; M= moderate methodological quality. * High < low = people of low SES have a larger decrease/ greater improvement in 
HbA1c than people of high SES; high > low = people of low SES have a smaller decrease/ smaller improvement in HbA1c than people of high SES. 



 
 

 

Figure 1. Levels of evidence 
 

Levels of evidence 

Strong Consistent associations (≥75%) found in at least two studies of high 

methodological quality. 

Moderate Consistent associations (≥75%) found in one study of high methodological 

quality and at least one study of lower methodological quality, that is moderate 

or low methodological quality. 

Weak Association found in one study of high methodological quality or consistent 

associations (≥75%) found in at least three studies of lower methodological 

quality, that is moderate or low methodological quality. 

Inconclusive Association found in less than three studies of lower methodological quality, that 

is moderate or low methodological quality. 

Inconsistent Inconsistent findings (<75%) irrespective of study quality. 

 
 
  



 
 

 

Figure 2. Flowchart study selection. 
 

 



 
 

 

Figure 3a. Forest plot of the mean difference in HbA1c levels (%) by educational level.  

 
 
Forest plot of the meta-analysis of the mean difference in HbA1c levels (%) between people with type 2 diabetes of the lowest vs. highest educational category. The diamond indicates the weighted 
mean difference of all included studies. 
 

  



 
 

 

Figure 3b. Forest plot of the mean difference in HbA1c levels (%) by income level. 

 

Forest plot of the meta-analysis of the mean difference in HbA1c levels (%) between people with type 2 diabetes of the lowest vs. highest income category. The diamond indicates the weighted 
mean difference of all included studies. 
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