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Background: Diabetes mellitus (DM) and thyroid dysfunction (TD) are two closely associated disorders. The objective of the present
study was to investigate the thyroid status and the relationships between thyroid hormones, diabetic complications and metabolic
parameters in hospitalized patients with newly diagnosed type 2 DM (T2DM).
Methods: This was an observational cross-sectional study, conducting on 340 patients with newly diagnosed T2DMwho were admitted
to ward of endocrinology department and 120 matched individuals without diabetes. Anthropometric, clinical and biochemical data were
collected. Spearman correlation coefficients were calculated to evaluate the correlations between thyroid hormones and other variables.
Factors associated with diabetic nephropathy (DN) was analyzed with multivariate logistic regression.
Results: Levels of free triiodothyronine (FT3), free thyroxine (FT4) and thyroid stimulating hormone (TSH) were significantly lower
in patients with T2DM as compared to control group without diabetes. The prevalence of TD was 21.2% in patients with diabetes,
higher than that in controls (4.2%). The low T3 syndrome was the most frequent TD, shown in 14.7% of patients. The presence of
diabetic complications DN, diabetic ketosis or ketoacidosis), metabolic and demographic factors, including age, glycemic control and
insulin resistance were factors significantly associated with levels of thyroid hormones. FT3 level was inversely correlated with the
level of urinary total protein (mg/24h) and the presence of DN. Multivariate analysis indicated low FT3 level as a strong independent
risk factor (OR = 0.364, P = 0.001) for DN.
Conclusion: TD is not rarely seen in hospitalized patients with newly diagnosed T2DM. Diabetic complications and diabetes-related
metabolic and demographic factors are related to thyroid hormone levels. Decreased FT3 is strongly correlated with the presence of DN.
Keywords: type 2 diabetes mellitus, thyroid dysfunction, thyroid hormones, diabetic complication, diabetic nephropathy

Introduction
Studies have suggested a bidirectional influence of diabetes and thyroid disorders upon each other.1,2 Thyroid dysfunction
(TD), which is usually defined as an abnormal thyroid function test result, is more common in patients with type 2 DM
(T2DM) than in those without diabetes and can adversely influence metabolic control.3,4 The risk of T2DM increases in
subjects with hypothyroidism and in those with lower free thyroxine (FT4) levels in the reference range.5 Thyroid hormones
can exert a direct influence on insulin secretion. Hypothyroidism, as a main form of TD in patients with diabetes, could lead to
a decrease in insulin production. Hyperthyroidism results in an increase in beta-cell responsiveness to catecholamine or
glucose due to increased beta-cell mass, and an increase in insulin clearance.6 Also, both hypothyroidism and hyperthyroidism
are able to influence the metabolism of insulin and thus induce insulin resistance.7 On the other hand, diabetes can impair
thyroid function by changing thyroid stimulating hormone (TSH) levels at the level of hypothalamus and by disturbing the
conversion of thyroxine (T4) to triiodothyronine (T3) in peripheral tissues.4 Long term coexistence of TD and T2DM can
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further increase the morbidity and mortality associated with diabetes.4 Low levels of thyroid hormones, even in the normal
range, were associated with diabetic complications including acute complications such as diabetic ketosis (DK) or diabetic
ketoacidosis (DKA)8 and chronic complications such as diabetic nephropathy (DN)9 and diabetic retinopathy (DR).10

Hypothyroidism was indicated to be related to increased risks of DR and chronic kidney disease.11 The relationship between
T2DM and TD is complex and has not been fully elucidated. Several studies have investigated the prevalence and risk factors
of TD in patients with T2DM. But the population varied among these studies and researches in patients with newly diagnosed
diabetes were relatively rare. Considering the addictive impact of diabetes progression on thyroid function, we suppose it
necessary to focus on patients with newly diagnosed diabetes on this issue. Therefore, we designed this study, to investigate the
prevalence of TD and the relationships between thyroid hormones, diabetic complications and metabolic parameters in
hospitalized patients with newly diagnosed T2DM.

