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Association between placental growth
factor levels and maternal hypothyroidism
at 11-13 weeks of gestation:
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(single center) in Vietham
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ABSTRACT

Background and aim: This study aimed to evaluate the association between maternal placental growth factor
(PIGF) levels and thyroid function (FT. and TSH), and to assess whether elevated PIGF is associated with hy-
pothyroidism during early pregnancy.

Methods: This hospital-based, single-center, cross-sectional study was conducted at Hung Vuong Hospital, Vi-
etnam, from February to May 2025. A total of 213 pregnant women between 11 and 13 weeks of gestation were
enrolled. Hypothyroidism was defined according to the 2017 American Thyroid Association guidelines, including
both overt and subclinical hypothyroidism. Marginal effects were estimated and visualized to assess the asso-
ciation between PIGF levels, thyroid hormone concentrations, and the probability of hypothyroidism.

Results: The median maternal age was 32 years. Median PIGF, FT., and TSH concentrations were 50.5 pg/mL,
1.10 ng/dL, and 1.05 mlU/L, respectively. The prevalence of hypothyroidism among pregnant women was 10.3%.
PIGF was inversely associated with FT. concentrations but showed no significant association with TSH. PIGF
levels above the 97.5th percentile were associated with a 7.3-fold higher odds of hypothyroidism (95%

Cl, 1.03-51.4) after adjustment for gestational age, parity, obesity, and education level.

Conclusions: These findings suggest a potential association between placental angiogenic activity and mater-
nal thyroid function, particularly involving FT.. Extremely elevated PIGF concentrations may be associated with
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thyroid dysfunction and could potentially serve as a novel biomarker for early risk identification or screening.
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Introduction

Maternal hypothyroidism during pregnancy in-
cludes both overt and subclinical forms, characterized
by insufficient thyroid hormone production to meet
the physiological demands of the mother and fetus.
Diagnosis is established through elevated thyroid-
stimulating hormone (TSH) and low or normal free
thyroxine (FT4) concentrations according to trimester-
specific reference ranges (1). The clinical relevance of
hypothyroidism in pregnancy lies in its potential ad-
verse effects on maternal and fetal health. Untreated
cases have been associated with miscarriage, preec-
lampsia, preterm birth, and impaired neurocognitive
development in offspring (2-4). The global prevalence
of maternal hypothyroidism ranges from 2% to 5%,
depending on iodine sufficiency and population char-
acteristics (5). Early detection and appropriate man-
agement are essential to minimize these complications
(3, 6). Risk factors contributing to maternal hypothy-
roidism include advanced maternal age, increased body
mass index, multiparity, inadequate iodine intake,
and autoimmune thyroid disease (1, 7-10). Placental
growth factor (PIGF), an angiogenic member of the
vascular endothelial growth factor (VEGF) family,
plays a pivotal role in placental vascularization and
trophoblast invasion during early gestation (11). Al-
tered PIGF expression has been implicated in various
obstetric complications, including preeclampsia and
fetal growth restriction (12). Recent evidence indicates
that thyroid hormones and angiogenic factors such as
PIGF may interact to regulate placental and endocrine
adaptation to pregnancy (13). PIGF relates to thyroid
function via hCG-mediated TSH-receptor activation
and trophoblast angiogenesis, and via endothelial-
placental cross-talk whereby PIGF/sFlt-1 modu-

late thyroid microvascular perfusion and hormone

synthesis (13-15). Several studies have demonstrated
associations between maternal TSH and F'T4 concen-
trations and circulating PIGF levels, suggesting that
thyroid dysfunction may influence placental angiogen-
esis (16-18). Despite the growing international interest
in the interplay between thyroid and angiogenic path-
ways, there is a paucity of comparable research in Viet-
nam. Existing local studies have primarily focused on
iodine status and thyroid disease prevalence (19, 20),
leaving an important knowledge gap regarding the in-
teraction between thyroid function and placental bio-
markers. Understanding this relationship during early
pregnancy is particularly crucial, as the first trimester
represents a critical window for placental and fetal de-
velopment. Therefore, this study aimed to determine
the correlation between maternal PIGF and thyroid
hormones (FT4, TSH), and to evaluate the association
between PIGF levels and maternal hypothyroidism
during early pregnancy (11-13 weeks of gestation).
This study tests the hypothesis that, at 11-13 weeks
of gestation, higher maternal PIGF concentrations are
inversely correlated with F'T'4 and positively correlated
with TSH, and that elevated PIGF is associated with
increased odds of maternal hypothyroidism.

