International Journal of General Medicine Dove

ORIGINAL RESEARCH

Low Circulating Free Triiodothyronine Levels
are Associated with the Progression of Diabetic
Nephropathy in Patients with Type 2 Diabetes

Khalid Siddiqui ', Shaik Sarfaraz Nawaz ', Assim A Alfadda '_3, Muhammad Mujammami"z’4

'Strategic Center for Diabetes Research, College of Medicine, King Saud University, Riyadh, Saudi Arabia; 2Department of Medicine, College of
Medicine, and King Saud University Medical City, King Saud University, Riyadh, Saudi Arabia; *Obesity Research Center, College of Medicine, King
Saud University, Riyadh, Saudi Arabia; *University Diabetes Center, King Saud University Medical City, King Saud University, Riyadh, Saudi Arabia

Correspondence: Khalid Siddiqui, Strategic Center for Diabetes Research, College of Medicine, King Saud University, PO. Box 245, Riyadh, 11411,
Saudi Arabia, Tel +966 114724179 Ext.3106, Fax +966 |14725682, Email ksiddiqui@ksu.edu.sa

Background: Diabetic Nephropathy (DN) is one of the most typical causes of end-stage renal disease and thyroid hormone exerts
effects on the kidney. There are few reports on the role of thyroid hormone in the progression of DN. We aimed to assess the
relationship between thyroid hormone and DN.

Methods: In this cross-sectional study, 400 patients with type 2 diabetes (T2D) (aged between 35 and 70 years) were divided into two
groups T2D control and DN group according to albumin creatinine ratio (ACR). Clinical biochemistry parameters were measured
using the Rx Daytona chemistry analyzer and thyroid hormone levels (TT4, TT3, TSH, FT4, and FT3) using the Evidence Biochip
analyzer. To assess the relationship between thyroid hormone and DN, multiple logistic regression models were developed.
Results: Serum FT4 and FT3 levels were significantly lower in DN compared to T2D controls (p<0.05). Thyroid hormone levels tend
to decrease with the progression of DN. In unadjusted and adjusted logistic regression models, FT3 levels were negatively associated
with odds of having DN (OR=0.28, CI=0.128-0.616, p=0.002).

Conclusion: The free triiodothyronine level was negatively associated with the progression of DN. Further longitudinal studies are
required to assess the cause of thyroid hormone differences.
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Introduction

Diabetic nephropathy (DN) is one of the most typical causes of end-stage renal disease in people with type 2 diabetes
worldwide." However, it is known that DN development is closely associated with levels of hyperglycemia. Moreover,
improving glycemic control will decrease the rate of progression of DN and loss of renal function.” Many studies have
found evidence that hyperglycemia and persistent diabetes duration lead to chronic metabolic and hemodynamic changes
that modulate various intracellular signaling pathways, transcription factors, cytokines, and chemokines.>* The growing
consequences of these changes promote abnormal features such as glomerular basement membrane thickening, mesangial
matrix expansion, podocyte injury, glomerular sclerosis, and tubulointerstitial fibrosis.*

Thyroid hormone has been reported to exert both pre-renal and direct renal effects causing renal blood flow,
glomerular filtration rate, and renal tubular functions.” Clinical effects of hypothyroidism are associated with increased
serum creatinine, decreased serum cystatin C, and an increase in 24-h urine protein.” While hyperthyroidism was
associated with decreased serum creatinine, increase serum cystatin C and increased 24-h urine protein.” Several recent
studies demonstrate the interaction of thyroid hormones and renal function, and free triiodothyronine (FT3) was also
associated with DN.*'” Moreover, the metabolism of thyroid hormone is abnormal in patients with T2D and DN.*'!
Several studies have shown that thyroid hormone is associated with the risk factors of DN.'*'* According to studies,
adult women have a higher prevalence of diabetic kidney disease (DKD) compared to men; sex-related disparities were
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prominent in women with similar DKD risk factors.'> Proteinuria was a risk factor for males, hyperglycemia was a risk
factor for females, and blood pressure was a shared risk factor for both males and females.'® According to recent
research, FT3 is an independent risk factor for DKD, and a low FT3 level increases the risk of DKD progression.'”'® The
levels of thyroid hormones in individuals with T2D and DN are compared in the current study, and the association

between thyroid hormones and DN in an adult population is examined.