Materials and Methods
Study Population and Design
We studied patients with newly diagnosed T2DM who were admitted to ward of the Department of Endocrinology, The
Second Affiliated Hospital of Guangzhou Medical University, from January 2014 to June 2019. The inclusion criteria
were adults with newly diagnosed and treated T2DM based on the diagnostic criteria recommended by the Chinese
Diabetes Society.12 The exclusion criteria included: A. with known history of thyroid disease or thyroid surgery;
B. severe primary liver and kidney dysfunctions; C. using drugs potentially altering thyroid hormone concentrations
such as amiodarone, beta-blockers and corticosteroids. These patients were newly diagnosed with T2DM when seeking
medical service due to diabetes-related symptoms, or undergoing routine physical examination in community hospitals.
Patients were admitted due to high glycemic level (HbA1c ≥ 9%) or diabetic complications including acute complications
(DK, DKA) and chronic complications (diabetic peripheral neuropathy (DPN), diabetic foot, etc.). Control group without
diabetes was selected from a population undergoing an annual physical examination at the Health Examination
Department, The Second Affiliated Hospital of Guangzhou Medical University, during the same period. Exclusion
criteria were the same as the ones for patients with diabetes. Finally, a total of 340 patients with newly diagnosed T2DM
and 120 subjects without T2DM were enrolled. The study was approved by the Ethics Committee of The Second
Affiliated Hospital of Guangzhou Medical University (Approval number 2021-hg-ks-10), following the Declaration of
Helsinki. Written informed consent was waived due to the retrospective nature and low risk of the study. Personal
identifiers were removed before data extraction.

Measurement and Data Collection
Demographic information including family history and habit of smoking was collected through the review of medical
records. Body mass index (BMI) was calculated as weight (kg) divided by squared height (m). Blood pressure (BP) was
detected twice in a sitting position after a 10-minute rest period and recorded as a mean of the two successive
measurements. Hypertension was defined as systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg, or with positive
histories of hypertension. Venous blood samples were collected in the morning after an overnight fast for laboratory
measurement in the second day of admission. Serum free T3 (FT3), FT4 and TSH were measured using electrochemi-
luminescence immunoassays. Normal ranges were provided by kit producers as follows: TSH 0.4–5.0 μIU/mL, FT3
2.63–5.70 pmol/L, and FT4 9.01–19.05 pmol/L. Euthyroid was considered if thyroid hormone levels fall within reference
range and thyroid dysfunction was considered if thyroid hormones fall outside the reference range. The diagnostic
categories for thyroid dysfunction were as follows: A. subclinical hypothyroidism (increased TSH values with normal
FT4 levels); B. overt hypothyroidism (increased TSH values with decreased FT4 levels); C. subclinical hyperthyroidism
(decreased TSH values with normal FT4 levels; D. overt hyperthyroidism (decreased TSH values with increased FT4
levels; E. low T3 syndrome (decreased FT3 values only, or decreased FT3, TSH, and/or FT4 levels). Routine biochemical
parameters were measured by routine laboratory methods. The estimated glomerular filtration rate (eGFR) was calculated
according to Modification of Diet in Renal Disease equation: eGFR (mL/min/1.73 m2) = 186 × (SCr/88.4)−1.154 ×
(age)−0.203 × (0.742 if female).13 Urine samples of 24 hours were collected to measure urine albumin levels using
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a chemiluminescence assay. Spot urinary samples of patients were collected at 7:00–8:00 am. Urinary albumin
concentration was measured by nephelometry immunoassay and urinary creatinine concentration was measured by
velocity method. The average value of the urinary albumin-to-creatinine ratio (UACR) was calculated. Homeostatic
model assessment of insulin resistance (HOMA-IR) and β cell function (HOMA-β) was calculated using well-established
methods: HOMA-IR = 1.5 + fasting blood glucose (mmol/L) × fasting C-peptide (pmol/L)/2800, HOMA-β = 0.27 ×
fasting C-peptide (pmol/L)/(fasting blood glucose (mmol/L) – 3.5).14 DN was defined as an increased UACR of ≥ 30 mg/
g or albumin excretion rate (AER) ≥ 30 mg/24h in the absence of urinary tract infection or other renal abnormalities. DR
was defined as either a non-proliferative or proliferative DR or previous laser photocoagulation therapy. DPN was
identified on the basis of nerve conduction velocity tests together with neurological symptoms and signs (pain, burning,
tingling, or numb sensation on the feet or hands). DK was diagnosed in patients with blood ketone body > 3 mmol/L or
positive urine ketone body, blood glucose > 11 mmol/L, and bicarbonate (HCO3

−) ≥ 15 mmol/L or arterial pH ≥ 7.3.15

The diagnosis of DKAwas made if serum HCO3
− level was under 15 mmol/L and/or arterial pH level was under 7.3, and

blood glucose was ranged from 16.7 to 33.3 mmol/L.15 Carotid atherosclerosis was identified based on the ultrasono-
graphic examinations of both common carotid arteries.