Patients and methods

Study design and setting

The cross-sectional study was conducted at Hung
Vuong Hospital, a central tertiary maternity facility lo-
cated in Ho Chi Minh City. Established in 1975 and
currently managed by the Ho Chi Minh City Depart-
ment of Health, the hospital has approximately 900 in-
patient beds and nearly 1,300 staff members. It serves
as a leading referral center for prenatal diagnostics,
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obstetric and gynecologic care, infertility treatment,
neonatology, and family planning services, includ-
ing subspecialties such as pelvic urogynecology and
health communication counseling. With over 40,000
deliveries annually, the hospital plays a pivotal role
in maternal and perinatal healthcare in southern Vi-
etnam. Its high patient volume and multidisciplinary
services make it a suitable setting for research on ma-
ternal health outcomes. The research protocol was ap-
proved by the Biomedical Research Ethics Committee
at the University of Medicine and Pharmacy at Ho
Chi Minh City under Decision No. 1189/HDDD-
DHYD, dated November 28, 2023. All participating
women were fully informed about the objectives and
procedures of the study and provided written informed
consent before enrollment. This study was conducted
and reported in accordance with the STROBE guide-

lines for observational research (21).

Study participants

The study population consisted of pregnant women
with confirmed singleton pregnancies who attended
routine antenatal care visits between 11 weeks and 13
weeks 6 days of gestation at Hung Vuong Hospital.
Gestational age was determined using crown-rump
length (CRL) measured by trained sonographers. In-
clusion criteria included a viable singleton intrauterine
pregnancy, no prior diagnosis of thyroid dysfunction,
and complete clinical and demographic data avail-
ability. Exclusion criteria encompassed any history of
thyroid disorders before pregnancy, such as hypothy-
roidism, hyperthyroidism, thyroid nodules, thyroid
cancer, or simple goiter or current use of medications
known to influence thyroid function. Additional ex-
clusion criteria were the presence of fetal structural ab-
normalities detected on first-trimester ultrasound and
pre-existing severe chronic medical conditions such as
type 1 diabetes mellitus, systemic lupus erythematosus,
or end-stage chronic kidney disease.

Sample size

The sample size for this study was calculated to
ensure adequate power to detect a statistically signifi-
cant correlation coeflicient different from zero (22).

The calculation was based on a two-sided significance
level of 0.05, a statistical power of 80%, and an ex-
pected correlation coefficient of 0.20. Under these as-
sumptions, the initially estimated sample size was 194
participants. To account for potential non-response or
incomplete data, a 5% adjustment was applied, result-
ing in a final required sample size of approximately
204 participants. In this study, we enrolled 213 par-
ticipants to improve the robustness of the analysis and
ensure high data quality in case of missing values or
exclusions during data cleaning.

Sampling

The selection of participants was conducted at the
outpatient department of Hung Vuong Hospital. Eli-
gible patients were identified during routine prenatal
visits based on predefined inclusion and exclusion cri-
teria. Recruitment and data collection were performed
on weekdays, with an average of five participants en-
rolled per day, over the period from February to April
2025. All eligible participants received a detailed ex-
planation of the study objectives and procedures, and
written informed consent was obtained before inclu-
sion. Recruitment was terminated once the target
sample size required for the study was achieved. Upon
enrollment, a trained research team consisting of two
nurses collected baseline demographic and clinical his-
tory data using a structured questionnaire. Thereafter,
participants underwent routine clinical examinations
and venous blood sampling in accordance with the
hospital’s standard protocols.

Variables

In this study, the primary outcome variable was
maternal hypothyroidism, defined as a binary variable
indicating the presence or absence of hypothyroid-
ism at 11-13 weeks of pregnancy. A pregnant woman
was considered to have hypothyroidism if she met the
diagnostic criteria for either overt hypothyroidism or
subclinical hypothyroidism. As there are currently
no officially established reference ranges for TSH
and FT, levels in pregnant Vietnamese women, we
adopted the diagnostic criteria for thyroid dysfunc-
tion in the first trimester as recommended by the
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American Thyroid Association (ATA) in 2017 (1).
Specifically, clinical hypothyroidism was defined as
a TSH concentration > 10 mIU/L regardless of FT,
level, or a TSH level between 2.5 and <10 mIU/L
accompanied by a reduced FT, level (<0.93 ng/dL).
Subclinical hypothyroidism was defined as a TSH
level between 2.5 and 10 mIU/L with F'T', concentra-
tions remaining within the reference range (0.93-1.91
ng/dL) (1). A range of maternal characteristics and
biochemical parameters were included as independ-
ent variables or covariates in the analysis. Maternal
age (years) and gestational age (weeks) at the time
of blood sampling were treated as continuous. PIGF
concentrations (pg/mL) were examined as a continu-
ous variable and, in parallel, stratified into percentile
categories (>90th, >95th, and >97.5th) to evaluate as-
sociations with thyroid dysfunction. As assay-specific
manufacturer reference ranges for PIGF have not
been validated in Vietnamese pregnant populations,
fixed cut-offs were not applied. Maternal FT, (ng/dL)
and TSH (mIU/L) levels were included as continuous
variables reflecting thyroid hormone concentrations.
The laboratory testing procedures were conducted at
the Laboratory Department of Hung Vuong Hospi-
tal. Venous blood samples were collected, centrifuged
at 4,000 rpm for 10 minutes to separate the serum,
and either analyzed within 3 hours at 20 °C or stored
at -18 °C for up to 30 days before testing. PIGF,
FT4, and TSH concentrations were measured using
the Roche Cobas €801 analyzer based on the electro-
chemiluminescent immunoassay (ECLIA) technique.
All reagents, calibrators, and control serum were sup-
plied by Roche Diagnostics. Assay performance was
verified according to CLSI EP15-A3 guidelines and
met the required precision and accuracy standards.
Additional sociodemographic and clinical factors
were assessed. Parity was categorized as nullipara,
primipara, or multipara. Maternal education level was
grouped into three categories: secondary school or
lower, high school, and university or higher. House-
hold income was classified into three groups based on
monthly income in Vietnamese Dong (VND): <10
million, 11-20 million, and >20 million. Maternal
obesity status was recorded as a binary variable (yes/
no), based on body mass index (BMI), and defined as
having a BMI greater than 25.

