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Abstract
Background  Limited evidence exists regarding the association between gestational diabetes mellitus (GDM) 
and elevated levels of thyroid-stimulating hormone (TSH) in newborns. Therefore, this study aimed to investigate 
the potential risk of elevated TSH levels in infants exposed to maternal GDM, considering the type and number of 
abnormal values obtained from the 75-gram oral glucose tolerance test (OGTT).

Methods  A population-based, prospective birth cohort study was conducted in Wuhan, China. The study included 
women who underwent GDM screening using a 75-g OGTT. Neonatal TSH levels were measured via a time-resolved 
immunofluorescence assay. We estimated and stratified the overall risk (adjusted Risk Ratio [RR]) of elevated TSH levels 
(defined as TSH > 10 mIU/L or > 20 mIU/L) in offspring based on the type and number of abnormal OGTT values.

Results  Out of 15,236 eligible mother-offspring pairs, 11.5% (1,753) of mothers were diagnosed with GDM. Offspring 
born to women diagnosed with GDM demonstrated a statistically significant elevation in TSH levels when compared 
to offspring of non-GDM mothers, with a mean difference of 0.20 [95% CI: 0.04–0.36]. The incidence of elevated TSH 
levels (TSH > 10 mIU/L) in offspring of non-GDM women was 6.3 per 1,000 live births. Newborns exposed to mothers 
with three abnormal OGTT values displayed an almost five-fold increased risk of elevated TSH levels (adjusted RR 4.77 
[95% CI 1.64–13.96]). Maternal fasting blood glucose was independently and positively correlated with neonatal TSH 
levels and elevated TSH status (TSH > 20 mIU/L).

Conclusions  For newborns of women with GDM, personalized risk assessment for elevated TSH levels can be 
predicated on the type and number of abnormal OGTT values. Furthermore, fasting blood glucose emerges as a 
critical predictive marker for elevated neonatal TSH status.
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Background
Congenital hypothyroidism (CH), a neonatal metabolic 
disorder marked by inadequate thyroid hormone syn-
thesis, which is a major metabolic anomaly in newborns 
with potential irreversible neurodevelopmental impacts if 
undiagnosed [1, 2]. Newborn screening protocols target-
ing thyroid-stimulating hormone (TSH) levels have been 
effective in early CH detection [3–5]. Elevated TSH levels 
in neonates are linked to detrimental effects on brain and 
neurological development [6]. Identifying early indica-
tors of elevated TSH in newborns is crucial for reducing 
the global health burden of CH.

Gestational diabetes mellitus (GDM), characterized by 
glucose intolerance during pregnancy, is associated with 
adverse perinatal outcomes like neonatal hypoglycemia 
and respiratory distress [7–9]. Studies suggest a correla-
tion between GDM and elevated TSH levels in newborns, 
but research in this area is limited by outdated publica-
tion dates, small sample sizes, case-control study designs 
and inadequate control for potential confounding factors 
[10, 11]. Additionally, the use of a GDM diagnosis alone 
as the primary factor in studying its link with future dis-
ease risks is inadequate, as it doesn’t fully account for 
the severity or specific characteristics of maternal blood 
sugar abnormalities during pregnancy, like varying fast-
ing or postprandial glucose levels [12]. The oral glucose 
tolerance test (OGTT) has gained prominence as a tool 
for predicting maternal and fetal outcomes, proven use-
ful in assessing risks of maternal type 2 diabetes, type 1 
diabetes in children, and cognitive decline in the elderly 
[13–15]. However, the effectiveness of OGTT in specifi-
cally predicting the risk of elevated neonatal TSH levels 
in offspring of women with GDM is still uncertain.

Given the limited and inconsistent literature, a pro-
spective birth cohort study with a detailed assessment 
of potential confounders was warranted. In the pres-
ent study, we prospectively investigated the association 
between the results of OGTT, based on the type and 
number of abnormal values, and the levels of TSH, as 
well as the risk of elevated TSH status in neonates born 
to women diagnosed with GDM. Further, we examined 
the independent effect of different OGTT values on TSH 
status.

Materials and methods
Study design and participants
This study is based on the prospective birth cohort car-
ried out in Wuhan, China. The cohort design has previ-
ously been published elsewhere [16]. A total of 21,472 
pregnant women were recruited from September 2012 to 
October 2019. Each participant was required to complete 
a structured questionnaire at enrollment and provide 
urine and blood samples before delivery. Women with 
missing data for the 75-g 2-hour OGTT (n = 5,147), those 

with pre-existing or prenatal thyroid disorders or medi-
cations for thyroid treatment (n = 85), individuals with 
missing demographic data (n = 219), and infants with 
missing neonatal TSH data (n = 785) were excluded from 
the analysis (see Figure S1).

Diagnosis of GDM
Participants in the study, who did not have a prior history 
of type 1 or type 2 diabetes, were subjected to a universal 
GDM screening using a 75-g OGTT conducted between 
24 and 28 weeks of gestation. The diagnosis of GDM 
adhered to the guidelines established by the International 
Association of Diabetes and Pregnancy Study Groups 
(IADPSG) [17]. According to these guidelines, the fol-
lowing cutoff values were used for OGTT: fasting ≥5.1 
mmol/L (92 mg/dL); 1-hour ≥ 10.0mmol/L (180 mg/dL); 
2-hour ≥ 8.5 mmol/L (153 mg/dL). GDM was defined as 
one or more abnormal OGTT values. None of the preg-
nant women with GDM in this study received medica-
tions or insulin therapy.

