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Purpose: Thyroid hormones (THs) are primarily responsible for the regulation of energy balance and
metabolism, suggesting that TH levels may contribute to the development of type 2 diabetes
mellitus (T2DM). However, few studies have investigated the relationship between TH and T2DM
in a general population. The aim of this study was to evaluate whether serum TH levels within the
reference range are related to T2DM.

Methods: A cross-sectional study (n = 15,296) was performed in Tianjin, China. Serum free
triiodothyronine (FT3), free thyroxine (FT4), and thyroid-stimulating hormone (TSH) levels were
measured by chemiluminescence immunoassay, and T2DM was defined according to the American
Diabetes Association criteria. Multiple logistic regression models were used to assess the sex-
specific relationships between FT3, FT4, FT3/FT4 ratios, and TSH quintiles and T2DM.

Results: The prevalence of T2DM was 16.2% in males and 7.7% in females. In males, the
multivariable-adjusted odds ratios (95% confidence interval) of T2DM for increasing quintiles of
FT3, FT4, and FT3/FT4 ratios were 1.00, 0.75(0.63 to 0.89), 0.70(0.58 to 0.84), 0.63(0.52 to 0.76), 0.56
(0.46 to 0.68; P for trend, 0.0001); 1.00, 1.05(0.87 to 1.27), 1.16(0.96 to 1.40), 1.09(0.90 to 1.31), 1.29
(1.07 to 1.56; P for trend= 0.01); and 1.00, 0.69(0.58 to 0.83), 0.72(0.60 to 0.86), 0.59(0.48 to 0.71), and
0.55(0.46 to 0.66; P for trend , 0.0001), respectively. Similar results also were observed in females. In
contrast, a strongnegative correlationbetweenTSHandT2DMwasobserved inmales, butnot in females.

Conclusions: This study demonstrated that decreased FT3, FT3/FT4 ratios, and increased FT4 levels
are independently related to a higher prevalence of T2DM in both males and females, and TSH is
inversely related to T2DM in males only. (J Clin Endocrinol Metab 102: 434–442, 2017)

Type 2 diabetes mellitus (T2DM) is the most common
chronic endocrine disease, characterized by hyper-

glycemia resulting from impaired insulin secretion and/or
insulin resistance (1). The long-term complications of
T2DM can significantly increase the risks of cardiovas-
cular disease (CVD) and cancer, among many other

diseases, as well as significantly increase risk of mortality
(2, 3). The global prevalence of diabetes mellitus is
rapidly increasing due to an ageing population, urbani-
zation and associated lifestyle changes. In 2013, an es-
timated 382 million people worldwide had diabetes
mellitus, about 90 to 95% of whom had T2DM, and the
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Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; CVD,
cardiovascular disease; FT3, free triiodothyronine; FT4, free thyroxine; LDL, low-density
lipoprotein; OR, odds ratio; SD, standard deviation; T2DM, type 2 diabetes mellitus; T3,
triiodothyronine; T4, thyroxine;TC, total cholesterol; TG, triglyceride; TH, thyroid hor-
mone; TSH, thyroid-stimulating hormone.
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number will increase to 592 million (8.8% of adults aged
20 to 79 years) by 2035 (1). In particular, the latest
national survey suggests that China has become the
global epicenter of the T2DM epidemic with more than
11.6% of the adult population (aged 18 years and over)
suffering from diabetes mellitus (4).

Clarifying the common pathophysiologic mechanisms
of T2DM is a crucial step toward providing early pre-
vention and treatment. Recently, increased interest has
focused on the relationship between thyroid function and
metabolic diseases, including T2DM (5). The thyroid
function is primarily responsible for the regulation of
energy balance and metabolism (6). Thyroid dysfunction
increases muscle and adipose tissue insulin resistance (7)
and decreases glucose transport in myocytes (8).
Meanwhile, thyroid hormone (TH) stimulates the basal
expressions of glucose transporters, which regulate the
intracellular glucose uptake on the surface of myocytes
(5). Moreover, recently studies have demonstrated that
free triiodothyronine (FT3) regulates insulin secretion (9,
10). Because glucose metabolism and insulin secretion
are most closely related to the pathogenesis of T2DM,
it is hypothesized that TH is a useful predictive factor
for developing T2DM. On the other hand, thyroid-
stimulating hormone (TSH) binds to receptors on epi-
thelial cells in the thyroid gland, stimulating synthesis and
secretion of TH by negative feedback inhibition (11).
However, to date, few studies have evaluated the re-
lationship between TH, TSH, and T2DM in the general
population with euthyroid status. The aim of this study
was to investigate whether serum TH concentrations
within the reference range as well as TSH levels are re-
lated to the prevalence of T2DM among a large-scale
adult population.

Materials and Methods

Participants
A large prospective dynamic cohort study, called The Tianjin

Chronic Low-Grade Systemic Inflammation andHealth Cohort
Study, was carried out in a general adult population living in
Tianjin, China. The study was based on annual health exam-
inations conducted in Tianjin Medical University General
Hospital Health Management Center and focused on the re-
lationship between chronic low-grade systemic inflammation
and the health status. Participants who had received health
examinations (including medical examinations such as blood
tests, abdominal ultrasonography, etc.) and had completed
questionnaires regarding their smoking and drinking habits and
disease history over the course of January 2007 to December
2015 were recruited. Moreover, a detailed lifestyle question-
naire covering family income, marital status, employment sta-
tus, educational level, physical activity, sleep habits, dietary
habits, overall computer/mobile device usage time, television
time, history of prior infections, and use of medicines, as well as

physical performance tests were administered to randomly se-
lected subjects from this population since May 2013.

