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ABSTRACT 
 

Introduction: Studies have shown the association between subclinical hypothyroidism and type 2 
diabetes. However, the common complications of type 2 diabetes, such as diabetic nephropathy 
and albuminuria with subclinical hypothyroidism, are not fully clear yet. This study thus aimed to 
determine the association between subclinical hypothyroidism and albuminuria in patients with type 
2 diabetes mellitus. 
Methods: This was a cross-sectional study, of 140 individuals diagnosed with type 2 diabetes 
mellitus (DM) admitted to the internal clinics of Kosar Hospital in Semnan, Iran in 2017-2018. The 
participants were selected, and were compared based on having 2 TSH levels above normal (>4.2 
mIU/L) 3 months apart, as well as patients were divided to two groups including, subclinical 
hypothyroidism group (n=40) and euthyroid group (n=100) based on demographic information, 
laboratory information and indicators such as albuminuria, and urinary albumin-to-creatinine ratio 
(UACR). 
Findings: The mean and standard deviation of UACR in patients with subclinical hypothyroidism 
were significantly higher than those of euthyroid patients (46.09 ± 27 9.27 vs. 3.94 ± 0.24 and P = 
0.015, respectively). In patients with subclinical hypothyroidism, there was a statistically significant 
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and direct relationship between UACR values with primary TSH level (r = 0.555, P< 0.001) and 
UACR values with secondary TSH level (r = 0.563, P< 0.001).  
Conclusion: Among type 2 DM patients, the rate of albuminuria in subclinical hypothyroidism 
group was significantly higher than that of euthyroid patients and with increasing initial and 
recurrent TSH levels, UACR values and consequently albuminuria increased.  
 

 

Keywords: Type 2 diabetes; albuminuria; subclinical hypothyroidism; metabolic disease. 
 

1. INTRODUCTION 
 
Diabetes mellitus (DM) is an important and very 
common group of disorders characterized by 
varying degrees of insulin resistance, impaired 
insulin secretion and increased glucose 
production, affecting more than 285 million 
people worldwide. Its prevalence is growing 
rapidly [1]. One of the main complications of 
microvascular diabetes is end-stage renal 
disease (ESRD), which has led to a significant 
increase in mortality in diabetic patients [2]. One 
of the hallmarks of diabetes is albuminuria, which 
results from a gradual decline in kidney function. 
When albuminuria occurs continuously, common 
interventions (such as quitting smoking, 
improving blood sugar, and controlling blood 
pressure) may not effectively prevent the 
progression of diabetes [3] .Therefore, identifying 
the risk factors for diabetes and monitoring its 
progression improves the effectiveness of 
treatment and reduces the economic burden of 
the disease [4]. On the other hand, some studies 
have shown that the prevalence of people with 
thyroid disorders is significantly higher in people 
with type 2 diabetes, and subclinical 
hypothyroidism can be an independent risk factor 
for albuminuria in people with type 2 diabetes [5]. 
 
Thyroid hormones play an important role in 
regulating renal growth, renal hemodynamics, 
glomerular filtration rate (GFR), and sodium and 
water homeostasis [6]. Subclinical 
hypothyroidism (SCH) is an asymptomatic stage 
of hypothyroidism defined by elevated serum 
thyrotropin levels and normal serum free 
thyroxine levels [7,8]. Research has shown that 
SCH may lead to renal dysfunction through 
decreased GFR as well as changes in 
cardiovascular function and disorders of the 
renin-angiotensin system [9,10]. Several clinical 
studies have reported that SCH is also 
associated with diabetes and microalbuminuria 
[8,11]. In addition, some prospective studies 
have shown that levothyroxine (LT4) treatment 
can significantly reduce urinary albumin to 
creatinine ratio (UAER) and has protective 

effects in all patients with diabetes and SCH 
[12,13]. 
 
