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Abstract
Background The association between thyroid-stimulating hormone (TSH) and type 2 diabetes mellitus (T2DM) is 
well known. However, whether TSH is related to nonproliferative diabetic retinopathy (NPDR) has not been studied. 
This study aimed to explore the relationship between TSH and NPDR in Chinese patients with T2DM.

Methods In this cross-sectional study, 427 patients with T2DM were enrolled. The individuals were classified 
into two groups according to the fundus oculi examination: the non-diabetic retinopathy (NDR) group (n = 224) 
and the non-proliferative diabetic retinopathy (NPDR) group (n = 203). The individuals’ demographic and clinical 
data were collected by reviewing medical records and direct interviews. The demographic data and biochemical 
parameters were compared between groups using the Student’s t - test or the Mann‒Whitney U test, anthropometric 
measurements, thyroid function, and NPDR were evaluated, and the associations between TSH and NPDR were 
assessed using logistic regression models.

Results No significant differences in age, sex, body mass index (BMI), incidence of alcohol consumption, and 
duration of diabetes were found between these two groups. The systolic blood pressure (SBP), incidence of smoking, 
TSH, blood urea nitrogen (BUN), and urinary micro-albumin (mALB) were significantly higher in the NPDR group 
than in the NDR group (P < 0.05). Individuals in the NDR group had higher levels of thyroxine (T4), glutamic pyruvic 
transaminase (ALT), fasting C-peptide (FCP), and 2-hour C-peptide (2hCP) than individuals in the NPDR group 
(P < 0.05). Spearman’s correlation analysis revealed that the serum TSH levels were negatively associated with the 
HbA1c levels in all patients (r=-0.11, P < 0.05). Serum TSH levels were negatively correlated with HbA1c levels (r = 
-0.19, P < 0.01) and positively correlated with diabetes duration (r = 0.14, P < 0.05) in the NPDR group. Multivariate 
logistic regression analysis revealed that high TSH levels, sex, diabetes duration, high-density lipoprotein cholesterol 
(HDL-C), glycosylated hemoglobin (HbA1c), FCP, and SBP were associated with NPDR [odds ratio (OR) > 1, P < 0.05]. 
Receiver operating characteristic curve analysis revealed that the optimal cutoff point of TSH for predicting NPDR was 
2.235 mIU/L.
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Introduction
Diabetes mellitus (DM) is a lifelong metabolic disease 
characterized by chronic hyperglycemia caused by mul-
tiple factors and has become a growing social and epi-
demiological problem. Type 2 diabetes mellitus (T2DM) 
accounts for more than 90% of diabetic patients. Hyper-
glycemia and metabolic disturbances lead to acute and 
chronic complications of diabetes, and chronic compli-
cations in particular are the leading cause of disability 
and death from diabetes. Diabetic retinopathy (DR) is a 
common complication of longstanding DM that affects 
up to 50% of diabetic patients and is the main cause of 
blindness among older adults [1]. In the initial phase of 
DR, hyperglycemia and altered metabolic pathways lead 
to oxidative stress and neurodegeneration. The typical 
clinical features of DR include microaneurysms, hemor-
rhages, hard exudates (lipid clusters), cotton wool spots 
(due to retinal ischemia), venous dilatation, bead-like 
changes, and intraretinal punctate hemorrhages [2, 3]. 
These symptoms can be categorized into two distinct 
stages of DR: non-proliferative diabetic retinopathy 
(NPDR) and proliferative diabetic retinopathy (PDR) 
[3]. Vascular endothelial damage, micro-aneurysm for-
mation, and intraretinal punctate hemorrhage are early 
features of NPDR. PDR is an angiogenic response to 
extensive ischemia and capillary obstruction (with neo-
vascularization or/and intravitreal/retinal hemorrhage) 
and is more severe than NPDR.