This cross-sectional study used data from the Tianjin
Chronic Low-Grade Systemic Inflammation andHealth Cohort
Study ranging from 2013 to 2015. The participant selection
process was described in Fig. 1. During the research period,
there were 18,682 participants who had received at least 1
health examination including blood glucose, TH, and TSH tests
agreed to participate and provided written informed consent for
their data to be analyzed. We excluded those with a history of
CVD (n = 1461) or cancer (n = 286). Moreover, participants
who having a level exceeding the standard reference range of
TH and/or TSH [FT3 ,3.5 pmol/L (n = 43) or .6.5 pmol/L
(n = 237), free thyroxine (FT4) ,11.5 pmol/L (n = 113)
or .22.7 pmol/L (n = 84), TSH ,0.55 mIU/L (n = 251)
or .4.78 mIU/L (n = 938)] were excluded. Moreover, partic-
ipants who had a history of thyroid disease, type 1 diabetes
mellitus, or who had used antithyroid drugs were not included
in the current study. Owing to these exclusions, the final cross-
sectional study population comprised 15,269 participants in-
cluding 8970 males [mean age6 standard deviation (SD): 48.16
10.6 years] and 6299 females (mean age6 SD: 47.6611.2 years).

Assessment of T2DM
Levels of fasting blood sugar were measured by glucose

oxidase method. Blood samples for analysis of HbA1c were
mixed with ethylenediaminetetraacetic acid (as an anticoagu-
lant) before testing. HbA1c separation and quantification were
performed using a high-performance liquid chromatography
analyzer (HLC-723 G8; Tosoh, Tokyo, Japan) with intra- and
interassay coefficients of variation of,3%. To measure 2-hour
serum glucose, subjects were given a standard 75-g glucose
solution, and serum glucose was measured at 2 hours after
administration during the oral glucose tolerance test. In un-
diagnosed participants, T2DM was defined as a fasting blood
sugar level $126 mg/dl (7.0 mmol/L), oral glucose tolerance
test$200mg/dl (11.1mmol/L), HbA1c$48mmol/mol (6.5%),
or a history of T2DM based on the American Diabetes Asso-
ciation 2013 criteria (12).

FT3, FT4, and TSH measurements
Serum FT3 and FT4 were measured by chemiluminescence

immunoassay using ADVIA Centaur FT3 analyzer and ADVIA
Centaur FT4 analyzer (Siemens Healthcare Diagnostics, New
York, NY) and expressed as pmol/L. The measuring range of
FT3 and FT4 were 0.3 to 30.8 pmol/L and 1.3 to 155 pmol/L,
respectively. Serum TSH was measured by chemiluminescence
immunoassay using ADVIA Centaur TSH3-Ultra analyzer
(Siemens Healthcare Diagnostics) and expressed as mIU/L. The
measuring range was 0.001 to 150 mIU/L. The reference ranges
of FT3, FT4, and TSH were 3.70;6.93 pmol/L, 11.61;21.41
pmol/L, and 0.55;4.87 mIU/L, respectively. We divided par-
ticipants into 5 categories (quintiles) according to the actual
concentrations of FT3, FT4, and TSH.

Assessment of other variables
Blood pressure (BP) was measured twice in the right arm

using an automatic device (Andon, Tianjin, China) after 5
minutes of rest in a seated position. The mean of these 2
measurements was taken as the BP value. Hypertension is de-
fined as having a BP higher than 140/90 mm Hg (systolic BP/
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diastolic BP) or having a history of hypertension. As for lipids,
triglycerides (TGs) and total cholesterol (TC) were measured by
enzymatic methods. Low-density lipoprotein (LDL) was mea-
sured by the polyvinyl sulfuric acid precipitation method, and
high-density lipoprotein was measured by the chemical pre-
cipitation method using appropriate kits on a Cobas 8000
analyzer (Roche, Mannheim, Germany). Hyperlipidemia was
defined as TC $5.17 mmol/L, TG $1.7 mmol/L, LDL $3.37
mmol/L, or history of hyperlipidemia. Height and body weight
were measured using a standard protocol, and body mass index
(BMI) was calculated as weight/height2 (kg/m2). Waist cir-
cumference was measured at the umbilical level with subjects
standing and breathing normally. Information on age, sex, and
smoking and drinking status was obtained from a questionnaire
survey. A detailed personal and family history of physical illness
and current medications was noted from “yes” or “no” re-
sponses to relevant questions.

Statistical analysis
All statistical analyses were performed using the Statistical

Analysis System 9.3 edition for Windows (SAS Institute Inc.,
Cary, NC). Because previous studies have reported that sex-
specific difference was observed on the levels of TH, TSH, and
the incident of T2DM (13, 14), we analyzed the relationships
between TH, TSH, and T2DM by sex. Distributions of con-
tinuous variables were assessed for normality using the
Kolmogorov-Smirnov (n. 2,000) or Shapiro-Wilk (n# 2,000)
test. Because the distributions of all the continuous variables
were not normal in the current study, the natural logarithm was
applied to normalize the data before statistical analysis. The
continuous covariates after the log transformation approached
normal distribution. Descriptive data are presented as the
geometric mean [95% confidence interval (CI)] for adjusted
continuous variables and as percentages for categorical vari-
ables. For baseline characteristics analysis, the differences
among T2DM categories were examined using analysis of

covariance for continuous variables and
multiple logistic regression analysis for
proportional variables after adjustment for
age. The prevalence of T2DM was used as
dependent variables, and quintiles of FT3,
FT4, and TSH concentrations were used as
independent variables. Themultiple logistic
regression models were used to examine the
relationships between quintiles of FT3,
FT4, and TSH and the prevalence of T2DM
with adjustment for the covariates: age,
BMI, waist circumference, smoking status,
drinking status, hypertension, hyperlipid-
emia, and family history of CVD, hy-
pertension, hyperlipidemia, and diabetes.
Because the previous studies suggested an
important role of thyroxine (T4) to tri-
iodothyronine (T3) conversion (15–17), we
additionally assessed the relationship be-
tween the quintiles of FT3/FT4 ratios and
the prevalence of T2DM. Odds ratios
(ORs) with their corresponding 95% CIs
were calculated. Furthermore, because
certain medicines (such as nonsteroidal
anti-inflammatory drug, estrogen, antiepi-
leptic drugs, etc.) may affect thyroid func-

tion (18, 19), a sensitivity analysis was performed after
excluding the subjects who reported taking these drugs. All
P values for linear trends were calculated using themedian value
of quintiles of FT3, FT4, FT3/FT4 ratios, and TSH. All tests
were 2-tailed and P , 0.05 was defined as statistically
significant.

