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Abstract
Background : Diabetes mellitus (DM) and thyroid dysfunction (TD) are two closely associated disorders.
The coexistence of TD could adversely in�uence metabolic control and even increase the long-term
mortality in patients with DM. The objective of the present study was to investigate the prevalence and
risk factors of TD in patients with type 2 DM (T2DM). Methods : This is an observational cross-sectional
study. A total of 340 patients with newly diagnosed T2DM who were admitted to ward of endocrinology
department were included for analysis. Thyroid function was examined and its relationship with
demographic, metabolic and diabetes-related parameters were evaluated Results : The prevalence of TD
was 21.2% in the total population. The low T3 syndrome was the most frequent TD, in 14.7% of patients.
Low FT3 level was associated with diabetic complications including presence of diabetic ketosis (DK) or
diabetic ketoacidosis (DKA) (r = -0.388, P ≤ 0.001) and microalbuminuria (r = -0.302, P ≤ 0.001).
Metabolic and demographic factors, including age, glycemic control and insulin resistance also
correlated with levels of thyroid hormones. DK or DKA (OR = 6.161, P ≤ 0.001) and microalbuminuria (OR
= 3.950, P = 0.002) were risk factors of low T3 syndrome. Conclusion : TD is not rarely seen in patients
with newly diagnosed T2DM. Diabetic complications and diabetes-related metabolic and demographic
factors are related to the presence of TD.

Background
Diabetes mellitus (DM) and thyroid dysfunction (TD) are two closely associated disorders. TD is more
common in patients with type 2 DM (T2DM) than in those without diabetes and can adversely in�uence
the metabolic control [1, 2]. In the long-term, the onset of thyroid dysfunction can further increase the
morbidity and mortality associated with diabetes [2]. The relationship between T2DM and TD is complex
and the underlying mechanisms have not been fully elucidated. Several studies have investigated the
prevalence and risk factors of TD in patients with T2DM. But researches in newly diagnosed patients
were relatively rare. The objective of this study was to investigate the prevalence of TD and determine the
risk factors in patients with newly diagnosed T2DM.

Methods
1. Study population and design

We studied patients with newly diagnosed T2DM who were admitted to ward of the Department of
Endocrinology, The Second A�liated 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 [3]. The exclusion criteria included: A.
with 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. A total of 340 patients with newly diagnosed T2DM were �nally enrolled.
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2. 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 de�ned 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. Serum free triiodothyronine
(FT3), free thyroxine (FT4) and thyroid stimulating hormone (TSH) were measured using
electrochemiluminescence immunoassays. Normal ranges were as follows: TSH 0.4-5.0 mIU/L, 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. Subclinical hypothyroidism was de�ned as a serum TSH of more than 5.0 mIU/L, in combination
with a normal FT4. Overt hypothyroidism was de�ned as a serum TSH of more than 5.0 mIU/L, in
combination with a subnormal FT4. Subclinical hyperthyroidism was de�ned as a TSH of less than 0.4
mIU/L with normal FT4. Overt hyperthyroidism was de�ned as a TSH of less than 0.4 mIU/L with
elevated FT4. Low T3 syndrome was de�ned as a FT3 level of less than 2.63 pmol/L and/or a FT4 level
of less than 9.01 pmol/L, combined with a normal or subnormal TSH. Routine biochemical parameters
(including fasting plasma glucose, 2-h postprandial plasma glucose, C-Peptide, glycated hemoglobin
(HbA1c), serum high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
total cholesterol, triglyceride, uric acid, serum creatinine) were measured by routine laboratory methods.
The estimated glomerular �ltration rate (eGFR) was calculated according to Modi�cation 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) [4].
Urine samples of 24 hours were collected to measure urine albumin levels using 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.
Microalbuminuria was de�ned as a UACR of 30-300 mg/g or an albumin excretion rate (AER) of 30-300
mg/24 hours. 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)) [5]

 