Exposures
The main exposures of interest were the type (fasting, 
1-hour, or 2-hour) of the 75-g OGTT and the number 
of abnormal values detected (zero, one, two, or three) 
according to the IADPSG criteria.

TSH status
Newborn screening for CH involves testing the levels of 
TSH in the heel blood sample taken 48–72 h after birth. 
Newborn TSH levels were measured using the time-
resolved immunofluorescence assay method. However, 
there is ongoing debate regarding the optimal cutoff 
values for accurately detecting CH in newborns. There-
fore, in our analysis, we defined TSH status based on two 
threshold levels: TSH levels > 10 mIU/L and > 20 mIU/L 
[18, 19].

Covariates
We collected data on maternal demographics, socio-
economic status, and lifestyle characteristics through 
a structured questionnaire before recruitment. The 
variables included maternal age, gestational week, edu-
cational level (≤9/10–12/13–15/≥16 schooling years), 
physical activity (Never or rarely, 1–2 days/week, 3–4 
days/week, 5–6 days/week, Daily), smoking status (yes/
no), alcohol drinking (yes/no), multiparity (yes/no) and 
gravidity (1/2/≥2). The delivery information was derived 
from electronic health records, including child sex (male/
female), cesarean delivery (yes/no) and birth weight. 
The pre-pregnancy BMI was determined by dividing the 
pre-pregnancy weight in kilograms by the square of the 
height in meters. To calculate gestational weight gain, the 
weight at the time of admission for delivery is subtracted 
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from the pre-pregnancy weight. The variable adjustment 
sets were determined based on previous studies [20–22] 
and a directed acyclic graph (DAG).

Statistical analysis
Frequencies and descriptive statistics were used to sum-
marize the baseline characteristics of the participants. 
Mean ± SD was presented for continuous variables with 
normal distributions, while median and interquartile 
range (25th–75th percentile) was used for those with 
skewed distributions. Local regression (LOESS) methods 
were applied to fit the data and generate spline plots with 
95% confidence intervals (CIs) for TSH and TSH status 
as dependent variables and OGTT values (fasting, 1-hour 
and 2-hour) as independent variables in an unadjusted 
analysis. The incidence of elevated TSH status was esti-
mated and further stratified by the type and number of 
abnormal OGTT values. Linear regression models were 
utilized to determine the association between abnormal 
OGTT and offspring TSH levels, and Modified Pois-
son regression models with robust variance estimates 
were used to estimate the association between abnor-
mal OGTT and offspring TSH status. A linear trend was 
tested by treating the ordinal value as a continuous vari-
able in the regression models. All multivariable models 
were adjusted for maternal age, gestational week, pre-
pregnancy BMI, gravidity, weight gain, education level, 
physical activity, smoking status, drinking status, delivery 
model, fetal sex and birth weight. Results were presented 
as adjusted risk ratios (RRs) with 95% CIs and were strati-
fied by the type and number of abnormal OGTT values, 
with women without GDM as the reference group. To 
determine the independent association of each OGTT 
value (fasting, 1-hour, and 2-hour) with offspring TSH 
and TSH status, we developed a second prediction model 
that was adjusted for all three OGTT values and the 
aforementioned covariates.

Several sensitivity analyses were performed. Firstly, 
women with missing data on selected confounders were 
included in the study population, and multiple imputa-
tion was used to account for the missing data. Secondly, 
women with selected pregnancy complications during 
pregnancy were excluded from the analysis. Lastly, logis-
tic regression analysis using odds ratios (ORs) instead of 
RRs was employed to estimate the association between 
abnormal OGTT and offspring TSH status, as the inci-
dence of elevated TSH status is relatively infrequent.

All data were analyzed using R version 4.1.0. Statistical 
significance was determined by a two-sided P-value of 
less than 0.05.

Results
Characteristics of the study cohort
The study included 15,236 mother-offspring pairs, among 
whom 1,753 (11.5%) mothers were diagnosed with GDM. 
The mean age of mothers at delivery was 28.97 ± 3.62 
years, and the mean gestational age was 39.26 ± 1.17 
weeks. A comparison of descriptive characteristics 
between the GDM and NGT groups was conducted, with 
the results presented in Table 1. These findings indicated 
significant differences across all variables, with the excep-
tion of smoking status, drinking status, physical activity 
level, fetal sex, and TSH levels, for which no significant 
differences were observed.

Effect of abnormal OGTT results during pregnancy on TSH 
levels in the offspring
Among the 1,753 GDM patients, 1,236 (8.1%), 367 (2.4%) 
and 150 (1.0%) had one, two and three abnormal OGTT 
values, respectively. Furthermore, 821 (5.4%) had abnor-
mal fasting glucose, 718 (4.7%) had abnormal 1-hour 
glucose, and 881 (5.8%) had abnormal 2-hour glucose val-
ues. The plotted spline curves showed a steady increase 
in offspring TSH levels as OGTT values elevated, with 
the most notable increase observed for fasting and 
1-hour glucose levels (Fig. 1a and c). These results were 
supported by both crude and adjusted linear regres-
sion analyses (Table S1). After adjusting for confound-
ing factors, newborns of women diagnosed with GDM 
and one abnormal OGTT value had significantly higher 
TSH levels compared to those with zero abnormal values 
(0.20[95% CI 0.04–0.36]; 0.22 [95% CI 0.03–0.41]). Simi-
larly, newborns whose mothers with abnormal fasting 
glucose had higher TSH levels in both the crude (0.27, 
95%CI: 0.04–0.49) and adjusted models (0.29, 95%CI: 
0.06–0.52) (Table 2). However, this analysis did not pro-
vide independent information between each OGTT value 
and TSH, as women with more than one abnormal value 
were included. To explore the independent association 
between each of the three OGTT values and neonatal 
TSH, a second prediction model for GDM was devel-
oped that included all three OGTT values and additional 
variables (Table S2). Ultimately, the analysis revealed that 
only newborns of women with abnormal fasting glucose 
had higher TSH levels.