Statistical Analysis
Numeric values were presented as mean (standard deviation) or median (interquartile range). Categorical values were
presented as number (%). Bivariate comparisons for continuous variables were performed using Student’s t-test for
parametric variables and Mann–Whitney U-test for non-parametric variables. One-way analysis of variance (ANOVA)
were used for comparisons of multiple continuous variables. Chi-square test was used for comparisons of categorical
variables. For evaluation of correlation between FT3, FT4, FT3/FT4 ratio or TSH and other variables, Spearman
correlation coefficient was calculated. Factors associated with DN was analyzed with multivariate logistic regression.
A two-sided P value < 0.05 was considered statistically significant. All statistical analyses were performed using IBM
SPSS statistical software version 22 for Windows (IBM Corp., Armonk, New York, USA).

Results
Baseline Characteristics
Detailed baseline demographic and clinical characteristics of included subjects were presented in Table 1. The two
groups were age- and sex-matched. The median (interquartile range) age of the patients with T2DM was 55.5 (18.0)
years old, ranging from 18 to 90 years. Male patients constituted the majority (n = 221, 65.0%). The median (interquartile
range) BMI of the patients was 24.0 (5.1) kg/m2. About 30% of the study population had a family history of diabetes.
Social history of smoking was reported by 28.5% of the patients. Median (interquartile range) HbA1c level was 12.0
(3.5) %. Levels of FT3, FT4 and TSH were significantly lower in patients with T2DM (FT3 3.54 (0.98) pmol/L, FT4
14.33 (3.47) pmol/L, TSH 1.31 (1.17) μIU/mL) as compared to controls (FT3 4.95 (0.84) pmol/L, FT4 16.90 (3.60)
pmol/L, TSH 2.08 (1.63) μIU/mL) (P < 0.001). TD was found in 72 (21.2%) patients with T2DM and 5 (4.3%) in control
group (P < 0.001). To avoid the impact of acute condition on thyroid function, we exclude the patients with DK or DKA.
Levels of thyroid hormones (FT3 3.73 (0.81) pmol/L, FT4 14.38 (3.19) pmol/L, TSH 1.27 (1.13) μIU/mL) remained to
be lower and the prevalence of TD (n = 31, 13.0%) remained to be higher in patients with diabetes than in controls (All
P < 0.001).

Analyses of Associated Factors of Thyroid Function
Among the categories of thyroid disorders, low T3 syndrome (n = 50, 14.7%) was the most common form, followed by
subclinical hyperthyroidism (n = 14, 4.1%), hypothyroidism (n = 6, 1.8%) and subclinical hypothyroidism (n = 2, 0.6%).
Distribution of thyroid status and the corresponding thyroid hormone levels were shown in Table 2. Higher prevalence of
TD was found in patients over 60 years old (n = 32, 27.4%) than in younger patients (n = 40, 17.2%) (P = 0.044). We found
a lower level of FT3 (3.08 (1.05) pmol/L) in patients with DK or DKA than patients without DK or DKA (3.73 (0.81) pmol/
L) (P < 0.001). Moreover, the level of FT3 further decreased with the deterioration of DK (2.41 (1.10) pmol/L) (P < 0.001).
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The level of FT4 (12.54 (3.64) pmol/L) was also significantly lower in patients with DKA (P = 0.004). But no significant
difference was shown between patients with DK (14.06 (4.38) pmol/L) and patients without DK (14.38 (3.19) pmol/L) in
FT4 level (Supplementary Table S1). Lower level of FT3 (2.99 (1.42) pmol/L) was also found in patients with DN
(P < 0.001), accompanied with lower levels of FT4 and TSH, compared with patients with normoalbuminuria. The levels of
FT3 and FT4 were lower in patients over 60 years old (FT3 3.40 (1.04) pmol/L, FT4 14.08 (2.80) pmol/L) than in patients
with younger age (FT3 3.66 (1.02) pmol/L, FT4 14.55 (3.53) pmol/L) (P = 0.001, P = 0.016), respectively). Spearman