Previously reported relevant factors that have been 
identified for the development of DR include hyper-
glycemia [4, 5], dyslipidemia [6], smoking [7], vitamin 
D deficiency [8], and cystatin C [9]. In addition, vascu-
lar diseases, including cardiovascular disease (CVD), 
peripheral arterial disease (PAD), and diabetic nephrop-
athy (DN), are also closely related to DR [10]. Thyroid 
dysfunction and DM are also closely linked [11, 12]. 
Moreover, growing evidence indicates that thyroid hor-
mones regulate metabolism and insulin resistance. Thy-
roid dysfunction can worsen glucose metabolism and 
induce hyperglycemia in patients with T2DM, thereby 
increasing the risk of diabetic complications. Hyperglyce-
mia decreases thyroid-stimulating hormone (TSH) levels 
and the conversion of thyroxine (T4) to triiodothyronine 
(T3) in peripheral tissues [12]. However, the relationship 
between serum TSH and NPDR in Chinese patients with 
T2DM has not been specifically described. Moreover, 

there are few data on the potential association between 
TSH and NPDR, and the underlying mechanism of their 
interaction remains elusive. Although previous studies 
have probed into this association, the findings have been 
rather controversial. Owing to the paucity of data regard-
ing the potential association between TSH and NPDR, 
this study aimed to clarify the possible link between TSH 
and NPDR in Chinese patients with T2DM.

Methods
Population
For this hospital-based cross-sectional study, a total of 
427 patients with T2DM who visited the Department 
of Endocrinology at the Second People’s Hospital of 
Chizhou between January 2021 and December 2023 were 
screened. The inclusion criteria were as follows: patients 
aged ≥ 18 years and diagnosed with T2DM according to 
the diagnostic criteria of T2DM established by the World 
Health Organization in 1999, T2DM was assessed as hav-
ing a history of T2DM, or fasting plasma glucose (FPG) 
level ≥ 126 mg/dL (7.0 mmol/ L), or oral glucose tolerance 
test ≥ 200  mg/dL (11.1 mmol/L), or glycosylated hemo-
globin (HbA1c) ≥ 6.5%. The following participants were 
excluded from the study: individuals with coronary heart 
disease, severe pulmonary disease, kidney disease, liver 
disease, severe infection, tumors, a history of thyroid dis-
ease with or without treatment, acute complications of 
diabetes, a history of hypothalamus or pituitary diseases, 
or a history of cerebral infarction were excluded. Preg-
nant or lactating women were also excluded.

Data collection
Demographic data of the individuals and anthropometric 
parameters, including age, sex, body mass index (BMI), 
diabetes duration, alcohol consumption, daily number of 
cigarettes smoked, hypertension history, and history of 
other diseases, were collected in the hospital by review-
ing medical records. Blood pressure was measured in the 
sitting position after a rest period of more than 10 min. 
Patients having systolic blood pressure (SBP) ≥ 140 
mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg 
or having a history of hypertension were considered 
hypertensive. BMI was calculated as weight in kilograms 
divided by the square of height in meters.

Venous blood was drawn from all patients after an 
overnight fast to measure the following laboratory 
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parameters: FPG, C-peptide (CP), 2-hour C-peptide 
(2hCP), total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), HbA1c, serum creati-
nine (Scr), blood urea nitrogen (BUN), uric acid (UC), 
urine micro-albumin (mALB), alanine aminotransferase 
(ALT), aspartate transaminase (AST), T3, T4, and TSH 
levels. The serum TSH, T3, and T4 concentrations were 
determined using a chemiluminescence immunoassay 
(Atellica IM 1600, Siemens Ltd., Berlin, Germany), and 
the corresponding normal reference concentrations were 
defined as 0.38–4.34 µIU/ml, 1.02–2.92 nmol/L, and 
55.47–161.3 nmol/L, respectively.

All subjects were evaluated by two qualified retinal 
photographs using a CR-2AF (Canon, Tokyo, Japan) 
nonmydriatic camera at 45° (two eyes × two fields). Two 
experienced deputy chief ophthalmologists trained in 
retina and DR screening performed fundus examination. 
In the event of a discrepancy in diagnosis, a chief oph-
thalmologist was consulted to reach a consensus on the 
presence of DR. Mydriasis was achieved in all patients 
using Tropicamide 1% drops. DR was diagnosed and 
graded by mydriatic fundus photography and was further 
classified into NPDR and PDR according to the Inter-
national Clinical Disease Severity Scale for DR and the 
Early Treatment of Diabetic Retinopathy Study (ETDRS). 
Only those patients afflicted with NPDR were integrated 
into this research.