The risk of elevated TSH status based on the type and number 
of abnormal OGTT values during pregnancy
The plotted spline curves showed an upward trend in 
the incidence of elevated TSH status as OGTT values 
increased, particularly for fasting and 1-hour glucose 
(Fig.  1d and i). These findings were supported by both 
crude and adjusted linear regression analyses (Table S1). 
Among newborns of women without gestational diabe-
tes mellitus (GDM) (zero abnormal OGTT value), the 
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incidence of elevated TSH status (TSH > 10 mIU/L) in 
the offspring was 6.3 per 1,000 live births. In contrast, 
newborns exposed to women with three abnormal values 
had an almost five-fold higher risk of elevated TSH sta-
tus (incidence rate 26.7 per 1,000 live births; adjusted RR 
4.77 [95% CI (1.64–13.96]). For newborns of women with 
GDM, the risk of elevated TSH status (TSH > 20 mIU/L) 
increased with the number of abnormal OGTT values 
(Table 3).

Newborns exposed to women with three abnormal 
values also had a higher risk of elevated TSH status 
(TSH > 20 mIU/L) (adjusted RR, 12.76 [95% CI 2.29–
71.18]). Moreover, newborns of women with abnormal 
fasting blood glucose had a significantly elevated risk of 

elevated TSH status in both crude (4.17, 95%CI: 1.58–
11.02) and adjusted models (4.48, 95%CI: 1.57–12.73), 
consistent with the second prediction model (Table  4). 
However, other numbers or types of abnormal OGTT 
values were not associated with elevated TSH status risk, 
even in the second prediction model that included all 
three OGTT values.

Additional analyses
After stratifying analyses by offspring sex and maternal 
age, no consistent heterogeneity was found for the asso-
ciation between OGTT results and offspring TSH lev-
els. By contrast, associations between OGTT results and 
offspring TSH levels appeared stronger among females 

Table 1  Characteristics of participants with or without gestational diabetes mellitus (GDM) (N = 15,236)
Characteristic Total (N = 15,236) GDM (N = 1,753) NGT (N = 13,483) P value
Variables in mothers
Maternal age at delivery (years) 28.97±3.62 30.29±4.11 28.79±3.51 < 0.001
Gestational week (weeks) 39.26±1.17 38.91±1.22 39.30±1.16 < 0.001
Prepregnancy BMI (kg/m2), % < 0.001
  < 18.5 2920 (19.2) 209 (11.9) 2711 (20.1)
  18.5–24 10,232 (67.2) 1111 (63.4) 9121 (67.6)
  24–28 1750 (11.5) 344 (19.6) 1406 (10.4)
  > 28 334 (2.2) 89 (5.1) 245 (1.8)
Education level (schooling years), % < 0.001
  ≤9 1127 (7.4) 173(9.9) 954(7.1)
  10–12 2931 (19.2) 376 (21.4) 2555 (18.9)
  13–15 10,306 (67.6) 1118 (63.8) 9188 (68.1)
  ≥16 872 (5.7) 86 (4.9) 786 (5.8)
Smoking (yes), % 3871 (25.4) 447 (25.5) 3424 (25.4) 0.948
Alcohol drinking (yes), % 352 (2.3) 39 (2.2) 313 (2.3) 0.866
Gestational weight gain at delivery (kg) 16.41 (4.94) 16.56±4.87 15.30±5.38 < 0.001
Multiparity (yes), % 2759 (18.1) 421 (23.92) 2338 (17.3) < 0.001
Gravidity, % < 0.001
  = 1 8500 (55.8) 809 (46.1) 7691 (57.0)
  = 2 3830 (25.1) 479 (27.3) 3351(24.9)
  > 2 2906 (19.1) 465 (26.5) 2441 (18.1)
Cesarean delivery (yes), % 9022 (59.2) 1236 (70.5) 7786 (57.7) < 0.001
Physical activity during pregnancy, % 0.581
  Never or rarely 1639 (10.8) 186 (10.6) 1453 (10.8)
  1–2 days/week 1531 (10.0) 171 (9.8) 1360 (10.1)
  3–4 days/week 1052 (6.9) 118 (6.7) 934 (6.9)
  5–6 days/week 302 (2.0) 27 (1.5) 275 (2.0)
  Dalily 10,712 (70.3) 1251 (71.4) 9517 (70.2)
Fasting glucose (mmol/L) 4.40±0.50 4.99±0.92 4.32±0.35 < 0.001
OGTT1-h (mmol/L) 7.13±1.62 9.33±1.91 6.84±1.33 < 0.001
OGTT2-h (mmol/L) 6.41±1.40 8.30±2.21 6.16±1.02 < 0.001
Variables in neonates
Child sex (male), % 8031 (52.7) 936 (53.4) 7095 (52.6) 0.559
Birth weight (Kg) 3343.75 (418.57) 3.37±0.46 3.34±0.41 0.002
TSH (mIU/L) 2.70 [1.60, 4.03] 2.78 [1.68, 4.08] 2.69 [1.59, 4.02] 0.118
Continuous data are presented as mean ± SD or median with interquartile range

GDM, gestational diabetes mellitus; NGT, normal glucose tolerance; BMI, body mass index; OGTT, oral glucose tolerance test results; TSH, thyroid stimulating 
hormone
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with overweight (Table S3-S5). All sensitivity analyses 
yielded consistent results with the main analyses (data 
not shown).

