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Abstract

Background: Untreated subclinical hypothyroidism (SCH) can lead to complications during pregnancy. One significant concern
associated with pregnancy is excessive weight gain. Given the link between hypothyroidism and obesity, we aimed to investigate
the relationship between the dose of levothyroxine and gestational weight gain (GWG), for which we did not find any reports.
Additionally, we measured the differences in GWG between women with and without SCH who were monitored until the end of
their pregnancies.

Methods: Primiparous women (N=245) were selected using cluster sampling and entered into a prospective cohort study.
Subclinical hypothyroidism (SCH) was determined so that participants could be divided into two groups, with and without SCH,
and followed until the end of pregnancy. Levothyroxine dose was used as an independent variable, and maternal weights at 6-10,
18, 26, 33, 36 weeks, and at term (37-41) were determined as dependent (outcome) variables. Thyroid-stimulating hormone (TSH)
levels during the first trimester and pre-pregnancy body mass index (BMI) were also recorded as key influencing variables. Data
were collected via interviews and prenatal records from community health centers. Ten specialists confirmed the face validity of
the questionnaire. To enhance reliability, all interviewers received training under the same conditions. Additionally, since the
information was recorded using fixed and standardized forms, the reliability of the data had already been established.

Results: After adjusting for time (weight measurement in different weeks of pregnancy) and pre-pregnancy BMI, the average dose
of levothyroxine was found to be correlated with gestational weight gain (CWQ) (8=0.036, SE=0.016, P=0.025). Additionally,
there were no significant differences in total GWG between individuals with subclinical hypothyroidism (SCH) and euthyroid
concerning their levothyroxine use (yes or no) (=0.812, SE=0.997, P=0.415).

Conclusion: We found a positive correlation between levothyroxine dosage and weight gain during pregnancy, which is a valuable
result. Additionally, total weight gain in participants with subclinical hypothyroidism treated with levothyroxine did not differ
statistically from that of euthyroid subjects.
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Introduction

Pregnancy leads to an increase in thyroid hormone
production, which is essential for fetal development. As
a result, women may develop or experience a worsening
of hypothyroidism, including subclinical hypothyroidism
(SCH). There is strong evidence that uncontrolled SCH
can lead to complications such as miscarriage, pre-

eclampsia, and gestational diabetes. In such cases, treating
the condition with levothyroxine to bring thyroid-
stimulating hormone (TSH) levels within the normal
range for pregnancy can help reduce the risk of these
complications, particularly if TSH levels are elevated or if
thyroperoxidase antibodies are present (1). SCH is defined
as a TSH level between 2.5 and 10 mU/mL, accompanied
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by normal free thyroxine (FT4) levels. This condition is
typically treated with a dose of 1 microgram per kilogram
of body weight per day of levothyroxine, without
the need to assess the anti-thyroperoxidase (ATPO)
concentration (2). Once pregnancy begins, an increase
of 30% in levothyroxine dosage and monthly monitoring
are necessary to maintain TSH within the normal range
(2). Now, the question arises whether treatment with
levothyroxine can affect gestational weight gain (GWG),
considering that the effect of levothyroxine therapy on
incidences of other maternal and neonatal outcomes in
SCH has been reported (3, 4, 5).

This issue is important, given the significant association
between excessive gestational weight gain and maternal
and child complications (6), especially since there is also
a significant correlation between weight gain and thyroid
function (7). Also, the effect of nutritional and educational
interventions on pregnancy weight gain in pregnant
women with SCH who take levothyroxine compared to
euthyroids is unknown. In addition, weight gain is one of
the main variables in the effect of levothyroxine treatment
on birth weight (8).