Statistical analysis
All the statistical analyses were performed using SPSS 
software version 26.0. GraphPad Prism (version 8.0) was 
used to generate forest plots. The normality tests were 
examined using the Kolmogorov-Smirnov test. Continu-
ous variables with a normal or non-normal distribution 
were presented as mean ± standard deviation (SD) or 
median (25th percentile, 75th percentile) respectively, 
and categorical variables as n (%). The characteristics of 
the participants in the NPDR group and the NDR group 
were compared using chi-square tests, Mann‒Whitney U 
tests, or unpaired Student’s t-tests, as appropriate. Spear-
man’s correlation analysis was used to evaluate the corre-
lations among different clinical characteristics in T2DM 
patients. Multiple logistic regression analysis was used to 
find the independent risk factors for NPDR. The receiver 
operating characteristic (ROC) curve was constructed 
to evaluate TSH, T3/TSH, and T4/TSH in patients with 
NPDR. The maximum Youden index was used to deter-
mine the optimal cutoff point. The optimal cutoff was 
calculated using the Youden index. Binary logistic regres-
sion analysis was performed to identify the independent 
determinants of NPDR. Baseline variables that were 
considered clinically relevant or that showed a univari-
ate relationship with outcome (with a p value < 0.2) were 

entered into multivariate regression models. Variables 
for inclusion were carefully chosen, given the number of 
events available, to ensure parsimony of the final models. 
A P value < 0.05 at the two-tailed level was considered to 
indicate statistical significance.

Results
Demographic data
A total of 427 participants with T2DM were evaluated in 
our study, which consists of 251 (58.80%) male and 176 
(41.20%) female, and the quartile of age was 57.0 (50–64) 
years. Among all participants, according to the results of 
ophthalmoscopy and fundus photography, 203 were diag-
nosed with NPDR, as NPDR group; and the other 224 
without DR, as Non-DR (NDR) group. The clinical and 
laboratory characteristics of all participants are described 
in Table  1. Patients with NPDR exhibited higher preva-
lence of smoking and hypertension than those NDR. 
Furthermore, patients with NPDR exhibited a longer 
duration of diabetes. However, it was not statistically sig-
nificant. A comparison of the serum biochemical indices 
(Table  1) revealed that the FCP and 2hCP levels were 
significantly lower in the NPDR group (p < 0.01). Sig-
nificant differences in mALB and mALb/Ucr ratio were 
also observed between patients with NPDR and NDR 
(p < 0.001). For thyroid function, patients with NPDR 
exhibited significantly lower T4 (P = 0.034) and higher 
TSH (P = 0.029) levels than NDR group. All other charac-
teristics were not significantly different between the two 
groups.

Relationships between TSH and other clinical features
Spearman’s correlation analysis revealed a negative cor-
relation between serum TSH levels and HbA1c levels (r 
= -0.11, p < 0.05) in all T2DM patients (Fig.  1a). In the 
NPDR group, the serum TSH level was negatively cor-
related with the HbA1c level (r=-0.19, p < 0.01) and posi-
tively correlated (r = 0.14, p < 0.05) with the duration of 
diabetes mellitus (Fig. 1c).

Risk factors for NPDR
A significant independent association between TSH 
and NPDR [odds ratio (OR) = 1.136, P = 0.027] was 
found by multiple logistic regression analysis adjusted 
for age, sex, diabetes duration, SBP, DBP, BMI, TG, 
LDL-C, HDL-C, HbA1c, FPG, FCP, UA, and mALB. 
Moreover, age (OR = 0.969), sex (OR = 0.290), diabetes 
duration (OR = 1.069), HbA1c level (OR = 1.277), FCP 
level (OR = 1.475), LDL-C level (OR = 0.386), HDL-C 
level (OR = 2.683), and SBP (OR = 1.034) were also found 
to be independent impact factors for NPDR (all P < 0.01) 
(Fig. 2).
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The predictive value of TSH for NPDR
ROC curve analysis was used to verify the accuracy of 
TSH for predicting NPDR (Fig. 3). The results indicated 
that the optimal cutoff point of TSH was 2.235 mIU/L 
for predicting NPDR [area under curve (AUC) =  0.561; 
P = 0.029; Youden index = 0.122; sensitivity, 53.69%; 
specificity, 58.48%] (Fig. 3). The optimal cutoff point for 
the T4/TSH ratio was 52,502 pmol/mIU for predicting 