Statistical analysis

All data were double-entered using EpiData
version 3.1 to ensure accuracy. After data cleaning,
statistical analyses were performed using Stata ver-
sion 17 (StataCorp, College Station, TX, USA). A
complete-case analysis was applied; participants with
missing values for the variables of interest were ex-
cluded from the corresponding analyses. Descriptive
statistics were used to summarize the characteristics
of the study population, with continuous variables
presented as medians and interquartile ranges (IQRs),
and categorical variables expressed as frequencies and
percentages. The normality of continuous variables was
assessed by visual inspection of histograms and Q-Q
plots and formally tested using the Shapiro—Wilk test.
Differences between groups were examined using the
Mann-Whitney U test for non-normally distributed
quantitative variables and the chi-square test for cat-
egorical variables. Marginal effects at different PIGF
levels were estimated using the “margins” command
in Stata, and the “marginplot” command was subse-
quently applied to visualize the relationship between
PIGF and thyroid hormone levels or the predicted
probability of hypothyroidism. Potential confounders
were selected a priori based on biological plausibility
and published evidence supporting their associations
with both placental angiogenic markers and maternal
thyroid function. These confounders included ges-
tational age, parity, maternal obesity, and education
level. Multivariable linear and logistic regression mod-
els were used to adjust for these factors. Furthermore,
PIGF concentrations were categorized into percen-
tile groups (>90th, >95th, and >97.5th percentiles) to
evaluate the predicted probability of hypothyroidism
associated with elevated PIGF levels. Because no offi-
cial guidelines or standardized cut-off values currently
define high PIGF levels in relation to maternal thy-
roid function, these percentile thresholds were selected
on an exploratory basis. Adjusted odds ratios (ORs)
with 95% confidence intervals (CIs) were reported for
each category. Multicollinearity in linear regression
models was assessed using the variance inflation factor
(VIF), and logistic model fit was evaluated using the
Hosmer—Lemeshow goodness-of-fit test. A two-sided
P value < 0.05 was considered statistically significant.
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Results

Table 1 shows the characteristics of pregnant
women at 11-13 weeks of gestation. The median mater-
nal age was 32.0 years, and the median gestational age
at assessment was 12.1 weeks. The median PIGF level
was 50.5 pg/mL, the median F'T4 level was 1.10 ng/dL,
and the median TSH level was 1.05 mIU/L. Regard-

ing parity, the largest group of women were primiparous

In terms of monthly household income, most women
belonged to households earning <20 million VND
(67.7%). Additionally, a notable proportion of women
were classified as obese (25.4%).

Table 2 presents the comparison of maternal char-
acteristics according to hypothyroidism status at 11-13

Table 2. Comparison of maternal characteristics by hypothy-
roidism status at 11-13 weeks of gestation.

(36.2%), followed by nulliparous women (34.7%), with Without P
the smallest group being multiparous women (29.1%). Variables Hypothyroidism | hypothyroidism | value
Educational attainment showed a similar distribution, Maternal age, 28.0 (7.0) 32.0 (11.0) 0.10
with the highest percentage of women having a univer- years, median
sity degree or higher (36.2%), followed by those with a (IQR)
high school education (35.2%), and the lowest percent- GeStatiOEsal 12.1(04) 12.1(0.7) 0.18
age among those with secondary school or less (28.6%). fj&gﬁe ’
(IQR)
Table 1. Characteristics of pregnant women at 11-13 weeks of PIGF, 51.2 (25.7) 50.5 (24.6) 0.64
gestation by different factors. pg/mL,
Variables Median (IQR) median (IQR)
Maternal age (years) 32.0 (10.0) Parity, N (%)
Gestational age (weeks) 12.1 (0.6) Nullipara 11 (14.9) 63 (85.1) 0.28
PIGF (pg/mL) 50.5 (24.6) Primipara 6 (7.8) 71 (92.2)
FT, (ng/dL) 1.10 (0.23) Multipara 5(8.1) 57 (91.9)
TSH (mIU/L) 1.05 (1.11) Education,
N (%) N (%)
Secondary 6 (9.9) 55(90.2) 0.02
Parity school or
Nullipara 74 (34.7) lower
Primipara 77 (36.2) High school 13 (17.3) 62 (82.7)
Multipara 62 (29.1) University or 3(3.9) 74 (96.1)
- higher
Education
Income, mil.
Secondary school or lower 61 (28.6) VND, N (%)
High school 75(35.2) <10 2(3.5) 55 (96.5) 0.02
University or higher 77 (36.2) 11-20 15 (17.2) 72 (82.8)
Income (mil. VND) 20 5(7.3) 64 (92.8)
<10 57 (26.8) Obesity,
11-20 87 (40.9) N (%)
20 69 (32.3) No 15 (9.4) 144 (90.6) | 0.46
Obesity Yes 7 (13.0) 47 (87.0)
No 159 (74.6) Total, N (%) 22 (10.3) 191 (89.7) N/A
Yes 54 (25.4) Abbreviations: mil. VND: Million Vietnam Dong, N/A: Not Appli-