Table 1 Demographic and Clinical Characteristics of Subjects

Characteristic Newly Diagnosed T2DM Non-T2DM P
n = 340 n = 120

Demographic data
Age, years 55.5 (18.0) 55.0 (14.0) 0.532

Male, n (%) 221 (65.0) 74 (61.7) 0.513
Hypertension, n (%) 124 (36.5) 15 (12.5) < 0.001*

Clinical parameters
BMI, kg/m2 24.0 (5.1) 24.9 (3.6) 0.756
Systolic BP, mmHg 132 (25) 127 (26) 0.013*

Diastolic BP, mmHg 85 (17) 81 (13) 0.006*

HbA1c, % 12.0 (3.5) 5.7 (0.8) < 0.001*
FPG, mmol/L 13.2 (7.3) 5.0 (0.9) < 0.001*

eGFR, mL/min/1.73m2 90.0 (30.6) 90.2 (22.6) 0.760

Triglyceride, mmol/L 1.66 (1.33) 1.33 (1.24) 0.001*
Total cholesterol, mmol/L 5.03 (1.60) 4.95 (1.19) 0.067

LDL-C, mmol/L 3.28 (1.34) 3.20 (1.06) 0.129

HDL-C, mmol/L 1.00 (0.35) 1.19 (0.38) < 0.001*
Uric acid, μmol/L 314 (145) 363 (137) < 0.001*

Thyroid function
FT3, pmol/L 3.54 (0.98) 4.95 (0.84) < 0.001*
FT4, pmol/L 14.33 (3.47) 16.90 (3.60) < 0.001*

FT3/FT4 ratio 0.24 (0.08) 0.30 (0.07) < 0.001*

TSH, μIU/mL 1.31 (1.17) 2.08 (1.63) < 0.001*
Thyroid dysfunction, n (%) 72 (21.2) 5 (4.2) < 0.001*

Notes: Continuous data were expressed as mean (standard deviation) or median (interquartile range), categorical data as n (%).
*P-value < 0.05.
Abbreviations: T2DM, type 2 diabetes mellitus; BMI, body mass index; BP, blood pressure; HbA1c, glycated hemoglobin; FPG, fasting plasma
glucose; eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein-cholesterol;
FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone.

Table 2 Distribution of Thyroid Status

Thyroid Status N (%) FT3, pmol/L P1 FT4, pmol/L P2 TSH, μIU/
mL

P3 Positive
Thyroid

Antibodies

P4

Total 340 (100) 3.54 (0.98) – 14.44 (3.47) – 1.31 (1.17) – 28 (8.5) –

Euthyroid 268 (78.8) 3.72 (0.78) – 14.42 (3.23) – 1.38 (1.09) – 16 (6.6) –

Low T3 syndrome 50 (14.7) 2.34 (0.70) < 0.001* 13.05 (5.02) 0.003* 0.99 (1.05) < 0.001* 5 (10.4) 0.444

Subclinical hyperthyroidism 14 (4.1) 3.28 (0.78) 0.005* 14.43 (3.38) 0.580 0.30 (0.13) < 0.001* 4 (30.8) 0.005*

Hypothyroidism 6 (1.8) 2.82 (1.11) 0.001* 10.26 (7.50) 0.061 10.28 (11.53) < 0.001* 3 (50.0) 0.001*

Subclinical hypothyroidism 2 (0.6) 3.32 0.260 14.77 0.884 5.08 0.018* 0 (0.0) 1.000

Notes: Continuous data were expressed as mean (standard deviation) or median (interquartile range), categorical data as n (%). P, group with thyroid dysfunction versus
group in euthyroid status; P1, comparison of FT3 level; P2, comparison of FT4 level; P3, comparison of TSH level; P4, comparison of proportion of positive thyroid antibodies;
*P-value < 0.05.
Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone.
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correlation analysis revealed negative factors of FT3 level including DK or DKA, DN, age and HbA1c. Positive correlated
factors of FT3 level included BMI, eGFR, diastolic BP (DBP), high-density lipoprotein cholesterol (HDL-C), fasting
C-peptide, 2-h C-peptide, HOMA-IR and HOMA-β. Age and carotid atherosclerosis were indicated to be negative
correlated factors of FT4. DK or DKA, DN and HbA1c remained to be negative correlated factors of FT3/FT4 ratio.
Except for BMI, no other metabolic or demographic parameter was found to be strongly associated with TSH level
(Table 3).

