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INTRODUCTION 
Diabetes mellitus (DM) is a chronic disorder of metabolism identied 
by hyperglycemia, which results from either impaired secretion of 
insulin, resistance to the action of insulin, or both (Henson et al., 2023). 
Type 2 diabetes mellitus contributes to approximately 90% of all 
Diabetes Mellitus cases. Using a model based on data from 1990 to 
2017, statistical forecasting indicated that worldwide diabetes 
prevalence could rise to 7079 per 100,000 by 2030 and 7862 by 2040 
(Khan et al., 2020).

Complications which are microvascular in origin, including 
nephropathy, retinopathy, and neuropathy, are the leading cause of 
morbidity as well as mortality in T2DM patients. These complications 
arise from chronic hyperglycemia and can lead to irreversible damage 
to the eyes, kidneys, and nerves (Chawla et al., 2016).

Hypothyroidism, a condition characterized by insufcient thyroid 
hormone production, is a prevalent comorbidity in T2DM patients, 
affecting up to 6-20% of this population (Kalra et al., 2021). The 
thyroid gland is pivotal for the regulation of metabolism, furthermore, 
its dysfunction can alter glycemic regulation and heighten the 
likelihood of microvascular complications (Biondi et al., 2019).

The association between hypothyroidism along with microvascular 
complications of Type 2 Diabetes Mellitus has been the subject of 
considerable research, with conicting results reported. While some 
studies demonstrated a positive correlation between hypothyroidism 
and the development of microvascular complications,(Lin et al., 2022) 
others have found no signicant association.(Vemula et al., 2023)

These inconsistencies in the existing literature highlight the need for 
further investigation into this critical relationship. A comprehensive 
understanding of the correlation between hypothyroidism and 
microvascular complications is essential for developing effective 
management strategies and improving patient outcomes in T2DM.

Despite the growing evidence linking hypothyroidism to diabetic 
microvascular complications, the underlying mechanisms remain 
incompletely understood. 

With this background, the present study aimed to ll gaps in 

understanding the link association between hypothyroidism along 
microvascular complications in Type 2 Diabetes Mellitus patients. By 
analyzing a large cohort of T2DM patients, the study seeks to:
1. Evaluate the prevalence of hypothyroidism among Type 2 

Diabetes Mellitus patients.
2. Assess the correlation between hypothyroidism and onset of 

microvascular complications (nephropathy, retinopathy and 
neuropathy).

3. Identify possible factors that may increase the likelihood of 
microvascular complications in patients with hypothyroid and 
Type 2 Diabetes Mellitus.

4. Provide evidence to support the development of clinical 
guidelines for hypothyroidism management in Type 2 Diabetes 
Mellitus patients to reduce the risk of microvascular 
complications.

METHODOLOGY
For investigation of the correlation between hypothyroidism and 
diabetic microvascular complications in patients with Type 2 Diabetes 
Mellitus, this study used an analytical cross-sectional design. The 
study examined data collected from 250 known cases of T2DM 
patients attending the outpatient department of General Medicine, Shri 
Ram Murti Smarak Institute of Medical Sciences, Bareilly according 
to inclusion-exclusion criteria for the sample selection. 

Adult patients (≥18 years) diagnosed with T2DM and with at least 3 
years were involved in the study. Patients with a history of autoimmune 
thyroid disorders, thyroid surgery, or any other condition potentially 
affecting thyroid function were excluded.

Data collection was focused on demographic characteristics, HBA C, 1

thyroid function tests such as free T4, free T3 and Serum TSH), and the 
presence of microvascular complications (retinopathy, nephropathy, 
and neuropathy). 

Hypothyroidism was dened based on TSH levels above the upper 
maximum reference limit and free T4 or free T3 levels below the lower 
minimum reference limit. Thyroid function test results were obtained 
from the earliest available record within the study period.(Chaker et 
al., 2017)
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The normal reference limit:
Ÿ TSH (Thyroid-stimulating hormone): 0.4–4.5 mIU/L.
Ÿ Free T4: 0.8–1.5 ng/dL.
Ÿ Total T3: 1.1–3 nmol/L.

If a patient's TSH level is above the upper reference limit, and their free 
T4 or free T3 level is below the lower reference limit, then they are 
considered to have hypothyroidism.