Results

The prevalence of T2DM is 16.2% (1449/8970) and
7.7% (488/6,99) in males and females, respectively.
Among participants with T2DM, 482 participants [368
(25.4%) males and 114 (23.4%) females] reported that
they take medications for diabetes. FT3 and FT4 levels
were both significantly higher in males than in females
[means (SD), in males: 5.5 (0.5) pmol/L, 16.8 (2.0) pmol/
L; in females: 5.0 (0.5) pmol/L, 15.7 (1.8) pmol/L, both
P , 0.0001], whereas the TSH level was significantly
lower in males than in females [means (SD), in males: 1.9
(0.8) mIU/L; in females: 2.3 (1.0) mIU/L, P , 0.0001].

Age-adjusted participant characteristics in relation to
T2DM were presented in Table 1. Compared with par-
ticipants without T2DM, those with T2DM tended to be
older and to have higher BMI, waist circumference, TC,
TG, systolic BP, diastolic BP, the proportion of family
history of hyperlipidemia and diabetes, and lower high-
density lipoprotein (all P values , 0.01) in both males
and females. However, there are also some differences
between males and females. Compared with participants
without T2DM, males with T2DM tended to have lower
FT3 and FT3/FT4 ratios and higher FT4 levels (all
P values, 0.05); and females with T2DM tended to have

Figure 1. Flow diagram showing the selection of the study population.
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higher LDL and FT4 levels and lower FT3/FT4 ratios (all
P values , 0.01). No significant differences were observed
among the TSH levels, proportion of current smokers, al-
cohol consumers and the proportion of those with a family
history of CVD and hypertension (all P values . 0.05) in
both males and females.

The crude and adjusted relationship between FT3, FT4,
TSH, and the prevalence of T2DMwas indicated in Table 2.
Inmales, the adjustedORs (95%CI) of T2DMwere related
to the gradual increase of the FT3, FT4, FT3/FT4 ratios, and
TSHconcentrations as comparedwith participantswhohad
the lowest concentrations and were as follows: FT3: 0.75
(0.63 to 0.89), 0.70 (0.58 to 0.84), 0.63 (0.52 to 0.76), and
0.56 (0.46 to 0.68;P for trend,0.0001); FT4: 1.05 (0.87 to
1.27), 1.16 (0.96 to 1.40), 1.09 (0.90 to 1.31), and 1.29
(1.07 to 1.56;P for trend=0.01); FT3/FT4 ratios: 0.69 (0.58
to 0.83), 0.72 (0.60 to 0.86), 0.59 (0.48 to 0.71), and 0.55
(0.46 to 0.66;P for trend, 0.0001); andTSH: 0.89 (0.74 to
1.08), 0.94 (0.78 to 1.13), 0.76 (0.63 to 0.92), and 0.80
(0.67 to 0.97; P for trend = 0.01). In females, the adjusted
ORs between FT3, FT4, FT3/FT4 ratios, TSH, and the
prevalence of T2DMwere as follows: FT3: 1.00, 0.97 (0.72

to 1.30), 0.91 (0.67 to 1.22), 0.71 (0.52 to 0.96), 0.63 (0.46
to 0.86; P for trend, 0.01); FT4: 1.00, 0.81 (0.58 to 1.13),
1.15 (0.84 to 1.58), 1.12 (0.81 to 1.54), and 1.54 (1.14 to
2.08; P for trend , 0.0001); FT3/FT4 ratios: 1.00, 0.79
(0.59 to 1.05), 0.56 (0.41 to 0.76), 0.64 (0.47 to 0.85), and
0.57 (0.42 to 0.78; P for trend , 0.0001); and TSH: 1.00,
1.22 (0.91 to 1.66), 0.83 (0.60 to 1.15), 0.89 (0.65 to 1.22),
and 0.82 (0.60 to 1.12; P for trend = 0.04).

We further performed a sensitivity analysis after ex-
cluding the subjects who reported taking certain medi-
cines (such as nonsteroidal anti-inflammatory drug,
estrogen, antiepileptic drugs, etc.; n = 220). However, the
relationship between TH, TSH and T2DM did not
change. The adjusted OR (95% CI) of T2DM for in-
creasing quintiles of TH and TSH for males were as
follows: FT3: 1.00 (reference), 0.75 (0.63 to 0.89), 0.70
(0.58 to 0.84), 0.63 (0.53 to 0.76), and 0.56 (0.46 to 0.69;
P for trend , 0.0001); FT4: 1.00 (reference), 1.05 (0.87
to 1.27), 1.14 (0.94 to 1.38), 1.09 (0.90 to 1.32), and 1.29
(1.07 to 1.57; P for trend = 0.01); FT3/FT4 ratios: 1.00
(reference), 0.70 (0.58 to 0.84), 0.73 (0.61 to 0.87), 0.59
(0.49 to 0.71), and 0.55 (0.46 to 0.67; P for trend

Table 1. Age-Adjusted Participant Characteristics by T2DM Status (n = 15,269)

T2DM Status (Males)

P Valuea

T2DM Status (Females)