Therefore, considering that the pathogenesis of 
albuminuria in endocrine disorders is one of the 
topics that needs further investigation, and given 
the evidence for the role of thyroid hormones in 
the course of this disease [5], this study aims to 
investigate the association between subclinical 
hypothyroidism and albuminuria in type 2 
diabetic patients. 
 

2. IMPLEMENTATION METHOD 
 

2.1 Patients 
 
In this cross-sectional study, all patients with 
known type 2 diabetes mellitus admitted to the 
internal clinics of Kosar Hospital in Semnan, Iran 
in the years 2017 to 2018 were studied. 
Confirmation of type 2 diabetes, according to the 
history, necessary examinations and tests, was 
done under the supervision of an endocrinologist. 
In this study, the criteria for diagnosing type 2 
diabetes mellitus included fasting blood sugar ≥ 
126 or 2-hour glucose ≥ 200 or random blood 
glucose ≥ 200 with symptoms of diabetes such 
as polydipsia and polyuria and weight loss, and 
hemoglobin A1c ≥ .6.5. 
 

Inclusion criteria included; no clinical signs and 
symptoms of thyroid disease including fatigue, 
weakness, dry skin, cold and face and swelling of 
the hands and feet, no laboratory signs of thyroid 
disease including elevated TSH level associated 
with decreased free T4 levels, no history of drug 
treatment such as levothyroxine for thyroid 
disease, and 20 years of age at least. Exclusion 
criteria included certain diseases such as cancer, 
liver disorders, kidney disorders and chronic 
infections (urinary tract infections), hematuria, 
heart failure, febrile illness, severe 
hyperglycemia, severe hypertension, taking 
drugs that affect the thyroid test such as 
glucocorticoids, oral contraceptives and 
nonsteroidal anti-inflammatory drugs, neither 
smoking nor doing strenuous exercise. 
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The sample size required for this study, using the 
findings of the study of Yasuda et al [5], was 
considered to be 140 people using G Power 
software considering that the standard deviation 
of urinary albumin in patients with subclinical 
diabetes and hypothyroidism was 16.90. Finally, 
using the convenience sampling method, 140 
patients out of those who met the inclusion 
criteria and did not meet the exclusion criteria 
entered the study. 
 

2.2 Working Method 
 

Initially, a written consent was given to the 
individuals to agree to enter this study, and after 
providing a description and importance of this 
study and giving a full explanation of the process 
of this project, it was completed and approved by 
the research unit of Kowsar Hospital, affiliated to 
Semnan University of Medical Sciences, Iran. 
After identifying the participants in this study, a 
demographic information checklist for all 
individuals, including age, body mass index, 
systolic and diastolic blood pressure, duration of 
diabetes, and type of diabetes treatment was 
recorded. Also, laboratory information such as 
fasting plasma glucose, lipid profile including 
total cholesterol and high and low density 
lipoprotein-cholesterol levels, triglycerides, 
visceral fat index, lipid accumulation product 
index, thyroid function tests including total T4 and 
thyroid T3RU thyroid stimulating hormone (TSH) 
and urinary albumin to creatinine ratio (UACR) 
were measured in a random urine sample. The 
UACR index was calculated based on the 
division of random urinary albumin in milligrams 
by the amount of random urinary creatinine in 
grams. ELISA tests were performed to measure 
serum levels of TSH, T4 Total and T3RU using 
Sunrise ELISA kit (Tecan, Co. Salzburg, Austria). 
In addition, if a urine sample was positive for 
microalbuminuria, first conditions that temporarily 
increase albumin excretion (including urinary 
tract infection, hematuria, strenuous exercise, 
febrile illness, heart failure, severe hypertension 
and severe hyperglycemia) were examined, and 
after rejecting these cases, the microalbuminuria 
test was repeated within 3 months. If the second 
test was positive, the diagnosis of microalbumin-
uria was proposed. Also, in this study, TSH (in 
people with high TSH) was checked twice to 
increase the accuracy of the measurement. 
 