Materials and Methods

Design and Subjects

This cross-sectional study is part of the Saudi Diabetes Kidney Disease (SAUDI-DKD) cohort was conducted at
University Diabetes Center, King Saud University Medical City, King Saud University, and Strategic Center for
Diabetes Research, College of Medicine, King Saud University, Riyadh.'” A total of 400 T2D subjects were selected
from Saudi Diabetes Kidney Disease (SAUDI-DKD) cohort between April 2014 to June 2015."° T2D Mellitus was
diagnosed using the American Diabetes Association (ADA) 2013 criteria.”® All of the T2D patients had been living with
the disease for more than 10 years and were older than 35. All the T2D patients were on oral hypoglycemic agents and or
insulin treatment. An exclusion criterion includes current smokers, pregnant women, or the use of any thyroid medica-
tions (levothyroxine anti-thyroid drugs, glucocorticoids), type 1 diabetes, and gestational diabetes. Flow diagram
showing the selection of the study participants in Figure 1. This study was approved by the Institution Review Board
of the College of Medicine, King Saud University, Riyadh. The ethical guidelines for using human subjects in medical
research were followed during the conduct of this investigation. All the T2D patients involved in the study signed
informed consent.

DN was defined as albumin creatinine ratio (ACR) (=30 mg/g Cr; n=332), while T2D patients with ACR (<30 mg/g
Cr; n=68) are defined as control subjects without any complications such as retinopathy, neuropathy, and vasculopathy as
showing in Figure 1. Furthermore, DN patients were sub-groups based on ACR (mg/g Cr). Microalbuminuria (30—
300 mg/g Cr; n=142), macroalbuminuria (>300 mg/g Cr; n=70), and end-stage renal disease (n=116). eGFR was
calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.”!

588 patients with T2D were screened for the study

51 patients were excluded for current smokers,
pregnant women, type | diabetes, gestational diabetes,
> graves’s disease, hashimoto’s thyroiditis, and
medication (thyroxine, glucocorticoids antithyroid
drugs use)

! 91 T2D patients were excluded for retinopathy,
neuropathy, vasculopathy

46 Missing information and incomplete clinical data
were excluded

400 patients were included in the study

v v

T2D control patients ACR<30 T2D nephropathy patients with ACR>
(n=68) 30 (n=332)

Figure | Flow diagram showing the selection of the study participants.
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Data Collection

We collected patient data, including demographic information, previous medical history, medication of diabetes, duration
of diabetes, and thyroid disease from medical records. Body mass index (BMI) was calculated as (weight in kg/height
in m?), and the waist-hip ratio was calculated as (waist circumference in cm/hip circumference in cm) during the clinical
visit. The blood pressure was measured in the sitting position after resting the patient for 10 min.

Biochemical Assessment

Blood samples were collected after an overnight fast of 10—12 hours. The serum was separated and stored at —20° C for
analysis. The clinical biochemistry test for each patient, including alanine transaminase (ALT), aspartate transaminase
(AST), total cholesterol (TC), triglyceride (TG), direct-high-density lipoprotein (HDL), Direct-low-density lipoprotein
(LDL), fasting blood sugar (FBS), HbAlc, urea, and serum creatinine was performed using Randox Daytona chemistry
analyzer (Randox Laboratories, United Kingdom). Urinary albumin excretion was estimated by calculating the albumin-
to-creatinine ratio (ACR) in mg/g units.

Measurement of Thyroid Hormone

Thyroid hormone was measured using an Evidence Biochip analyzer (Randox Laboratories Limited, United Kingdom).
Thyroid total array (TT4, TT3, and TSH) Catalog number EV3545 and Thyroid free array (FT3, FT4, and TSH) catalog
number EV3546 were used for quantitative detection of multiple analytes from a single patient sample. The expected
normal reference range for TSH, TT3, and TT4 assay was 0.4-4.0 ulU/mL, 0.8-1.9 ng/mL, and 5-11.5 ug/dl.
Furthermore, the expected normal reference range for FT3 and FT4 assay was 2.23-5.35 pmol/l; 10.3-25.7 pmol/l
from the kit. The sensitivity of TSH was determined to be 0.016 pIU/mL, 0.3 ng/mL for TT3, and 0.891 pg/dl for TT4.
While the sensitivity of FT3 was determined to be 1.29 pmol/l and 1.64 pmol/l for FT4 respectively.

