
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t    t p : / / c r e  a   t i 
v e  c  o  m  m  o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .   

Huang et al. Diabetology & Metabolic Syndrome           (2025) 17:24 
https://doi.org/10.1186/s13098-025-01584-0

Diabetology & Metabolic 
Syndrome

*Correspondence:
Haibing Chen
hbchen@tongji.edu.cn
Chufeng Gu
guchufeng@fjsl.com.cn
1Department of Ophthalmology, Shengli Clinical College of Fujian 
Medical University; Fuzhou University Affiliated Provincial Hospital, School 
of Medicine, Fuzhou University, Fuzhou, Fujian, China

2Department of Ophthalmology, Shanghai General Hospital, Shanghai 
Jiao Tong University School of Medicine; National Clinical Research Center 
for Eye Diseases; Shanghai Clinical Research Center for Eye Diseases; 
Shanghai Key Clinical Specialty; Shanghai Key Laboratory of Ocular 
Fundus Diseases; Shanghai Engineering Center for Visual Science and 
Photomedicine; Shanghai Engineering Center for Precise Diagnosis and 
Treatment of Eye Diseases, Shanghai, China
3Department of Endocrinology and Metabolism, Shanghai 10th People’s 
Hospital, School of Medicine, Tongji University, Shanghai, China
4Ningde Municipal Hospital, Ningde Normal University, Ningde, Fujian, 
China
5Fujian Medical University, Fuzhou, Fujian, China

Abstract
Background Prior studies on the link between socioeconomic status (SES) and diabetic microvascular complications 
have been inconclusive. This study aimed to explore whether SES is associated with the risk of diabetic retinopathy 
(DR), nephropathy (DN) and diabetic peripheral neuropathy (DPN) using large prospective cohort.

Methods SES was evaluated using education attainment (individual level), household income (household level), and 
Townsend deprivation index (TDI, neighborhood level). This study included 28,339 participants without DR, 29,951 
without DN and 29,762 without DPN at baseline from the UK Biobank. Weighted Cox proportional hazard models 
were used to investigate the relationship between SES and the risk of diabetic microvascular complications.

Results The median follow-ups of the DR, DN and DPN cohorts were 12.95, 12.89 and 13.02 years, respectively. In 
total, 3,177 (11.2%) participants developed DR, 4,418 (14.8%) developed DN and 1,604 (5.4%) developed DPN. After 
adjusting for confounders, higher education levels (DN: hazard ratios [HR] = 0.85; 95% CI, 0.82–0.89; P < 0.001; DPN: 
HR = 0.93; 95% CI, 0.87-1.00; P = 0.040), higher household income (DN: HR = 0.80; 95% CI, 0.75–0.85; P < 0.001; DPN: 
HR = 0.80; 95% CI, 0.73–0.89; P < 0.001), and lower TDI (DN: HR = 1.19; 95% CI, 1.14–1.23; P < 0.001; DPN: HR = 1.27; 
95% CI, 1.19–1.36; P < 0.001) were associated with a lower risk of DN and DPN. In contrast, a lower risk of DR was only 
related to higher household income (HR = 0.92; 95% CI, 0.87–0.97; P = 0.004) and lower TDI (HR = 1.08; 95% CI, 1.02–
1.13; P = 0.004).

Conclusions Low SES increases the risk of diabetic microvascular complications, emphasizing the need for equitable 
medical resource allocation to reduce diabetes-related inequity.

Keywords Socioeconomic status, Diabetic retinopathy, Diabetic nephropathy, Diabetic peripheral neuropathy, 
Diabetes inequity, UK Biobank
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Background
Diabetes is becoming a defining disease of the 21st cen-
tury [1]. The global age-standardized prevalence of dia-
betes was estimated to have increased from 3.2% in 1990 
to 6.1% in 2021 and is expected to reach 9.8% by 2050 
[2]. More worryingly, 80% of diabetes cases occur in low-
income and middle-income countries [3], and people 
with lower socioeconomic status (SES) exhibit a higher 
risk of diabetes [4]. SES refers to an individual’s or group’s 
position within the socioeconomic hierarchy, which is 
determined by a combination of factors such as wealth, 
prestige, and place of residence [5]. The increasing dis-
parity in diabetes burden due to socioeconomic inequali-
ties has been increasingly concerning [6]. However, the 
association between SES and the risk of diabetic micro-
vascular complications remains controversial.