NPDR (AUC = 0.573; P = 0.009; Youden index = 0.148; 
sensitivity, 62.56%; specificity, 52.23%) (Fig. 3). The opti-
mal cutoff point for the T3/TSH ratio was 755.1 pmol/
mIU for predicting NPDR (AUC = 0.549; P = 0.081; 
Youden index = 0.111; sensitivity, 56.65%; specificity, 
54.46%) (Fig. 3).

Table 1 Comparison of clinical characteristics between T2DM patients with and without NPDR
Characteristics Total

(n = 427)
NPDR
(n = 203)

NDR
(n = 224)

P

Male/female 251/176 116/87 135/89 -
Age (years) 57.00 (50.00, 64.00) 57.45 ± 11.08 56.00 (48.00, 64.00) 0.217
Diabetes duration (years) 5.00 (1.00, 10.00) 8.00 (3.00, 12.00) 4.00 (0.80, 9.00) 0.451
Hypertension (%) 165 (38.64) 67 (33.00) 98 (43.75) 0.023*
SBP (mmhg) 136.00 (124.50, 148.00) 139.00 (130.00, 150.50) 134.00 (122.00, 145.00) 0.002**
DBP (mmhg) 85.00 (80.00, 90.00) 86.00 (79.00, 90.00) 85.00 (80.00, 90.00) 0.66
BMI (kg/m2) 24.11 (22.20, 26.44) 24.40 ± 3.50 24.20 (22.15, 26.55) 0.892
Smoking (%) 26.00 30.50 25.40 0.041*
Drinking (%) 14.52 15.76 13.39 0.487
FPG (mmol/L) 8.07 (6.61,10.29) 7.86 (6.49,10.34) 8.25 (6.70, 10.26) 0.546
2hPG (mmol/L) 18.87 ± 5.75 19.06 ± 5.76 18.71 ± 5.76 0.545
HbA1c (%) 9.10 (7.10, 11.00) 9.40 (7.10, 10.95) 8.75 (7.08, 11.03) 0.488
FCP (nmol/L) 1.57 (0.88, 2.26) 1.41 (0.74, 2.10) 1.75 (1.11, 2.41) 0.004**
2hCP (nmol/L) 5.20 (3.19, 7.63) 4.78 (2.60, 7.05) 5.65 (4.05, 8.09) 0.001**
FINS(pmol/L) 7.99 (4.99, 11.41) 7.91 (5.48, 12.27) 8.05 (4.80, 10.88) 0.581
2hINS (pmol/L) 33.91 (22.41, 55.24) 33.60 (20.67, 57.68) 34.36 (22.44, 54.50) 0.949
T3 (pmol/L) 1.63 (1.43, 1.80) 1.62 (1.44, 1.79) 1.63 (1.43, 1.81) 0.781
T4 (pmol/L) 107.23 ± 25.09 104.52 ± 23.37 109.72 ± 26.38 0.034*
TSH (mIU/L) 2.17 (1.44, 3.39) 2.33 (1.52, 3.58) 2.04 (1.36, 3.12) 0.029*
ALT (U/L) 24.00 (16.00, 35.00) 21.00 (15.00, 21.00) 26.00 (17.50, 38.50) 0.006**
AST (U/L) 22.00 (18.00, 28.00) 22.00 (17.00, 28.00 ) 23.00 (18.00, 29.00) 0.059
Scr (umol/L) 71.50 (58.00, 89.75) 72.00 (58.00, 91.25) 70.00 (57.00, 88.25) 0.457
BUN 5.70 (4.70, 6.90) 6.00 (4.70, 7.37) 5.55 (4.60, 6.60) 0.018*
eGFR (mL*min-1(1.73m2)-1) 97.56 (74.97, 116.76 ) 95.38 ± 35.49 98.58 (78.37, 118.26) 0.134
UA (mmol/L) 320.15 (259.25, 375.75) 325.50 (263.75, 375.25) 315.00 (247.00, 378.00) 0.410
TC (mmol/L) 4.46 (3.75, 5.27) 4.46 (3.72, 5.24) 4.47 (3.79, 5.28) 0.700
TG (mmol/L) 1.61 (1.15, 2.44) 1.61 (1.12, 2.14) 1.62 (1.16, 2.55) 0.347
HDL-C (mmol/L) 1.31 (1.10, 1.58) 1.33 (1.10, 1.64) 1.30 (1.10, 1.54) 0.315
LDL-C (mmol/L) 2.71 ± 0.86 2.63 ± 0.80 2.79 ± 0.90 0.066
VLDL-C (mmol/L) 0.74 (0.53, 1.11) 0.74 (0.51, 0.98) 0.74 (0.53, 1.16) 0.346
mALB 15.60 (6.65, 41.70) 21.00 (8.74, 70.45) 11.40 (5.89, 26.03) < 0.001**
mALB/UCr 3.86 (1.08, 14.24) 5.62 (1.38, 25.69) 2.40 (0.94, 8.04) < 0.001**
Data are expressed as means ± SD or median (25th–75th percentiles)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;