Analyses of Associated Factors of DN
Comparisons between patients with DN and patients with normoalbuminuria was shown in Supplementary Table S2. FT3
level (2.99 (1.42) vs 3.64 (0.81), P < 0.001) and FT3/FT4 ratio (0.22 (0.06) vs 0.26 (0.05), P < 0.001) was significantly
lower in patients with DN. Furthermore, there was a decline of FT3 level with progressing albuminuria. FT3 level was
inversely correlated with the level of urinary total protein (mg/24h) and the presence of DN (Table 3, Figure 1). After
adjusting various confounding factors, multivariate analysis indicated low FT3 level as a strong independent risk factor
(OR = 0.364, P = 0.001) for DN (Table 4). Considering the possible impact of acute conditions on renal function, further
multivariate analysis was performed by excluding the patients with DK or DKA. Decreased FT3 remained to be strongly
correlated with the presence of DN (OR = 0.228, P < 0.001) (Supplementary Table S3).

Discussion
In this study, lower levels of thyroid hormones and a higher prevalence of TD were found in patients with diabetes as
compared to the control group, which is in accordance with previous studies.16,17 The prevalence of TD varied in patients
with DM in different regions, ranging from 4% to over 20%.2 The differences can be explained by the large population
diversity, the varied degree of iodine intake, different diagnostic criteria of TD and different sensitivities of laboratory
assays.11 Subclinical hypothyroidism or hypothyroidism was reported to be the most common form of TD in several
studies.18–21 No significant differences were found in the prevalence or incidence of TD by diabetes type in community-
based study or study recruiting outpatients.22–24 Compared with T2DM, the association between type 1 DM (T1DM) and
autoimmune thyroid diseases was stronger.22,23 Studies recruiting T1DM patients with DKA showed higher prevalence
of low T3 syndrome and hypothyroidism.8,22–24 In this study, hospitalized patients with newly diagnosed T2DM were
included and a relatively high prevalence of TD was found, among which low T3 syndrome constituted the majority.

Low T3 syndrome, also known as euthyroid sick syndrome (ESS) or nonthyroidal illness syndrome (NTIS), was
initially described in the 1970s. It represents a state of alterations in thyroid hormone economy, which usually present in
critically ill patients.25 Low T3 syndrome is characterized by decreased serum T3 and T4 concentrations, increased serum
reverse T3 (rT3) concentrations and unaltered or inappropriately low serum TSH.26 Complicated mechanisms were
involved in its pathogenesis, including downregulation of TRH and TSH production, changes in thyroid hormone
metabolism and inhibitory effect of cytokines on the thyroid gland.27 The presence of low T3 syndrome is a predictor
of poor prognosis of acute or chronic illnesses. The high prevalence of low T3 syndrome in this study was comparable to
the one in patients with advanced kidney disease reported by Peters et al.28 Actually, low T3 syndrome is often overseen
and therefore underdiagnosed in clinical practice. Since it was considered as a reflection of underlying diseases rather
than an abnormality of thyroid status, it was not included for discussion in many studies investigating thyroid dysfunc-
tion. Nevertheless, low FT3 and FT4 levels were found to be associated with various alterations except their anticipated
relationships with acute conditions.

As predicted, DK or DKAwas found to be closely related to low T3 syndrome in the present study. Previous studies
in DKA mainly focused on T1DM, especially on pediatric patients with T1DM, and showed similar results. The high
prevalence of low T3 syndrome, which is comparable to previous studies in T1DM, may be explained by the relatively
high proportions of patients with DK or DKA (29.7%) in this study. TD including low T3 syndrome and hypothyroidism
was more common in patients with DKA.8,29–31 The presence of low T3 syndrome was associated with poor glycemic
control3,21 and free thyroid hormones were correlated with the severity of DKA,29 which was in accordance with our
findings. The decreased thyroid hormones usually could increase to normal soon after correction of DKA.8,30
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Table 3 Correlation Between Thyroid Function and Demographic and Metabolic Parameters

Variable FT3 FT4 FT3/FT4 Ratio TSH

Correlation Coefficient P Correlation Coefficient P Correlation Coefficient P Correlation Coefficient P

Age, years −0.150 0.006* −0.148 0.006* −0.051 0.345 −0.099 0.069
BMI, kg/m2 0.123 0.029* 0.013 0.817 0.086 0.129 0.133 0.018*

DK or DKA, n (%) −0.381 < 0.001* −0.046 0.395 −0.328 < 0.001* 0.016 0.775

Diabetic nephropathy, n (%) −0.282 < 0.001* −0.103 0.058 −0.251 < 0.001* −0.059 0.278
Urinary total protein, mg/24h −0.334 < 0.001* −0.050 0.388 −0.327 < 0.001* −0.046 0.432