The microvascular complications of diabetes were determined based 
on standardized diagnostic criteria.
Ÿ Retinopathy: Retinal examination by an ophthalmologist or 

documented diagnosis of diabetic retinopathy.
Ÿ Nephropathy: Estimated glomerular ltration rate (eGFR) <60 

mL/min/1.73 m2 or Microalbuminuria (urine albumin-to-
creatinine ratio ≥30 mg/g).(Qi et al., 2017)

Ÿ Neuropathy: Clinical assessment of neuropathy, including 
monolament testing and vibration perception threshold testing 
(Yang et al., 2018).

To summarize the characteristics of patients and the prevalence of 
microvascular complications descriptive statistics were employed in 
both hypothyroid and non-hypothyroid groups. The use of correlation 
coefcients was done to assess the strength and direction of association 
among thyroid function markers and microvascular complications. 
95% condence intervals (CIs) and Odds ratios (ORs) were analyzed 
to approximate the risk of developing microvascular complications in 
hypothyroid patients in comparison to non-hypothyroid patients. P-
value <0.05 was used for statistical signicance.

The study protocol followed the ethical guidelines and principles, 
including assurance of patient's condentiality and acquiring informed 
consent from participants. The Institutional Review Board (IRB) 
approved the study before data collection commenced.

RESULT
A total of 250 T2DM patients were included in the study. The average 
age of patients was 62 years, and 54% were female. Among study 
participants, 84 (33.6%) had hypothyroidism (Table 1).

TABLE – 1 Patient Characteristics among Hypothyroid and Non-
Hypothyroid Groups

The mean age of patients in the hypothyroid group was 62.4 years, 
while the average age of patients in the non-hypothyroid group was 
61.6 years. This age difference was not statistically signicant (p-value 
= 0.534) (Table 1).

Female patients' percentage in the hypothyroid group was 54.8%, 
while the percentage of female patients in the non-hypothyroid group 
was 53.0%. This difference in gender distribution was also not 
statistically signicant (p-value > 0.05).

The average duration of diabetes in the hypothyroid group was 10.2 
years, while the average duration of diabetes in the non-hypothyroid 
group was 9.8 years. This difference in the duration of diabetes was not 
statistically signicant (p-value = 0.612).

The average HbA1c level in the hypothyroid group was 7.5%, while 
the average HbA1c level in the non-hypothyroid group was 7.4%. This 
difference in HbA1c levels was not statistically signicant (p-value = 
0.431).

TABLE – 2 Prevalence of Diabetic Microvascular Complications 
in T2DM Patients with and without Hypothyroidism

Prevalence of retinopathy was signicantly higher in patients with 
hypothyroidism (13.8%) than in patients without hypothyroidism 
(5.4%), with a p-value of 0.034 revealing a statistically signicant 
association among hypothyroidism and retinopathy in T2DM patients.
The prevalence of nephropathy was also signicantly higher in 
patients of hypothyroidism (19.04%) as compared to patients with 
non-hypothyroid status(9.03%), with a p-value of 0.023 means there is 
a very strong statistically signicant association between 
hypothyroidism and nephropathy in T2DM patients.

The prevalence of neuropathy was highest among all three 
microvascular complications, and it was also signicantly higher in 
patients with hypothyroidism (25%) in comparison to patients without 
hypothyroidism (13.8%), with a p-value of < 0.036. This suggests a 
powerful statistically signicant association between hypothyroidism 
and neuropathy in T2DM patients (Table 3).

TABLE – 3 Correlation between Thyroid Function Markers and 
Microvascular Complications

Table 3 further demonstrates the correlation between thyroid function 
markers and microvascular complications. Correlation analysis found 
a signicant positive correlation between levels of TSH and the 
presence of retinopathy (r=0.23, p value<0.05) and neuropathy 
(r=0.31, p value<0.02). A signicant negative correlation was also 
found between levels of free T4 and the presence of nephropathy (r=-
0.19, p<0.05).

Elevated levels of TSH were associated with a higher risk of 
retinopathy as well as neuropathy, while decreased free T4 levels were 
associated with a higher risk of nephropathy. These ndings suggest 
that hypothyroidism may be an independent contributing factor to the 
development of microvascular complications in T2DM patients (Table 
4).