FPG, fasting plasma glucose; 2hPG, 2-hour plasma glucose; HbA1c, glycosylated hemoglobin;

FCP, fasting C-peptide; FINS, fasting insulin; 2hCP, 2-hour C-peptide; 2hINS, 2-hour insulin;

T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone;

ALT, Alaninetransaminase; AST, glutamic oxaloacetic transaminase;

Scr, serum creatinine; UA, uric acid; eGFR, estimated glomerular filtration rate;

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;

LDL-C, low-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol;

mALB, urine micro-albumin; UCr, urine creatinine

* P < 0.05 compared NPDR with NDR two groups

** P < 0.01 compared NPDR with NDR two groups
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Fig. 1 Correlation between TSH and other clinical features. Heatmap showing Spearman’s rank correlation between selected clinical features in all T2DM 
patients (a), in group of NDR (b) and in group of NPDR (c). *P < 0.05; **P < 0.01
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Discussion
Regarding the timeline of DR development, the ini-
tial phase of DR (NPDR) typically does not exhibit any 
noticeable clinical symptoms. However, advanced DR 
(PDR) can cause substantial clinical pain, such as neo-
vascularization, fundus hemorrhage, and loss of vision. 
Despite its gradual onset, NPDR can persist for a signifi-
cant duration even in the absence of noticeable clinical 
signs. Investigating the fluctuations in serum TSH levels 
in patients with NPDR is highly intriguing for identifying 
a new perspective on the correlation between serum TSH 
and NPDR in patients with T2DM.

This cross - sectional study included a total of 427 
patients with T2DM and was conducted to analyze the 
relationship between TSH and NPDR in Chinese patients 
diagnosed with T2DM. We confirmed that TSH had a 
notable influence on NPDR in the Chinese T2DM popu-
lation, regardless of other variables.

The pathophysiology of DR is complex and still 
unknown. The pathophysiologic alterations in DR include 
[1] oxidative stress, in which the generation of reactive 
oxygen clusters may be connected with the progres-
sion of DR [13]; and [2] inflammation, in which early 
DR is characterized by increased vascular permeabil-
ity, increased retinal blood flow, neutrophil infiltration, 
macrophage infiltration, glial activation, complement 

Fig. 3 ROC curve analysis of TSH, T3/TSH ratio and T4/TSH ratio to indicate 
NPDR. ROC, receiver operating characteristic; NPDR, non-proliferative dia-
betic retinopathy; T3, triiodothyronine1; T4, thyroxine; TSH, thyroid stimu-
lating hormone

 