Discussion
This large birth cohort study provides innovative insights 
as it is the first study to examine the risk of elevated TSH 
status in offspring of women with GDM based on the 
type and number of abnormal OGTT values during preg-
nancy. Our main findings were that among women with 
GDM, (1) an increase in OGTT values was associated 
with a considerable increase in the neonatal TSH levels; 
(2) the risk of elevated TSH status in offspring seemed 
to be greatest for women with three abnormal glucose 

values; (3) maternal fasting blood glucose was indepen-
dently positively associated with neonatal TSH levels and 
risk of elevated TSH status.

Although many studies have reported an association 
between maternal thyroid function and GDM [23–25], 
few have specifically examined the effects of GDM even 
OGTT results on offspring thyroid function. The cur-
rent large prospective study provided comprehensive 
and consistent evidence for the association between 
OGTT results and offspring TSH levels. Several stud-
ies have shown no significant association between GDM 
and umbilical cord TSH concentration [26–29]. However, 
the limitations of these studies are the lack of adjustment 
for potential confounding factors. In our study, we found 

Fig. 1  Spline plots showing the TSH levels and TSH status in relation to the fasting (a, d, g), 1 h (b, e, h) and 2 h (c, f, i) of 75-g OGTT values. OGTT, oral 
glucose tolerance test results; TSH, thyroid stimulating hormone
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that offspring exposed to women with GDM had higher 
TSH levels after adjustment for various confounders. 
Consistent with our results, a study in China found that 
offspring TSH levels were significantly increased in the 
uncontrolled GDM group compared with the normal and 

controlled GDM groups, whereas the levels of triiodo-
thyronine (T3), T4 were significantly decreased. Another 
case-control study involving 469 diet-controlled GDM 
pregnancies and 474 non-diabetic pregnancies found 
that women with GDM had higher cord blood TSH con-
centrations. Additionally, they also found a positive cor-
relation between TSH levels and OGTT 2 h values [10]. 
While our study results indicated a significant correlation 
between fasting blood glucose and TSH levels, differences 
in population characteristics and sample size may par-
tially explain the discrepancies in results. Interestingly, 

Table 2  Changes of TSH levels in the offspring by number and 
type of abnormal OGTT values (N = 15,236)
Abnormal OGTT 
value

N (%) TSH (mIU/L)
Crude β (95% 
CI)

Adjusted βa 
(95% CI)

Abnormal values, n
  0 13,483(88.5) Reference Reference
  ≥ 1 (GDM) 1,753(11.5) 0.15(-0.01,0.31) 0.20(0.04,0.36)
  1 1,236(8.1) 0.18(-0.01,0.37) 0.22(0.03,0.41)
  2 367(2.4) -0.01(-0.35,0.32) 0.05(-0.28,0.39)
  3 150(1.0) 0.31(-0.20,0.83) 0.38(-0.14,0.90)b

Abnormal values, type
Fasting (≥ 5.1 
mmol/L)

821(5.4) 0.27(0.04–0.49) 0.29(0.06,0.52)

1-hour (≥ 10.0 
mmol/L)

718(4.7) 0.13(-0.11,0.37) 0.18(-0.07,0.42)

2-hour (≥ 8.5 
mmol/L)

881(5.8) 0.02(-0.19,0.24) 0.09(-0.14,0.31)

Bold font indicates significant association. OGTT, oral glucose tolerance test 
results; GDM, gestational diabetes mellitus; TSH, thyroid stimulating hormone
aValues reflect the results of linear regression model including women without 
GDM as the reference group (i.e., no abnormal values) and adjusted for the 
following variables: maternal age, BMI, gestational week, parity, gravidity, 
weight gain, education, physical activity, smoking, drinking, delivery model, 
and fetal sex
bP<0.05 for the trend with the increased number of abnormal OGTT values

Table 3  Risk of elevated TSH status in the offspring by number and type of abnormal OGTT values (N = 15,236)
Abnormal OGTT value TSH > 10mIU/L TSH > 20mIU/L

Case (inci-
dence rate, 
%)

Crude RR (95% CI) Adjusted RRa 
(95% CI)

Case (inci-
dence rate, 
%)

Crude RR (95% CI) Adjusted RRa 
(95% CI)

Abnormal values, n
  0 86(0.63) Reference Reference 21(0.15) Reference Reference
  ≥ 1 (GDM) 12(0.68) 1.07(0.59–1.96) 1.13(0.60–2.12) 5(0.29) 1.83(0.69–4.85) 2.14(0.76–6.01)
  1 6(0.49) 0.76(0.33–1.73) 0.80(0.34–1.85) 2 (0.16) 1.04(0.24–4.43) 1.20(0.31–

17.71)
  2 2(0.54) 0.86(0.21–3.48) 0.96(0.23–3.98) 1(0.27) 1.76(0.24–13.04) 2.36(0.13–

11.80)
  3 4(2.67) 4.12(1.53–11.09) 4.77(1.64–13.96) 2(1.33) 8.44(2.00-35.68)b 12.76(2.29–

71.18)b

Abnormal values, type
Fasting (≥ 5.1 mmol/L) 8(0.97) 1.56(0.75–3.20) 1.59(0.76–3.35) 5(0.60) 4.17(1.58–11.02) 4.48(1.57–