2.3 Evaluations of Patients 
 

After completing the checklist of demographic, 
clinical and laboratory information, the subjects 

were divided into the following two groups based 
on TSH and total T4 and T3 RU levels and having 
2 TSH levels above normal (>4.2 mIU/L) 3 
months apart. 
 
2.3.1 Subclinical hypothyroid group  
 

Subject with type 2 DM + subclinical 
hypothyroidism (N=40) 

 
2.3.2 Euthyroid group 
 

Subject with type 2 DM without subclinical 
hypothyroidism (N=100) 

 
In this study, the diagnostic criteria for subclinical 
hypothyroidism were high serum TSH 
concentration > 4.2 mIU/ L with normal serum 
FT4 level. Then, laboratory indices and 
information, especially urinary albumin and 
UACR index in the two groups were examined 
and compared. 
 

2.4 Statistical Analysis 
 
Data were analyzed by SPSS statistical analysis 
software version 23. For numerical variables, 
standard deviation ± Mean were reported for 
statistical description while categorical variables 
were reported as proportion and percentage. In 
all tests, the confidence level was 95% and the 
significance level was less than 5%. Also, logistic 
regression analysis was performed in order to 
evaluate the simultaneous effect of different 
variables in this study on albuminuria (UACR). 
 
3. RESULTS 
 

In this study, 140 patients with known type 2 
diabetes based on having 2 TSH levels above 
normal > 4.2 mIU/L were compared with interval 
3 months in two groups with subclinical 
hypothyroidism (n=40) and without subclinical 
hypothyroidism (n=100). 
 
In the present study, the mean and standard 
deviation of age in the two groups of patients 
with and without subclinical hypothyroidism were 
61.23 ± 8.72 and 59.14 ± 10.41, respectively. 
Also, there was no significant difference between 
the ages of the two groups (P = 0.796). 
According to Table 1, most people in the group 
with subclinical hypothyroidism (60%) were in the 
elderly age group and most people in the group 
without subclinical hypothyroidism (47.0%) were 
in the middle age and elderly group. In terms of 
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sex, 67.5% (n=27) of the subjects with subclinical 
hypothyroidism and 59% (n=59) of the euthyroid 
group were female and the rest were male. Also, 
there was no significant difference between the 
sex of the two groups (P=0.602). Examining the 
duration of having diabetes also showed that the 
mean and standard deviation in the two groups 
were 10.18 ± 4.86 and 11.19 ± 12.95 years, 
respectively. There was no significant difference 
between the durations of having diabetes in the 
two groups (P=0.468). 
 
BMI examination in patients showed that most of 
the subjects in both groups were overweight 
(Table 1). Also, the mean and standard deviation 
in the two groups were 27.77 ± 3.90 and 27.46 ± 
3.23 kg/m2, respectively, and no significant 
difference was observed between the two groups 
(P=0.589). Also, according to Table 1, there was 
no significant difference between the types of 
diabetes treatment in the two groups (P=0.452). 
 
Laboratory data showed that the mean and 
standard deviation of fasting blood sugar levels 
in the two groups of subjects with and without 
subclinical hypothyroidism were 158.4 ± 45.42 
and 156.1 ± 55.51 millimoles per liter, 
respectively. There was no significant difference 
between the two groups (P=0.645). 
 
Mean and standard deviation of hemoglobin A1C 
level and systolic and diastolic blood pressure in 
the two groups showed that the hemoglobin level 
in the two groups was 8.19 ± 1.60 and 8.03 ± 
1.80 g/dl, respectively, which there was no 
significant relationship between the two no group 
(P=0.639). Mean systolic and diastolic blood 
pressure in the group with subclinical 
hypothyroidism were 128.9 ± 15.13 and 78.63 ± 
6.60 mmHg, respectively, and in the group 
without subclinical hypothyroidism were 129.1 ± 
18.55 and 80.70 ± 7.69 mmHg, respectively, and 
there was no significant difference in systolic 
(P=0.092) and diastolic (P=0.466) blood pressure 
levels between the two groups. 
 