3. Statistical analysis

For continuous variables like thyroid hormones, student’s t-test or one-way analysis of variance (ANOVA)
were used. Chi-square test was used for categorical variables. Numeric values were presented as mean ±
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standard deviation (SD) and categorical values were presented as number (%). For evaluation of
correlation between FT3, FT4, FT3/FT4 ratio or TSH and other variables, Pearson correlation coe�cient
was calculated. Factors associated with low T3 syndrome was analyzed with multivariate logistic
regression. A two-sided P value <0.05 was considered statistically signi�cant. All statistical analyses were
performed using IBM SPSS statistical software version 22 for Windows (IBM Corp., Armonk, New York,
USA).

Results
1. Baseline characteristics

Detailed baseline demographic and clinical characteristics of included patients were presented in Table 1.
The mean (±SD) age of the subjects was 54.85 (± 14.1) years old, ranging from 18 to 90 years. Male
patients constituted the majority of the group (n = 221, 65.0%). The mean (±SD) BMI of the patients was
24.63 (± 3.79) 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. Mean (±SD) HbA1c level was 11.9 (± 2.5) %. TD was
found in 72 patients (21.2%).

 

2. 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%). Higher prevalence of thyroid dysfunction was found in patients over 60
years old (n = 32, 27.4%) compared with younger patients (n = 40, 17.2%) (P = 0.044). We found a lower
level of FT3 (3.21 ± 0.74 pmol/L) in patients with diabetic ketosis (DK) or diabetic ketoacidosis (DKA)
compared with patients without DK or DKA (3.71 ± 0.69 pmol/L (P ≤ 0.001). Moreover, the level of FT3
further decreased with the deterioration of DK (2.60 ± 1.23 pmol/L) (P = 0.005). The level of FT4 (12.54 ±
3.64 pmol/L) was also signi�cantly lower in patients with DKA (P = 0.004). But no difference was shown
between patients with DK (14.75 ± 2.80 pmol/L) and patients without DK (14.63 ± 2.63 pmol/L) in FT4
level. Lower level of FT3 (3.12 ± 0.86 pmol/L) was found in patients with microalbuminuria as well (P ≤
0.001). Levels of FT4 and TSH were also lower in patients with microalbuminuria compared with patients
with normoalbuminuria. But no signi�cant difference was shown. The levels of FT3 (3.32 ± 0.77 pmol/L)
(P ≤ 0.001) and FT4 (14.08 ± 2.80 pmol/L) (P = 0.027) of patients over 60 years old was lower than the
one of patients less than 60 years old (FT3 3.64 ± 0.81 pmol/L, FT4 14.78 ± 2.74 pmol/L). Pearson
Correlation analysis revealed negative factors of FT3 including DK or DKA, microalbuminuria, age and
HbA1c. Positive correlated factors of FT3 included eGFR, diastolic blood pressure (DBP), fasting C-
peptide, 2-h C-peptide, fasting insulin, 2-h insulin and HOMA-IR. DK or DKA and age remained to be
negative correlated factors of FT4. DK or DKA, microalbuminuria and HbA1c remained to be negative
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correlated factors of FT3/FT4 ratio. No factor was found to be strongly correlated with TSH level (Table
2).

 

3. Analyses of associated factors of low T3 syndrome

Comparisons between patients with low T3 syndrome and patients with normal thyroid function was
shown in Table 1. There was a signi�cant association between the presence of low T3 syndrome and DK
or DKA, microalbuminuria, HbA1c, fasting C-Peptide, 2-h C-Peptide, 2-h insulin, HOMA-IR and DBP.
Multivariate logistic regression analysis revealed that DK or DKA (OR = 6.161, P ≤ 0.001),
microalbuminuria (OR = 3.950, P = 0.002), HOMA-IR (OR = 0.952, P = 0.005) and eGFR level (OR = 0.982,
P = 0.026) were associated factors of low T3 syndrome, among which DK or DKA and microalbuminuria
were risk factors (Table 3).

