
cular resistance is the main mechanism for elevated blood
pressure caused by hypothyroidism or hyperglycemia [6,
7]. Triiodothyronine (T3) directly plays a role in the aortic
endothelial cells and vascular smooth muscle cells, which
leads to vasodilatation; lack of T3 may cause increased vas-
cular resistance in hypothyroidism or hyperthyroidism [8,
9]. Hypothyroidism can also cause sodium homeostasis ab-
normalities, sympathetic nervous system activation, de-
creased glomerular filtration rate and other changes, which
may be involved in the diastolic blood pressure-based hy-
pertension [10, 11]. 

Several studies have indicated that thyroid dysfunction
can increase the risk of hypertension. The changes of thy-
roid stimulating hormone (TSH) in serum are most rapid
and most obvious in thyroid function abnormalities, and
TSH level is the most accurate and sensitive indicators of
reflection of thyroid function [12]. With the rise of TSH
levels, systolic and diastolic blood pressure is linearly in-
creased, and the higher the level of TSH, the higher the in-
cidence of hypertension [13]. During pregnancy, the

Introduction

Pregnancy-induced hypertension syndrome (PIH) is a 
unique and common disease in pregnant women [1]. Due to 
the severity of PIH, the impact on mother and child are also 
quietly different. Over the past years, in spite of the 
achievement of prevention and treatment of this disease at 
home and abroad, the maternal mortality is still at a relative 
high level. The occurrence of PIH is associated with vas-
cular endothelial cell injury and disorders of synthesis of 
vascular cytokines [2, 3]. In order to protect the health of 
the mother and child, reducing perinatal mortality and 
achieving the purpose of eugenics, it is extremely important 
to conduct relative investigations of the incidence of PIH 
and its independent risk factors.

Hypothalamus - pituitary - thyroid axis is involved in the 
process of regulation of human blood pressure and thyroid 
hormone on cardiovascular function [4, 5]. Some studies 
have shown that there is a close association between thyroid 
function and blood pressure, and increased systemic vas-
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Summary
Objectives: Pregnancy-induced hypertension syndrome (PIH) is a common disease of pregnant women. This study explored the cor-

relation between subclinical hypothyroidism (SCH) and PIH and the prognosis of patients with PIH. Materials and Methods: The study
included 180 pregnant women were divided into three groups, including PIH+SCH group, PIH+non-SCH group, and normal group. Im-
munofluorescence method was used to detect thyroid stimulating hormone (TSH). Student’s t-test and chi-square test were used to an-
alyze the difference between two groups. Pearson correlation analysis was used to assess the correlation between two variables. Results:
Systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP) were all significantly upregulated in
PIH+SCH group compared with those in normal group and PIH+ non-SCH groups (all p < 0.05) and SCH had a close relationship with
SBP (r2= 0.2163, p = 0.0002). The incidences of postpartum hemorrhage, premature delivery, abortion, FGR, and pregnancy anemia were
all cleary increased in PIH+non-SCH, and PIH+SCH groups, compared with those in normal group, respectively (8.3, 10, 13.3,1 8.3,
23.3; 13.3, 23.3, 26.7, 35, and 36.7 vs.1.7, 5, 3.3, 1.7, and 5.1 (all p < 0.05). The incidences of premature delivery, abortion, FGR, and
pregnancy anemia were significantly higher in PIH+SCH group than PIH+non-SCH group (23.3, 26.7, 35, and 36.7 vs. 10, 13.3, 18.3,
23.3 (all p < 0.05). Moreover, serum TSH level was significantly increased in high gestational week group compared with low gesta-
tional week group (6.86 ± 0.78 vs. 5.79 ± 0.45, p < 0.05) and SBP, DBP, and MAP were all remarkably elevated in high gestational week
group compared with low gestational week group (167.6 ± 12.4 vs. 150.9 ± 10.8; 108.5 ± 11.4 vs. 95.2 ± 11.2; 121.8 ± 13.6 vs. 110.0 ±
12.3 (all p < 0.05). In addition, compared with those in low TSH group, the incidences of postpartum hemorrhage, premature delivery,
abortion, FGR, and pregnancy anemia were all obviously increased in high TSH group (all p < 0.05). Conclusion: SCH had a close as-
sociation with PIH and poor prognosis during pregnancy.

Key words: Subclinical hypothyroidism; Pregnancy-induced hypertension syndrome; Thyroid stimulating hormone; Systolic blood pres-
sure.
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thyrotropin effect of human chorionic gonadotropin (hCG)
leads to a decrease in TSH, which is most pronounced at
8-12 weeks of gestation, and causes a lower TSH level than
the lower level of the general population (0.4 mIU/L) [14].
Over the past decades, emerging evidence showed that sub-
clinical hypothyroidism (SCH) is associated with PIH [15].
Yet, the relationship between subclinical hypothyroidism
during pregnancy and hypertensive disorder, complicating
pregnancy, and its prognosis remain to be clarified. In this
study, the authors aimed to analyze the relationship be-
tween subclinical hypothyroidism during pregnancy and
hypertensive disorder complicating pregnancy, and its
prognosis, which could provide more comprehensive data
for the future investigation of PIH and SCH.