12.73)
1-hour (≥ 10.0 mmol/L) 7(0.97) 1.56(0.72–3.35) 1.69(0.77–3.74) 3(0.42) 2.64(0.79–8.78) 3.34(0.99–

11.32)
2-hour (≥ 8.5 mmol/L) 7(0.79) 1.25(0.58–2.69) 1.39(0.63–3.04) 2(0.23) 1.36(0.32–5.73) 1.76(0.40–7.76)
Bold font indicates significant association. OGTT, oral glucose tolerance test results; GDM, gestational diabetes mellitus; TSH, thyroid stimulating hormone; RR, risk 
ratio; CI, confidence interval
aValues reflect the results of modified Poisson regression model including women without GDM as the reference group (i.e., no abnormal values) and adjusted for 
the following variables: maternal age, BMI, gestational week, parity, gravidity, weight gain, education, physical activity, smoking, drinking, delivery model, and fetal 
sex
bP<0.05 for the trend with the increased number of abnormal OGTT values

Table 4  Independent association of abnormal types of fasting, 
1-h, and 2-h OGTT values with TSH status in the offspring 
(N = 15,236)
Abnormal 
values,type

TSH > 10mIU/L TSH > 20mIU/L
Crude RR 
(95% CI)

Adjusted 
RRa (95% 
CI)

Crude RR 
(95% CI)

Adjusted 
RRa (95% 
CI)

Fasting (≥ 5.1 
mmol/L)

1.42(0.72–
2.77)

1.42(0.72–
2.80)

3.83(1.60–
9.19)

3.82(1.55–
9.42)

1-hour (≥ 10.0 
mmol/L)

1.40(0.68–
2.86)

1.47(0.70–
3.05)

1.91(0.71–
5.16)

2.21(0.84–
5.79)

2-hour (≥ 8.5 
mmol/L)

0.99(0.47–
2.11)

1.09(0.51–
2.34)

0.62(0.17–
2.27)

0.81(0.21–
3.07)

Bold font indicates significant association. OGTT, oral glucose tolerance test 
results; TSH, thyroid stimulating hormone; RR, risk ratio; CI, confidence interval
aResults of modified Poisson regression model, adjusted for all three OGTT 
values as well as maternal age, BMI, gestational week, parity, gravidity, weight 
gain, education, physical activity, smoking, drinking, delivery model, and fetal 
sex. The reference group for each of the variables is the group of women in 
whom the corresponding OGTT value was within normal limits
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studies linking GDM with elevated TSH levels have been 
exclusively conducted in Asian countries. This could be 
attributed to the relatively higher levels of cord blood 
TSH levels in individuals with Asian ancestry compared 
to other ancestries [28, 30]. Further research is needed to 
investigate this issue in different racial and ethnic groups.

In our study, although no significant association was 
detected between GDM and elevated TSH status, the 
offspring of women with three abnormal glucose values 
showed a greater risk of elevated TSH status. A study also 
identified an increased incidence of neonatal hyperthy-
rotropinemia (TSH > 16 mIU/L) associated with GDM, 
which is in line with our results [10]. Subsequently, the 
same research group published an article revealing that 
increased TSH levels were associated with fetal intra-
uterine stress caused by GDM after adjusting for con-
founding factors [31]. However, these two studies were 
published twenty years ago and additional research on 
this topic has been limited in recent years. Therefore, our 
findings should be validated in future studies and further 
evidence on the association between GDM and elevated 
TSH status is also needed.

This study reveals that maternal fasting glucose lev-
els are more strongly associated with neonatal TSH lev-
els and the risk of elevated TSH status in offspring than 
postprandial glucose levels, suggesting that fasting glu-
cose is a more critical predictor of GDM impacts. This 
aligns with previous research indicating that fasting glu-
cose levels can forecast adverse pregnancy outcomes and 
are key indicators of metabolic disorders, hypertension, 
and other health issues [32–35]. These findings under-
score the importance of focusing on fasting glucose lev-
els in GDM screening and management, highlighting the 
potential need for different treatment approaches based 
on GDM subtypes.

To explore the potential biological mechanisms under-
lying the observed associations, several hypotheses could 
be considered. Previous study hypothesizes that maternal 
hyperglycemia might lead to thyroid dysfunction in the 
fetus by altering the expression of thyroid hormone-reg-
ulating genes and influencing T3 and T4 conversion [36, 
37]. Additionally, maternal hyperglycemia might induce 
oxidative stress and inflammation in both maternal and 
fetal bodies, impacting thyroid function by impairing 
thyroid hormone utilization and increasing cytokines 
that disrupt hormone synthesis and metabolism [38–43]. 
Further research into these mechanisms could enhance 
our understanding of how maternal glycemic control 
affects fetal thyroid function and the risk of elevated TSH 
in offspring.

This study significantly contributes to clinical practice 
by highlighting the need for personalized management 
of pregnant women with GDM, underscoring the impor-
tance of stringent glycemic control not only for maternal 

health but also for preventing neonatal thyroid dysfunc-
tions and potential long-term developmental issues in 
offspring. The study advocates for a multidisciplinary 
approach involving endocrinologists, obstetricians, and 
pediatricians to address the complex interplay between 
maternal glycemia and neonatal health. It underscores 
the importance of considering different types of glycemic 
anomalies in GDM (e.g., fasting vs. postprandial glucose 
levels) for targeted interventions. These insights are vital 
for shaping long-term health strategies, including pub-
lic health policies and awareness programs, to mitigate 
the impact of GDM on future generations. Overall, this 
research provides a valuable framework for clinicians to 
develop more effective treatment and monitoring strate-
gies, potentially leading to improved health outcomes for 
both mothers and their children.

