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Introduction

Abstract

Gestational Diabetes Mellitus (GDM) and abnormal thyroid
function are two common endocrine disorders occurring during
pregnancy. In this study, we evaluated the correlation between the
levels of different thyroid hormones and blood glucose control in
pregnant women with diet-controlled GDM. Mid-pregnancy serum
samples were obtained from 439 participants with GDM controlled
by diet for analyses of thyroid function. A 2-h 75-g oral glucose tol-
erance test was used to evaluate the effect of blood glucose con-
trolled by diet. According to blood glucose levels before and 2h
after a meal, mothers were grouped into GDM-A1 (<5.3mmol/L,
<6.7mmol/L, respectively) and GDM-A2 (>5.3 mmol, >6.7mmol/L,
respectively) and these groups were compared to the associated
thyroid levels using multivariate logistic regression analysis. Our re-
sults show that fT3 was positively associated with GDM-A2. The ad-
justed odds ratio (95% confidence interval) comparing the highest
and lowest fT3 quartile was 3.12 (1.66, 15.87) at the second trimes-
ter. Neither TSH nor fT4 was significantly associated with GDM-A2.
Higher FT3 levels during the second trimester of pregnancy are a
risk for GDM-A2 incidence. This provides new ideas for the control
of GDM.

Keywords: Blood glucose self-monitoring; Diet; Gestational dia-
betes mellitus; Second pregnancy trimester; Thyroxine; Triiodonine

Gestational Diabetes Mellitus (GDM) and abnormal thyroid
function are two common endocrine disorders occurring during
pregnancy. During pregnancy, the size of the pregnant woman'’s
thyroid increases by 10-40%, and the production of thyroid hor-
mone increases by approximately 50% [1]. However, pregnant
women with GDM have a higher incidence of thyroid disease
than healthy individuals [2,3]. Insulin resistance and changes in
carbohydrate metabolism are related to abnormal thyroid func-
tion [4,5]. Blood glucose levels during pregnancy are affected by
various physiological hormones, which in turn are affected by
thyroid hormones [6]. Therefore, abnormal thyroid hormones
during pregnancy increase the risk of GDM [7-10].

GDM can be controlled by diet or insulin. Poor blood glucose
control in women with GDM is also associated with poor neo-
natal prognosis and perinatal outcome [11,12]. Women with
GDM with good glycemic control do not have increased risks
of adverse maternal or neonatal outcomes [13,14]. Therefore,
the effect of GDM control is particularly important. However,
the effect of abnormal thyroid function on the control of GDM
remains unknown.

In this study, we evaluated the correlation between the lev-
els of different thyroid hormones (free triiodothyronine [fT3],
free thyroxin [fT4], and Thyroid-Stimulating Hormone [TSH])
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with the control of blood glucose in pregnant women with GDM
that was controlled by diet.

Materials and Methods
Study Population and Data Collection

This study was approved by the Ethics Committee of the
Jiangning Hospital, Nanjing, Jiangsu Province. This study was
performed in accordance with the principles of the Declaration
of Helsinki. Written informed consent was obtained from each
woman with GDM at screening, and the patients agreed that
their clinical data would be used for research purposes. This is a
retrospective study including women with GDM at their second
trimester antenatal screening and who planned to deliver at
the Nanjing Jiangning Hospital from January 2018 to December
2019. Patients meeting the following criteria were included: 1)
a single pregnancy; 2) complete data of a 2-h 75-g Oral Glucose
Tolerance Test (OGTT) until deliver; and 3) delivery in the Nan-
jing Jiangning Hospital. Patients meeting the following criteria
were excluded: 1) Diabetes before pregnancy; 2) Polycystic
Ovary Syndrome (PCOS); 3) Personal history of thyroid disease;
4) Goiter; 5) Taking hormone drugs affecting thyroid function
before or during pregnancy; 6) Multiple pregnancy; or 7) Incom-
plete medical data.