Also, according to Table 2, the study of 
anthropometric indices in the subjects showed 
that there was no significant difference between 
any of the anthropometric indices in the two 
groups (P> 0.05). Examination of lipid profile also 
showed no significant difference between the two 
groups (P> 0.05) (Table 2). 
 

In this study, the formula of waist circumference 
(in centimeters) minus 58 multiplied by 

triglyceride (in nanomoles per liter) was used to 
evaluate the lipid accumulation product index. 
Our findings showed that the mean and standard 
deviation of the lipid accumulation product index 
in the two groups were 5749.9 ± 2388.2 and 
6525.6 ± 3796.8 mg/dL , respectively, this index 
had no significant difference between the two 
groups (P=0.413). The following formula was 
used to measure visceral fat index. 
 
Waist circumference (in centimeters) divided by 
36.58 plus (BMI multiplied by 1.85) multiplied by 
(triglyceride multiplied by 0.81) multiplied by 
(HDL divided by 1.52) [14]. 
 
According to our results, the mean and standard 
deviation of visceral fat index in the two groups 
were 178488.4 ± 80804. (g) and 192788.3 ± 
96961.3 (g), respectively, and this index was not 
significantly different between the two groups 
(P=0.460). 
 
According to Table 2, the level of primary TSH in 
patients with subclinical hypothyroidism was 
significantly higher than those of euthyroid 
patients (6.25± 0.83 vs 3.28± 1.44, P <0.001). 
But there was no significant difference between 
T4 and T3RU indices in the two groups (P> 
0.05). 
 
Also, the results of Table 3 showed that there 
was no significant difference between the types 
of hypertension treatment in the two groups 
(P=0.697). 
 

In this study, albuminuria was obtained through 
urinary albumin-to-creatinine ratio (UACR). The 
mean and standard deviation of UACR in 
patients with and without subclinical 
hypothyroidism were 46.09 ± 9.27 and 3.94 ± 
0.24, respectively, with a significant difference 
between the two groups (P=0.015). Thus, it can 
be said that the rate of albuminuria in patients 
with subclinical hypothyroidism was significantly 
higher than that of euthyroid individuals. The 
results of Pearson correlation coefficient test also 
showed that in patients with subclinical 
hypothyroidism, there was a statistically 
significant and direct relationship between      
UACR values with primary TSH level (r=0.558 
and P< 0.001) and UACR values with            
secondary TSH level (r=0.563 And P< 0.001). 
This means that with increasing primary and 
secondary TSH levels, UACR values 
consequently, albuminuria also increased, and 
vice versa. 
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4. DISCUSSION 
 
Thyroid dysfunction and diabetes are two 
common diseases seen in the endocrine system. 
Studies have shown that the prevalence of 
thyroid disease, especially SCH, in patients with 
DM is significantly higher than healthy individuals  
[15,16].The results of our study showed that the 
two groups in terms of contextual or confounding 
variables such as age, sex, duration of diabetes, 
body mass index, anthropometric indices, current 
type of diabetes treatment, fasting blood sugar 
level, hemoglobin A1C level, systolic and 
diastolic blood pressure level, lipid profile, 
visceral and lipid accumulation product index 

were not significantly different and therefore, it 
was possible to better judge the results of the 
relationship between subclinical hypothyroidism 
and albuminuria in patients with type 2 diabetes 
mellitus with more precision by eliminating the 
effect of these variables [17]. According to the 
results of the present study, the rate of 
albuminuria in patients with subclinical 
hypothyroidism was significantly higher than that 
of euthyroid patients. 