Our study has significant strengths, such as a large 
sample size and a population-based design, facilitat-
ing the comprehensive capture of diverse covariate data. 
Additionally, the diagnosis of GDM was based on OGTT 
data rather than relying on the diagnostic codes from the 
International Classification of Diseases. We acknowl-
edge several potential limitations. First, the absence of 
data on maternal thyroid function is notable, though the 
exclusion of women with pre-existing thyroid disorders 
mitigates potential bias. Second, despite extensive adjust-
ments for covariates to account for the associations of 
interest, residual confounding factors, including insulin 
use and iodine status, might not have been completely 
addressed. Third, the low incidence rate of elevated TSH 
status limited the number of cases, hindering further 
stratified analyses. Fourth, due to the lack of follow-up 
data or specific diagnostics for CH, our results necessi-
tate validation through future studies. Last, the restric-
tion of our cohort study to specific clinical centers and 
regions may limit the generalizability of our findings to 
more diverse populations.

The study identifies several key areas for future investi-
gation to address unresolved questions in the field. Firstly, 
there is a critical need to explore the impact of maternal 
thyroid function during pregnancy on neonatal TSH lev-
els, given its potential significant influence. Longitudi-
nal studies tracking the long-term neurodevelopmental 
outcomes of infants with elevated TSH levels are also 
essential to understand the full scope of this condition’s 
impact. Moreover, expanding research to include diverse 
populations across different races and regions is vital to 
establish the generalizability of the findings. Investigating 
the specific effects of different GDM subtypes, particu-
larly in relation to fasting and postprandial glucose lev-
els, on neonatal TSH levels could provide deeper insights 
into tailored management strategies for GDM. Addition-
ally, research focusing on gestational lifestyle factors and 
their interplay with GDM and neonatal TSH levels could 
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unveil new avenues for preventive measures. These areas 
of future research are crucial for developing a more com-
prehensive understanding of GDM’s impact on neonatal 
health and for devising effective strategies to mitigate its 
consequences.

Conclusions
This prospective birth cohort study revealed a negative 
correlation between OGTT results and increased risk of 
elevated TSH in offspring. Specifically, fasting blood glu-
cose levels during pregnancy were more indicative of the 
risk of elevated TSH status. These findings suggest that 
OGTT can be a critical tool for clinicians to predict and 
manage the risk of neonatal thyroid dysfunction, guid-
ing the development of targeted treatments to prevent 
related developmental issues.

Abbreviations
GDM	� Gestational Diabetes Mellitus
OGTT	� Oral Glucose Tolerance Test
IADPSG	� International Association of Diabetes and Pregnancy Study Groups
CH	� Congenital Hypothyroidism
TSH	� Thyroid Stimulating Hormone
RR	� Risk Ratio
OR	� Odds Ratio
CI	� Confidence Interval
T4	� Thyroxine
T3	� Triiodothyronine

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12884-024-06554-4.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
M.Y. and Z.C. performed the statistical analyses, interpreted the data, and 
drafted the manuscript. H.M., X.F., X.C., J.Z., J.L., Y.Z., Y.Y.Z. contributed to the 
data acquisition and review for important intellectual content. L.H, and W.Z. 
revised the manuscript. H.X. and A.Z. conceived and designed this study, 
and final version approval. All authors have read and approved the final 
manuscript.

Funding
This study was supported by the Central Guidance on Local Science and 
Technology Development Fund of Hubei Province (No. 2022BGE261), Wuhan 
Children’s Hospital Foundation (No.2021FEBSJJ001) and the Wuhan Talents 
program (2021).

Data availability
The datasets used or analyzed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The research protocol was approved by the ethics committee of Tongji 
Medical College, Huazhong University of Science and Technology (number 
[2012]14) and Wuhan Women and Children Medical and Healthcare Center 
(number 2010009). Written informed consent was obtained from all study 
participants.

Consent for publication
Not applicable (there are no images or other personal or clinical details of 
participants that compromise anonymity).

Competing interests
The authors declare no competing interests.

Received: 25 January 2024 / Accepted: 29 April 2024

References
1.	 Rose SR, Wassner AJ, Wintergerst KA, Yayah-Jones NH, Hopkin RJ, Chuang J, 

Smith JR, Abell K, LaFranchi SH. Congenital hypothyroidism: screening and 
management. Pediatrics 2023, 151(1).

2.	 Peters C, van Trotsenburg ASP, Schoenmakers N. DIAGNOSIS OF ENDOCRINE 
DISEASE: congenital hypothyroidism: update and perspectives. Eur J Endocri-
nol. 2018;179(6):R297–317.

3.	 Hutchings N, Tovmasyan I, Hovsepyan M, Qefoyan M, Baghdasaryan S, 
Bilezikian JP. Neonatal thyrotropin (TSH) screening as a tool for monitoring 
iodine nutrition in Armenia. Eur J Clin Nutr. 2019;73(6):905–9.

4.	 Kilberg MJ, Rasooly IR, LaFranchi SH, Bauer AJ, Hawkes CP. Newborn 
screening in the US May Miss mild persistent hypothyroidism. J Pediatr. 
2018;192:204–8.

5.	 Zhao DH, Shen Y, Gong JM, Meng Y, Su L, Zhang X. Newborn screening 
for congenital hypothyroidism in Henan province, China. Clin Chim Acta. 
2016;452:58–60.

6.	 Shapira SK, Lloyd-Puryear MA, Boyle C. Future research directions to identify 
causes of the increasing incidence rate of congenital hypothyroidism in the 
United States. Pediatrics. 2010;125(Suppl 2):S64–68.