Discussion
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 [6]. Subclinical hypothyroidism or
hypothyroidism was reported to be the most common form of thyroid dysfunction in several studies [6-9].
In this study, a relatively high prevalence of thyroid dysfunction was found, among which low T3
syndrome constituted the majority.

The 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 [10]. The 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 [11]. 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 [12]. The presence of low T3 syndrome
is a predictor of poor prognosis of acute or chronic illnesses.

DK or DKA was found to be a risk factor of low T3 syndrome in this study. Previous studies mainly
focused on type 1 diabetes mellitus (T1DM), but showed similar results. TD including low T3 syndrome
and hypothyroidism was more common in patients with DKA [13-16]. The presence of low T3 syndrome
was associated with poor glycemic control [13, 14] and free thyroid hormones were correlated with the
severity of DKA [14], which was in accordance with our �ndings. The decreased thyroid hormones could
increase to normal soon after correction of DKA [13, 15].

The relationship between thyroid hormones and diabetic nephropathy (DN) is becoming a concern these
years. A study in euthyroid subjects with T2DM showed that low levels of thyroid hormones (FT3 and
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FT4) were associated with DN [17]. DN was a risk factor of thyroid dysfunction in patients with T2DM
[8.9]. High levels of TSH and low levels of FT3 were observed in T2DM patients with DN [18]. Moreover,
high levels of TSH and/or low levels of FT3 were associated with more severe proteinuria, renal
insu�ciency and glomerular lesions in patients with DN [19]. We also observed lower FT3 level and
FT3/FT4 ratio in patients with microalbuminuria. The presence of low T3 syndrome was signi�cantly
associated with microalbuminuria. Recently, a study in adult euthyroid patients with T1DM showed that
higher FT3 level was related to lower prevalence of microangiopathy and better metabolic control [20],
which further supported our �ndings.

Levels of thyroid hormones were also suggested to be associated with some metabolic and demographic
parameters. A study in non-diabetic individuals demonstrated that low T3 levels were signi�cantly
associated with decreased HOMA-IR, which indicated an association of thyroid function with insulin
resistance [21]. FT3 and FT4 positively and negatively correlated with HOMA-IR and atherogenic lipid
pro�les, respectively, in a euthyroid population with obesity [22]. 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 [23]. TSH and thyroid hormones were found to correlated
with multiple cardiometabolic risk factors, with age- and sex-independent effects on cholesterol and
glucose metabolism [24]. We also �nd some relationships between thyroid hormones and metabolic
parameters including HOMA-IR, HbA1c, serum insulin and C-peptide levels. In some studies, obesity was
also a risk factor of TD [8. 9]. Both FT3 and FT4 levels were positively correlated with BMI in euthyroid
subjects with obesity [23]. Higher FT3 concentration correlated positively with markers of obesity such as
BMI in euthyroid T1DM patients [20]. However, we did not �nd signi�cant difference in levels of thyroid
hormones between patients with obesity (BMI ≥ 28 kg/m2) and patients with relatively normal BMI
values. A recent 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, in�ammation and hypercoagulability [25].
But in this study, we did not �nd signi�cant relationship between TSH and other metabolic parameters.

Advanced age, long duration of diabetes and poor glycemic control were commonly indicated to be risk
factors of low levels of FT3 and TD in patients with T2DM [8. 9]. And the abnormalities seemed to be
reversed upon restoration of metabolic control [26]. 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 [9, 27. 28]. 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 thyroid dysfunction (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.
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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 may not be representative of the
true population. Second, due to the cross-sectional nature of this study, de�nite cause-and-effect
relationships between TD and other abnormalities or factors could not be established. Therefore, our
results should be interpreted with caution.