Statistical Analysis

All the statistical analyses were performed using SPSS version 21. For normally distributed variables, the data are
expressed as mean standard deviation, and for skewed variables, as median (interquartile range). The Student’s ¢-test was
used to compare variables between the two groups. One-way ANOVA for multiple group comparison was performed. To
examine the relationship between thyroid hormone indices (TT3, TT4, TSH, FT3, and FT4) and DN we calculated the
unadjusted and adjusted odds ratio (OR) and their corresponding 95% confidence interval (CI) with unadjusted and
adjusted logistic regression models were developed to report the odds ration after controlling for confounders such as
age, gender, and duration of diabetes. Statistical significance was set at p < 0.05.

Results

The general characteristics of the study subjects are shown in Table 1. A total of 400 T2D subjects were included in this
study. Among 400 T2D patients, 332 (83.0%) were diagnosed with DN. No significant difference was observed between
the T2D control and DN group for gender, BMI, Hip, Waist, Waist/Hip ratio, Diastolic blood pressure, AST, total
cholesterol, Direct HDL, Direct LDL, TT4, and TSH. Furthermore, DN patients were significantly older with prolonged
duration of diabetes compared to T2D control patients (p<0.05) respectively. DN patients demonstrate higher systolic
blood pressure, triglycerides, urea, creatinine, fasting blood glucose, HbA1c%, and ACR compared to T2D control
patients (all p<0.05). In addition, DN patients have low eGFR, FT4, and FT3 levels (p<0.05). Moreover, the TT4, TT3,
and TSH levels remained unaltered between the T2D control and DN groups.

The clinical characteristics of male and female subjects are shown in Table 2. Among 202 male T2D patients, 169
(83.6%) were DN. No significant difference was observed between male T2D control and male DN group for BMI, Hip,
Waist, Waist/Hip ratio, Diastolic blood pressure, AST, Total cholesterol, Triglyceride, Direct HDL, Direct LDL, FBS,
HbA1c% TT4, TT3, and TSH. Male DN patients were older with prolonged duration of diabetes compared to the male
T2D control patients (all p<0.05) respectively. In addition, male patients with DN had significantly higher systolic blood
pressure, urea creatinine, and ACR (all p<0.05). Moreover, male patients with DN exhibit lower eGFR, FT4, and FT3
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Table | Clinical Characteristics and Biochemical Assessment of Study Participants

Variables T2D Control (n=68) | Diabetic Nephropathy (n=332) | P value
Age (years) 54.1+£5.9 57.0+6.8 <0.001*
Gender (male %) 33 (48.5%) 169 (50.9%) 0.721
Diabetes Duration (years) 16.3+4.7 19.0+6.2 <0.001*
BMI (kg/m?) 31.6%5.1 31.1+6.0 0.574
Hip (Cm) 106.9£11.7 108.2+15.2 0.496
Waist (Cm) 103.0£11.5 105.4£15.5 0.245
Waist /Hip ratio 0.96+0.06 0.98+0.07 0.142
SBP (mg Hg) 129.7£14.3 144.3+21.1 <0.001*
DBP (mg Hg) 72.8+8.3 73.3%127 0.729
AST (U/L) 20.6+5.0 22.2+7.7 0.114
ALT (U/L) 13.7£7.2 11.7+£6.7 0.029*
Total Cholesterol (mg/dL) 172.5+37.4 182.7+45.8 0.086
Triglyceride (mg/dL) 151.3£61.1 196.7+£95.9 <0.001*
Direct HDL (mg/dL) 45.2+104 44.6+12.8 0.730
Direct LDL (mg/dL) 133.9£42.2 124.2+44.6 0.103
FBG (mg/dL) 187.8481.5 228.0+92.5 <0.001*
HbAlc (%) 9.7+1.3 10.2+1.9 0.043*
Urea (mg/dL) 26.9 (20.7-33.6) 49.8 (31.5-109.6) 0.001*
Creatinine (mg/dL) 0.9 (0.80-1.0) 1.4 (1.0-5.8) <0.001*
eGFR (mL/min/1.73 m?) 82.0 (66.0-95.0) 46.0 (8.75-66.25) <0.001*
ACR (mg/g Cr) 6.7 (4.3-11.20) 144.9 (61.5-405.3) <0.001*
TT4 (ug/dl) 8.53 (7.76-9.47) 8.74 (7.62-9.72) 0.803
TT3 (ng/mL) 1.40 (1.17-1.56) 1.33 (1.06—1.53) 0.063
TSH (WU/mL) 3.55 (2.34-4.63) 3.15 (2.25-4.83) 0.407
FT4 (pmol/l) 18.88 (16.88-21.93) 17.28 (15.29-19.61) <0.001*
FT3 (pmolll) 2.92 (2.45-3.56) 2.44 (1.94-3.12) <0.001*