7.	 Sweeting A, Wong J, Murphy HR, Ross GP. A clinical update on Gestational 
Diabetes Mellitus. Endocrine reviews 2022.

8.	 Johns EC, Denison FC, Norman JE, Reynolds RM. Gestational diabetes mel-
litus: mechanisms, treatment, and complications. Trends Endocrinol Metabo-
lism. 2018;29(11):743–54.

9.	 McIntyre HD, Catalano P, Zhang C, Desoye G, Mathiesen ER, Damm P. Gesta-
tional diabetes mellitus. Nat Reviews Disease Primers. 2019;5(1):1–19.

10.	 Lao TT, Lee CP. Gestational diabetes mellitus and neonatal hyperthyrotropin-
emia. Gynecol Obstet Invest. 2002;53(3):135–9.

11.	 Heather NL, Derraik JG, Webster D, Hofman PL. The impact of demographic 
factors on newborn TSH levels and congenital hypothyroidism screening. 
Clin Endocrinol. 2019;91(3):456–63.

12.	 Hiersch L, Shah BR, Berger H, Geary M, McDonald SD, Murray-Davis B, Hal-
perin I, Retnakaran R, Barrett J, Melamed N. Oral glucose tolerance test results 
in pregnancy can be used to individualize the risk of future maternal type 
2 diabetes Mellitus in Women with Gestational Diabetes Mellitus. Diabetes 
Care. 2021;44(8):1860–7.

13.	 Helminen O, Aspholm S, Pokka T, Ilonen J, Simell O, Veijola R, Knip M. OGTT 
and random plasma glucose in the prediction of type 1 diabetes and time to 
diagnosis. Diabetologia. 2015;58(8):1787–96.

14.	 Toppala S, Ekblad LL, Viitanen M, Rinne JO, Jula A. Oral glucose tolerance test 
predicts episodic memory decline: a 10-Year Population-Based follow-up 
study. Diabetes Care. 2021;44(10):2435–7.

15.	 Chivese T, Norris SA, Levitt NS. Progression to type 2 diabetes mellitus 
and associated risk factors after hyperglycemia first detected in preg-
nancy: a cross-sectional study in Cape Town, South Africa. PLoS Med. 
2019;16(9):e1002865.

16.	 Hu J, Xia W, Pan X, Zheng T, Zhang B, Zhou A, Buka SL, Bassig BA, Liu W, 
Wu C, et al. Association of adverse birth outcomes with prenatal exposure 
to vanadium: a population-based cohort study. Lancet Planet Health. 
2017;1(6):e230–41.

17.	 He Y, Ma RCW, McIntyre HD, Sacks DA, Lowe J, Catalano PM, Tam WH. Com-
paring IADPSG and NICE diagnostic criteria for GDM in Predicting adverse 
pregnancy outcomes. Diabetes Care. 2022;45(9):2046–54.

18.	 Yu B, Long W, Yang Y, Wang Y, Jiang L, Cai Z, Wang H. Newborn screening 
and Molecular Profile of congenital hypothyroidism in a Chinese Population. 
Front Genet. 2018;9:509.

19.	 Anne RP, Rahiman EA. Congenital hypothyroidism in India: a systematic 
review and meta-analysis of prevalence, screen positivity rates, and etiology. 
Lancet Reg Health-Southeast Asia 2022:100040.

https://doi.org/10.1186/s12884-024-06554-4
https://doi.org/10.1186/s12884-024-06554-4


Page 9 of 9Yang et al. BMC Pregnancy and Childbirth          (2024) 24:375 

20.	 Zhang Y, Du C, Wang W, Chen W, Shao P, Wang C, Leng J, Shen J, Tan L, Zhang 
W. Effect of maternal and neonatal factors on neonatal thyroid stimulat-
ing hormone: results from a population-based prospective cohort study 
in China. J Trace Elem Med Biology: Organ Soc Minerals Trace Elem (GMS). 
2018;49:151–6.

21.	 Harari-Kremer R, Calderon-Margalit R, Korevaar TIM, Nevo D, Broday D, Kloog 
I, Grotto I, Karakis I, Shtein A, Haim A, et al. Associations between prenatal 
exposure to Air Pollution and congenital hypothyroidism. Am J Epidemiol. 
2021;190(12):2630–8.

22.	 Chen YJ, Lin LZ, Liu ZY, Wang X, Karatela S, Wang YX, Peng SS, Jiang BB, Li XX, 
Liu N et al. Association between maternal gestational diabetes and allergic 
diseases in offspring: a birth cohort study. World J Pediatrics: WJP 2023.

23.	 Li X, Zuo J, Li YH, Tang YP, Bao YR, Ying H. Association between thyroid 
function and risk of gestational diabetes mellitus in assisted pregnancies: a 
retrospective cohort study. Diabetes Res Clin Pract. 2021;171:108590.

24.	 Liu Y, Guo F, Maraka S, Zhang Y, Zhang C, Korevaar TIM, Fan J. Associations 
between Human Chorionic Gonadotropin, maternal free thyroxine, and 
gestational diabetes Mellitus. Thyroid: Official J Am Thyroid Association. 
2021;31(8):1282–8.

25.	 Wang Y, Sun F, Wu P, Huang Y, Ye Y, Yang X, Yuan J, Liu Y, Zeng H, Wen Y, et 
al. A prospective study of early-pregnancy thyroid markers, lipid spe-
cies, and risk of gestational diabetes Mellitus. J Clin Endocrinol Metab. 
2022;107(2):e804–14.