Diabetic microvascular complications mainly com-
prise diabetic retinopathy (DR), nephropathy (DN) and 
peripheral neuropathy (DPN), which are considered to 
be the main causes of blindness, end-stage renal disease 
and lower limb amputation in developed countries [7–
9]. Epidemiological studies show that at least one out of 
every five to ten patients with diabetes will develop DR, 
DN or DPN, which poses an enormous burden on society 
and the family [10–12]. Thus, exploring the relationship 
between SES and diabetic microvascular complications 
can assist in the allocation of medical resources and 
reduce diabetes inequity. Despite several studies, the 
relationship between SES and diabetic microvascular 
complications is not fully understood and lacks consis-
tency. While many studies suggest that low SES increases 
the risk of these complications [13–18], others report no 
correlation [19]. Very few studies adjusted their analyses 
according to glycated hemoglobin level (HbA1c) [20]. 
In addition, most previous studies assessed SES using a 
single indicator, such as education [18], which does not 
reflect the comprehensive SES. Moreover, most of the 
previous studies were limited by small sample sizes and 
cross-sectional designs, which may be biased by residual 
confounding and reverse causality [13, 15].

In this study, SES was evaluated at the individual, 
household, and neighborhood levels using education 
attainment, household income, and Townsend depriva-
tion index (TDI) [21]. The present study aimed to investi-
gate the association between SES and the risk of diabetic 
microvascular complications based on a prospective 
cohort study of 30,541 individuals with diabetes from the 
UK Biobank.

Methods
Study design
This large prospective cohort study investigated the link 
between SES, DR, DN and DPN using data from the UK 
Biobank (Fig. 1). SES was evaluated based on education 

attainment (individual level), household income (house-
hold level), and TDI (neighborhood level). The UK Bio-
bank study (RRID: SCR_012815) was approved by the 
North West Multicenter Research Ethical Commit-
tee (REF: 11/NW/03820), and all participants provided 
informed consent.

Study populations
The UK Biobank is a population-based prospective 
cohort study that recruited over 500,000 participants 
aged 37 to 73 years from 22 medical centers throughout 
the United Kingdom from 2006 to 2010 [22]. The base-
line information of all participants was obtained through 
self-reported touchscreen questionnaires, physical mea-
surements, and biospecimen collection. The present 
study included 30,541 participants with confirmed base-
line diabetes mellitus (DM) (including type 1 and type 2 
diabetes). Subsequently, individuals without DR, DN or 
DPN at baseline were separated to yield three cohorts for 
the primary analysis. The inclusion and exclusion criteria 
for the study populations are shown in Fig. 1.

Exposure and outcome in the cohort study
The highest education qualifications of participants 
reported in the UK biobank were converted to the Inter-
national Standard Classification for Education (ISCED) 
coding for years of education [23] (Supplementary Table 
1). Household income was defined using a five-point 
scale corresponding to the total household income before 
tax, which was obtained through questionnaires. Each 
category was assigned a midpoint to allow for continu-
ous analysis [24]. TDI was available as an area-level SES 
variable retrieved from national census data accord-
ing to postcodes of residence, which considered factors 
including unemployment, family overcrowding, and not 
owning a house or car [25]. Higher TDIs indicate lower 
area-level SES.

The outcomes of the current study were incident DR, 
DN and DPN during follow-up. The follow-up period 
extended from the time participants enrolled in the UK 
Biobank until July 19, 2022, when the data were col-
lected. Outcome events were defined using the following 
sources: hospital inpatient records of diagnosis (Field ID: 
41270) and operation (Field ID: 41272), and self-reported 
information of diagnosis (Field ID: 20002) and opera-
tion (Field ID: 20004) [26–28]. Details of the disease-
definition codes are provided in Supplementary Table 2. 
For patients with different sources of records, the earliest 
diagnosis was taken.

Covariates in the cohort study
The covariates included in the study were age, sex, race 
(Caucasian/other race), smoking status (yes or no), alco-
hol consumption status (heavy or not), mean arterial 
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pressure (MAP, mmHg), HbA1c (%), triglyceride (TG, 
mmol/L), high-density lipoprotein cholesterol (HDL, 
mmol/L), low-density lipoprotein cholesterol (LDL, 
mmol/L), duration of DM (years), body mass index 
(BMI), oral hypoglycemic drug use (yes or no), and 
insulin treatment (yes or no). Blood pressure was mea-
sured with an Omron digital sphygmomanometer. Blood 
samples were obtained for measurement of HbA1c, TG, 
HDL, and LDL levels. Diabetes duration was calculated 
based on the disease onset to the recruitment time. In 
addition, BMI was calculated as body weight (kilogram) 
divided by the square of height (meters). All the remain-
ing covariates were derived from participants’ self-
reported information at baseline.