TABLE – 4 Association between Hypothyroidism and Diabetic 
Microvascular Complications

Hypothyroidism remained an independent risk factor for retinopathy 
(OR-2.3, 95% CI =1.4-3.7, p value<0.01), nephropathy (OR -1.8, 95% 
CI= 1.1-2.8, p value <0.05), and neuropathy (OR -2.4, 95% CI =1.5-
3.9, p value <0.001).

DISCUSSION
The study involved 250 patients with Type 2 Diabetes Mellitus 
(T2DM), with a mean age of 62 years and a gender distribution of 54% 
females. The observed prevalence of hypothyroidism among T2DM 
patients in the present study, at 33.6%, is greater than the prevalence 
reported in similar research which was 24.8% and might be due to the 
comparatively older population in the study (Talwalkar et al., 2019). 

The lack of statistically signicant differences in mean age, gender 
distribution, diabetes duration, and levels of HbA1c  between the 
hypothyroid and non-hypothyroid groups in the current study aligns 
with Sharma et al. study ndings (Sharma et al., 2020). While some 
studies have reported similar non-signicant differences, others have 
found associations between hypothyroidism and certain demographics 
like in cases with Type 2 Diabetes Mellitus patients of age >65 years 
with OR of 4.2 and clear difference among males and females (OR, 
4.82 vs 2.60) and clinical parameters like HBA1c.(Biondi et al., 2019) 
The variations in ndings could be attributed to the heterogeneity of 
study populations and methodologies across different investigations.

The study ndings reveal a notable increase in the prevalence of 
complications of microvascular origin such as retinopathy, 
nephropathy, and neuropathy—among Type 2 Diabetes Mellitus 
(T2DM) patients with hypothyroidism. Specically, the prevalence of 
retinopathy was markedly higher in patients with hypothyroidism 
(13.8%) compared to patients without hypothyroidism(5.4%). This 
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Characteristic Hypothyroid 
Group (n=84)

Non-Hypothyroid 
Group (n=166)

p-value

Age (years) 62.4 ± 7.3 61.6 ± 7.1 0.405
Gender (% female) 54.8% 53.0% >0.05
Duration of diabetes 
(years)

10.2 ± 5.1 9.8 ± 4.9 0.548

HbA1c (%) 7.5 ± 1.2 7.4 ± 1.3 0.556

Microvascular 
Complication

Hypothyroid 
Patients 

Microvascular 
Complication

Hypothyroid 
Patients 

Retinopathy (n=20) 11 (13.09%) 9 (5.4)% 0.034*
Nephropathy (n=21) 16 (19.04%) 15 (9.03%) 0.023*
Neuropathy (n=46) 21 (25%) 23 (13.8%) 0.036*

Thyroid Function 
Marker

Correlated Microvascular 
Complication

Correlation 
Coefcient

p-value

TSH Retinopathy 0.23 0.04
TSH Neuropathy 0.31 0.02
Free T4 Nephropathy 0.19 0.05

Microvascular 
Complication

Odds Ratio 95% Condence 
Interval

p-value

Retinopathy 2.3 1.4-3.7 <0.01
Nephropathy 1.8 1.1-2.8 <0.05
Neuropathy 2.4 1.5-3.9 <0.001



aligns with existing literature by Wu et al. where  Random-effects 
meta-analysis indicated a signicant association with diabetic 
retinopathy and hypothyroidism (odds ratio� =� 2.13, 95% 
condence interval�=�1.41 – 3.23, p�<�0.001). (Wu et al., 2015)
Likewise, the study identied a higher prevalence of nephropathy in 
the hypothyroid group (19.04%) in contrast to the non-hypothyroid 
group (9.03%). This nding resonates with previous research by Bajaj 
et al. that has suggested a link between hypothyroidism and an 
increased risk of nephropathy in T2DM patients where they reported 
out of a total of 41 DKD patients 14 (34.14%) patients were diagnosed 
with hypothyroid. (Bajaj et al., 2016)

Similarly, Meena et al. reported  Prevalence of Nephropathy was also 
signicantly higher (p=0.011) in Hypothyroid group (60%) as 
compared to the Euthyroid group.(38.75%). (Krishan et al., 2021)

Furthermore, the study highlighted neuropathy as the most prevalent 
among the three microvascular complications, with hypothyroid 
patients exhibiting a rate of 25% compared to 13.8% in non-
hypothyroid patients. This aligns with certain studies that have 
explored the relationship between thyroid dysfunction and neuropathy, 
emphasizing a potential connection between hypothyroidism and an 
elevated risk of neuropathy in T2DM patients (Gupta et al., 2016).