Despite the importance of the subject, there are very
few studies on the effect of levothyroxine on weight
gain during pregnancy. One study indicated that after
levothyroxine treatment in women with SCH, the median
(IQR) of GWG in the SCH group was significantly lower
than that in the EU group (14.0 [11.0-16.0] vs. 15.0
[12.0-17.0]; p=0.003) (9). Also, another study indicated
that women with gestational hypothyroidism experienced
lower weight gain compared to controls after receiving
levothyroxine therapy (10). On the other hand, other
researchers have demonstrated that the total weight gain
after taking levothyroxine is not significantly different
from that of controls in participants with SCH (11) or
in those with both subclinical hypothyroidism and overt
hypothyroidism (OH) (12). In addition to its importance,
the inconsistency in this small number of studies also
highlights the need for further studies on the association
between levothyroxine and GWG. Therefore, we decided
to compare the average weight gain during pregnancy
in women with SCH who took levothyroxine to that of
euthyroid women. Moreover, in this area of research, one
study suggested that administering levothyroxine in the
first trimester is more likely to reduce adverse pregnancy
complications in women with SCH (13). Hence, assessing
the relationship between the dose of levothyroxine
taken (in micrograms) and weight gain (in kilograms) at
different weeks of pregnancy among women with SCH
was another goal of this study.

Methods

Single primiparous women of Iranian origin, aged
between 18 and 40 years, were enlisted for this prospective
cohort study conducted in Isfahan, Iran, from May 22,

2022, to July 21, 2023. These women were chosen from
the control group of a separate study (240037, IRMUL
MED.REC.1400.206) (14). The recruitment took place at
15 community health centers located in various areas of
Isfahan city to consider socioeconomic factors that may
influence the outcomes. It is important to mention that
pregnant women were directed by healthcare providers
from different regions of the city to the specified
community health centers, based on the mothers’
preferences and the distance involved.

Considering the selection of participants from a
prior study (240037), it was crucial that the participants
not only fulfill the inclusion criteria but also possess
information pertinent to the current study, such as TSH
levels, levothyroxine dosage, and other relevant data. They
were medically prescreened by midwives working at the
community health centers. When necessary, assistance
was also sought from the obstetricians and gynecologists at
community health centers and private clinics to which the
participants had been referred. The women were excluded
if they had medical conditions affecting body weight, such
as untreated thyroid disorders, type 1 or 2 diabetes, mental
illnesses, substance addiction, nutritional problems and
deficiencies, chronic diseases, kidney disease, anemias
(including thalassemia minor), or were following a special
diet. Additionally, women with a body mass index (BMI)
greater than 35 were not included (15). The diagnosis
and treatment criteria for SCH were based on the 2017
American Thyroid Association (ATA) guidelines by the
obstetricians who were consulting the women or to whom
the pregnant women had been referred. Also, if necessary,
the participants were referred to an endocrinologist.
Treatment with levothyroxine was initiated before or
during the first trimester of the pregnancy.

We utilized G*power 3.1.9, and a prior analysis for the
F-testofrepeated measures ANOV A with 6 measurements.
Given that « was considered 0.05, 5 was 0.80, the effect
size was equal to 0.07, and with a correlation of 0.5, the
sample size was estimated to be at least 220. Considering
a potential 10% dropout rate, we included 245 individuals
in the study.

Participants were first asked about demographic
information (age, education, and occupation at the
time of pregnancy, but not before) and reproductive
characteristics (pre-pregnancy BMI). Also, the dose of
levothyroxine taken at baseline and then at 26 weeks
and at term (37-41 weeks of pregnancy) was asked,
considering that eligible primiparous women were
followed prospectively until delivery. Gestational age was
also calculated from LMP (last menstrual period) and date
of birth by the corresponding author. The face validity of
the section and the entire questionnaire was verified by
ten specialists in obstetrics, endocrinology, nutrition, and
reproductive health. All interviews were conducted by the
corresponding author under identical conditions and via
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telephone conversation, thus ensuring their reliability.

Moreover, data were gathered regarding the presence
or absence of SCH before or during pregnancy, first-
trimester TSH levels, pre-pregnancy BMI, and maternal
weight at weeks 6-10, 18, 26, 33, 36, and at term from the
prenatal care files at community health centers and private
offices. Since these files have a fixed and standardized
format designed by the Ministry of Health, and have been
completed by practicing and trained midwives (with a
bachelor’s or master’s degree), their reliability is ensured.
Weight measurements of participants were conducted by
midwives employed at the aforementioned 15 community
health centers. It is noted that before starting work, a
coordination meeting was held to standardize the weight
measurement process as much as possible. Weight was
measured using digital scales available at community
health centers. Total weight gain during pregnancy was
calculated as the difference between the last recorded
weight before delivery (preterm or term) and the pre-
pregnancy weight.