Statistical analysis
Continuous and categorical variables were represented 
by the median (interquartile ranges, IQR) and frequency 
(percentages, %), respectively. Subsequently, medians and 
proportions were compared using the Mann‒Whitney 
U test and chi-square test, respectively. Kaplan-Meier 
cumulative incidence plots were generated and statis-
tically analyzed using the log-rank test. Weighted Cox 
proportional hazard models were used to estimate haz-
ard ratios (HR) and their corresponding 95% confidence 
intervals (CI), both with and without adjustments for 
covariates. This model assigns relative importance to the 
HRs at different times based on the number of people at 
risk during those periods, creating a weighting function 
that accurately reflects each time point’s contribution 

Fig. 1 Overview of the study design. This flow chart presents the inclusion and exclusion criteria for the UK Biobank cohort study. ICD: International Clas-
sification of Diseases, DM: diabetes mellitus, DR: diabetic retinopathy, DN: diabetic nephropathy, DPN: diabetic peripheral neuropathy, HbA1c: glycated 
hemoglobin
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to the partial likelihood. This approach ultimately pro-
vides an unbiased estimate of the average HR without 
depending on the proportional-hazard (PH) assump-
tion [29]. Simulation studies have shown that when the 
PH assumption is violated, the weighted Cox model 
better summarizes the average effect of the exposure. 
Conversely, when the PH assumption holds true, the esti-
mates produced by the weighted Cox model are similar 
to those generated by the standard Cox model [29, 30]. 
Model multicollinearity was measured using the vari-
ance inflation factor (VIF), with values greater than 10 
indicating severe collinearity. Several sensitivity analyses 
were performed to test the robustness of our findings: 
(1) Excluding participants with less than 2 years of fol-
low-up. (2) Using multiple imputations for missing data 
through chained Eq. 3) Converting continuous measures 
of exposure into categorical formats. 4) Adding further 
adjustments for covariates, which encompassed other 
medications (specifically lipid-lowering and antihyper-
tensive drugs), key comorbidities (including hyperten-
sion, dyslipidemia, coronary heart disease, and stroke), 
diabetes type, family history of diabetes, physical activ-
ity, and heavy physical labor work. Subgroup analyses 
were conducted based on gender and diabetes type, with 
likelihood ratio tests employed to evaluate multiplicative 
scale interactions. Restricted cubic spline (RCS) curves 
were plotted to visualize the relationships between TDI 
and outcome (DR, DN and DPN). All statistical tests 
were two-sided, and P < 0.05 was considered statistically 
significant. All the above analyses were performed using 
R software (version 4.2.1), and the weighted Cox models 
were fitted using the “coxphw” R package (version 4.0.3) 
and RCS curves were plotted using the “rcssci” R package 
(version 0.3.0).

Results
A total of 28,339, 29,951 and 29,762 eligible participants 
were included in the DR, DN and DPN cohorts, respec-
tively. The baseline characteristics of the participants and 
missing data information are shown in Table  1. Among 
the DR cohort, the median follow-up was 12.95 years, 
and 3,177 (11.2%) participants suffered from DR (median 
age 62.00 years, 61.4% male). Among the DN cohort, the 
median follow-up was 12.89 years, and 4,418 (14.8%) 
participants suffered from DN (median age 64.00 years, 
62.6% male). Among the DPN cohort, the median follow-
up was 13.02 years, and 1,604 (5.4%) participants suf-
fered from DPN (median age 61.00 years, 65.9% male). 
Compared with subjects without diabetic microvas-
cular complications, those with DR, DN or DPN were 
more likely to have lower household income and higher 
TDI. They were also more prone to have higher HbA1c 
levels, longer duration of diabetes, and use of diabetes 
medication. According to the Kaplan-Meier analyses, 

higher educational attainment, higher household income 
and lower TDI were associated with a reduced risk of 
diabetic microvascular complications (log-rank test 
P-value < 0.001, except for education and DR; Fig. 2).