The Medical data of patients were obtained from databases.
Approximately 717 pregnant women diagnosed with GDM in a
second trimester antenatal screening were initially included in
this study, and the following patients were excluded: 5 patients
with diabetes history, 11 with history of thyroid disease, 6 with

Obstetrics and American Diabetes Association criteria [15,16].
Women with blood glucose levels <5.3 and <6.7mmol/L before
and 2h after a meal, respectively, were defined as GDM-A1 with
well-controlled blood sugar. Patients with pre-meal blood glu-
cose levels >5.3mmol/L or 2-h postprandial blood glucose levels
>6.7 mmol/L were classified as GDM-A2 with poor blood glu-
cose control. These blood glucose levels were evaluated by a
2-h 75-g oral glucose tolerance test.

Statistical Analysis

All statistical analyses were performed using SAS software
(SAS Institute Inc., Cary, NC). A two-tailed Student’s t-test analy-
sis and a Pearson’s x? test of variance were used to evaluate
the statistical significance of the measurement data. The re-
lationship between thyroid hormone levels and GDM control
was evaluated with Multivariate logistic regression. Odds Ratios
(ORs) and 95% confidence intervals (95% Cls) are used to repre-
sent the results. Differences were considered to be statistically
significant at P values <0.05.

Results
Clinical Characteristics of the Participants

The incidence of GDM-A2 tended to increase with age
among the participants. The incidence of GDM also increased
with increasing pre-pregnancy Body Mass Index (BMI). There
were statistically significant differences in fetal weight and Fast-
ing blood glucose (Fbg) (Table 1).

Table 1: Comparison of the clinical characteristics among women
with GDM-A1 and GDM-A2.

a history of thyroid disease, 12 taking drugs affecting thyroid AL(%) A2(%) p
function, 4 cases of twins, 3 with PCOS, 82 without OGTT re- | Age(years) 0.275
sults, and 111 with an incomplete medical record. Ultimately, | <25 25(8.48) 18(12.50)
439 GDM women were included. The participants were fol- 25-29 123(41.69) 50(34.72)
| d | deli The ch ictics of th q | 30-34 89(30.17) 41(28.47)
gwe up unti .e ivery. The ¢ .arac.terlstlcso the study popula- 5o 58(19.66) 35(24.31)
tion are shown in a flow chart in Figure 1. Pre-pregnancy BMI(kg/m?) 0.019
: <185 24(8.13) 7(4.86)
A total of 717 cases were registerad
N 18.5-23.9 190(64.41) 79(54.86)
T s 224 81(27.46) 58(40.28)
| .
} Pre-pregnancy diabates A family histary of thyroid disease : PrEgnach times 0.857
| n=50.00%) n=114153%) : 1 93(31.53) 42(29.17)
i Multipls pragnancy Taking hormone drugs that affectthyrod | | 2 90(30.51) 44(30.56)
| n =4 (0.56%) n =12 (1.67%) ! >3 112(37.97) 58(40.28)
} PCOS Priar diagnosis of thyroid diseases : Parity 0.509
! Rl ks e : 1 142(48.14) 61(42.36)
} Did not perform OGTT Incompiate medical records : 2 150(50.85) 81(56.25)
! n = 104 (14 50%) n =133 (18.55%) i 3 3(1.02) 2(1.39)
e sl ; Delivery method 0.226
439 cases (61.23%) were finally included Vaginal delivery 154(52.20) 84(58.33)
Cesarean section 141(47.80) 60(41.67)
Figure 1: The characteristics of the study population are shown in Gestational week(weeks) 0.483
a flow chart. <37 12(4.07) 8(5.56)
Thyroid Hormone Level Test 37-42 283(95.93) 136(94.44)
Fetal sex 0.405
At the second antenatal visit (gestational age: 24-28 weeks), Male 156(52.88) 68(47.22)
. . Female 139(47.12) 76(52.78)
maternal serum samples were collected in 10-ml vacutainer Birth weight(ke)
tubes, centrifuged with 2000rpm for 10 minutes and stored in | 5509 3(1.02) 3(2.08) 0.001%
aliquots at —80°C until analyzed. Utilizing the electrochemilumi- 2500-4000 271(91.86) 115(79.86)
nescence immunoassay method, levels of plasma TSH (mIU/L), >4000 21(7.12) 26(18.06)
. *
fT3 (pmol/L), and fT4 (ng/dL) were measured with Roche re-  Fg(mmol/L) 0.002
. . . . <5.10 154(52.20) 52(36.11)
agents (Roche Diagnostics, Indianapolis, IN) on the Roche Cobas 5510 141(47.80) 92(63.89)
e602 analyzer. All assays were performed according to manu- 1., Gly(mmol/L)
facturer’s specifications. <10.0 188(63.73) 92(63.89) 0.791
210.0 107(36.27) 52(36.11)
Classification of GDM 2-h Glu(mmol/L) 0.63
) ) ) <8.5 169(57.29) 79(54.86)
Pregnant women diagnosed with GDM controlled by diet | >g5 126(42.71) 65(45.14)
according to the International Federation of Gynecology and BMI: Body Mass Index; Fbg: Fasting Blood Glucose; 1-h Glu: 1-h Postprandial