Ethical considerations

The Ethics Committee of the Research and Technology
Vice-Chancellor has approved the ethical code (IR.
MUILMED.REC.1400.206) for the main research, from
which the information necessary for this study has been
extracted.

Statistical analysis

Statistical analyses were conducted using SPSS version 27.
Descriptive statistics were calculated to summarize the
study variables, including frequencies and percentages for
categorical variables and means with standard deviations
for continuous variables. The normality of maternal
weight at each gestational time point was assessed using
Q-Q plots, and a small number of outlier observations
were excluded from the analysis.

To examine the association between levothyroxine
(LT4) dosage and maternal weight gain (in both term
and preterm pregnancies), linear regression models
were fitted using the generalized estimating equation
(GEE) approach to account for repeated measures over
time. Separate models were constructed to evaluate the
relationship between weight gain and LT4 dosage as a
continuous variable, LT4 use as a binary variable (yes/
no), and timing of LT4 initiation (before vs. during
pregnancy). All models were adjusted for time and pre-
pregnancy body mass index (BMI). Maternal age was
initially included as a covariate but was excluded from the
final models due to lack of statistical significance and to
improve model parsimony.

Maternal weight was measured at consistent gestational
timepoints (6-10, 18, 26, 33, 36 weeks, and at delivery) for
all participants. Deliveries before 37 weeks were classified
as preterm, and those at or beyond 37 weeks as term.

To account for variability in gestational age at delivery,
analyses were conducted both in the overall sample
and separately among women with term deliveries.
Gestational age at delivery was also tested as a covariate
in the models; however, it was not statistically significant
and did not alter the effect estimates, and was therefore
excluded from the final models.

Results

Most companies had a bachelor’s degree or were
studying for a bachelor’s degree and their occupation was
housewife. The mean and standard deviation of age was
27.25 (4.70). Seventy-six (31%) of the pregnant women
were taking levothyroxine tablets, while the mean dose
among them was 49.46 (35.24) micrograms and among
all participants was 16.39 (30.92) micrograms (Table 1).

The relationship between LT4 dose and maternal
weight during pregnancy (once by considering the last
recorded weight in term and pre-term deliveries, and
once by considering the last recorded weight in only
term deliveries) by controlling time (different weeks of
pregnancy weight measurement) and pre-pregnancy BMI
has been measured (Table 2). Both models have led to the
same results. For example, in the first model, based on the
results at the 0.05 level, a significant relationship between
levothyroxine dose and the maternal weight was observed
(B=0.036, SE=0.016, P=0.025). So that for every one
microgram increase in levothyroxine dose, the maternal
weight increased by an average of 36 grams when we
considered term and pre-term birth, and by 37 grams after
excluding pre-term birth. In this model, the relationship
between time and maternal weight (=2.77, SE=0.065,
P<0.001), also pre-pregnancy BMI and maternal weight
(B=2.28, SE=0.117, P<0.001) both were positive and
significant (Table 2). It means that at each measurement
time, on average, the participants’ mean weights increased
by 2.774 and 2.796 kilograms. Also, for each unit of
increase in pre-pregnancy BMI, the weights increased by
2.279 and 2.281 kilograms on average (Table 2).

It should be noted that the B coefficient (0.036) may
appear small at first glance, but it corresponds to a 36*25
gramsincrease in maternal weight for every 25 micrograms
increase in L'T4 dose. Given that LT4 dosage in our sample
ranged up to 164 micrograms, this effect translates to
a potential increase of nearly 5.9 kg in maternal weight
across the observed dose spectrum. Therefore, the effect
size is not only statistically significant, but also clinically
meaningful; especially in the context of cumulative dosing
over the course of pregnancy.