Materials and Methods
The study included 180 pregnant women recruited from Shang-

hai Changning Maternal &Infant Health Hospital during January 
2012 to January 2015, which divided into three groups, including 
PIH+SCH group, PIH+non-SCH group, and normal group. The 
baseline information of three groups is presented in Table 1. 

The study was approved by the local Research Ethics Commit-
tee of Shanghai Changning Maternal &Infant Health Hospital, 
and all participants gave written informed consent. Written in-
formed consent was also obtained from the patients/participants 
(delete as appropriate) for publication of their individual details 
and accompanying images in this manuscript.

Gestational hypertension was defined as blood pressure more 
than 140/90 mm Hg without proteinuria after 20 weeks gestation. 
Exclusion criteria were combined cardiopulmonary, liver, kidney, 
and other important organs diseases.

According to the guidelines for the diagnosis and treatment of

pregnancy and postpartum thyroid diseases of American thyroid
association at 2011 and Chinese guidelines for the diagnosis and
treatment of thyroid diseases, SCH was defined as TSH between
2.5~10 mIU/L– 1 and FT4 at normal reference range. Exclusion
criteria were: 1) combined cardiopulmonary, liver, kidney, and
other important organs diseases, 2) hypothyroidism patients: TSH
more than 2.5~10 mIU/L – 1, and FT4 < 12 pmol/L.

Fasting venous blood of the three groups of pregnant women
was collected, obtaining the serum after centrifuging and stored in
refrigerator. Radioimmunoassay was used to detect the tri-
iodothyronine (FT3) and free thyroxine (FT4) and immunofluo-
rescence method was used to detect TSH.

SPSS 19.0 statistical software package was used for statistical
processing, of which, measurement data was repressed by mean
± standard deviation (x ± s) using t-test and count data expressed
as a percentage using chi-square test. Pearson correlation analy-
sis was used to assess the correlation between two variables. P <
0.05 was considered statistically significant.

Results
The 180 pregnant women were divided into three groups,

including PIH+SCH group, PIH+non-SCH group, and nor-
mal group. The arterial blood pressure of three groups, in-
cluding systolic blood pressure (SBP), diastolic blood
pressure (DBP), mean arterial pressure (MAP), was ana-
lyzed to assess the changes of arterial blood pressure in PIH
with/without SCH. As shown in Table 2, compared with
those in normal group, SBP, DBP, and MAP were all sig-
nificantly upregulated in PIH+SCH group and PIH+non-
SCH group, respectively (Table 2). In addition, SBP, DBP,
and MAP were all higher in PIH+SCH group than those in
PIH+non-SCH group. Therefore, SCH were associated
with high blood pressure during pregnancy.

To further validate the association between SCH during

Table 1. — The baseline information of the three groups.
Characteristics PIH+SCH PIH+non-SCH Normal group p value

(n = 60) (n = 60)
Age (years) 27.9 ± 5.9 27.5 ± 6.2 28.2 ± 6.7 > 0.05
Nation
Han 58 55 57

> 0.05Minority 2 5 3
Registered residence

Urban 30 32 27
> 0.05Rural 30 28 33

Gestational  
week

28.5 ± 6.9 28.9 ± 7.1 26.3 ± 6.4 > 0.05

BMI (kg/m2) 27.2 ± 5.4 28.2 ± 4.3 28.4 ± 6.4 > 0.05

Table 2. — Arterial blood pressure in three groups.
SBP (mmHg) DBP (mmHg) MAP (mmHg) 

Normal group 113.3 + 10.4 86.4 + 7.9 90.4 + 8.2  
PIH+non-SCH  147.2 + 5.6a 95 + 3.7a 105.7 + 4.1a

PIH+SCH group 158.4 + 6.5ab 101.2 + 3.4ab 115.3 + 3.9ab

ap < 0.05 (compared with normal group). bp < 0.05 (compared with PIH+non-
SCH).