Fig. 2 Multiple regression analysis of NPDR with different clinical characteristics. Multiple regression analysis of variables independently associated with 
NPDR in all participants. The model was adjusted for age, sex, diabetes duration, BMI, TG, HDL-C, LDL‐C, SBP, DBP, HbA1c, FPG, FCP, UA, and mALB. UA, 
uric acid; mALB, urine micro-albumin; BMI, body mass index; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; FCP, fasting C-peptide; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; TSH, 
thyroid stimulating hormone. *P < 0.05; **P<0.01
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activation, and tissue edema [14] [3]. Neovascularization: 
The pathophysiology of DR is significantly influenced 
by neovascularization. Elevated blood glucose exacer-
bates retinal ischemia and hypoxia, damages capillary 
endothelial cells, and leads to the formation of micro-
aneurysms, which further obstruct and necrotize capil-
laries, ultimately resulting in neovascularization [15]. 
According to some research, endothelial cell dysfunction 
alone is enough to cause DR [4]. Neuronal degenera-
tion: oxidative stress, compromised antioxidant defense 
mechanisms, and an imbalance of neuroprotective fac-
tors in neurons cause neuronal and glial changes in the 
retina before neovascularization; from this perspective, 
DR can also be viewed as a neurodegenerative disease 
[16] [5]. Gut flora: The composition, modification, and 
disruption of the gut microbiota affect important physi-
ological processes in the body, and the gut microbiota 
may contribute to diseases such as chronic inflamma-
tion, immune system imbalance, T2DM, chronic kidney 
disease, and rheumatoid arthritis [17]. Hyperglycemia in 
T2DM patients leads to dysbiosis of the intestinal flora, 
leading to bacterial translocation and deposition of intes-
tinal endotoxin, which further induces intestinal inflam-
mation. Recently, several scholars proposed the concept 
of the “gut-retina axis” and investigated the relationships 
among the gut microbiota, DM, and DR and found that 
there is a strong correlation between the gut flora and its 
metabolites, which suggests that the gut-retina axis could 
be used as a biomarker for future clinical diagnosis and 
treatment of DR [18]. In this study, we found that FCP, 
2-h CP, and 2-h insulin levels were significantly lower 
in patients with T2DM combined with NPDR than in 
the NDR group, and HbA1c was elevated in the former 
compared with the latter, suggesting that the pancreatic 
islet function in the T2DM combined with NPDR group 
was poorer than that in the NDR group and that glycemic 
control was poor. Sex, diabetes duration, systolic blood 
pressure, HbA1c, FCP, and TSH levels were found to be 
independent risk factors for NPDR patients, whereas 
age, LDL-C, and HDL-C were found to be protective fac-
tors against NPDR. To our knowledge, few studies have 
focused on the relationship between TSH and NPDR, 
and the nature of this relationship remains incompletely 
understood. Consistent with the findings of previous 
studies, the present study showed that serum TSH lev-
els were greater and T4 levels were lower in patients 
in the NPDR group than in patients in the NDR group, 
and the serum TSH concentration was an independent 
risk factor for NPDR. TSH, T3/TSH and T4/TSH were 
used in this study to predict NPDR, with AUCs of 0.561, 
0.549, and 0.573, respectively. In addition, the optimal 
cutoff points for TSH, T3/TSH, and T4/TSH accord-
ing to the ROC curves were estimated in this study and 
were 2.235 µIU/ml, 755.1 pmol/mIU, and 52,502 pmol/