Separate linear regression models have been fitted to
the data at each measurement time and the results are
placed in the supplement file. Based on the results, it can
be seen that the relationship between levothyroxine dose
and the maternal weight was significant from the 18th
week onwards (Table 1 supplementary file).
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Table 1. Descriptive statistics of demographic and clinical variables

Demographic and clinical variables

Pre Total GWG  Total GWG Maternal weight
) including term  without
Age pregnancy Dose LT4 d
BMI and pre-term  pre-term  1¢ y 18 wk 26 wk 33 wk 36 wk Term
deliveries deliveries
Mean (SD) 27.25 24.29 16.39 14.20 14.35 64.94 66.58 70.95 74.15 76.29 78.17
(4.70) (4.21) (30.92) (5.03) (4.86) (12.08) (11.66) (12.57) (12.04) (13.01) (12.44)

GWG: Gestational weight gain

Table 2. The association between dosage of levothyroxine and maternal weight gain considering time and pre-pregnancy BMI by linear regression using GEE

method

95% Wald Confidence Interval

Parameter B Std. Error Lower Upper Sig.
(Intercept) 6.321 2.7124 1.005 11.638 0.020
Maternal weight in term and pre-  Time 2.774 0.0651 2.647 2.902 <0.001
term deliveries LT4 dose 0.036 0.0160 0.005 0.067 0.025
Pre-pregnancy BMI 2.279 0.1172 2.050 2.509 <0.001
(Intercept) 6.209 2.6908 0.935 11.483 0.021
Maternal weight Time 2.796 0.0679 2.663 2.929 <0.001
in term deliveries LT4 dose 0.037 0.0159 0.006 0.068 0.020
Pre-pregnancy BMI 2.281 0.1164 2.053 2.509 <0.001

While Table 2 investigates the dose-dependent
association of LT4 with maternal weight gain,
Table 3 presents a comparison based on LT4 use as a
binary exposure (user vs. non-user). The average GWG in
SCH and euthyroid subjects [two groups of levothyroxine
use (yes, no)], after adjusting for time and pre-pregnancy
BMI was not significantly different ($=0.812, SE=0.997,
P-values=0.415) (Table 3). Although the association did
not reach statistical significance, the wide confidence
intervals indicate uncertainty in the effect estimate,
suggesting that the study may not have been adequately
powered to detect small or moderate associations.

Controlling for pre-pregnancy BMI, no difference in
weight gain was observed between the two groups at any
of the measured times (Supplementary file, Figure 1).

Additionally, there was no significant difference in
weight gain between those who started levothyroxine
before pregnancy and those who took levothyroxine
during pregnancy (Supplementary file, Figure 2). This
comparison was also not significantly different after
adjusting for time, pre-pregnancy BMI, and LT4 dose
(Table 4).

Since a linear correlation was observed between
levothyroxine dose and TSH (r=0.482, P<0.001),
there was no need to investigate the relationship
between levothyroxine dose and pregnancy weight gain
considering TSH value in the first trimester.

Discussion

In the present study, the dose of levothyroxine taken
in micrograms in women with SCH was significantly
associated with weight gain in kg, which was not different

for term and preterm deliveries. This association was
observed in all the measured times except 6-10 weeks of
pregnancy, because in weeks 6-10, all cases of subclinical
hypothyroidism are not yet identified and treated, but
the information is needed as baseline information for
assessment (supplementary file, Table S1).

Similarly, a retrospective review of 882 patient charts
across three age groups (18-44, 45-65, and over 65 years)
found that the dosage of levothyroxine required to achieve
euthyroidism was influenced more by actual body weight
and the presence of antibodies than by age or menopausal
status (16). Furthermore, some studies have reported a
positive relationship between BMI and TSH levels. This
relationship persisted even after controlling for factors
such as age, menopause, and smoking. It was observed
that for each unit increase in the logarithm of TSH, men
gained an average of 1.1 kg and women gained 2.3 kg
(17). Likewise, other studies have shown that weight loss
is associated with reduced TSH levels (18).

In the context of pregnancy, researchers have asserted
that treating newly diagnosed SCH with a weight-based
strategy during pregnancy improves the chances of
achieving TSH levels below 2.5 MIU/L more effectively
than a fixed-dose approach (19). Additionally, one study
indicated that changes in TSH levels within the reference
range during the first trimester are correlated with weight
gain and physical activity levels in the same trimester.
Consequently, TSH concentration may either correlate
with weight gain or be influenced by it (20).