P ValueaNo Yes No Yes

No. of subjects 7521 1449 — 5811 488 —

Age (y) 46.0 (45.8 to 46.2)b 52.2 (51.6 to 52.8) ,0.0001 45.7 (45.4 to 45.9) 54.5 (53.4 to 55.7) ,0.0001
BMI (kg/m2) 25.8 (25.7 to 25.9) 27.2 (27.0 to 27.4) ,0.0001 23.6 (23.5 to 23.6) 25.0 (24.7 to 25.2) ,0.0001
WC (cm) 90.2 (90.0 to 90.4) 94.1 (93.6 to 94.6) ,0.0001 78.7 (78.5 to 78.9) 82.4 (81.6 to 83.1) ,0.0001
TC (mmol/L) 4.9 (4.9 to 4.9) 5.0 (4.9 to 5.0) ,0.01 4.9 (4.8 to 4.9) 5.0 (4.9 to 5.1) ,0.01
LDL (mmol/L) 2.9 (2.8 to 2.9) 2.9 (2.8 to 2.9) 0.88 2.7 (2.7 to 2.8) 2.9 (2.8 to 2.9) ,0.01
HDL (mmol/L) 1.2 (1.2 to 1.2) 1.1 (1.1 to 1.1) ,0.0001 1.5 (1.5 to 1.5) 1.4 (1.3 to 1.4) ,0.0001
TG (mmol/L) 1.5 (1.5 to 1.5) 1.9 (1.8 to 1.9) ,0.0001 1.1 (1.0 to 1.1) 1.3 (1.2 to 1.3) ,0.0001
SBP (mmHg) 125.5 (125.2 to 125.9) 130.0 (129.1 to 130.8) ,0.0001 119.1 (118.7 to 119.5) 126.9 (125.5 to 128.4) ,0.0001
DBP (mmHg) 81.2 (80.9 to 81.4) 84.0 (83.4 to 84.6) ,0.0001 73.6 (73.4 to 73.9) 76.6 (75.6 to 77.5) ,0.0001
FT3 (pmol/L) 5.5 (5.4 to 5.5) 5.4 (5.3 to 5.4) ,0.0001 4.9 (4.9 to 5.0) 4.9 (4.9 to 4.9) 0.07
FT4 (pmol/L) 16.7 (16.6 to 16.7) 16.8 (16.7 to 16.9) 0.02 15.5 (15.5 to 15.6) 15.9 (15.7 to 16.0) ,0.0001
TSH (mIU/L) 1.8 (1.7 to 1.8) 1.7 (1.7 to 1.8) 0.32 2.1 (2.1 to 2.1) 2.1 (2.0 to 2.1) 0.48
FT3/FT4 ratios 0.327 (0.326 to 0.328) 0.319 (0.317 to 0.321) ,0.0001 0.318 (0.317 to 0.319) 0.309 (0.305 to 0.312) ,0.0001
Smoking

status (%)
Smoker 44.9 47.5 0.29 3.1 4.2 0.81
Ex-smoker 8.3 9.7 0.88 0.6 0.9 0.32
Nonsmoker 46.7 42.8 0.33 96.4 94.9 0.54

Drinker (%)
Everyday 7.6 7.5 0.26 0.6 1.1 0.33
Sometime 71.8 69.9 0.44 34.2 24.7 0.03
Ex-drinker 4.5 4.2 0.57 5.3 3.5 0.51
Nondrinker 16.1 18.5 0.84 59.9 70.7 0.03

Family history of
diseases (%)
CVD 41.4 44.2 0.42 40.3 44.9 0.26
Hypertension 55.0 58.1 0.09 55.4 58.2 0.42
Hyperlipidemia 8.5 15.7 ,0.0001 8.4 14.1 ,0.0001
Diabetes 34.9 53.2 ,0.0001 36.2 52.3 ,0.0001

Abbreviations: HDL, high-density lipoprotein; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure.
aAnalysis of covariance or multiple logistic regression analysis.
bGeometric mean (95% CI; all such values).
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Table 2. Adjusted Relationships of Quintiles of Serum FT3, FT4, FT3/FT4 Ratios, and TSH Concentrations to
T2DM (n = 15,269)

Quintiles of TSH (mIU/L), FT3/FT4 (pmol/L), or FT3/FT4 Ratios (Range)

P for TrendaLevel 1 Level 2 Level 3 Level 4 Level 5

Males
FT3 concentration

(pmol/L, range)
3.50 to 5.07 5.08 to 5.35 5.36 to 5.56 5.57 to 5.85 5.86 to 6.50 —

Number of subjects 1822 1843 1659 1851 1795 —

Number of diabetes 430 316 253 248 202 —

Crude Reference 0.67 (0.57 to 0.79)b 0.58 (0.49 to 0.69) 0.50 (0.42 to 0.59) 0.41 (0.34 to 0.49) ,0.0001
Age- and

BMI-adjusted
Reference 0.75 (0.63 to 0.89) 0.67 (0.56 to 0.81) 0.62 (0.52 to 0.74) 0.56 (0.46 to 0.68) ,0.0001

Multiple adjustedc Reference 0.75 (0.63 to 0.89) 0.70 (0.58 to 0.84) 0.63 (0.52 to 0.76) 0.56 (0.46 to 0.68) ,0.0001
FT4 concentration

(pmol/L, range)
11.50 to 15.08 15.09 to 16.20 16.21 to 17.23 17.24 to 18.48 18.49 to 22.69 —

Number of subjects 1802 1789 1791 1793 1795 —

Number of diabetes 309 287 292 272 289 —

Crude Reference 0.92 (0.77 to 1.10) 0.94 (0.79 to 1.12) 0.86 (0.72 to 1.03) 0.93 (0.78 to 1.11) 0.31
Age- and