Figure 1. — Relationship between SCH during pregnancy
and PIH. (A) the serum level of TSH in three groups. (B)
Relationship between SCH andSBP. (C) Relationship be-
tween SCH and DBP. (D) Relationship between SCH and
MAP.
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pregnancy and PIH, the authors conducted Pearson corre-
lation analysis to evaluate the correlation between SCH and
PIH. As shown in Figure 1A, the serum level of TSH was
significantly higher in PIH+SCH group than that in
PIH+non-SCH and normal group (6.34 + 1.01 vs. 2.11+
0.22, 1.92+0.31, p < 0.01 ). Yet, there is no obvious differ-
ence of TSH level between PIH+non-SCH and normal
group (p > 0.05). Moreover, as shown in Figure 1B, SCH
had a positive correlation with SBP (r2=0.2163, p =
0.0002). However, SCH had no significant correlation with
DBP and MAP (r2= 0.004, p = 0.624, r2 = 0.048, and p =
0.094) (Figures 1C, 1D). These results indicated that SCH
had a relationship with PIH,especially SBP.

Sequentially, to assess the correlation between pregnancy
outcome and SCH, the authors analyzed the pregnancy out-
come data from three groups. As shown in Table 3, com-
pared with those in normal group, the incidences of
postpartum hemorrhage, premature delivery, abortion, FGR,
and pregnancy anemia were all obviously increased in PIH+
non-SCH and PIH+SCH group, respectively (p < 0.05).
These results demonstrate that PIH is significantly associ-
ated with a poor prognosis during pregnancy. Moreover, in
order to make a comparison between PIH+non-SCH and
PIH+SCH group, the authors found that the incidences of
premature delivery, abortion, FGR, and pregnancy anemia
were significantly higher in PIH+SCH group than in the
PIH+non-SCH group (all p < 0.05). These conclusions in-
dicated that SCH was also correlated with a poor prognosis
during pregnancy. Next, to make a deeper exploration for
TSH level and arterial blood pressure in different gesta-
tional week during pregnancy, the authors divided
PIH+SCH group into two subgroups, including low gesta-
tional week group (n=27) and high gestational week group

(n=33). As shown in Figure 2A, serum TSH level was sig-
nificantly increased in high gestational week group com-
pared with low gestational week group (6.86 ± 0.78 vs. 5.79
± 0.45, p < 0.05). Moreover, the arterial blood pressures,
including SBP, DBP, and MAP, were all remarkably ele-
vated in high gestational week group compared with low
gestational week group (167.6 ± 12.4 vs. 150.9 ± 10.8; 108.5
± 11.4 vs. 95.2 ± 11.2; 121.8 ± 13.6 vs. 110.0 ± 12.3; all p <

Table 3. — Comparison of pregnancy outcome between three groups.
Normal group (n=60) PIH+non-SCH (n=60)  PIH+SCH group (n=60)

Postpartum hemorrhage 1 (1.7) 5 (8.3)a 8 (13.3)a

Premature delivery 3 (5) 6 (10)a 14 (23.3)ab

Abortion 2 (3.3) 8 (13.3)a 16 (26.7)ab

FGR 1 (1.7) 11 (18.3)a 21 (35)ab

Placental abruption 1 (1.7) 3 (5.1) 4 (6.8)  
Pregnancy anemia 3 (5.1) 14 (23.3)a 22 (36.7)ab

FGR: fetal growth restriction. ap < 0.05 (compare with normal group). bp < 0.05 (compared with PIH+non-SCH).

Table 4. — Comparison of pregnancy outcome in different TSH level.
Low TSH group (n=32) High TSH group (n=28)   

Postpartum hemorrhage 2 (6.3) 6 (21.4)a

Premature delivery 3 (9.4) 11 (39.3)a

Abortion 4 (12.5) 12 (42.9)a

FGR 5 (15.6) 16 (57.1)a

Placental abruption 2 (6.3) 2 (7.1)  
Pregnancy anemia 6 (18.8) 16 (57.1)a

FGR: fetal growth restriction. ap < 0.05 (compared with normal group).

Figure 2. — TSH level and arterial blood pressure in dif-
ferent gestational weeks. (A) the serum level of TSH in two
groups. (B) SBP in two groups. (C) DBP in two groups. (D)
MAP in two groups.
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0.05). The present results indicate that gestational week was
positively correlated with TSH level and arterial blood
pressure. Then, the authors further explored the effect of
different TSH levels on pregnancy outcome in the patients
with PIH+SCH. In this study, the PIH+SCH group was di-
vided into two subgroups, including low TSH group (n=32)
and high TSH group (n=28). As showed in Table 4, com-
pared with those in low TSH group, the incidences of post-
partum hemorrhage, premature delivery, abortion, FGR,
and pregnancy anemia were all obviously increased in high
TSH group (all p < 0.05). These results showed that poor
pregnancy outcome was closely associated with TSH in pa-
tients with PIH+SCH.