The second result was that there was no significant
difference in GWG in the two groups of users and non-
users of levothyroxine, after controlling for the time of
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Table 3. Comparison of maternal weight gain in women with SCH and euthyroid state, considering time and pre-pregnnacy BMI, by linear regression using GEE

method

95% Wald Confidence Interval
Parameter B Std. Error

Lower Upper Sig.
(Intercept) 6.393 2.7299 1.042 11.744 0.019
[LT4 =Yes] 0.812 0.9965 -1.141 2.765 0.415
[LT4=No] 0?
Time 2.778 0.0654 2.650 2.906 <0.001
Pre-pregnancy BMI 2.289 0.1173 2.059 2.519 <0.001

Dependent Variable: Maternal weight

Model: (Intercept), LT4 [(qualitative variable (Yes, No)|, Time (quantitative variable), Pre-pregnnacy BMI (quantitative variable).

a. Set to zero because this parameter is redundant.

Table 4. Comparison of gained weights between women who started levothyroxine before pregnancy and those who took levothyroxine during pregnancy

95% Wald Confidence Interval

Parameter B Std. Error

Lower Upper Sig.
(Intercept) 6.604 5.6597 -4.489 17.697 0.243
Time 2.811 0.1271 2.562 3.060 <0.001
Pre-pregnnacy BMI 2.180 0.2297 1.730 2.630 <0.001
Pre-pregnancy hypothyroidism -0.936 2.2020 -5.251 3.380 0.671
Pregnancy hypothyroidism 0
LT4 dose 0.068 0.0341 0.001 0.135 0.047

Dependent Variable: Weight gain
Model: (Intercept), Pre-pregnancy BMI, Time, Time of getting SCH, Dose LT4
a. Set to zero because this parameter is redundant.

measurement and pre-pregnancy BMI (Supplementary
file, Figure S1, Tables S2, S3 and Table 3). As can be seen
in Tables 2 and 3 of the supplementary file, the mean
weight of the participants increased by 2.840 kg in the
group that took levothyroxine and by 2.747 kg in the
group not receiving levothyroxine. For each unit increase
in pre-pregnancy BMI, weight gain increased by 2.132
kg in the group receiving levothyroxine and by 2.371 kg
in the group without levothyroxine, with no statistically
significant difference between the two groups. Therefore,
we concluded that weight gain was the same in groups
with and without SCH.

Similarly, a study of 457 pregnant women with SCH,
148 of whom received levothyroxine, showed that weight
gain in SCH was similar to that of the group that did not
receive levothyroxine (11). Also, among 920 Lebanese
pregnant women in a retrospective cohort, 157 women
with hypothyroidism (probably subclinical and overt)
were compared with 763 controls, and at the end of
pregnancy, no significant difference was observed in
terms of GWG and BMI in the two groups (21).

In contrast, in a study of 165 pregnant women with
SCH and 4.0 mIU/L<TSH<10 mlIU/L treated with
levothyroxine, there was still a high incidence of adverse
pregnancy outcomes, including insufficient GWG, while
the researchers did not provide any explanation for this
finding (9).

However, another retrospective study reported that
treatment of subclinical or overt hypothyroidism in

the second trimester was associated with lower and
greater than normal weight gain in SCH. In fact, they
concluded that the relationship between weight gain and
thyroid, especially in the second trimester of pregnancy,
is either expected or unexpected (22). Other researchers
also reported that thyroid hormones regulate appetite,
manage temperature, access energy-rich substrates, and
increase basal metabolic rate. Thus, thyroid dysfunction
causes obesity, and BMI is positively related to fT3 and
TSH levels. However, there is a lack of consistency in
data regarding weight gain or loss after treatment for
hypothyroid and hyperthyroid patients. Furthermore,
changes in thyroid hormones do not correspond with
weight gain or loss (23, 24).