BMI-adjusted
Reference 1.10 (0.91 to 1.32) 1.18 (0.98 to 1.42) 1.16 (0.96 to 1.39) 1.32 (1.10 to 1.59) ,0.01

Multiple adjustedc Reference 1.05 (0.87 to 1.27) 1.16 (0.96 to 1.40) 1.09 (0.9 to 1.31) 1.29 (1.07 to 1.56) 0.01
FT3/FT4 ratios 0.18 to 0.29 0.30 to 0.32 0.33 to 0.34 0.35 to 0.36 0.37 to 0.56 —

Number of subjects 1795 1793 1794 1794 1794 —

Number of diabetes 385 280 283 248 253 —

Crude Reference 0.68 (0.57 to 0.80) 0.69 (0.58 to 0.81) 0.59 (0.49 to 0.70) 0.60 (0.51 to 0.72) ,0.0001
Age- and

BMI-adjusted
Reference 0.70 (0.58 to 0.83) 0.71 (0.59 to 0.84) 0.58 (0.48 to 0.69) 0.54 (0.45 to 0.65) ,0.0001

Multiple adjustedc Reference 0.69 (0.58 to 0.83) 0.72 (0.60 to 0.86) 0.59 (0.48 to 0.71) 0.55 (0.46 to 0.66) ,0.0001
TSH concentration

(mIU/L, range)
0.55 to 1.22 1.23 to 1.57 1.58 to 1.97 1.98 to 2.58 2.59 to 4.78 —

Number of subjects 1795 1794 1791 1795 1795
Number of diabetes 313 275 300 261 300 —

Crude Reference 0.86 (0.72 to 1.02) 0.95 (0.80 to 1.13) 0.81 (0.67 to 0.96) 0.95 (0.80 to 1.13) 0.63
Age- and

BMI-adjusted
Reference 0.91 (0.76 to 1.09) 0.95 (0.80 to 1.14) 0.78 (0.65 to 0.94) 0.88 (0.73 to 1.05) 0.09

Multiple adjustedc Reference 0.89 (0.74 to 1.08) 0.94 (0.78 to 1.13) 0.76 (0.63 to 0.92) 0.80 (0.67 to 0.97) 0.01
Females
FT3 concentration

(pmol/L, range)
3.50 to 4.59 4.60 to 4.84 4.85 to 5.05 5.06 to 5.32 5.33 to 6.50 —

Number of subjects 1298 1280 1179 1272 1270 —

Number of diabetes 112 106 100 90 80 —

Crude Reference 0.96 (0.73 to 1.26) 0.98 (0.74 to 1.30) 0.81 (0.60 to 1.07) 0.72 (0.53 to 0.97) 0.02
Age- and

BMI-adjusted
Reference 0.99 (0.74 to 1.32) 0.95 (0.71 to 1.28) 0.74 (0.55 to 1.00) 0.65 (0.48 to 0.89) 0.01

Multiple adjustedc Reference 0.97 (0.72 to 1.30) 0.91 (0.67 to 1.22) 0.71 (0.52 to 0.96) 0.63 (0.46 to 0.86) ,0.01
FT4 concentration

(pmol/L, range)
11.50 to 14.08 14.09 to 15.08 15.09 to 15.97 15.98 to 17.15 17.16 to 22.46 —

Number of subjects 1264 1263 1250 1255 1267 —

Number of diabetes 85 72 102 95 134 —

Crude Reference 0.84 (0.61 to 1.16) 1.23 (0.91 to 1.67) 1.14 (0.84 to 1.54) 1.64 (1.24 to 2.19) ,0.0001
Age- and

BMI-adjusted
Reference 0.85 (0.61 to 1.19) 1.21 (0.89 to 1.65) 1.19 (0.87 to 1.63) 1.66 (1.24 to 2.24) ,0.0001

Multiple adjustedc Reference 0.81 (0.58 to 1.13) 1.15 (0.84 to 1.58) 1.12 (0.81 to 1.54) 1.54 (1.14 to 2.08) ,0.001
FT3/FT4 ratios 0.16 to 0.29 0.30 to 0.31 0.32 to 0.33 0.34 to 0.35 0.36 to 0.53 —

Number of subjects 1261 1259 1259 1260 1260 —

Number of diabetes 136 102 79 90 81 —

Crude Reference 0.73 (0.56 to 0.95) 0.55 (0.41 to 0.74) 0.64 (0.48 to 0.84) 0.57 (0.43 to 0.76) ,0.0001
Age- and

BMI-adjusted
Reference 0.78 (0.59 to 1.03) 0.54 (0.40 to 0.73) 0.61 (0.46 to 0.82) 0.54 (0.40 to 0.72) ,0.0001

Multiple adjustedc Reference 0.79 (0.59, 1.05) 0.56 (0.41, 0.76) 0.64 (0.47, 0.85) 0.57 (0.42, 0.78) ,0.0001
TSH concentration

(mIU/L, range)
0.55 to 1.42 1.43 to 1.89 1.90 to 2.42 2.43 to 3.13 3.14 to 4.78 —

Number of subjects 1260 1263 1256 1260 1260 —

Number of diabetes 89 119 84 96 100 —

Crude Reference 1.37 (1.03 to 1.83) 0.94 (0.69 to 1.29) 1.09 (0.80 to 1.47) 1.13 (0.84 to 1.53) 0.94
Age- and

BMI-adjusted
Reference 1.27 (0.94 to 1.71) 0.89 (0.65 to 1.23) 0.96 (0.70 to 1.31) 0.90 (0.67 to 1.23) 0.15

Multiple adjustedc Reference 1.22 (0.91 to 1.66) 0.83 (0.60 to 1.15) 0.89 (0.65 to 1.22) 0.82 (0.60 to 1.12) 0.04