Glucose Level; 2-h Glu: 2-h Postprandial Glucose.
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Thyroid Hormone Levels in the Second Trimester in Women
with GDM-A1 and GDM-A2

The levels of fT3 in mid-pregnancy were significantly higherin
women with GDM-A2 than in women with GDM-A1 (P<0.0001).
The difference in TSH and fT4 levels was not significantly differ-
ent between the groups (Table 2).

Correlation Analysis between Different Thyroid Hormone
Levels and the Risk of GDM-A2 in Mid-Pregnancy

We used a logistic regression analysis to investigate whether
the levels thyroid hormone in mid-pregnancy affected the risk
of GDM-A2 as shown in Table 3. The results showed that before
adjusting for age, BMI, and delivery method, a fT3 level >3.89
pmol/L increased the risk of GDM-A2. After adjustment, using
an fT3 level between 4.29 and 4.63pmol/L as a reference, we
found that higher fT3 levels were associated with a increased
risk of GDM-A2 (Table 3).

Relationship between GDM-A2 Clinical Parameters and fT3
and fT4 Levels

In patients with GDM-A2, fT3 and fT4 levels were associated
with age. The fT3 level decreased with increasing age, while the
fT4 level increased with increasing fasting blood glucose levels
(>5.1mmol/L) in the second trimester (Table 4).

Table 2: Comparison of thyroid hormone level in second trimester
between women with GDM-A1 and GDM-A2.

A1(n=295) A2(n=144) P
fT3, pmol/L 4.22(3.81,4.54) 4.42(4.01,4.74) 0.001
T4, pmol/L 12.99(11.84, 1 4.93) 12.82(11.45,14.54)  0.26
TSH, mIU/L 1.85(1.39, 2.70) 1.99(1.38,2.73) 0.435

fT3: free T3; fT4: free T4; TSH: Thyroid-stimulating hormone.Data are
presented as median(25" and 75" percentile).

Table 3: Adjusted odds ratio(95% confidence interval) for GDM-A2 ac-
cording to quartiles of thyroid markers at gestational weeks 24-28.