Albumin excretion rate, mg/24h −0.139 0.039* −0.088 0.193 −0.133 0.048* −0.073 0.277

eGFR, mL/min/1.73m2 0.156 0.004* 0.148 0.006* 0.062 0.257 0.045 0.414
Diabetic peripheral neuropathy, n (%) 0.008 0.884 0.150 0.006* −0.090 0.097 −0.057 0.293

Carotid atherosclerosis, n (%) −0.130 0.097 −0.217 0.005* 0.022 0.779 −0.045 0.569

HbA1c, % −0.257 < 0.001* 0.132 0.015* −0.311 < 0.001* −0.026 0.632
FPG, mmol/L 0.022 0.691 0.159 0.004* −0.059 0.281 0.061 0.266

LDL-C, mmol/L 0.077 0.161 −0.012 0.828 0.108 0.047* −0.094 0.086

HDL-C, mmol/L 0.145 0.007* 0.083 0.129 0.117 0.032* −0.054 0.326
Triglyceride, mmol/L 0.074 0.173 −0.079 0.145 0.138 0.011* 0.064 0.240

Total cholesterol, mmol/L 0.057 0.292 −0.019 0.726 0.098 0.070 −0.045 0.404

Fasting C-Peptide, μg/L 0.332 < 0.001* 0.031 0.590 0.275 < 0.001* 0.105 0.069
2-h C-Peptide, μg/L 0.434 < 0.001* 0.013 0.821 0.384 < 0.001* 0.123 0.036*

HOMA-IR 0.273 < 0.001* 0.069 0.233 0.205 < 0.001* 0.089 0.123

HOMA-β 0.173 0.003* 0.093 0.109 0.182 0.002* 0.016 0.784
Systolic BP, mm Hg 0.085 0.118 0.060 0.270 0.095 0.082 −0.026 0.629

Diastolic BP, mm Hg 0.170 0.002* 0.093 0.088 0.067 0.217 0.031 0.567

Note: *P-value < 0.05.
Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone; BMI, body mass index; DK, diabetic ketosis; DKA, diabetic ketoacidosis; eGFR, estimated glomerular filtration rate; HbA1c, glycated
hemoglobin; FPG, free plasma glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-β, homeostasis model assessment
of β cell function; BP, blood pressure.
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The relationship between thyroid hormones and DN is becoming a concern these years. A study in euthyroid subjects
with T2DM showed that low levels of thyroid hormones (FT3 and FT4) were associated with DN.9 The prevalence of
kidney disorders in patients with T2DM increased with decreasing FT3 level.32 DN was a risk factor of TD in patients
with T2DM.18,19 High levels of TSH and low levels of FT3 were observed in T2DM patients with DN.33 Moreover, high
levels of TSH and/or low levels of FT3 were associated with more severe proteinuria, renal insufficiency and glomerular
lesions in patients with DN.32,34 We also observed that FT3 and FT4 were positively associated with eGFR levels.
Patients with DN demonstrated lower FT3 level and FT3/FT4 ratio. The presence of DN was significantly associated
with decreased FT3, even within the normal range.35 Low FT3 level was an independent risk factor for incidence and
progression of DN in patients with T2DM.36 A prior study in adult euthyroid patients with T1DM showed that higher
FT3 level was related to lower prevalence of microangiopathy and better metabolic control,37 which further supported
our findings. The exact mechanisms are not fully elucidated. Thyroid hormones play important roles in the growth,
development and physiology of kidneys, and also, in maintaining vascular and endothelial functions.38,39 It was found
that T3 increases phosphatidylinositol 3-kinase (PI3K), reduces expression of transforming growth factor β1 (TGF-β1),
improves structurally damaged kidneys, and reduces albuminuria.40 TD including subclinical clinical hypothyroidism and
low T3 syndrome is involved in the impairment of vascular function and damage of endothelial dilatation function, which
may be associated with the pathogenesis of DN.41 Also, alterations in thyroid status, especially lower FT3 levels and/or
elevated TSH levels, are associated with worse endothelial function in patients with advanced chronic kidney disease or
end-stage renal disease.42

Figure 1 Prevalence of DN and levels of urinary total protein in different FT3 quartiles. Quartile 1 (Q1, n = 109), 1.54 to < 3.26 pmol/L; Quartile 2 (Q2, n = 119),
3.26 to < 3.88 pmol/L; Quartile 3 (Q3, n = 112), 3.88 to ≤ 7.18 pmol/L.
Abbreviations: DN, diabetic nephropathy; FT3, free triiodothyronine.