Conclusions
TD was not rare in patients with newly diagnosed T2DM. Low T3 syndrome was the most common
subtype. Low FT3 level was associated with diabetic complications including presence of DK or DKA and
microalbuminuria. 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 thyroid dysfunction and to determine the association of
thyroid dysfunction with other factors in patients with T2DM.
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Characteristics Euthyroid Low T3 syndrome Total P
Basic characteristics        

N 268 50 340  
Age, year 54.42 (12.88) 54.66 (19.27) 54.85 (14.14) 0.932
 ≥ 60        
 < 60        
Gender       0.604
Male 172 (64.2) 34 (68.0) 221 (65.0)  
Female 96 (35.8) 16 (32.0) 119 (35.0)  

BMI, kg/m2 24.82 (3.75) 23.41 (4.17) 24.63 (3.79) 0.043*

Past history of hypertension 94 (35.1) 17 (34.0) 124 (36.5) 0.884
Family history of diabetes 79 (29.5) 18 (36.0) 102 (30.0) 0.358
Smoking 74 (27.6) 15 (30.0) 97 (28.5) 0.730

Thyroid function        
FT3, pmol/L 3.78 (0.64) 2.32 (0.47) 3.52 (0.81) ≤ 0.001*

FT4, pmol/L 14.77 (2.64) 13.46 (2.92) 14.54 (2.78) 0.002*

TSH, μIU/mL 1.61 (1.00) 1.04 (0.68) 1.66 (1.80) ≤ 0.001*

Positive thyroid antibodies 16 (6.6) 5 (10.4) 28 (8.5) 0.444
Diabetes        

FPG, mmol/L 13.45 (4.72) 12.22 (6.39) 13.23 (5.02) 0.115
2-h PG, mmol/L 20.41 (7.47) 18.93 (5.86) 20.27 (7.28) 0.432
HbA1c, % 11.7 (2.5) 12.6 (2.4) 11.9 (2.5) 0.011*

Fasting C-Peptide, μg/L 2.09 (1.05) 1.38 (1.26) 1.97 (1.14) ≤ 0.001*

2-h C-Peptide, μg/L 4.06 (2.76) 2.06 (1.53) 3.68 (2.69) ≤ 0.001*

Fasting insulin, mIU/L 9.61 (5.33) 7.25 (4.54) 9.36 (5.58) 0.050
2-h insulin, mIU/L 32.67 (33.85) 15.63 (14.51) 30.61 (32.76) ≤ 0.001*

HOMA-β 239.61 (298.74) 231.66 (264.02) 235.90 (286.28) 0.868
HOMA-IR 31.51 (19.35) 20.81 (19.97) 29.88 (20.72) 0.001*

Complications        
Acute complication       ≤ 0.001*

Diabetic ketosis 56 (20.9) 20 (40.0) 81 (23.8)  
Diabetic ketoacidosis 4 (1.5) 14 (28.0) 20 (5.9)  

Chronic complication        
Diabetic nephropathy 50 (18.7) 26 (52.0) 81 (23.8) ≤ 0.001*

Diabetic peripheral neuropathy 18 (6.7) 3 (6.0) 22 (6.5) 0.850
Diabetic retinopathy 1 (0.4) 0 (0.0) 1 (0.3) 0.558
Diabetic foot ulcer 1 (0.4) 0 (0.0) 1 (0.3) 0.558

Systolic BP, mm Hg 134.3 (18.9) 131.4 (21.8) 134.0 (19.4) 0.336
Diastolic BP, mm Hg 86.2 (11.8) 81.7 (11.5) 85.3 (11.9) 0.012*

HDL-C, mmol/L 1.44 (6.43) 0.89 (0.36) 1.33 (5.71) 0.548
LDL-C, mmol/L 3.47 (1.06) 3.20 (1.28) 3.40 (1.10) 0.115
Triglyceride, mmol/L 2.50 (2.59) 3.80 (7.99) 2.65 (3.86) 0.259
Total cholesterol, mmol/L 5.31 (1.26) 5.30 (2.41) 5.26 (1.49) 0.992
Uric acid, μmol/L 339.97 (217.5) 360.04 (160.13) 343.79 (205.29) 0.535
eGFR, mL/min/1.73 m2 91.98 (23.13) 88.60 (34.74) 91.41 (25.98) 0.511
Microalbuminuria 50 (18.8) 26 (53.1) 81 (23.8) ≤ 0.001*