T2DMwas defined as a fasting blood sugar level$126mg/dl (7.0 mmol/L), oral glucose tolerance test$200mg/dl (11.1mmol/L), HbA1c$ 48mmol/mol
(6.5%), or a history of diabetes based on the American Diabetes Association 2013 criteria.
aMultiple logistic regression analysis.
bAdjusted ORs (95% CI; all such values).
cAdjusted for age, BMI, waist circumference, smoking status, drinking status, hypertension, hyperlipidemia, and family history of cardiovascular diseases,
hypertension, hyperlipidemia, and diabetes.
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, 0.0001); and TSH: 1.00 (reference), 0.89 (0.74 to 1.08),
0.93 (0.77 to 1.12), 0.75 (0.62 to 0.91), and 0.80 (0.66 to
0.97; P for trend , 0.01). In females, the adjusted OR
(95% CI) of T2DM for increasing quintiles of TH and
TSHwere as follows: FT3: 1.00 (reference), 0.95 (0.71 to
1.29), 0.87 (0.64 to 1.18), 0.70 (0.51 to 0.95), and 0.62
(0.45 to 0.86; P for trend, 0.001); FT4: 1.00 (reference),
0.88 (0.62 to 1.24), 1.21 (0.88 to 1.68), 1.20 (0.86 to
1.66), and 1.67 (1.23 to 2.28; P for trend, 0.0001); FT3/
FT4 ratios: 1.00 (reference), 0.77 (0.57 to 1.02), 0.52
(0.38 to 0.71), 0.61 (0.45 to 0.82), and 0.53 (0.39 to 0.72;
P for trend , 0.0001); and TSH: 1.00 (reference), 1.17
(0.86 to 1.59), 0.83 (0.60 to 1.15), 0.83 (0.60 to 1.14),
and 0.77 (0.56 to 1.06; P for trend = 0.02).

Discussion

The current study has assessed the relationships between
TH, TSH, and T2DM in an adult population. The results
suggest that, after adjustment for confounding factors in
both males and females, a higher prevalence of T2DM
has a negative correlation to FT3 and a positive corre-
lation to FT4. Furthermore, a negative correlation was
observed between TSH and T2DM in males, but not in
females. To our knowledge, this study firstly demon-
strated that TH levels within reference range are signif-
icantly related to the prevalence of T2DM.

We adjusted for multiple potentially confounding
factors in our analysis. This study suggests that numerous
factors (age, sex, BMI, drinking, smoking status, family
history of some diseases) are correlated with the preva-
lence of T2DM. Because studies have shown that serum
TH and TSH levels are related to age (20) and BMI (21),
we first adjusted for these 2 variables. Adjustment for age
and BMI significantly affected the relationship between
serum FT4 levels and T2DM in males, leading us to
conclude that age and BMI are major confounding fac-
tors. We subsequently adjusted for waist circumference,
smoking status, drinking status, hypertension, hyper-
lipidemia, TC, TG [influential factors on TH and TSH
levels (22–24)], and genetic factors, such as family history
of CVD, hypertension, hyperlipidemia, and diabetes
[influential factors on T2DM (25)]. However, after these
adjustments, serum FT3 levels had a more obvious cor-
relation with T2DM in both males and females.

Several studies have explored the relationship between
TH, TSH, and insulin resistance or glucose levels. Four
cross-sectional studies reported that serum FT4 was
negatively related to insulin resistance, fasting insulin or
the homoeostasis model assessment index for insulin
resistance, whereas a positive relationship was found
between TSH and insulin resistance (26–29). Two other
cross-sectional and a small-scale case-control studies

found a positive correlation among higher T3 (30), T3 to
T4 ratio (31), FT3 and FT4 (32) levels, and high fasting
glucose levels and insulin resistance. In contrast, a cross-
sectional study showed that FT3, FT3 to FT4 ratio, and
TSH are significantly and negatively associated with
HbA1c levels in patients with T2DM (33). Although the
reasons for these discrepancies remain unclear, the dif-
ferences in confounding factors, study setting, small
sample sizes for some studies, use of T3 instead of FT3, and
the difference of outcome indicators might partly explain
the cause for conflicting results.On the other hand, to date,
few studies have illustrated the relationship between TH,
TSH, and T2DM in the general population. This study
demonstrates that T2DM is negatively related to FT3 and
positively related to FT4 in both males and females.
Further studies are necessary to explore whether these
results can also be observed in other adult populations.

Our results showed a similar relationship between TH
and T2DM in both males and females, but sex difference
was observed in the relationship between TSH and
T2DM. Still, detailed molecular mechanisms remain
unclear, because sex hormones (such as estrogen, and
testosterone, etc.) can regulate the thyroid function (34),
and estrogen levels affect the development of T2DM (35).
The difference in sex hormones may partly explain the
sex-difference in the relationship between TSH and
T2DM.However, because levels of sex hormones such as
testosterone and estrogen were not measured in this
study, further research is needed to explore this issue. In
addition, because the sample size was smaller for females
and the prevalence of T2DM was markedly lower in
females (7.7%) than in males (16.2%), the precision and
statistical power of the analysis may be lower for females.
Further large-scale population studies are required to
confirm the above findings. On the other hand, in males,
the significance of the relationship between FT3 and
T2DM started from the second quintile, but from the
fourth quintile in females. Because FT3 concentrations on
the fourth quintile in females are equivalent to the second
quintile in males, it is speculated that the increased
prevalence of T2DM depends on the concentrations of
FT3 regardless of sex. Further studies are needed to
clarify this hypothesis.