Discussion 

Due to occult onset and lack of specificity in clinical
manifestations, hypothyroidism and SCH are easily over-
looked. In particular, the diagnosis of SCH mainly relies
on the results of the laboratory, which could easily lead to
missed diagnosis [16]. The thyroid of the fetus begins to
secrete thyroid hormone from the 12th week of pregnancy,
and thyroid function is established completely after 20
weeks. Within 20 weeks, the thyroid hormone of fetal de-
velopment needs is mainly from the mother, in which pe-
riod, if the thyroid function of the mother is normal, it could
provide adequate amounts of thyroid hormone into the fetus
through the placenta [17, 18]. 

Thyroid dysfunction could lead to mother and child haz-
ards [19]. In this study, the results showed that compared
with those in normal group and PIH+non-SCH group, SBP,
DBP, and MAP were all significantly upregulated in
PIH+SCH group. SCH was in relation to SBP and a poor
prognosis during pregnancy. 

As known, PIH is characterized by high blood pressure
(HBP) [20]. Over the past decades, several studies have
shown that HBP, including SBP, DBP, and MAP, were sig-
nificantly elevated with PIH [21-23]. In this study, a simi-
lar conclusion indicated that compared with those in normal
group, SBP, DBP, and MAP were all significantly upregu-
lated in PIH+SCH group and PIH+non-SCH group, re-
spectively. Moreover, several studies have shown that
thyroid dysfunction can increase the risk of hypertension
[24, 25]. TSH level is the most accurate and sensitive indi-
cator, which could reflect the thyroid function [26]. With
rising of TSH levels, systolic and diastolic blood pressure
was linearly increased: the higher the level of TSH, the
higher the incidence of hypertension [27]. 

TT4 levels are gradually increased during pregnancy due
to the increased concentration of thyroxine-binding globu-
lin (TBG), which begins at 6-8 weeks of gestation and
reaches its peak at 20 weeks of gestation and continues until
childbirth [28]. Due to the effect of hCG, TSH decreases
during pregnancy, which is most pronounced at 8-12 weeks
of gestation and caused the TSH level to decrease than the

lower limit of the general population (0.4 mIU/L) [14]. 
Wang et al. [29] found that TSH levels in serum was cor-

related positively with SBP and DBP. Consistently, in the
present study, SBP, DBP, and MAP were all higher in
PIH+SCH group than those in PIH+non-SCH group. More-
over, the serum level of TSH was significantly higher in
PIH+SCH group than that in PIH+non-SCH and normal
group. In addition, SCH had a closely positive correlation
with SBP. However, SCH had no significant correlation
with DBP and MAP. Over the past decades, emerging evi-
dence showed that PIH was associated with poor prognosis
of pregnant women [30, 31]. In this study, the present re-
sults indicated the incidences of postpartum hemorrhage,
premature delivery, abortion, FGR, and pregnancy anemia
which all obviously increased in PIH+non-SCH and
PIH+SCH groups, compared to those in normal group, re-
spectively. More and more studies demonstrated that SCH
was associated with poor prognosis of pregnant women
[32]. Gur et al. [33] showed that hemoglobin (Hb) of preg-
nant women was obviously lower in the SCH group than
control group, indicating a high rate of postpartum hemor-
rhage. Liu et al. [34] found that pregnancy women with
SCH are at an increased risk of miscarriage between four
and eight gestational weeks. 

A consistent conclusion showed that the incidences of
premature delivery, abortion, FGR, and pregnancy anemia
were significantly higher in PIH+SCH group than in PIH+
non-SCH group, which indicated that SCH was correlated
with a poor prognosis during pregnancy. In addition, the
present authors sequentially analyzed the difference be-
tween low TSH group and high TSH group in PIH+SCH
group, which demonstrated that the incidences of postpar-
tum hemorrhage, premature delivery, abortion, FGR, and
pregnancy anemia were all obviously increased in high
TSH group compared to those in low TSH group, and the
difference was statistically significant. These results indi-
cate that SCH is positively correlated with a poor progno-
sis during pregnancy. Of note, TSH level is dramatically
altered during pregnancy [35]. De Zoysa et al. [36] indi-
cated that TSH level in the first trimester was 1.30 µIU/mL
and significantly increased to 1.60 µIU/mL at the third
trimester, which indicated that TSH level was gradually in-
creased during pregnancy. In the present study, the authors
first explored the relationship between TSH level and dif-
ferent gestational weeks during pregnancy, in which, serum
TSH level was significantly increased in high gestational
week group compared with to low gestational week group.
Sequentially, they also found that the arterial blood pres-
sures, including SBP, DBP, and MAP, were all remarkably
elevated in high gestational week group compared with low
gestational week group. These findings were further cor-
roborated with SCH which has a close relation with PIH
and poor prognosis during pregnancy. 

In conclusion, the present authors found that SCH had a
close relation with PIH and could lead to a poor prognosis
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during pregnancy. The present data could provide a novel
perspective to explore the association between PIH and
SCH and assess its effect on the prognosis during preg-
nancy.
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