The correlation analysis conducted in this study explored the intricate 
relationship between thyroid function markers and Type 2 Diabetes 
Mellitus patients having microvascular complications. The ndings 
revealed positive correlations between Thyroid Stimulating Hormone 
levels and the presence of retinopathy (r=0.23, p value <0.05) and also 
with neuropathy (r=0.31, p<0.02). The positive associations align with 
Zhao et al. study nding which emphasises the potential link between 
elevated TSH levels and an increased risk of retinopathy and 
neuropathy where Spearman's correlation analysis revealed a positive 
association between serum TSH levels and DPN (r=0.172, P value 
<0.01) (Zhao et al., 2016).

Conversely, a signicant negative correlation was observed between 
levels of free thyroxine (free T4) and the presence of nephropathy (r=-
0.19, p value<0.05). Lower levels of free T4 have been linked with an 
elevated risk of renal complications in diabetes in some studies. This 
negative correlation is consistent with Shrivastava et al. research 
indicating a potential protective effect of adequate free T4 levels 
against the development of nephropathy in diabetic individuals and no 
signicant correlation with TSH was found (r = 0.206, P = 0.114). 
(Srivastava et al., 2018)

While these correlations align with existing literature in specic 
aspects, it is important to recognize the inherent heterogeneity in study 
populations and methodologies across the eld. The variability in 
ndings may be inuenced by factors such as the denition of 
complications, sample sizes, and participant demographics. 
Nonetheless, this study contributes valuable insights by reinforcing 
associations between thyroid function markers and microvascular 
complications in T2DM patients.

The study also conducted risk factor analysis, revealing that 
hypothyroidism remained independent risk factor for nephropathy 
(OR- 1.8, 95% CI -1.1-2.8, p<0.05), retinopathy (OR- 2.3, 95% CI -
1.4-3.7, p<0.01),  and neuropathy (OR- 2.4, 95% CI -1.5-3.9, 
p<0.001).

Comparison of existing research suggests consistency in ndings, 
emphasizing the potential link between hypothyroidism and higher 
risk in Type 2 Diabetes Mellitus patients experiencing microvascular 
complications. These results underscore the importance of thyroid 
function assessment in the comprehensive clinical care of individuals 
with T2DM.

The ndings of this study align with those of many other studies that 
have examined the association of hypothyroidism with T2DM patients 
having microvascular complications. A cross-sectional study by Chen 
et al. found that there was a signicant association of hypothyroidism 
with a higher risk of retinopathy (odds ratio [OR] -1.15 [95% CI, 0.59-
2.26) and nephropathy (OR -3.15 [95% CI,1.48-6.69) in T2DM 
patients (Chen et al., 2007). Binodi et al. study found that 
hypothyroidism emerged as independent contributing factor for 
nephropathy in patients with Type 2 Diabetes Mellitus, even after 
adjustment of potential confounding factors like age, sex, duration of 

diabetes, and glycemic control  (Biondi et al., 2019).

These ndings indicate that hypothyroidism is a major risk factor for 
the development of microvascular complications in T2DM patients. 
The exact mechanisms by which hypothyroidism increases the risk of 
microvascular complications are not fully understood, but it is thought 
that several factors may be involved. 

Hypothyroidism can impair glycemic control by decreasing insulin 
sensitivity and increasing hepatic glucose production (Sharma et al., 
2022). Hypothyroidism can lead to endothelial dysfunction, which is a 

. hallmark of microvascular complications (Sara et al., 2015)
Hypothyroidism can increase levels of inammatory markers, which 
may contribute to the development of microvascular complications 
(Mancini et al., 2016).

CONCLUSION
Hypothyroidism is a signicant risk factor for all three of the diabetic 
microvascular complications that were studied. This information is 
important for clinicians who are managing T2DM patients, as it 
suggests that early diagnosis and treatment of hypothyroidism may 
help to reduce the risk of developing these complications. All T2DM 
patients should be screened for hypothyroidism at least annually. 
Treatment of hypothyroidism should promptly be sought to reduce the 
risk of developing diabetic microvascular complications.
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