Notes: Values are expressed as mean + SD or median (range) or count and percentage. *P < 0.05 was considered significant.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine transa-
minase; AST, aspartate transaminase; LDL, Direct-low-density lipoprotein; HDL, Direct-high-density lipoprotein; FBS,
fasting blood sugar; TT4, total thyroxine; TT3, total triiodothyronine; FT3, free triiodothyronine; FT4, free thyroxine;
TSH, thyroid stimulating hormone; eGFR, estimated glomerular filtration rate; ACR, albumin creatinine ratio.

levels (p<0.05). Among 198 female T2D patients, 169 (82.3%) were DN. No significant difference was observed
between female T2D control and female DN group for BMI, Hip, Waist, Waist/Hip ratio, AST, Total cholesterol,
Direct HDL, Direct LDL, HbA1c%, TT4, TT3, FT4, and TSH respectively. Furthermore, female patients with DN had
significantly higher systolic blood pressure, diastolic blood pressure, triglycerides, fasting blood glucose, urea creatinine,
and ACR (all p<0.05). In addition, female patients with DN had low eGFR, and FT3 levels (p< 0.05) respectively.

8662 e International Journal of General Medicine 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Siddiqui et al

Table 2 Clinical Characteristics of the Study Subjects According to Gender

Variables Male Subjects Female Subjects

T2D Control Diabetic Nephropathy P value T2D Control Diabetic Nephropathy P value

(n=33) (n =169) (n=35) (n=163)