Multiple putative mechanisms could explain the re-
lationship between thyroid function and T2DM. On the 1
hand, T3 regulates hepatic gluconeogenesis and antago-
nize insulin action (36), even in the euthyroid state (28).
T3 modulates mRNA and protein expression of the glu-
cose transporter 4, adenosine monophosphate–activated
protein kinase, and acetyl coenzyme A carboxylase in
skeletal muscle (37). Furthermore, increases in plasma T3
levels impair the ability of insulin to suppress hepatic
glucose production and to increase glucose uptake in
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muscle (38). Interestingly, even subtle increases in the
levels of T3 or T4 within the physiological range have
been shown to induce insulin resistance (39). On the other
hand, inadequate insulin secretion is an early event in the
natural history of T2DM (40). There is convincing evi-
dence from independent research that T3 directly in-
creases islet b-cell mass via thyroid hormone receptor
a-dependent pathways (41). Moreover, insulin secretion
from b-cells is potentially controlled by the truncated
mitochondrial T3 receptor p43 (42). These changes have
been associated with a decrease in specific glucose
transporters, namely GLUT2 and Kir6.2, and may thus
be more broadly mediated by the control of intracellular
glucose availability, which may have implications for
other actions of T3 (5). FT3 is also a powerful inducer of
pancreatic acinar cell proliferation in rodents (43). FT3
promotes expression of important proteins involved in
both glucose and lipid metabolism that may influence
insulin secretion (44). Finally, an interaction between
TSH and insulin sensitivity has been proposed by several
studies (45). Nonetheless, no direct effect of insulin or
insulin resistance on thyroid function in humans has yet
been demonstrated.

Interestingly, the current study has also found a strong
and inverse link between the FT3/FT4 ratios and T2DM.
It is known that TSH upregulates deiodinase expression
and activity (46, 47). Higher peripheral deiodinase ac-
tivity increases conversion of FT4 to FT3 (15, 16, 48).
Thus, FT3/FT4 ratios can be considered an indicator of
peripheral deiodinase activity. Because the inhibition of
peripheral deiodinase activity lowers basal metabolic rate
(48, 49), and basal metabolic rate is closely related to the
pathogenesis of T2DM, it is possible that the FT3/FT4
ratios were inversely related to T2DM because of
the regulation of basal metabolic rate by deiodinase-
mediated TH signaling (49). In contrast, 3 small-scale
cross-sectional studies reported that the FT3/FT4 ratio
positively correlates with the homeostasis model assess-
ment for insulin resistance in obese adolescents with
nonalcoholic fatty liver disease (n = 200) (15), with both
waist circumference and BMI in obese women aged 18 to
68 years (n = 201) (17), and with nonalcoholic fatty liver
disease in patients with euthyroidism or hypothyroidism
(n = 115) (16). The differences in population and sample
size may be the cause for the observational discrepancies
between the aforementioned studies and the current
study. Furthermore, a recent study suggested that as TSH
levels increase, FT3/FT4 ratios increase until age 40, but
this differential increase does not occur in older age
groups (50). Based on this finding, we performed a
stratified analysis to ascertain whether age (,40 years
or $40 years) confounds the relationship between FT3/
FT4 ratios and T2DM. However, in the final multiple

logistic regression model, similar results were observed in
subjects from different age groups (P for interaction = 0.54
in males and 0.58 in females). Therefore, we speculated
that although agemediates the TSH regulation of FT3/FT4
ratios, FT3/FT4 ratios are significantly related to T2DM
independent of age. Further studies are needed to explore
the potential mechanisms underlying this association.

The current study has several limitations. Firstly, this is a
cross-sectional study, which is impossible to infer causality.
Further cohort studies and intervention trials should be
undertaken to establish a causal relationship between TH
and T2DM. However, the present large-scale cross-
sectional study supports the important hypothesis that
TH levels even within the euthyroid range, may contribute
to the development of T2DM in the general population.
Secondly, because this population-based study was carried
out among apparently healthy adult population, and only
euthyroid subjects were included in the final analysis, only
1 serum TH test and 1 TSH test were measured in this
study. Therefore, further high-quality research is necessary
to confirm these results. Thirdly, althoughwe adjusted for a
considerable number of potentially confounding factors,
we cannot exclude the possibility that T2DM is affected by
other lifestyle variables including supplementation of io-
dine, which is intrinsically related to TH levels. Thus, a
well-designed randomized controlled trial is required to
verify these results. Finally, although the participants with
thyroid disease were excluded, serum thyroperoxidase
antibodies levels were not routinely checked in the general
population. Therefore, we cannot fully exclude the possi-
bility that the relationship between the categories of TH,
TSH, and T2DM is affected by these patients with positive
thyroperoxidase antibodies.

Conclusion

Decreased FT3 and FT3/FT4 ratios and increased FT4
levels were independently related to the prevalence of
T2DM among the adult population. A significantly
negative relationship between TSH and T2DM was
observed in males but not in females. Future studies
should be aimed at clarifying the cause-and-effect re-
lationship between TH and T2DM.

Acknowledgments

The authors gratefully acknowledge all the people that have
made this study.

Address all correspondence and requests for reprints to:
Kaijun Niu, Nutritional Epidemiology Institute and School of
Public Health, TianjinMedical University, 22 Qixiangtai Road,
Heping District, Tianjin 300070, China. E-mail: nkj0809@
gmail.com or niukaijun@tmu.edu.cn.

440 Gu et al Thyroid Function and Type 2 Diabetes Mellitus J Clin Endocrinol Metab, February 2017, 102(2):434–442

mailto:nkj0809@gmail.com
mailto:nkj0809@gmail.com
mailto:niukaijun@tmu.edu.cn


This study was supported by grants from the National
Natural Science Foundation of China (No. 81302422,
81673166, 81372118 and 81372467), the key technologies
R&D program of Tianjin (Key Project: No. 11ZCGYSY05700,
12ZCZDSY20400, 13ZCZDSY20200, and 15YFYZSY00020),
the National Science and Technology Support Program (No.
2012BAI02B02), 2012 and 2016 Chinese Nutrition Society
(CNS) Nutrition Research Foundation—DSM Research Fund
(No. 2014-071 and 2016-046), the Technologies development
program of Beichen District of Tianjin (No. bcws2013-21 and
bcws2014-05), the technologies project of Tianjin Binhai New
Area (No. 2013-02-04 and 2013-02-06), the Science Foun-
dation of Tianjin Medical University (No. 2010KY28 and
2013KYQ24), the Key Laboratory of Public Health Safety
(Fudan University), Ministry of Education (No. GW2014-5),
and the National Training Programs of Innovation and Entre-
preneurship for Undergraduates (No. 201510062013), China.