Al(n) A2(n) Crude model P Mu‘:’:;i:lble* P
fT3, pmol/L

2.86-3.88 86 26 Ref Ref
3.89-4.28 74 34 | 1.52(1.17,2.06) 0.008 1.61(0.86,3.01) 0.139
4.29-4.63 73 35 | 1.60(1.19,2.17) 0.002  1.73(0.93,3.24) 0.086
4.64-6.61 62 49 | 2.61(1.953.46) 0  3.12(1.66,5.87) 0
P for trend 0 0.005
fT4, pmol/L
7.44-11.70 | 66 41 Ref
11.71-12.98 = 80 33 | 0.66(0.38,1.17) 0.154 0.55(0.30,1.01) 0.053
12.99-14.57 | 72 38 | 0.85(0.49,1.49) 0.564 0.69(0.38,1.24) 0.211
14.58-20.72 77 32 | 0.67(0.38,1.18) | 0.165 | 0.45(0.24,0.84) | 0.12
P for trend 0.413 0.072
TSH, mIU/L
0.015-1.39 74 37 Ref Ref
1.40-1.91 78 32 | 0.82(0.46,1.45) 0.671 0.88(0.48,1.60) 0.082
1.92-2.69 69 39 | 1.13(0.65,1.97) 0.528 1.21(0.67,2.17) 0.158
2.70-10.39 | 74 36 | 0.97(0.56,1,71) 0.913 | 0.97(0.97,1.75)  0.63
P for trend 0.745 0.756

fT3: free T3; fT4: free T4; TSH: Thyroid-stimulating hormone.
‘Adjusted for maternal age(years), pre-pregnancy body mass index.

Discussion

In this study, we provide evidence that thyroid function in the
second trimester of pregnancy may be an indicator for assess-
ing GDM control. An increased FT3 level was associated with a
risk of poor GDM control, even after adjusting for potential con-
founders, such as pre-pregnancy BMI. Pre-pregnancy BMI and
fasting blood glucose levels in the second trimester also corre-
lated with the control of GDM. The birth weight was greater in
patients with poor control of GDM than in patients with good
control of GDM. In patients with GDM-A2, the fT3 and fT4 levels
were associated with age. The fT3 level decreased with an in-
crease in age. The fT4 level increased with an increased fasting
blood glucose level(=5.1mmol/L) in the second trimester.

BMI is an independent risk factor for GDM [17]. Obesity
increases the risk of GDM and pre-eclampsia during pregnan-
cy and increases the risk of metabolic syndrome in later life,
strengthening the importance of weight control in women of
childbearing age [18,19]. The risk of GDM is positively corre-
lated with central obesity in pregnant women [20]. Obesity and
obesity-related gene polymorphisms are associated with the
risk of GDM, thus providing clues to study the mechanism of
GDM [21]. The epidemiological association between GDM and
dyslipidemia is caused by obesity in pregnant women, women
with GDM are more likely to be obese, and the OR of dyslipid-
emia in women with obesity alone or with GDM only was not
increased [22].

Previous studies mostly investigated the relationship be-
tween thyroid function in early pregnancy and the onset of
GDM [10,23]. Among most pregnant women with GDM, the
condition can be controlled by daily diet, and the condition is
poorly controlled among some [15,16]. Poorly controlled GDM
is more likely to have adverse neonatal outcomes [24]. In this
study, the birth weight >4200kg of women with GDM-A2 was
significantly more than that of fetus of women with GDM-A1.
Low fT4 levels in the second trimester are related to the patho-
logical process of GDM, but the role of fT3 in GDM is controver-
sial. Some studies have indicated that low fT3 levels are related
to GDM, while others consider that high fT3 levels are related
to GDM [7,8,25]. In this study, high FT3 levels are correlated
with the control of GDM, but FT4 not. Decreased free thyroid
hormone levels in the normal range are associated with high
glucose and insulin resistance [26]. In the present study, poor
GDM control was associated with elevated fT3 levels, and the
relationship between blood glucose and fT4 levels at 2h after
a meal was stronger. Among the two thyroid hormones T3 and
T4, T4 is considered to be the precursor of the biologically ac-
tive form of T3. Eighty percent of T3 is derived from the conver-
sion of T4 under the action of two deiodinases, and the rest is
directly secreted by the thyroid. T3 is the main bioactive form
for maintaining blood sugar homeostasis [27,28]. With age, the
FT3 value of women and adults decreases, while the FT4 value
remains stable [29]. This finding is consistent with our research.