Abbreviations: IQR: Interquartile Range, mil. VND: Million Vietnam-
ese Dong.

cable, IQR: Interquartile Range, P values were calculated using the
Mann-Whitney U test for continuous variables and the chi-square test
for categorical variables.
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Figure 1. The association of maternal PIGF with TSH and FT, levels among pregnant women at 11-13 weeks of ges-
tation. Marginal effects were estimated using linear regression adjusted for gestational age, parity, BMI, and education
level. Shaded areas indicate 95% confidence intervals of predicted values.

weeks of gestation. Women with hypothyroidism had
a lower median maternal age (28.0 years) compared to
those without hypothyroidism (32.0 years), although
the difference was not statistically significant (P=0.10).
The median gestational age was similar between the
two groups (12.1 weeks), with no significant difference
observed (P=0.18). Median PIGF levels were slightly
higher in the hypothyroidism group (51.2 pg/mL)
compared to the group without hypothyroidism (50.5
pg/mL), but the difference was not statistically signifi-
cant (P=0.64). Regarding parity, the prevalence of hy-
pothyroidism was highest among nulliparous women
(14.9%), followed by multiparous women (8.1%) and
lowest among primiparous women (7.8%); however,
these differences were not statistically significant
(P=0.28). For education, the prevalence of hypothy-
roidism was higher among women with a high school
education (17.3%) compared to those with secondary
school or lower (9.8%) and university or higher edu-
cation (3.9%), with a significant difference observed
(P=0.02). In terms of household income, women earn-
ing 11-20 million VND per month had a higher prev-
alence of hypothyroidism (17.2%) compared to those
with <10 million VND (3.5%) and >20 million VND
(7.3%), and this difference was statistically significant
(P = 0.02). With respect to obesity, the prevalence
of hypothyroidism was higher among obese women
(13.0%) compared to women without obesity (9.4%),
although the difference was not statistically significant
(P = 0.46). Overall, the prevalence of hypothyroidism
in the study population was 10.3%.

Figure 1 illustrates the association between PIGF
and TSH as well as FT4 levels. A significant negative
linear association was observed between PIGF and FT4
levels (P< 0.01), whereas no significant association was
found between PIGF and TSH levels (P = 0.59). Ad-
ditionally, Figure 2 presents the association between
maternal PIGF levels and the predicted probability
of hypothyroidism. No significant relationship was
observed between PIGF levels and hypothyroidism
(P = 0.39). The predicted probability of hypothyroid-
ism showed a slight upward trend with increasing
PIGF concentrations; however, the 95% confidence
interval widened substantially at higher values.

Table 3 presents the association between high
PIGF levels and hypothyroidism status among preg-
nant women at 11-13 weeks of gestation, using logistic
regression analysis adjusted for gestational age, parity,
obesity, and education level. PIGF levels above the
90" and 95™ percentiles were associated with a 2.1-
fold and 2.0-fold increase in the odds of hypothyroid-
ism, respectively, although these associations were not
statistically significant (a// P>0.05). In contrast, PIGF
levels above the 97.5% percentile were associated with

7.3-fold higher odds of hypothyroidism (P = 0.046).
Discussion
This is the first study conducted in Vietnam to

examine the relationship between placental growth
factor (PIGF) and thyroid function parameters
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Figure 2. The association of maternal PIGF with hypothyroid-
ism among pregnant women at 11-13 weeks of gestation. Mar-
ginal effects were estimated using logistic regression adjusted
for gestational age, parity, BMI, and education level. Shaded
areas indicate 95% confidence intervals of predicted values.

Table 3. High PIGF levels and hypothyroidism status among
pregnant women at 11-13 weeks of gestation.