Age (years) 54.216.6 57.3+6.8 0.018* 53.9+5.2 56.7+6.7 0.026*
Diabetes Duration (years) 16.3+4.7 19.6+6.1 0.004* 16.3+4.7 18.6+6.4 0.050*
BMI (kg/m?) 30.1+5.8 29.6+5.2 0.629 32.9+4.0 32.846.3 0.885
Hip (Cm) 104.3£13.0 105.1+12.9 0.734 109.4+9.7 I11.5x16.7 0.480
Waist (Cm) 104.2+13.9 104.6£14.9 0.864 102.0£8.6 106.1£16.0 0.146
Waist /Hip ratio 0.9£0.05 0.9+0.06 0.957 0.93+0.06 0.96£0.07 0.062
SBP (mm Hg) 130.5+13.6 143.0£19.9 <0.001* 128.8+15.0 145.5+22.3 0.001*
DBP (mm Hg) 723179 73.4£12.5 0.610 732487 73.2£13.0 0.001*
AST (U/L) 21.945.2 22978 0.451 19.4+4.5 21.34+7.6 0.150
ALT (U/L) 16.0£7.9 12.9£7.0 0.028* 11.6£5.8 10.5£6.0 0.344
Total Cholesterol (mg/dL) 165.0+37.5 173.3+45.3 0.325 179.6+36.4 192.6+44.2 0.107
Triglyceride (mg/dL) 164.9+64.5 191.7+96.0 0.127 138.4+55.7 201.8+95.7 0.001*
Direct HDL (mg/dL) 41.619.9 41.9%11.1 0.873 48.719.8 47.5£13.6 0.631
Direct LDL (mg/dL) 130.3+42.0 116.9+41.7 0.096 137.2+42.7 131.6+46.4 0.515
FBG (mg/dL) 204.1£76.5 23474919 0.075 172.4+84.2 220.9+92.8 0.005%
HbAlc (%) 9.6x1.2 10.3£2.0 0.269 9.8+1.3 10.4£1.8 0.064
Urea (mg/dL) 28.9 (22.4-36.6) 57.2 (33.5-113.0) 0.001* 25.1 (19.0-32.3) 41.4 (29.9-106.6) 0.001*
Creatinine (mg/dL) 1.0 (0.87-1.16) 1.6 (1.1-6.2) 0.001* 0.8 (0.67-1.0) 1.3 (0.93-5.1) 0.001*
eGFR (mL/min/1.73 m?) 86.0 (69.0-95.5) 45.50 (9.0-69.2) 0.001* 79.50 (63.5-95.7) 46.50 (8.0-64.7) 0.001*
ACR (mg/g Cr) 7.0 (44-13.5) 156.4 (74.0-511.2) 0.001* 6.6 (4.0-9.2) 144.1 (59.6-319.2) 0.006*
TT4 (ug/dl) 8.54 (7.69-9.88) 851 (7.43-9.69) 0.777 8.50 (7.79-9.47) 8.80 (7.90-9.73) 0513
TT3 (ng/mL) 1.45 (1.22-1.55) 1.35 (1.12-1.55) 0.383 1.37 (1.17-1.56) 1.28 (1.01-1.51) 0.079
TSH (ulU/mL) 277 (2.18-3.89) 2.94 (2.24-4.09) 0.674 3.69 (2.60-5.42) 3.57 (2.32-5.28) 0.202
FT4 (pmol/l) 19.50 (17.31-23.39) 17.25 (15.12-19.51) 0.001* 18.15 (16.23-20.06) 17.37 (15.44-19.75) 0.182
FT3 (pmolll) 2.94 (2.57-3.52) 2.62 (2.07-3.24) 0.029* 2.89 (2.24-3.63) 2.30—(1.87-3.00) 0.012*

Notes: Values are expressed as mean = SD or median (range) or count and percentage. *P < 0.05 was consider significant.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine transaminase; AST, aspartate transaminase, LDL, Direct-low-
density lipoprotein; HDL, Direct-high-density lipoprotein; FBS, fasting blood sugar; TT4, total thyroxine; TT3, total triiodothyronine; FT3, free triiodothyronine; FT4, free
thyroxine; TSH, thyroid stimulating hormone; eGFR, estimated glomerular filtration rate; ACR, albumin creatinine ratio.

Table 3 shows thyroid hormone levels TT3, TT4, TSH, FT3, and FT4 in T2D control and sub-groups of DN. No
significant difference was observed in the level of TT4 among the normoalbuminuria, microalbuminuria, microalbumi-
nuria, and end-stage renal disease group (p>0.05). Furthermore, a significant difference was observed in the level of TT3,
TSH, FT3, and FT4, in normoalbuminuric, microalbuminuria, macroalbuminuria, and end-stage renal disease groups (all
p=<0.05) respectively.

Table 4 shows the relationship between thyroid hormone levels and DN in the total subject. In unadjusted and
adjusted logistic regression models, elevated TT3 levels were significantly associated with higher odds of having DN. In
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Table 3 Thyroid Hormone Levels in Different Groups of Diabetic Nephropathy

Variable Normoalbuminuria Microalbuminuria Macroalbuminuria End-Stage Renal Disease P value
(n=68) (n=144) (n=71) (n=117)

TT4 (ug/dl) 8.53 (7.76-9.47) 8.92 (7.95-9.76) 8.55 (7.62-9.37) 8.59 (7.28-10.02) 0.931

TT3 (ng/mL) 1.40 (1.17-1.56) 1.41 (1.20-1.55) 1.35 (1.11-1.63) 1.14 (0.95-1.37) 0.001*

TSH (ulU/mL) 3.55 (2.34-4.63) 3.21 (2.32-4.87) 3.71 (248 -5.29) 2.88 (1.88—4.39) 0.050*

FT4 (pmoll/l) 18.88 (16.58-21.93) 18.37 (16.53-20.79) 17.26 (15.44-18.90) 15.55 (13.30-18.32) 0.001*

FT3 (pmolll) 2.92 (2.45-3.56) 2.80 (2.35-3.42) 2.51 (2.13-3.18) 1.88 (1.45-2.44) 0.001*

Notes: Values are expressed as median (range). *P < 0.05 was consider significant.
Abbreviations: TT4, total thyroxine; TT3, total triiodothyronine; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone; eGFR, estimated
glomerular filtration rate; ACR, albumin creatinine ratio.