BMI, body mass index; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone; FPG,
free plasma glucose; PG, plasma glucose; HbA1c, glycated hemoglobin; HOMA-β, homeostasis model assessment
of β cell function; HOMA-IR, homeostasis model assessment of insulin resistance; BP, blood pressure; HDL-C,
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high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular
filtration rate; *P-vale < 0.05.

 

Table 2 Correlation between thyroid function and demographic and metabolic parameters

ables FT3 FT4 FT3/FT4 ratio TSH
r P r P r P r P

-0.168 0.002* -0.141 0.009* -0.101 0.063 0.063 0.247
0.079 0.159 0.002 0.971 0.073 0.195 0.080 0.156
-0.388 ≤ 0.001* -0.113 0.038* -0.348 ≤ 0.001* 0.092 0.089

ria -0.302 ≤ 0.001* -0.072 0.187 -0.272 ≤ 0.001* -0.057 0.299
eral neuropathy 0.009 0.873 0.126 0.020* -0.068 0.212 0.031 0.564

-0.224 ≤ 0.001* 0.111 0.041* -0.273 ≤ 0.001* 0.016 0.765
0.030 0.586 0.173 0.001* -0.042 0.442 -0.019 0.733
0.065 0.230 -0.001 0.985 0.113 0.039* -0.070 0.199
0.065 0.230 0.020 0.710 0.042 0.439 -0.006 0.909
-0.060 0.270 -0.117 0.031* 0.033 0.547 0.012 0.827

ol 0.002 0.968 -0.067 0.218 0.090 0.097 -0.075 0.169
de 0.241 ≤ 0.001* 0.017 0.764 0.195 0.001* 0.065 0.262

0.372 ≤ 0.001* 0.025 0.670 0.347 ≤ 0.001* 0.041 0.490
0.173 0.020* -0.139 0.062 0.282 ≤ 0.001* 0.010 0.892
0.167 0.020* -0.194 0.011* 0.337 ≤ 0.001* -0.002 0.976
0.178 0.002* 0.070 0.225 0.112 0.053 0.105 0.071
0.042 0.470 -0.080 0.168 0.051 0.381 0.071 0.905
0.150 0.006* 0.179 0.001* 0.044 0.417 -0.046 0.396
0.043 0.434 -0.067 0.216 0.035 0.521 -0.045 0.413
0.176 0.001* 0.069 0.203 0.096 0.077 -0.088 0.105

FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone; BMI, body mass index; DK,
diabetic ketosis; DKA, diabetic ketoacidosis; 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; eGFR, estimated
glomerular filtration rate; BP, blood pressure; *P-vale < 0.05.

 

Table 3 Multivariate analysis of associated factors of low T3 syndrome in patients with newly diagnosed T2DM 

Variable OR β Wald χ2 P
DK or DKA 6.161 1.818 26.733 ≤ 0.001*

Microalbuminuria 3.950 1.376 9.365 0.002*

HOMA-IR 0.952 -0.049 7.946 0.005*

eGFR 0.982 -0.018 4.969 0.026*

T3, triiodothyronine; T2DM, type 2 diabetes mellitus; DK, diabetic ketosis; DKA, diabetic ketoacidosis; HOMA-IR,
homeostasis model assessment of insulin resistance; eGFR, estimated glomerular filtration rate; *P-vale < 0.05.



Page 13/13

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

STROBEchecklistcrosssectional.doc

https://assets.researchsquare.com/files/e05a4ef8-ff7f-4f9b-8e1c-73f3371158f5/v1/STROBE_checklist_cross-sectional.doc