 
In a similar study, Yasuda et al. showed that the 
urine albumin to creatinine ratio in a random 
urine sample (UACR index) was significantly 
higher in patients with subclinical 

 

Table 1. Demographic information of the subjects with type 2 diabetes in the two groups 
studied 

 

Variables With subclinical Hypothy 
roidism (N=40) 

Euthyroid (N=100) 

Number Frequency 
percentage (%) 

Number Frequency 
percentage(%) 

Age group Young (20 to 39 years) - - 6 6.0 
Middle-aged (40 to 59 
years old) 

16 40.0 47 47.0 

Elderly (≥ 60 years old) 24 60.0 47 47.0 
BMI Normal (18.4 to 24.9) 2 5.0 15 15.0 

Weight gain (25 to 29.9)31 77.5 67 67.0 
Overweight (≥ 30) 7 17.5 18 18.0 

Type of diabetes 
treatment 

Insulin 20 50.0 43 43.0 
Oral medications 20 50.0 57 57.0 

 

Table 2. Anthropometric indices and laboratory information in patients with type 2 diabetes 
mellitus in the two groups 

 

Variables With subclinical 
hypothyroidism 

(N=40) 

Euthyroid (N=100) P-value 

Mean Std. Deviation Mean Std. Deviation 
Anthropometric 
indices 

Height (cm) 168.5 8.56 166.4 10.34 0.079 
Weight (kg) 77.83 10.01 79.69 10.02 0.681 
Waist circum 
ference (cm) 

96.28 8.96 96.51 7.65 0.204 

Lipid profile 
(nanomoles 
per liter) 

Triglyceride 152.2 66.0 166.7 86.28 0.324 
Total cholesterol 180.9 49.15 175.7 43.2 0.830 
LDL 95.13 35.26 94.91 36.77 0.311 
HDL 44.18 10.98 45.34 18.77 0.828 

Thyroid function 
tests (mIU/ml) 

Primary TSH 6.25 0.83 3.28 1.44 < 0.001 
Secondary TSH 6.05 0.78 - - - 
T4 8.52 2.57 8.06 3.00 0.462 
T3RU 29.27 4.21 30.09 2.44 0.457 
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Table 3. Evaluation of the type of hypertension treatment in the two groups 
 
Type of hypertension 
treatment 

With subclinical hypothyroidism 
(N=40) 

Euthyroid (N=100) 

Number Frequency 
percentage(%) 

Number Frequency 
percentage (%) 

ACEI 28 70.0 68 68.0 
ARB 7 17.5 18 18.0 
CCB 5 12.5 14 14.0 
Total 40 100 100 100 

 
hypothyroidism than in euthyroid patients. More 
specifically, the authors of this study concluded 
that subclinical hypothyroidism could be an 
independent risk factor for albuminuria in people 
with type 2 diabetes [5]. In another study, it was 
reported that patients with subclinical 
hypothyroidism have an endothelial dysfunction 
that may lead to an increase in the prevalence of 
nephropathy and, consequently, an increase in 
albuminuria [18]. Aljabri et al. in the study of the 
relationship between hypothyroidism and 
albuminuria in type 2 diabetic patients in Saudi 
patients showed that hypothyroidism was 
observed in 35.9% of the diabetic patients with 
albuminuria. They also reported that albuminuria 
was 1.8 times higher in people with 
hypothyroidism than in patients with 
euthyroidism. Morever, they reported that 
hypothyroidsm with albuminuria was more 
common in the seventh decade (32%). 
Hypothyroidsm was non significantly more 
prevalent in females in the sixth decade and 
male in the seventh decade [19]. Furukawa et al. 
also suggested that SCH may be independently 
associated with diabetic nephropathy in 
Japanese patients with type 2 diabetes [20]. 
 