Table 4 Multivariate Analysis of Associated Factors of Diabetic Nephropathy in Patients with
Newly Diagnosed T2DM

Variable OR β Wald χ2 P

Age 1.011 0.011 0.525 0.469
Hypertension 1.212 0.193 0.607 0.607

BMI 1.095 0.092 3.825 0.049*

HOMA-IR 1.021 0.021 7.286 0.007*
HOMA-β 1.001 0.001 1.862 0.172

DK/DKA 2.043 0.715 4.082 0.043*

eGFR 1.000 0.000 0.001 0.980
FT3 0.364 −1.011 11.856 0.001*

FT4 1.102 0.097 2.279 0.131

Note: *P-value < 0.05.
Abbreviations: T2DM, type 2 diabetes mellitus; BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin
resistance; HOMA-β, homeostasis model assessment of β cell function; DK, diabetic ketosis; DKA, diabetic ketoacidosis;
eGFR, estimated glomerular filtration rate; FT3, free triiodothyronine; FT4, free thyroxine.
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Other diabetic microvascular complications, such as DR and DPN, were also found to be correlated with thyroid
disorders in diabetes.43 Subclinical hypothyroidism was the most common reported type of TD to be involved in previous
studies. Cross-sectional studies showed that subclinical hypothyroidism was highly prevalent in patients with DR and
DPN, and was closely related to their severity.44–46 Low FT3 within the normal range was also indicated to be
independently associated with DR10 and DPN47 in euthyroid patients with T2DM in recently researches. But notably,
the relationships between thyroid hormone levels and diabetic microvascular complications such as DR were found to be
weak or negative in some researches48 and there is a lack of large-scale prospective clinical research on the impact of
thyroid on the occurrence and course of diabetic chronic complications.49 In the present study, we did not find positive
relationships. But since fundus examinations were performed only for patients with corresponding symptoms, the
incidence of other diabetic microvascular complications might be underestimated.

Compared with diabetic microvascular complications and acute complications, the evidences of the association
between thyroid hormone and diabetic macrovascular complications are more limited and inconsistent. High TSH levels
were shown to be related to higher incidence or risk of cardiovascular diseases, especially in patients with obesity.50 Total
thyroid hormones were not indicated to be independent risk factors of cardiovascular events in patients with T2DM in
a cross-sectional study.51 Another retrospective study in euthyroid patients with T2DM reported that low but clinically
normal free thyroid hormones was associated with elevated risk of diabetic macrovascular complications.52 We also
found that the prevalence of carotid atherosclerosis tended to elevate along with the decrease of FT3 and FT4 levels
(Supplementary Figure S1). But systemic measurements of macrovascular complications were not performed in the
present study. Further investigations are needed to clarify these relationships.

Levels of thyroid hormones were also suggested to be associated with some metabolic and demographic parameters.
Insulin resistance was reported to play a critical role in the connection between TD and T2DM.6 A study in individuals
without diabetes demonstrated that low T3 levels were significantly associated with decreased HOMA-IR, which
indicated an association of thyroid function with insulin resistance.53 Another study in euthyroid overweight/obese
individuals indicated that increased FT3 was independently associated with higher risks of insulin resistance.54 FT3 and
FT4 positively and negatively correlated with HOMA-IR and atherogenic lipid profiles, respectively, in a euthyroid
population with obesity.55 In euthyroid subjects, serum FT4 was negatively associated with and TSH was positively
associated with insulin resistance. Also, FT4 was associated with risk of metabolic syndrome.56 TSH and thyroid
hormones were found to correlate with multiple cardiometabolic risk factors, with age- and sex-independent effects on
cholesterol and glucose metabolism, both in adults and in children with diabetes.57,58 We also found some relationships
between thyroid hormones and metabolic parameters including HOMA-IR, HOMA-β, HbA1c, serum C-peptide, and
HDL-C levels. In some studies, obesity was also a risk factor of TD.16,17 Both FT3 and FT4 levels were positively
correlated with BMI in euthyroid subjects with obesity.56 Higher FT3 concentration correlated positively with markers of
obesity such as BMI in euthyroid T1DM patients.34 We did not find significant difference in levels of thyroid hormones
between patients with obesity (BMI ≥ 28 kg/m2) and patients with relatively normal BMI values. But BMI was indicated
to be positively correlated with FT3 and TSH levels. A large population-based study demonstrated that elevated TSH
level within the normal range was a risk marker associated with a series of cardiometabolic changes including central
obesity, insulin resistance, elevated BP, dyslipidemia, hyperuricemia, inflammation and hypercoagulability.59 But in this
study, except for BMI, we did not find significant relationship between TSH and other metabolic parameters.