PIGF levels Hypothyroidism
(pg/ml) OR (95% CI) P value
>90h percentitle 2.1(0.6 -7.3) 0.26
>95™ percentitle 2.0 (0.4-10.7) 0.41
>97.5® percentitle 7.3 (1.03 -51.4) 0.046

Note: The analysis was performed using logistic regression and adjusted
for gestational age, parity, obesity, and education level.

(FTaand TSH), as well as early gestational hypothyroid-
ism at 11-13 weeks of gestation. We found that 10.3%
of pregnant women had hypothyroidism. Higher mater-
nal PIGF levels were significantly associated with lower
FT4 concentrations. In addition, PIGF levels above the
97.5th percentile were associated with a 7.3-fold higher
odds of hypothyroidism (95% CI, 1.03-51.4; P = 0.046)
after adjustment for gestational age, parity, obesity, and
education level. These findings underscore the potential
role of PIGF as an early marker of thyroid dysfunction
in pregnancy. In our study, the prevalence of hypothy-
roidism at 11-13 weeks’ gestation was 10.3%, which is
higher than that reported in Western populations but
comparable to some South Asian figures. A study in
North India reported a high prevalence of hypothy-
roidism (14.3%) during the first trimester (23). In con-
trast, data from a Czech first-trimester screening cohort

(singleton pregnancies) showed a prevalence of hypo-
thyroidism of 5.3%, which was considerably lower than
our estimate (24). Additionally, a study of more than
17,000 pregnant women in Spain reported an overall
hypothyroidism prevalence of 6.5%, with regional vari-
ations (25). The differences between our findings and
those of previous studies may be attributable to varia-
tions in diagnostic criteria, reference thresholds, or char-
acteristics of the study population. One notable finding
is that we observed a significant inverse association be-
tween PIGF levels and F'T4 concentrations, which may
suggest a potential biological interplay between placen-
tal angiogenesis and maternal thyroid function during
early gestation. PIGF, a pro-angiogenic factor secreted
by the placenta, is a sensitive marker of placental func-
tion, while maternal FT4 is essential for fetal neurode-
velopment and placental growth in early pregnancy
(11,26-28). The inverse relationship identified in our study
may reflect a compensatory physiological response or a
pathophysiological interaction between placental sign-
aling pathways and maternal thyroid regulation. Several
previous studies have shown that abnormal thyroid hor-
mone levels, especially lower FT4, are associated with
adverse obstetric outcomes, such as preeclampsia, fetal
growth restriction, and preterm birth (7, 29, 30). Ad-
ditionally, evidence suggests that angiogenic markers
like PIGF are affected in pregnancies with thyroid dys-
function, indicating possible bidirectional interactions
between placental and endocrine systems (31, 32). No-
tably, Korevaar et al. reported that elevated PIGF levels
may modify the stimulatory effect of human chorionic
gonadotropin (hCG) on maternal FT4 production, fur-
ther supporting the hypothesis that placental-derived
factors could influence thyroid hormone dynamics dur-
ing early pregnancy (13). In this study, we found no
significant association between PIGF levels and TSH,
suggesting that PIGF may not be closely linked to ma-
ternal TSH levels during the first trimester. TSH regu-
lation is mediated by pituitary—thyroid feedback and
transiently influenced by hCG in early gestation (27,
33, 34). Although hCG can influence both PIGF and
TSH levels through its effects on trophoblastic activ-
ity, our data suggest that the regulatory pathways of
these two biomarkers may be functionally distinct. One
possible explanation is that while hCG stimulates both
thyroid hormone production and PIGF expression, the
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magnitude and timing of these responses differ, lead-
ing to a dissociation between PIGF and TSH levels
(13, 35). Furthermore, PIGF expression is mainly local-
ized in the syncytiotrophoblast and may reflect placental
vascular development rather than the systemic endo-
crine feedback mechanisms that regulate TSH secre-
tion (36). Previous studies examining the relationship
between angiogenic markers and thyroid function have
produced inconsistent results. One study reported that
PIGF modified the stimulatory effect of human cho-
rionic gonadotropin (hCG) on FT4, but not on TSH
(13). Our findings are consistent with this observation,
supporting the hypothesis that TSH may not serve as a
reliable marker for evaluating placental vascular func-
tion or PIGF-related pathways. However, other research
has demonstrated an inverse association between PIGF
and TSH concentrations, indicating that higher PIGF
levels were associated with lower TSH levels (16). These
discrepancies may reflect differences in study popula-
tions, gestational age at assessment, assay methods, or
underlying maternal health conditions. We did not ob-
serve a significant association between PIGF levels and
hypothyroidism, which was inconsistent with a previ-
ous study (13). Population-specific factors, differences
in diagnostic thresholds, or assay variability may explain
this. However, at extreme values, PIGF levels above the
97.5th percentile were positively associated with hy-
pothyroidism, suggesting a possible dysregulation of
endocrine—placental interactions. Our findings are con-
sistent with a previous study showing that abnormal lev-
els of placental markers, including elevated PIGF, could
interact with maternal thyroid hormone metabolism
(13). Furthermore, another study suggested that extreme
values of angiogenic factors in early pregnancy may re-
flect underlying maternal pathophysiological states, in-
cluding autoimmune or vascular conditions, which have
been implicated in the pathogenesis of thyroid disor-
ders (37). This remains a hypothesis, partly supported
by studies demonstrating that excessive trophoblast-
derived hormones can perturb maternal thyroid regula-
tion (27). In Vietnam, PIGF testing is already part of
routine first-trimester preeclampsia screening, while
early screening for thyroid dysfunction is not yet rec-
ommended. By identifying a potential association be-
tween PIGF and thyroid hormones, this study provides
baseline data that may support future research and the