The effect or relationship between levothyroxine and
weight gain during pregnancy has rarely been studied.
Therefore, we will discuss the results and reasons in the
non-pregnant state. No significant effect of levothyroxine
on weight has been reported in obese subjects, the
elderly, adult women, and children with SCH with TSH
less than 10 mIU/L (25). In contrast, one study found
that epicardial adipose tissue (EAT) thickness was
reduced in a predominantly male elderly population
after levothyroxine treatment (26). According to the
available evidence, SCH and obesity cannot cause each
other, because according to studies, TSH levels return to
normal with weight loss (25), and the European Thyroid
Association has not provided evidence on the beneficial
effects of levothyroxine on body weight in obese people
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with SCH and TSH <10 mIU/mL (24). One explanation
is that changing the dose of levothyroxine in hypothyroid
patients with normal TSH levels does not affect energy
expenditure or body composition. This is to the extent
that patients prefer to take high doses of levothyroxine,
but research results do not support levothyroxine dose
adjustment based on changes in body weight or body
composition (27). Likewise, another study reported that
changes in TSH concentration within the normal range in
healthy and hypothyroid women had no significant effect
on clinical symptoms (except fatigue) and resting energy
expenditure (28).

We found no other studies examining the association
between levothyroxine use and gestational weight gain
in SCH. Also, this association was prospectively assessed
over six measurements. Moreover, the effect of TSH on
the dependent variable was considered at 6 to 10 weeks
of gestation. Other strengths included having strict
inclusion criteria and comparing SCHs with fully matched
euthyroid pregnant women. However, the sample size
is small, and it is recommended that larger population-
based studies be designed on the present topic.

Conclusion

The current study found a positive correlation between
levothyroxine dosage and weight gain during pregnancy.
Furthermore, the total weight gain among pregnant
women with subclinical hypothyroidism (SCH) being
treated with levothyroxine was not statistically different
from that of euthyroid subjects. However, in order to
draw a more accurate conclusion, more population-based
studies with larger sample sizes are needed.

Acknowledgements

We are grateful to Research and Technology Vice-Chancellor of
Isfahan University of Medical Sciences because of financial support
(240037).

Authors” Contribution

Conceptualization: Masoomeh Goodarzi-Khoigani

Data curation: Alireza Seyfi Ardali, Zahra Hajmohammadi

Formal analysis: Mozhgan Kazemzadeh

Funding acquisition: Masoomeh Goodarzi-Khoigani

Investigation: Seyde Shahrbanoo Daniali, Nahid Ardian
Methodology: Mozhgan Kazemzadeh, Masoomeh Goodarzi-
Khoigani

Project administration: Masoomeh Goodarzi-Khoigani

Resources: Seyde Shahrbanoo Daniali, Nahid Ardian

Software: Mozhgan Kazemzadeh

Supervision: Masoomeh Goodarzi-Khoigani, Zahra Hajmohammadi
Validation: Masoomeh Goodarzi-Khoigani, Mozhgan Kazemzadeh
Writing—original draft: Masoomeh Goodarzi-Khoigani, Mozhgan
Kazemzadeh

Competing Interests
None.

Ethical Approval
This survey was approved by the Ethics Committee of the Vice
Chancellor for Research and Technology, Isfahan University of

Medical Sciences, Isfahan, Iran (IR.ARI.MUI.REC.1400.206).

Funding
This survey was supported by the Research and Technology Vice-
Chancellor of Isfahan University of Medical Sciences (240037).

Supplementary File
Supplementary file contains Table S1, S2 and Figure S1.

References

1. Gottwald-Hostalek U, Kahaly GJ. Optimizing levothyroxine
treatment for subclinical hypothyroidism during pregnancy.
Curr Med Res Opin 2024;40(1):43-9. doi:10.1080/0300799
5.2023.2276120

2. Solha STG, Mattar R, Teixeira P, Chiamolera MI, Maganha CA,
Zaconeta ACM, et al. Screening, diagnosis and management
of hypothyroidism in pregnancy. Rev Bras Ginecol Obstet
2022;44(10):999-1010. doi:10.1055/5-0042-1758490

3. Zhou Y, Wang Y, Yu T, Li Y, Mi M, Su J, et al. Subclinical
hypothyroidism during pregnancy and the impact of
levothyroxine therapy on pregnancy outcomes in women.
Peer) 2025;13:€19343. doi:10.7717/peerj.19343

4. RaoM, Zeng Z, Zhou F, Wang H, Liu J, Wang R, et al. Effect
of levothyroxine supplementation on pregnancy loss and
preterm birth in women with subclinical hypothyroidism and
thyroid autoimmunity: a systematic review and meta-analysis.
Hum Reprod Update 2019;25(3):344-61. doi:10.1093/
humupd/dmz003