Compared with T3 and T4, TSH seems to be a more reliable indicator of thyroid status. As aforementioned, lower T3
levels may be more indicative of underlying ill health and metabolic disorders rather than the dysregulation of thyroid
function. However, the positive relationships between thyroid hormones and other complications or alterations were most
commonly seen regarding T3, and sometimes T4, rather than TSH, which indicate a reverse-causation. It was reported
that impaired kidney function, both eGFR and proteinuria, were associated with low FT3 and FT4 but not TSH in
patients with advanced chronic kidney diseases.28 In this study, urinary protein excretion was also found to increase along
with the decrease of FT3 and FT4 levels (Supplementary Figure S2). But no significant difference was shown in TSH
levels. Notably, there were inconsistent findings concerning with the changes of FT4. In several studies, lower FT3 and
elevated FT4 concentrations were found to be linked with impaired kidney functions.32,60 Complicated pathogenesis
mechanisms may be involved and the impact of diabetes and the associated disorders on thyroid status need to be
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considered in these situations. In regard to the relationships between diabetes and thyroid autoantibodies levels or
autoimmune thyroid disease, the results were also inconsistent. Previous studies suggested that thyroid autoantibodies
levels or autoimmune thyroid disease were not found to be significantly related with DN, both in patients with T1DM61

and T2DM,35 which was consistent with our finding. But a recent study in newly diagnosed T2DM patients with
Hashimoto’s thyroiditis and euthyroidism showed that high TPOAb level was an independent risk factor of
albuminuria.62

Advanced age, long duration of diabetes and poor glycemic control were commonly indicated to be risk factors of low
levels of FT3 and presence of TD in patients with T2DM.16,17 And the abnormalities seemed to be reversed upon
restoration of metabolic control.63 We also discovered higher prevalence of TD or low T3 syndrome in patients over 60
years old and patients with higher glycemic levels. TD was reported to be more common in female as compared to male
patients with T2DM in many studies.19,64,65 However, no gender difference was indicated in our study. This may be
partly attributed to the different inclusion criteria. Most studies did not include low T3 syndrome as a form of TD. This
may also explain the relatively higher prevalence of TD (21.2%) in our study since low T3 syndrome contributed over
50% of the disorders. Furthermore, subjects in the present study were admitted in ward for treatment of diabetes. The
conditions of patients, particularly glycemic control, were generally worse than the ones in outpatient clinics. Actually,
most subjects in our study had a HbA1c level over 10%. This may also contribute to the high prevalence of TD.

There are several limitations of the present study. First, only limited number of patients in a single center were involved.
The samples were derived from an inpatient setting and most patients were in poor glycemic control. Therefore, they may
not be representative of the true population newly diagnosed with T2DM. Researches involving large numbers of
outpatients or community-based studies are needed to confirm our findings. Second, since the patients were not followed
up for thyroid tests after hospital discharge, whether the abnormalities of thyroid function could get resolved with remission
of diabetic conditions remains undefined. Third, the present study did not evaluate the iodine status which might influence
FT4/FT3 ratio and TSH level. Fourth, chronic diabetic complications besides DN were not comprehensively assessed.
Lastly, due to the cross-sectional nature of this study, definite cause-and-effect relationships between TD and other
abnormalities or factors could not be established. Therefore, our results should be interpreted with caution.

Conclusion
The present study showed that TD was not rare in hospitalized patients with newly diagnosed T2DM. Low T3 syndrome
was the most common subtype. Low FT3 level was strongly associated with the presence of diabetic complications
including DK/DKA and DN. Metabolic and demographic factors, including age, glycemic control and insulin resistance
also correlated with levels of thyroid hormones. In the future, large prospective studies are needed to further investigate
the prevalence of TD and to determine the association between thyroid hormones and diabetes-related conditions,
especially diabetic complications.
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