Table 4 Relationship Between Thyroid Hormones Levels and DN in Total Subjects

Characteristics | Groups n TModel | OR (95% CI) | P value | fTModel 2 OR (95% CI) | P value
TSH (nlU/mL) <3.19 199 | Reference Reference

23.19 201 | 0.90 (0.696, 1.175) 0.452 0.78 (0.563, 1.080) 0.134
TT4 (ug/dl) Ql (<7.63) 98 Reference Reference

Q2 (27.63-<8.71) 100 | 0.82 (0.572, 1.188) 0.301 0.64 (0.406, 1.005) 0.052

Q3 (28.71-<9.70) 97 | 0.96 (0.651, 1.404) 0.820 0.85 (0.538, 1.357) 0.505

Q4 (29.70) 101 | 0.98 (0.668, 1.438) 0917 0.93 (0.590, 1.457) 0.743
TT3 (ng/mL) Ql (<1.09) 96 Reference Reference

Q2 (21.09-<1.34) 98 | 0.54 (0.341, 0.846) 0.007 0.47 (0.274, 0.809) 0.006

Q3 (21.34-<1.54) 103 | 0.55 (0.352, 0.872) 0.011 0.52 (0.307, 0.899) 0.019

Q4 (21.54) 101 | 0.58 (0.368, 0.922) 0.021* 0.54 (0.316, 0.925) 0.025%
FT4 (pmolll) QI (<1541) 97 Reference Reference

Q2 (215.41-<17.52) 101 | 0.81 (0.530, 1.244) 0.338 0.80 (0.485, 1.318) 0.381

Q3 (217.52-<19.93) 99 | 0.69 (0.461, 1.050) 0.084 0.70 (0.442, 1.128) 0.145

Q4 (219.93) 99 | 0.61 (0.412, 0.921) 0.018* 0.62 (0.392, 0.999) 0.050%
FT3 (pmol/l) QI (<2.03) 95 Reference Reference

Q2 (22.03-<2.51) 100 | 0.32 (0.153, 0.684) 0.003* 0.37 (0.164, 0.818) 0.014*

Q3 (22.51-<3.19) 98 | 0.29 (0.138, 0.608) 0.001* 0.34 (0.150, 0.753) 0.008*

Q4 (23.19) 100 | 0.25 (0.122, 0.530) 0.001* 0.28 (0.128, 0.616) 0.002%*

Notes: "Model | unadjusted, TModel 2 adjusted for age, gender, and diabetes duration. *P < 0.05 was consider significant.
Abbreviations: TT4, total thyroxine; TT3, total triiodothyronine; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone.

the unadjusted model, the OR (95% CI) for DN in relation to quartiles Q2, Q3, and Q4 of TT3 hormones levels were 0.54
(0.341-0.846; p=0.007), 0.55 (0.352, 0.872; p=0.011), and 0.58 (0.368-0.922; p=0.021) respectively. After adjusting for
factors such as age, gender, and diabetes duration, the OR (95% CI) for DN in relation to quartiles Q2, Q3, and Q4 of
TT3 hormones levels were 0.47 (0.274-0.809; p=0.006), 0.52 (0.307-0.899; p=0.019), an 0.54 (0.316-0.925; p=0.025)
respectively.
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On the other hand, FT3 levels were negatively associated with lower odds of having DN. In the unadjusted model, the
OR (95% CI) for DN in relation to quartiles Q2, Q3, and Q4 of FT3 hormones levels were 0.32 (0.153-0.684; p=0.003),
0.29 (0.138-0.608; p=0.001), and 0.25 (0.122-0.530; p=0.001) respectively. After adjusting for factors such as age,
gender, and diabetes duration, the OR (95% CI) for DN in relation to quartiles Q2, Q3, and Q4 of FT3 hormones levels
were 0.37 (0.164-0.818; p=0.014), 0.34 (0.150-0.753; p=0.008), and 0.28 (0.128-0.616; p=0.002) respectively.
However, no statistical significance was observed for TSH, TT4, and FT4 hormone levels.