The association between SES and incident diabetic 
microvascular complications is displayed in Table  2. 
After adjusting for confounders, every SD increment of 
education attainment was found to be associated with 
a 15% and 7% lower risk of DN (95% CI, 0.82–0.89; 
P < 0.001) and DPN (95% CI, 0.87-1.00; P = 0.040), but had 
no protective effect on DR (HR = 1.01; 95% CI, 0.97–1.06; 
P = 0.581). Moreover, each SD increase in household 
income was associated with an 8% decreased risk of DR 
(95% CI, 0.87–0.97; P = 0.004), a 20% reduced risk of DN 
(95% CI, 0.75–0.85; P < 0.001) and DPN (95% CI, 0.73–
0.89; P < 0.001). Furthermore, each SD increase in TDI 
showed an 8% increased risk of DR (95% CI, 1.02–1.13; 
P = 0.004), a 19% increased risk of DN (95% CI, 1.14–
1.23; P < 0.001) and a 27% increased risk of DPN (95% 
CI, 1.19–1.36; P < 0.001). These results did not change 
significantly after excluding participants with less than 
2 years of follow-up (Supplementary Table 3), multiple 
imputations for missing data (Supplementary Table 4), 
converting continuous measures of exposure to categori-
cal forms (Supplementary Table 5), or further adjusting 
for covariates (Supplementary Table 6). Furthermore, the 
subgroup analyses indicated no interaction, highlighting 
that the effect of SES on diabetic microvascular compli-
cations was unaffected by either gender or diabetes type 
(Supplementary Tables 7–8). RCS curves were plotted to 
further evaluate the relationships between TDI and inci-
dent diabetic microvascular complications (Fig. 3).

Discussion
The present study revealed that higher education attain-
ment, higher household income, and lower TDI were 
associated with a lower risk of DN and DPN in a popu-
lation-based cohort, whereas the lower risk of DR was 
only related to higher household income and lower TDI 
(Fig. 4). With large cohort data from the UK Biobank, we 
present a clearer picture of the impact of SES on diabetic 
microvascular complications.

SES is broadly conceptualized as an individual’s or 
group’s position in the socioeconomic hierarchy, which 
has been significantly associated with multiple diseases. 
In a population-based cohort study, Zhang et al. reported 
that low SES was significantly related to higher risks of 
mortality and incidence of cardiovascular diseases [25]. A 
recent study by Conrad et al. revealed a socioeconomic 
gradient across several autoimmune diseases, including 
pernicious anemia, rheumatoid arthritis, Graves’ disease, 
and systemic lupus erythematosus [31]. In addition, the 
association between socioeconomic inequality as a risk 
factor and diabetes is well established [6]. However, the 
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association between SES and diabetic microvascular 
complications remains controversial and high-quality 
evidence is lacking.

The results of the present study are in accordance with 
most previous observational studies and are well inte-
grated with the role of SES on the three main diabetic 
microvascular complications, suggesting that patients 
with low SES are at increased risk of DR, DN and DPN. 
In a study with a mean follow-up of 6.2 years, Low et al. 

found that both person-level and area-level SES were 
associated with DR incidence, progression, and associ-
ated vision loss in Asians [16]. In addition, Emoto et al. 
revealed that lower educational attainment is a strong 
risk factor for DR in patients with difficult-to-control 
type 2 DM [32]. Partially consistent with these studies, 
the current study found that people with low household 
income and high TDI were associated with a higher risk 
of DR, but longer education attainment had no protective 

Fig. 2 Kaplan–Meier estimates of the cumulative incidence of diabetic microvascular complications according to SES. Kaplan-Meier cumulative inci-
dence plots were generated according to education, income, and TDI levels to assess the associations between SES and the incidence of DR, DN, and 
DPN, and statistically analyzed using the log-rank test. SES: socioeconomic status, TDI: Townsend deprivation index, DR: diabetic retinopathy, DN: diabetic 
nephropathy, DPN: diabetic peripheral neuropathy
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effect on DR. This may be due to residual confounding 
factors or mediators between SES and DR, such as life-
style factors [25]. Further studies are needed to examine 
the possibility of other factors mediating the associations 
of SES with incident DR and the extent of the interac-
tions. Winitzki et al. found that patients with low educa-
tional attainment had a higher risk for mortality, kidney 
failure, and DN in the German Chronic Kidney Disease 
Cohort study [17]. A cross-sectional study conducted by 
Wolf et al. revealed that lower SES was associated with 
DN [33]. Two other cross-sectional studies indicated that 
diabetic neuropathy is more prevalent in patients with 
type 1 and type 2 DM who have lower SES, emphasizing 
the necessity for longitudinal studies [13, 34]. Consistent 
with these studies, the current prospective study found 
that people with low SES (low education attainment, 
low household income, and high TDI) were exposed to a 
higher risk of DN and DPN.