26.	 Tan KML, Chu AHY, Loy SL, Rajadurai VS, Ho CKM, Chong YS, Karnani N, Lee 
YS, Yap FKP, Chan SY. Association of Cord Blood thyroid-stimulating hormone 
levels with maternal, delivery and infant factors. Ann Acad Med Singapore. 
2020;49(12):937–47.

27.	 Wilker RE, Fleischman AR, Saenger P, Pan C, Surks MI. Thyroid hormone levels 
in diabetic mothers and their neonates. Am J Perinatol. 1984;1(3):259–62.

28.	 Herbstman J, Apelberg BJ, Witter FR, Panny S, Goldman LR. Maternal, infant, 
and delivery factors associated with neonatal thyroid hormone status. Thy-
roid: Official J Am Thyroid Association. 2008;18(1):67–76.

29.	 Lee SY. Perinatal factors associated with neonatal thyroid-stimulating 
hormone in normal newborns. Annals Pediatr Endocrinol Metabolism. 
2016;21(4):206–11.

30.	 Medda E, Olivieri A, Stazi MA, Grandolfo ME, Fazzini C, Baserga M, Burroni M, 
Cacciari E, Calaciura F, Cassio A, et al. Risk factors for congenital hypothyroid-
ism: results of a population case-control study (1997–2003). Eur J Endocrinol. 
2005;153(6):765–73.

31.	 Leung WC, Chan KK, Lao TT. Neonatal hyperthyrotropinemia in gestational 
diabetes mellitus and perinatal complications. Neuroendocrinology. 
2004;80(2):124–8.

32.	 Yang M, Cao Z, Zhou J, Liu J, Zhong Y, Zhou Y, Cai X, Yu L, Hu L, Xiao H, et 
al. Protein powder supplementation in early pregnancy and the risk of 

gestational diabetes mellitus: a prospective cohort study. Food Funct. 
2023;14(8):3815–23.

33.	 Riskin-Mashiah S, Younes G, Damti A, Auslender R. First-trimester fast-
ing hyperglycemia and adverse pregnancy outcomes. Diabetes Care. 
2009;32(9):1639–43.

34.	 Bancks MP, Ning H, Allen NB, Bertoni AG, Carnethon MR, Correa A, Echouffo-
Tcheugui JB, Lange LA, Lloyd-Jones DM, Wilkins JT. Long-term Absolute Risk 
for Cardiovascular Disease stratified by fasting glucose level. Diabetes Care. 
2019;42(3):457–65.

35.	 Mitchell A, Larsson SC, Fall T, Melhus H, Michaëlsson K, Byberg L. Fasting 
glucose, bone area and bone mineral density: a mendelian randomisation 
study. Diabetologia. 2021;64(6):1348–57.

36.	 Obenshain SS, Adam PA, King KC, Teramo K, Raivio KO, Räihä N, Schwartz R. 
Human fetal insulin response to sustained maternal hyperglycemia. N Engl J 
Med. 1970;283(11):566–70.

37.	 Ahonen MA, Höring M, Nguyen VD, Qadri S, Taskinen JH, Nagaraj M, Wabitsch 
M, Fischer-Posovszky P, Zhou Y, Liebisch G, et al. Insulin-inducible THRSP 
maintains mitochondrial function and regulates sphingolipid metabolism in 
human adipocytes. Mol Med (Cambridge Mass). 2022;28(1):68.

38.	 Shang L, Huang L, Yang W, Qi C, Yang L, Xin J, Wang S, Li D, Wang B, Zeng 
L, et al. Maternal exposure to PM(2.5) may increase the risk of congenital 
hypothyroidism in the offspring: a national database based study in China. 
BMC Public Health. 2019;19(1):1412.

39.	 Mancini A, Di Segni C, Raimondo S, Olivieri G, Silvestrini A, Meucci E, Currò D. 
Thyroid Hormones, Oxidative Stress, and Inflammation. Mediators of inflam-
mation 2016, 2016:6757154.

40.	 Boelen A, Kwakkel J, Fliers E. Beyond low plasma T3: local thyroid hor-
mone metabolism during inflammation and infection. Endocr Rev. 
2011;32(5):670–93.

41.	 Wang X, Lu J, Xie W, Lu X, Liang Y, Li M, Wang Z, Huang X, Tang M, Pfaff DW, et 
al. Maternal diabetes induces autism-like behavior by hyperglycemia-medi-
ated persistent oxidative stress and suppression of superoxide dismutase 2. 
Proc Natl Acad Sci USA. 2019;116(47):23743–52.

42.	 Hoch D, Gauster M, Hauguel-de Mouzon S, Desoye G. Diabesity-associated 
oxidative and inflammatory stress signalling in the early human placenta. Mol 
Aspects Med. 2019;66:21–30.

43.	 Lu J, Xiao M, Guo X, Liang Y, Wang M, Xu J, Liu L, Wang Z, Zeng G, Liu K, et al. 
Maternal diabetes induces Immune Dysfunction in autistic offspring through 
oxidative stress in hematopoietic stem cells. Front Psychiatry. 2020;11:576367.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Associations between OGTT results during pregnancy and offspring TSH levels: a birth cohort study
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study design and participants
	﻿Diagnosis of GDM
	﻿Exposures
	﻿TSH status
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of the study cohort
	﻿Effect of abnormal OGTT results during pregnancy on TSH levels in the offspring
	﻿The risk of elevated TSH status based on the type and number of abnormal OGTT values during pregnancy


	﻿Additional analyses
	﻿Discussion
	﻿Conclusions
	﻿References