mIU, respectively. Similarly, the AUCs of TSH and T4/
TSH were significantly different (P < 0.05), but the differ-
ence in the comparison of the AUCs of T3/TSH was not 
statistically significant (P > 0.05). The upper TSH limit 
advised by the American Society of Clinical Biochemis-
try is 2.5 µIU/ml [19]. The TSH threshold in this study 
is similar to that reported in earlier epidemiologic stud-
ies, with more than 95% of the normal population hav-
ing TSH levels < 2.5 µIU/mL, beyond which the incidence 
of some diseases may increase. Therefore, lowering TSH 
levels may be a potentially positive measure for prevent-
ing NPDR. However, recently, several scholars have sug-
gested that TSH is not correlated with DR [20, 21, 22]. 
This finding contradicts the findings of Yang [23] et al., 
who concluded that patients in the subgroup with higher 
TSH levels (2.0 ≤ TSH < 4.0 IU/ml) had a greater inci-
dence of DR than did those in the subgroup with lower 
TSH levels (0.4 ≤ TSH < 2.0 IU/ml). Considering that 
the reason for the inconsistency between the results of 
the present study and those of the above studies is that 
only Wu [22] et al. included subjects with normal thy-
roid function among patients with T2DM, the reason 
for the inconsistency between the results of the present 
study and the results of the other studies may be that 
all of them included individuals with normal thyroid 
function among those with T2DM who had a combina-
tion of subclinical hypothyroidism, which may explain 
the inconsistency in the results. Several existing studies 
have demonstrated the potential mechanism of TSH in 
the occurrence and development of DR [24, 25, 26, 27, 
28]. Lin [24] et al. detected functional TSH receptors in 
peripapillary retinal cells, which may promote the effect 
of high TSH levels on high glucose-induced loss of PC 
through TSH receptor-dependent apoptosis of mito-
chondrial cells. In addition, high TSH levels have been 
reported to be associated with early retinal changes, 
including narrowing of small retinal arteries and changes 
in visual protein expression [27, 28, 29]. Currently, inter-
national guidelines recommend screening for thyroid 
dysfunction in children, adolescents, and adults with 
type 1 diabetes (T1DM), but there is a lack of screening 
recommendations for T2DM. In conclusion, our find-
ings suggest that in T2DM patients, additional attention 
should also be given to the potential impact of thyroid 
function, especially TSH, on the development of DR in 
clinical practice. In the future, well-designed longitudi-
nal studies are necessary to further substantiate the role 
of TSH in the risk management of diabetic complications 
and to explore the reference range of “normal” TSH.

Previous studies [30, 31]have shown that the inci-
dence of complications in patients with T2DM increases 
with the duration of the disease, the prevalence of DR in 
patients with a disease duration of more than 10 years 
is approximately 24.8%, and with increasing HbA1c, 
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the incidence of chronic complications in patients with 
T2DM also increases, which is considered to be related 
to the increase in the degree of damage to micro-vessels 
and nerve cells in the long-term high glucose treatment 
[32]. Compared with T1DM, diabetes duration has a 
greater impact on patients with T2DM combined with 
NPDR. The results of this study showed that the duration 
of diabetes was an independent risk factor for NPDR, 
and the mean risk increased by 1.069 times for each unit 
increase in the duration of the disease. This finding is 
similar to that of Singh [33] et al. The prevalence of DR 
in patients with a disease duration greater than 15 years 
was five times higher than that in patients with a disease 
duration less than 5 years.

Gender has recently been reported to be associated 
with the risk of developing diabetes-related complica-
tions [34, 35]. Middle-aged men are significantly more 
likely to develop T2DM, suggesting that sex-related fac-
tors are involved in the pathogenesis of T2DM and its 
complications to some extent in middle-aged populations 
[36, 37]. Several studies [38, 39, 40, 41] revealed sex cor-
relations with fat distribution, activation of inflammatory 
signaling pathways, and T2DM risk. There are sex differ-
ences in disease progression and pathogenesis in mid-
dle-aged T2DM patients, and the present study revealed 
that men were at approximately 0.290-fold greater risk 
than women. Male sex is significantly associated with 
DR in middle-aged populations. Studies based on data 
from national databases in the UK and Finland showed 
that male sex is an independent risk factor for DR in the 
middle to late stages of T2DM and also for disease pro-
gression [42, 43]. Although the pathological mechanisms 
by which sex influences DR progression are currently 
unknown, significant differences between sexes imply the 
use of different individualized care measures. Prevention 
strategies that target modifiable risk factors are critical 
for the middle-aged T2DM population. The relation-
ship between lipid levels and the development of DR is 
poorly understood. A case-control study [44] conducted 
in 13 countries revealed that diabetic micro-angiopathy 
(especially DN) was associated with increased triglycer-
ide levels and decreased HDL-C levels in patients with 
well-controlled LDL-C. However, the results of sev-
eral randomized controlled trials [e.g., action to control 
cardiovascular risk in diabetes study (ACCORD) and 
fenofibrate intervention and event lowering in diabetes 
study (FIELD)] have shown that fenofibrate significantly 
reduces the onset and progression of retinopathy in dia-
betic patients with dyslipidemia and that the risk of reti-
nopathy is decreased by 30% [45]. In contrast, fenofibrate 
had little effect on patients with uncomplicated DR in the 
ACCORD study. Unlike those of the ACCORD study, the 
results of the FIELD study showed a benefit of DR pro-
gression independent of changes in lipid levels. Although 