In addition, in our study, the results of Pearson 
correlation coefficient test showed that in patients 
with subclinical hypothyroidism, there was a 
statistically significant and direct relationship 
between UACR values with primary and 
secondary TSH levels.. This confirms the 
important role of thyroid hormones in renal 
growth and function and, consequently, the role 
of hypothyroidism in renal filtration system 
disorder. There are various hypotheses to justify 
this relationship. In a study by Chen et al., 
reported that the chance of developing diabetic 
retinopathy in patients with subclinical 
hypothyroidism was 1.15 times that of patients 
without subclinical hypothyroidism and the 
chance of developing diabetic nephropathy in 
patients with subclinical hypothyroidism was 3.15 

times that of patients without subclinical 
hypothyroidism [21]. Iglesias et al. also stated 
that thyroid hormones play an important role in 
the growth and development of renal cells as well 
as the physiology and function of these cells [22]. 
Other studies have shown that subclinical 
hypothyroidism can increase creatinine levels 
and ultimately decrease GFR [23,24]. Another 
hypothesis about the association between 
subclinical hypothyroidism and albuminuria is 
decreased cardiac output and increased 
peripheral vascular resistance in these patients 
[25,26]. Recent studies have shown that patients 
with subclinical hypothyroidism develop disorders 
in vascular endothelial structure through reduced 
endothelium-related vasodilation and nitric oxide 
disorders, leading to an increase in albuminuria 
and impaired renal function in these patients [27]. 
On the other hand, according to some studies, in 
patients with nephrotic syndrome, severe loss of 
thyroid hormone-binding proteins in the urine, 
including thyroxine-binding globulin, transthyretin 
and albumin, leads to a decrease in total T4 
[28,29]. They also mentioned other mechanisms 
involved in the relationship between SCH and 
UACR in patients with type 2 diabetes, the 
relationship between hypothyroidism and insulin 
sensitivity, and impaired glucose tolerance, 
which reduce the ability of insulin to use glucose 
in muscles. Decreased regulation of glucose 
transporter protein also directly affects insulin 
degradation [30-32]. 
 
Therefore, it seems that hypothyroidism reduces 
vasodilation and in diabetic patients with 
nephrotic syndrome, by excreting proteins bound 
to thyroid hormone, it further reduces the level of 
thyroid hormone. 
 
In general, according to previous studies, low 
levels of thyroid hormones can be present in 
patients with serious diseases, and it has been 
found that the extent of these changes is related 
to both the severity of the disease and the 
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survival of patients. In particular, low FT3 levels 
have been considered as an independent 
predictor of mortality in patients with chronic 
kidney disease [4,33,34]. These observations 
suggest that low levels of thyroid hormones may 
act as a biomarker of diabetes and indicate the 
patient's next prognosis. 
 
Finally, because this study has recently been 
done, not only in Iran, but also in the world and 
on the other hand, the difference in the 
prevalence of one or more variables in different 
geographical areas for genetic, geographical and 
cultural reasons that are always considered by 
researchers in the field of health and medical, it 
had a number of limitations. There are many 
known and unknown factors in the study that 
may affect the association between subclinical 
hypothyroidism and albuminuria but it is certainly 
not possible to study all of these cases, 
especially the type of nutrition, genetics, and how 
to control metabolic disorders, and it will require 
further studies in a wider statistical population. 
Therefore, it is suggested that, with the design of 
specific interventions, study the effect of 
subclinical hypothyroidism treatment and, 
consequently, reduction of thyroid hormone 
levels as one of the treatment options, on 
reducing the incidence of albuminuria in patients 
with type 2 diabetes mellitus be studied in future 
studies. It is also suggested that, if conditions 
exist, cellular and molecular studies be 
conducted to identify the pathogenesis and 
causes of the association between subclinical 
hypothyroidism and albuminuria so that 
practitioners, while identifying this association, 
can have higher attention and accuracy in 
planning the treatment protocols. 

 
5. CONCLUSION 
 
The results of this study showed that the rate of 
albuminuria in patients with subclinical 
hypothyroidism was significantly higher than that 
of euthyroid patients. To be more precise, in 
patients with subclinical hypothyroidism, there 
was a statistically significant and direct 
relationship between UACR values with primary 
and secondary TSH levels. This means that with 
increasing primary and secondary TSH levels, 
UACR values and, consequently, albuminuria 
increased, and vice versa. The results                         
of this study can remind the treatment                      
staff that in diabetic patients with albuminuria,  
the level of thyroid hormones can also be 
measured. 
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