Table 5 shows the relationship between thyroid hormone level and DN in gender (male) in the total subject. In
unadjusted and adjusted logistic regression models, higher TSH levels were significantly associated with higher odds of
having DN in males. In the unadjusted model, the OR (95% CI) for DN in males in relation to quartiles Q2 of TSH levels
was 1.72 (1.159-2.558; p=0.007). After adjusting for factors such as age, gender, and diabetes duration, the OR (95% CI)
was 2.09 (1.304-3.361; p=0.002) respectively.

On the other hand, FT3 levels were negatively associated with lower odds of having DN in males. In the unadjusted
model, the OR (95% CI) for DN in relation to quartiles Q2, Q3, and Q4 of FT3 hormones levels were 0.92 (0.532-1.631;
p=0.789), 0.29 (0.138-0.608; p=0.001), and 0.25 (0.122-0.530; p=0.001) respectively. After adjusting for factors such as
age, gender, and diabetes duration, the OR (95% CI) for DN in relation to quartiles Q2, Q3, and Q4 of FT3 hormones
levels were 0.66 (0.323—1.354; p=0.258), 0.38 (0.186—-0.779; p=0.008), and 0.36 (0.180-0.744; p=0.006) respectively.
However, no statistical significance was observed for T4, TT3, and FT4 hormone levels.

Table 5 Relationship Between Thyroid Hormones Levels and Gender (Male) in Total Subjects

Characteristics | Groups n TModel | OR (95% CI) | P value | TTModel 2 OR (95% CI) | P value
TSH (ulU/mL) <3.19 114 Reference Reference

23.19 88 1.72 (1.159, 2.558) 0.007%* 2.09 (1.304, 3.361) 0.002%*
TT4 (ug/dl) Ql (<7.63) 57 Reference Reference

Q2 (27.63-<8.71) 52 1.28 (0.732, 2.249) 0.384 1.33 (0.683, 2.600) 0.400

Q3 (28.71-<9.70) 41 1.89 (1.075, 3.353) 0.027 1.99 (1.021, 3.883) 0.043

Q4 (29.70) 51 1.36 (0.779, 2.385) 0.278 1.53 (0.796, 2.958) 0.201
TT3 (ng/mL) Ql (<1.09) 40 Reference Reference

Q2 (21.09-<1.34) 49 0.71 (0.405, 1.259) 0.245 0.88 (0.451, 1.734) 0.720

Q3 (21.34-<1.54) 59 0.53 (0.303, 0.935) 0.028 0.55 (0.283, 1.072) 0.079

Q4 (21.54) 53 0.65 (0.368, 1.136) 0.130 0.77 (0.402, 1.478) 0.433
FT4 (pmol/l) QI (<154I) 55 Reference Reference

Q2 (215.41-<17.52) 47 1.50 (0.859, 2.635) 0.153 1.39 (0.703, 2.781) 0.340

Q3 (217.52-<19.93) 48 1.39 (0.793, 2.442) 0.250 1.40 (0.724, 2.722) 0316

Q4 (219.93) 51 1.23 (0.702, 2.164) 0.467 1.08 (0.548, 2.145) 0816
FT3 (pmol/l) Ql (<2.03) 39 Reference Reference

Q2 (22.03-<2.51) 43 0.92 (0.523, 1.631) 0.783 0.66 (0.323, 1.354) 0.258

Q3 (22.51-<3.19) 58 0.48 (0.271, 0.853) 0.012% 0.38 (0.186, 0.779) 0.008*

Q4 (23.19) 58 0.50 (0.285, 0.892) 0.019% 0.36 (0.180, 0.744) 0.006*

Notes: TModel | unadjusted, T'Model 2 adjusted for age, and diabetes duration. *P < 0.05 was consider significant.
Abbreviations: TT4, total thyroxine; TT3, total triiodothyronine; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone.
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Discussion

DN is a chronic kidney disease characterized by an increase in albumin creatinine ratio (ACR) and decreased glomerular
filtration rate leading to ESKD.>** However, its early diagnosis, treatment, and improving glycemic control will delay
the progression of the disease and loss of renal function. In the current study, we evaluated the thyroid hormone levels in
patients with T2D and DN in an adult population. Our results showed that patients with DN had low FT3 and FT4 levels
than T2D control patients without DN. Our results indicated that FT4 and FT3 levels significantly decreased in male DN
compared to male T2D control patients. Our results also indicated that FT3 levels significantly decreased in female DN
compared to female T2D control patients. This finding indicates that low levels of FT3 and FT4 thyroid hormone levels
may be a potential risk factor for DN development.