The mechanism underlying the associations between 
low SES and diabetic microvascular complications is 
likely multifactorial. First, people with low SES may 
be more susceptible to malnutrition. In a prospective 
study, Du et al. found that higher fruit consumption was 
associated with lower risks of microvascular complica-
tions [35]. In addition, early screening and referral can 
effectively reduce the visual loss caused by DR [36], but 
patients with low SES may not have access to adequate 
healthcare services, such as screening. Further studies 
are needed to elucidate the underlying mechanism.

The main strengths of this study are the prospec-
tive design, large sample size, long-term follow-up, and 
adequate covariate adjustment to minimise the effect of 
confounding factors on the results. In addition, SES was 
comprehensively evaluated from the individual, house-
hold, and neighborhood levels using education attain-
ment, household income, and TDI. Furthermore, a series 
of sensitivity analyses were conducted to demonstrate 

Table 2 The association of SES with incident diabetic microvascular complications
Models Exposure* Outcome

Diabetic retinopathy Diabetic nephropathy Diabetic peripheral 
neuropathy

HR (95%CI) P HR (95%CI) P HR (95%CI) P
Model 1† Education attainment, year 0.96 (0.93-1.00) 0.038 0.77 (0.74–0.79) < 0.001 0.89 (0.85–0.94) < 0.001

Average total household income before tax, £ 0.90 (0.86–0.94) < 0.001 0.67 (0.63–0.71) < 0.001 0.75 (0.70–0.82) < 0.001
TDI 1.07 (1.01–1.13) 0.029 1.16 (1.08–1.25) < 0.001 1.40 (1.13–1.75) 0.003

Model 2‡ Education attainment, year 0.99 (0.95–1.03) 0.538 0.83 (0.81–0.86) < 0.001 0.89 (0.85–0.94) < 0.001
Average total household income before tax, £ 0.93 (0.89–0.98) 0.002 0.76 (0.72–0.80) < 0.001 0.75 (0.69–0.81) < 0.001
TDI 1.09 (1.04–1.15) 0.001 1.25 (1.16–1.34) < 0.001 1.39 (1.17–1.66) < 0.001

Model 3§ Education attainment, year 1.01 (0.97–1.06) 0.581 0.85 (0.82–0.89) < 0.001 0.93 (0.87-1.00) 0.040
Average total household income before tax, £ 0.92 (0.87–0.97) 0.004 0.80 (0.75–0.85) < 0.001 0.80 (0.73–0.89) < 0.001
TDI 1.08 (1.02–1.13) 0.004 1.19 (1.14–1.23) < 0.001 1.27 (1.19–1.36) < 0.001

* Per SD increase for each exposure
† Adjusted for none
‡ Adjusted for age and sex
§ Adjusted for age, sex, race, smoking status, alcohol consumption status, mean arterial pressure, glycated hemoglobin level, triglyceride, high-density lipoprotein 
cholesterol, low-density lipoprotein cholesterol, duration of diabetes, BMI level, oral hypoglycemic drug use and insulin treatment

SES: socioeconomic status, TDI: Townsend deprivation index, HR: hazard ratios

Fig. 3 Associations between TDI and incident DR (A), DN (B) and DPN (C) were evaluated by RCS curves. The HR (solid red line) and 95% CI (light red area) 
are from a multivariate adjusted Cox regression model using RCS curves with four knots (5th, 35th, 65th, and 95th percentiles). The reference value (red 
dot) of TDI was set to the median. The histogram shows the distribution of TDI. TDI: Townsend deprivation index, RCS: restricted cubic spline, DR: diabetic 
retinopathy, DN: diabetic nephropathy, DPN: diabetic peripheral neuropathy, CI: confidence interval, HR: hazard ratio
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the robustness of the findings. Nevertheless, the limita-
tions of this study should be acknowledged. First, due to 
the observational nature, residual and unmeasured con-
founders or mediators cannot be completely excluded 
in the cohort study. Second, the present study lacks an 
overall SES variable comprising different aspects of SES. 
Third, the reduced sample size after grouping may have 
limited the statistical power of the subgroup analyses, 
leading to inconsistent results with the overall trend. 
Consequently, larger sample sizes will be warranted 
in the future to confirm the findings of the subgroup 
analyses. Finally, as the enrolled patients were mainly 
European, the relationship between SES and diabetic 
microvascular complications in other populations needs 
further investigations.

Conclusions
In summary, low SES was found to significantly increase 
the risk of incident DR, DN and DPN, which highlights 
the importance of allocating medical resources to reduce 
diabetes inequity. The mechanisms of the association 
between SES and diabetic microvascular complications 
should be studied further.
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