development of integrated early screening strategies for
pregnancy-related disorders. Several limitations of this
study should be acknowledged. The cross-sectional de-
sign inherently limits causal inference, as the temporal
sequence between changes in PIGF and variations in
FT, could not be determined. The study also did not
examine the association between TSH and hCG con-
centrations, which represents a methodological limita-
tion given the established role of hCG in modulating
TSH during early pregnancy. The modest sample size
may have reduced statistical power, increasing the risk
of type II errors, and the single-center design may limit
generalizability. In particular, the study sample was
drawn from an urban tertiary care hospital, which may
not be representative of pregnant women in rural or
community settings, potentially limiting external valid-
ity. Given the exploratory nature of this study and the
modest sample size, minor violations of linear model as-
sumptions cannot be entirely ruled out. However, the
analysis was conducted to explore potential associations
rather than to build a predictive model, and the results
should be interpreted within this context. In addition,
the wide confidence intervals at extreme PIGF levels
may reflect low sample density and potential heterosce-
dasticity, which could affect the precision of the esti-
mates. Finally, residual confounding may be present due
to unmeasured factors such as iodine intake and thyroid
peroxidase (TPO) antibody status. Future studies with
larger, more diverse populations and comprehensive as-
sessments of thyroid autoimmunity and iodine status
are warranted to validate these findings.

Conclusion

In this study, we observed that the prevalence of
hypothyroidism among pregnant women at 11-13
weeks of gestation was 10.3%. In addition, a significant
association was found between maternal PIGF levels
and FT4 concentrations during the same gestational
period. PIGF levels above the 97.5th percentile were
associated with a higher likelihood of hypothyroidism.
These findings indicate an association between elevated
PIGF levels and altered thyroid function in early preg-
nancy, rather than establishing any causal or predictive
relationship. Due to the cross-sectional design of this



ACTA BIOMED 2026; VOL. 97, N. 1: 18000 DOI: 10.23750/ABM.2026.18000 9

study, temporal or causal inferences cannot be drawn.
Future prospective cohort studies and mechanistic re-
search are warranted to confirm causality, clarify the un-
derlying biological pathways, and explore the potential
predictive utility of PIGF in combination with standard
thyroid function tests for early risk stratification.

Ethic Approval: The research protocol was approved by the
Biomedical Research Ethics Committee at the University of
Medicine and Pharmacy at Ho Chi Minh City under Decision No.
1189/HDDD-DHYD, dated November 28, 2023. All participating
women were thoroughly informed about the objectives and
procedures of the study and provided written informed consent
before enroliment.

Conflict of Interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership,
equity interest, patent/licensing arrangement etc.) that might pose
a conflict of interest in connection with the submitted article.

Authors Contribution: Conceptualization and study design:
LD, NK; Data collection: LD, PH, PP; Data entry and analysis:
LD; Writing — original draft: LD; Review and editing: LD, NK, PH,
PP, LN. All authors read and approved the final version of the
manuscript.

Declaration on the Use of Al: None.

Acknowledgments: The authors express their sincere gratitude
to all patients who participated in this study. We would also

like to thank the board of directors at Hung Vuong Hospital

and the healthcare staff for their invaluable support during

data collection. In addition, we are grateful to the University of
Medicine and Pharmacy at Ho Chi Minh City for their assistance
throughout the learning process and the implementation of this
research. The views expressed in this article are solely those

of the authors and do not necessarily represent the official
positions of their affiliated institutions.

Funding: None.

References

1. Stagnaro-Green A, Abalovich M, Alexander E, et al. Guide-
lines of the American Thyroid Association for the diagnosis
and management of thyroid disease during pregnancy and