the ADA guidelines [46] strongly recommend optimiz-
ing lipid levels to slow DR progression, the efficacy of 
fibrates in the primary prevention of DR is unclear. Thus, 
the exact beneficial effects of fibrates, as well as the exact 
role of higher HDL-C levels in DR, remain to be eluci-
dated. However, in the scenario mentioned above, the 
most interesting result in our study was that in multi-
variate logistic regression analysis, high LDL-C appeared 
to be a potential protective factor for NPDR, and high 
HDL-C appeared to be a potential independent risk fac-
tor for NPDR, with a 2.683-fold increase in the mean risk 
of NPDR for each unit increase in HDL-C. These find-
ings have not been confirmed in the previous literature; 
however, most studies have demonstrated an indepen-
dent association between low HDL-C and renal disease 
and macro-vascular complications in T2DM patients 
and between all-cause mortality and a reduction in car-
diac macro-vascular event rates and low HDL-C levels. 
In contrast, there is no evidence of a correlation between 
HDL-C and DR [47]. Previously, only Ferdinando Carlo 
Sasso [48] et al. conducted a large cross-sectional, mul-
ticenter, observational study and reported that DR was 
independently associated with HDL-C levels (OR 1.042; 
95% CI 1.012 ~ 1.109; p = 0.004), with an ROC curve 
defining the potential cutoff value for HDL-C (40  mg/
dL), this scholar also proposed a hypothesis regarding the 
association between HDL-C and DR, recognizing that 
the link may be incidental to an unknown pathophysi-
ological abnormality. Therefore, additional large-scale 
cross-sectional and longitudinal studies are needed in 
the future to further investigate the relationship between 
retinopathy and high HDL-C levels.

Several limitations in the present study need to be 
explained. First, it is impossible to infer causality because 
of the cross-sectional design of this study. Thus, further 
studies are needed to determine the relative risk between 
thyroid hormones and NPDR risk in T2DM patients. 
Second, due to the hospitalization time limit, the thy-
roid function of subjects was assayed only once, so there 
may be some statistical bias. Third, the sample size is 
relatively small, which may lead to bias in the results, 
and it is necessary to further increase the sample size in 
later studies. Fourth, diabetes increases the risk of low 
T3 syndrome and hypothyroidism. As this study did not 
assess the trans-T3 levels of the participants, the relation-
ship between thyroid function and NPDR risk may have 
been distorted. Fifth, the data on potential risk factors of 
NPDR, including physical activity, education, hypoglyce-
mic, hypolipidemic and antihypertensive drug were not 
available in the present study. Therefore, the possibility 
of residual confounding could not be excluded. Lastly, 
all the subjects were from a single center where all par-
ticipants were Chinese. As a result, our findings may not 
apply to all Chinese patients with T2DM or patients of 
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other ethnicities. Despite these potential limitations, this 
study has several advantages. To minimize confound-
ing factors, we strictly excluded patients with positive 
thyroid autoantibodies or a history of thyroid disease or 
other endocrine diseases that can alter thyroid function. 
Moreover, few studies have specifically studied the corre-
lation between thyroid hormones and NPDR. Ours is the 
first cross - sectional study in China that solely includes 
NPDR patients.

Conclusion
Current study indicates that relatively high TSH levels 
may also be independently associated with NPDR. This 
finding suggest that the residual risk of DR might be 
partially attributable to suboptimal thyroid function. In 
clinical practice, greater attention should be paid to the 
potential impact of TSH and the T4/TSH ratio on the 
management of NPDR. Prospective cohort studies are 
also warranted to assess the relation between thyroid 
hormones and NPDR in T2DM patients.
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