Disclosure Summary: The authors have nothing to disclose.

References

1. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U,
Shaw JE. Global estimates of diabetes prevalence for 2013 and
projections for 2035.Diabetes Res Clin Pract. 2014;103(2):137–149.

2. Leon BM, Maddox TM. Diabetes and cardiovascular disease:
Epidemiology, biologicalmechanisms, treatment recommendations
and future research. World J Diabetes. 2015;6(13):1246–1258.

3. Hua F, Yu JJ, Hu ZW. Diabetes and cancer, common threads and
missing links. Cancer Lett. 2016;374(1):54–61.

4. YangW, Lu J, Weng J, Jia W, Ji L, Xiao J, Shan Z, Liu J, Tian H, Ji
Q, ZhuD, Ge J, Lin L, Chen L, GuoX, ZhaoZ, Li Q, ZhouZ, Shan
G, He J; China National Diabetes and Metabolic Disorders Study
Group. Prevalence of diabetes among men and women in China.
N Engl J Med. 2010;362(12):1090–1101.

5. Iwen KA, Schröder E, Brabant G. Thyroid hormones and the
metabolic syndrome. Eur Thyroid J. 2013;2(2):83–92.

6. Bahi L, Garnier A, Fortin D, Serrurier B, Veksler V, Bigard AX,
Ventura-Clapier R. Differential effects of thyroid hormones on
energy metabolism of rat slow- and fast-twitch muscles. J Cell
Physiol. 2005;203(3):589–598.

7. Dimitriadis G, Mitrou P, Lambadiari V, Boutati E, Maratou E,
Panagiotakos DB, Koukkou E, Tzanela M, Thalassinos N, Raptis
SA. Insulin action in adipose tissue and muscle in hypothyroidism.
J Clin Endocrinol Metab. 2006;91(12):4930–4937.

8. Maratou E, Hadjidakis DJ, Kollias A, Tsegka K, Peppa M,
Alevizaki M, Mitrou P, Lambadiari V, Boutati E, Nikzas D,
TountasN, Economopoulos T, Raptis SA, Dimitriadis G. Studies of
insulin resistance in patients with clinical and subclinical hypo-
thyroidism. Eur J Endocrinol. 2009;160(5):785–790.

9. Oda T, Taneichi H, Takahashi K, Togashi H, Hangai M,
Nakagawa R, OnoM, Matsui M, Sasai T, Nagasawa K, Honma
H, Kajiwara T, Takahashi Y, Takebe N, Ishigaki Y, Satoh J.
Positive association of free triiodothyronine with pancreatic b-cell
function in people with prediabetes. Diabet Med. 2015;32(2):
213–219.

10. KimTK, Lee JS, JungHS,HaTK,KimSM,HanN, Lee EJ, KimTN,
Kwon MJ, Lee SH, KimMK, Rhee BD, Park JH. Triiodothyronine
induces proliferation of pancreatic b-cells through theMAPK/ERK
pathway. Exp Clin Endocrinol Diabetes. 2014;122(4):240–245.

11. Sternberg RM, Thoemke KR, Korte JJ,Moen SM,Olson JM, Korte
L, Tietge JE, Degitz SJ, Jr. Control of pituitary thyroid-stimulating
hormone synthesis and secretion by thyroid hormones during
Xenopus metamorphosis. Gen Comp Endocrinol. 2011;173(3):
428–437.

12. American Diabetes Association. Standards of medical care in di-
abetes: 2013. Diabetes Care. 2013;36(Suppl 1):S11–S66.

13. Porcu E, Medici M, Pistis G, Volpato CB,Wilson SG, Cappola AR,
Bos SD, Deelen J, den Heijer M, Freathy RM, Lahti J, Liu C, Lopez
LM, Nolte IM, O’Connell JR, Tanaka T, Trompet S, Arnold A,
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16. Gökmen FY, Ahbab S, Ataoğlu HE, Türker BC, Çetin F, Türker F,
MamaçRY,YenigünM. FT3/FT4 ratio predicts non-alcoholic fatty
liver disease independent of metabolic parameters in patients with
euthyroidism and hypothyroidism. Clinics (Sao Paulo). 2016;
71(4):221–225.

17. De Pergola G, Ciampolillo A, Paolotti S, Trerotoli P, Giorgino R.
Free triiodothyronine and thyroid stimulating hormone are directly
associated with waist circumference, independently of insulin re-
sistance, metabolic parameters and blood pressure in overweight
and obese women. Clin Endocrinol (Oxf). 2007;67(2):265–269.

18. Davies PH, Franklyn JA. The effects of drugs on tests of thyroid
function. Eur J Clin Pharmacol. 1991;40(5):439–451.

19. Hamed SA. The effect of antiepileptic drugs on thyroid hormonal
function: causes and implications. Expert Rev Clin Pharmacol.
2015;8(6):741–750.

20. Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH,
Franklyn JA, Hershman JM, Burman KD, Denke MA, Gorman C,
Cooper RS, Weissman NJ. Subclinical thyroid disease: scientific
review and guidelines for diagnosis andmanagement. JAMA. 2004;
291(2):228–238.

21. KnudsenN, Laurberg P, Rasmussen LB, Bülow I, Perrild H,Ovesen
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