postpartum. Thyroid. 2011;21(10):1081-125. doi: 10.1089
/thy.2011.0087
2. Lucaccioni L, Ficara M, Cenciarelli V, Berardi A, Predieri B,
Tughetti L. Long term outcomes of infants born by mothers
with thyroid dysfunction during pregnancy. Acta Biomed.
2020;92(1):e2021010. doi: 10.23750/abm.v92i1.9696
3. Nazarpour S, Ramezani Tehrani F, Simbar M, Azizi F. Thy-
roid dysfunction and pregnancy outcomes. Iran ] Reprod
Med. 2015;13(7):387-96. PMID: 26494985
4. Huget-Penner S, Feig DS. Maternal thyroid disease and its
effects on the fetus and perinatal outcomes. Prenat Diagn.
2020;40(9):1077-84. doi: 10.1002/pd.5684
5. Taylor PN, Albrecht D, Scholz A, et al. Global epidemiol-
ogy of hyperthyroidism and hypothyroidism. Nat Rev En-
docrinol. 2018;14(5):301-16. doi: 10.1038/nrendo.2018.18
6. Reid SM, Middleton P, Cossich MC, Crowther CA, Bain E.
Interventions for clinical and subclinical hypothyroidism
pre-pregnancy and during pregnancy. Cochrane Database
Syst Rev. 2013;(5):CD007752. doi:10.1002/14651858
.CD007752.pub3
7. Wang W, Teng W, Shan Z, et al. The prevalence of thyroid
disorders during early pregnancy in China: the benefits of
universal screening in the first trimester of pregnancy. Eur J
Endocrinol. 2011;164(2):263-8. doi: 10.1530/EJE-10-0660
8. Korevaar TI, Medici M, Visser T], Peeters RP. Thyroid
disease in pregnancy: new insights in diagnosis and clini-
cal management. Nat Rev Endocrinol. 2017;13(10):610-22.
doi: 10.1038/nrendo.2017.93
9. Zimmermann MB, Boelaert K. Iodine deficiency and thy-
roid disorders. Lancet Diabetes Endocrinol. 2015;3(4):
286-95. doi: 10.1016/S2213-8587(14)70225-6
10. Alexander EK, Pearce EN, Brent GA, et al. 2017 Guidelines
of the American Thyroid Association for the Diagnosis and
Management of Thyroid Disease During Pregnancy and
the Postpartum. Thyroid. 2017;27(3):315-89. doi: 10.1089
/thy.2016.0457
11. Levine RJ, Maynard SE, Qian C, et al. Circulating angio-
genic factors and the risk of preeclampsia. N Engl J Med.
2004;350(7):672-83. doi: 10.1056/NEJMo0a031884
12. Parchem JG, Brock CO, Chen H-Y, et al. Placental growth
factor and the risk of adverse neonatal and maternal out-
comes. Obstet Gynecol. 2020;135(3):665-73. doi: 10.1097
/AOG.0000000000003694
13. Korevaar TI, Steegers EA, de Rijke YB, et al. Placental
angiogenic factors are associated with maternal thyroid
function and modify hCG-mediated FT4 stimulation. J
Clin Endocrinol Metab. 2015;100(10):E1328-E34. doi:
10.1210/jc.2015-2553
14. Hershman JM. Human chorionic gonadotropin and the
thyroid: hyperemesis gravidarum and trophoblastic tumors.
Thyroid. 1999;9(7):653-7. doi: 10.1089/thy.1999.9.653
15. Maynard SE, Min JY, Merchan ], et al. Excess placental
soluble fms-like tyrosine kinase 1 (sFlt1) may contribute
to endothelial dysfunction, hypertension, and proteinuria
in preeclampsia. J Clin Invest. 2003;111(5):649-58. doi:
10.1172/jci17189



10 ACTA BIOMED 2026; VOL. 97, N. 1: 18000 DOI: 10.23750/ABM.2026.18000

16. Lundgaard MH, Sinding MM, Serensen AN, et al
Maternal Thyroid Function and Biochemical Markers of
Placental Function in Early Pregnancy. Clin Endocrinol
(Oxf). 2025;102(3):306-14. doi: 10.1111/cen.15145

17. Smallridge RC, Glinoer D, Hollowell JG, Brent G. Thyroid
Function Inside and Outside of Pregnancy: What Do We
Know and What Don't We Know? Thyroid. 2005;15(1):
54-9. doi: 10.1089/thy.2005.15.54

18. Barjaktarovic M, Korevaar T, Chaker L, et al. The associa-
tion of maternal thyroid function with placental hemody-
namics. Hum Reprod. 2017;32(3):653-61. doi: 10.1093
/humrep/dew357

19. Ly LD, Vuong NT, Chau MN, et al. Reference Intervals of
Thyroid Function Tests in First Trimester Vietnamese Preg-
nant Women.Clin Lab. 2020;66(12):200415. doi: 10.7754
/Clin.Lab.2020.200415

20. Fisher J, Tran T, Biggs B, et al. Todine status in late preg-
nancy and psychosocial determinants of iodized salt use
in rural northern Viet Nam. Bull World Health Organ.
2011;89:813-20. doi:10.2471/BLT.11.089763

21.von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche
PC, Vandenbroucke JP. The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
statement:  guidelines for reporting  observational
studies. Lancet. 2007;370(9596):1453-7. doi:10.1016/
S0140-6736(07)61602-X

22.Hulley SB, Cummings SR, Browner WS, Grady DG,
Newman TB. Designing clinical research: an epidemiologic
approach. 4th ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2013. ISBN: 9781608318049.