In general, the findings of the current study are consistent with an earlier report from China that found that patients
with DN exhibit higher TSH and low serum FT3, and FT4 levels than those without DN.'"'*?* Similar, to the above
findings, other studies from China report that patients with DN demonstrate low levels of FT3 and are inversely
associated with DN, while TSH and FT4 levels did not differ between DN and T2D control patients.'® The discrepancies
remain unclear, the difference in the research study setting and confounding factors are the cause of conflicting results. In
the current study, we evaluated the relationship of thyroid hormone to DN and provided a more detailed analysis
including regression models adjusted for various potential confounders such as age, gender, and diabetes duration. We
also found the consistency of the results remained unaltered with cofounders.

Furthermore, we extend these results to the male gender in more detail. Since most of the previously reported studies
showed thyroid hormones level in relation to DN, none of the studies have reported gender differences in thyroid
hormone levels in both T2D and DN patients.'®'""'*?> On the other hand, only one research study illustrated the
relationship between thyroid hormone and T2D. Further, demonstrates that T2DM 1is negatively related to FT3 and
positively related to FT4 in both male and female patients.”* Furthermore, after categorizing for gender serum FT3, FT4
levels are significantly lower and had a more obvious correlation with male DN patients, while FT3 levels are
significantly lower in female DN patients. These findings of the current study are consistent with earlier reports,
where they have shown that FT3 levels have a significant correlation with both males and females in T2D.**

Thyroid hormone action on the target cells is mediated by ligand inducible nuclear receptors/transcription factors,
thyroid hormone receptor (TR) a and 8, of which TR (TRB1 and TRB2) seems to be predominantly expressed in the
kidney and critically important in regulating kidney function.”>® Sex hormones (such as estrogen and testosterone) can
also regulate thyroid function.?’*® Mechanistic links between thyroid and renal disease have been demonstrated in
experimental animals, hypothyroidism adversely affects renal growth, and decreases structure (proximal tubule, distal
tubule), and glomerular filtration, during development and adulthood.?**° In this study, DN patients with low FT3 had
higher ACR. FT3 levels linearly decreased from normoalbuminuria to ESRD the findings of the current study are
consistent with previous reports in which biopsy-proven DN patients had low FT3 levels as well as severe proteinuria,
renal insufficiency, and glomerular lesions.® According to a recent study, FT3 levels decreased with the worsening of
kidney disease progression. Furthermore, the levels of FT3 and FT4 were negatively correlated with serum creatinine and
ACR and positively correlated with eGFR. A low FT3 level is a risk factor for DKD and its progression FT3<4.30 pmol/
L in men and <3.99 pmol/L in women increases the risk of DKD.'” Although, FT3 levels were inversely associated with
endothelial dysfunction in hemodialysis patients.*' In our study, a strong negative association was observed between FT3
levels and DN, and these results were consistent with the previous study.'®?®

The present study has several limitations. Firstly, the cross-sectional nature of the study, this is impossible to infer
causality. Further cohort studies and intervention trials with gender need to be undertaken to establish a causal relation-
ship between thyroid hormone and DN. Secondly, serum thyroid level was measured at a one-time point in this study.
Thirdly, we did not include T2D patients having risk factors such as smoking, alcohol, dietary factors, and medications
that might affect thyroid hormone levels. Therefore, further research is necessary to confirm the role of these risk factors.

Conclusion
The present study showed that FT3 and FT4 levels were significantly decreased in DN patients. Further, FT3 levels were
negatively associated with DN. Therefore, measurement of free thyroid hormone is necessary for the early diagnosis and
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better management of DN in the clinical setting. Further longitudinal studies are required to assess the causes of TH
differences.
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