There are some limitations still be noted in the study, (1) This
is a retrospective single-centre study, which may result in selec-
tion bias. (2) The critical value of this study has not been verified
in other study. Therefore, it is necessary to conduct a larger-
scale multi-center clinical study to verify our research results.

In summary, this study suggested that a higher fT3 level may
be involved in the control of GDM. The results of the study are
limited by the small sample size and further studies of larger
samples are needed.
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Table 4: Relationship between GDM-A2 clinical parameters and fT3 and fT4 levels.

FT3 P FT4 p TSH P

Age(years) 0.035 0.02 0.759
<25 4.74(4.22-4.94) 12.61(11.71- 15.19) 1.61(1.31-2.32)

25-29 4.47(4.11-4.97) 13.50(12.59-14.77) 1.86(1.37-2.93)

30-34 4.33(3.81-4.61) 11.97(11.20-13.39) 2.03(1.38-2.76)

>35 4.29(3.94-4.69) 12.74(11.12-14.16) 2.16(1.60-2.56)
Pre-pregnancy BMI(kg/m?) 0.984 0.606 0.889
<18.5 4.56(4.05-4.82) 12.61(12.41-13.51) 1.89(1.43-2.43)

18.5-23.9 4.42(4.08-4.79) 12.61(11.55-14.10) 2.02(1.42-2.71)

>24 4.39(4.01-4.71) 13.26(11.44-14.54) 1.97(1.28-2.81)

Pregnancy times 0.186 0.325 0.108
1 4.33(3.96-4.82) 13.05(11.71-14.54) 1.99(1.43-2.86)

2 4.60(4.11-4.97) 13.11(11.83-14.67) 2.11(1.45-3.79)

>3 4.35(3.99-4.66) 12.57(11.1-14.16) 1.94(1.26-2.45)

Parity 0.158 0.985 0.634
1 4.48+0.56 13.06%2.37 2.41+1.77

22 4.35+0.51 13.04+1.96 2.33+1.29

Delivery method 0.718 0.263 0.94
Vaginal delivery 4.42+0.49 13.23+2.01 2.41+1.72

Cesarean section 4.39+0.58 12.87+2.22 2.29+1.35

Gestational week(weeks) 0.831 0.124 0.483 0.148
<37 4.38+0.34 11.78+2.21 1.91+1.33

37-42 4.40+0.55 13.09+2.12 2.37+1.52

Fetal sex 0.156 0.538 0.238
Male 4.47+0.55 13.11+2.04 2.49+1.63

Female 4.34+0.53 12.94+2.23 2.21+1.40

Birth weight(kg) 0.319 0.072 0.256
<2500 4.04(3.93-4.11) 10.70(9.37-12.34) 2.35(1.70-3.20)

2500-4000 4.39(4.06-4.73) 13.00(11.75-14.54) 1.56(1.42-2.73)

>4000 4.56(3.924-4.82) 11.71(11.03-13.38) 1.89(1.38-2.65)
Fbg(mmol/L) 0.664 0.112 0.555
<5.10 4.37+0.53 12.58+1.98 2.27+1.09

25.10 4.42+0.55 13.27+2.19 2.38+1.71

1-h Glu(mmol/L) 0.695 0.22 0.628
<10.0 4.42+0.56 13.22+2.19 2.47+1.75

210.0 4.37+0.51 12.64+2.06 2.09+0.89

2-h Glu(mmol/L) 0.35 0.002 0.814
<8.5 4.45+0.56 13.55+2.16 2.45+1.80

28.5 4.34+0.51 12.38+1.93 2.21+1.07

BMI: Body Mass Index; Fbg: Fasting Blood Glucose; 1-h Glu: 1-h Postprandial Glucose; 2-h Glu: 2-h Postprandial Glucose.
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