23. Dhanwal DK, Prasad S, Agarwal A, Dixit V, Banerjee A.
High prevalence of subclinical hypothyroidism during first
trimester of pregnancy in North India. Indian ] Endocrinol
Metab. 2013;17(2):281-4. doi: 10.4103/2230-8210.109712

24. Salek T, Dhaifalah I, Langova D, Havalova J. The prevalence
of maternal hypothyroidism in first trimester screening from
11 to 14 weeks of gestation. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub. 2019;163(3):265-8. doi:
10.5507/bp.2018.063

25. Siscart J, Perejéon D, Serna MC, Oros M, Godoy P, Sole E.
Prevalence, risk factors, and consequences of hypothyroid-
ism among pregnant women in the health region of Lleida:
A cohort study. PLoS One. 2023;18(10):¢0278426. doi:
10.1371/journal.pone.0278426

26. Vuorela P, Hatva E, Lymboussaki A, et al. Expression of
vascular endothelial growth factor and placenta growth fac-
tor in human placenta. Biol Reprod. 1997;56(2):489-94.
doi: 10.1095/biolreprod56.2.489

27.Glinoer D. The regulation of thyroid function in preg-
nancy: pathways of endocrine adaptation from physiology
to pathology. Endocr Rev. 1997;18(3):404-33. doi: 10.1210
/edrv.18.3.0300

28. Moog NK, Entringer S, Heim C, Wadhwa PD, Kathmann N,
Buss C. Influence of maternal thyroid hormones dur-
ing gestation on fetal brain development. Neuroscience.
2017;342:68-100. doi: 10.1016/j.neuroscience.2015.09.070

29. Casey BM, Dashe JS, Spong CY, McIntire DD, Leveno K],
Cunningham GF. Perinatal significance of isolated maternal
hypothyroxinemia identified in the first half of pregnancy.
Obstet Gynecol. 2007;109(5):1129-35. doi: 10.1097/01
.AOG.0000262054.03531.24

30. Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri T,
Stagnaro-Green A. Thyroid antibody positivity in the first
trimester of pregnancy is associated with negative pregnancy
outcomes. ] Clin Endocrinol Metab. 2011;96(6):E920-E4.
doi: 10.1210/jc.2011-0026

31. Minnistd T, Surcel HM, Ruokonen A, et al. Early preg-
nancy reference intervals of thyroid hormone concentra-
tions in a thyroid antibody-negative pregnant population.
Thyroid. 2011;21(3):291-8. doi: 10.1089/thy.2010.0337

32. Derakhshan A, Peeters RP, Taylor PN, et al. Association
of maternal thyroid function with birthweight: a systematic
review and individual-participant data meta-analysis. Lan-
cet Diabetes Endocrinol. 2020;8(6):501-10. doi: 10.1016
/§2213-8587(20)30061-9

33. Brent GA. Mechanisms of thyroid hormone action. J Clin
Invest. 2012;122(9):3035-43. doi: 10.1172/JC160047

34. Lazarus JH. Thyroid regulation and dysfunction in the
pregnant patient. In: Feingold KR, Adler RA, Ahmed SF, et
al., editors. Endotext [Internet]. South Dartmouth (MA):
MDText.com, Inc.; 2000-. Updated 2016 Jul 21. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK279059/.

35. Soldin O, Tractenberg R, Hollowell ], Jonklaas J, Janicic N,
Soldin S. Trimester-specific changes in maternal thyroid
hormone, thyrotropin, and thyroglobulin concentrations
during gestation: trends and associations across trimesters
in iodine sufficiency. Thyroid. 2004;14(12):1084-90. doi:
10.1089/thy.2004.14.1084

36. Gladstone RA, Snelgrove JW, McLaughlin K, et al. Placental
growth factor (PIGF) and soluble fms-like tyrosine kinase-1
(sF1t1): powerful new tools to guide obstetric and medical
care in pregnancy. Obstet Med. 2025;1753495X251327462.
doi: 10.1177/1753495X251327462

37. Chan SY, Vasilopoulou E, Kilby MD. The role of the placenta
in thyroid hormone delivery to the fetus. Nat Clin Pract Endo-
crinol Metab. 2009;5(1):45-54. doi: 10.1038/ncpendmet1026

Copyright: The Author(s), 2026. Licensee Mattioli 1885, Fidenza, ltaly. This is an open-access article distributed under the terms of
the Creative Commons Attribution NonCommercial License (CC BY-NC-4.0).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in this article are solely those of the author(s) and
contributor(s) and do not necessarily reflect those of their affiliated organizations, the publisher, the editors or the reviewers. The
publisher and the editors disclaim any responsibility for injury to people or property resulting from any ideas, methods, instructions or
products mentioned in the content. Any product that may be evaluated in this article, or claim made by its manufacturer, is not guaran-

teed or endorsed by the publisher.