5. Goodarzi-Khoigani M, Aminorroaya A, Mohammadi R.
Effect of Levothyroxine Therapy on Gestational Hypertension
and Pre-eclampsia in Pregnant Women with Subclinical
Hypothyroidism, Hypothyroidism, and Thyroid Autoimmunity:
A Systematic Review and Meta-analysis. Cardiovasc Hematol
Disord Drug Targets 2025;25(1):2-20. doi:10.2174/0118715
29x324722250207072454

6. Gotawski K, Giermaziak W, Ciebiera M, Wojtyta C. Excessive
Gestational Weight Gain and Pregnancy Outcomes. ] Clin
Med 2023;12(9):3211. doi:10.3390/jcm 12093211

7. Xu R, Huang F, Zhang S, Lv Y, Liu Q. Thyroid function,
body mass index, and metabolic risk markers in euthyroid
adults: a cohort study. BMC Endocr Disord 2019;19(1):58.
doi:10.1186/s12902-019-0383-2

8. Zhou B, Chen Y, Cai WQ, Liu L, Hu XJ. Effect of Gestational
Weight Gain on Associations Between Maternal Thyroid
Hormones and Birth Outcomes. Front Endocrinol (Lausanne)
2020;11:610. doi:10.3389/fendo.2020.00610

9. Han L, Ma Y, Liang Z, Chen D. Laboratory characteristics
analysis of the efficacy of levothyroxine on subclinical
hypothyroidism  during  pregnancy: a  single-center
retrospective study. Bioengineered 2021;12(1):4183-90. doi
:10.1080/21655979.2021.1955589

10. Chen L, Wang J, Jiang P, Ren F, Lei X, Guo H. Alteration of
the colostrum whey proteome in mothers with gestational
hypothyroidism.  PLoS ~ One  2018;13(10):e0205987.
doi:10.1371/journal.pone.0205987

11. Ju R, Lin L, Long Y, Zhang J, Huang J. Clinical efficacy of
therapeutic intervention for subclinical hypothyroidism
during pregnancy. Genet Mol Res 2016;15(4). doi:10.4238/
gmr15049019

12. Alptekin H, Alptekin N, Isik H, Tanrikulu Y, Sahin E.
Maternal Hipotiroidinin Fetal Umblikal Kord Beyin Kaynakli
Norotrofik Faktor Diizeylerine Etkisi/The Effect of Maternal
Hypothyroidism on Fetal Umbilical Cord Brain-Derived
Neurotrophic Factor Levels. Dicle Tip Dergisi. 2016 Mar
1,43(1):107-111. doi:10.5798/diclemedj.0921.2016.01.0647

13. Zhao L, Jiang G, Tian X, Zhang X, Zhu T, Chen B, et al.

6 | Journal of Kerman University of Medical Sciences. 2026;33:4193


https://doi.org/10.1080/03007995.2023.2276120
https://doi.org/10.1080/03007995.2023.2276120
https://doi.org/10.1055/s-0042-1758490
https://doi.org/10.7717/peerj.19343
https://doi.org/10.1093/humupd/dmz003
https://doi.org/10.1093/humupd/dmz003
https://doi.org/10.2174/011871529x324722250207072454
https://doi.org/10.2174/011871529x324722250207072454
https://doi.org/10.3390/jcm12093211
https://doi.org/10.1186/s12902-019-0383-2
https://doi.org/10.3389/fendo.2020.00610
https://doi.org/10.1080/21655979.2021.1955589
https://doi.org/10.1371/journal.pone.0205987
https://doi.org/10.4238/gmr15049019
https://doi.org/10.4238/gmr15049019
https://doi.org/10.5798/diclemedj.0921.2016.01.0647

LT4 therapy and gestational weight gain in SCH

20.

Initiation timing effect of levothyroxine treatment on
subclinical hypothyroidism in pregnancy. Gynecol Endocrinol
2018;34(10):845-8. doi:10.1080/09513590.2018.1451836
Goodarzi-Khoigani M, Ardakani TS, Aram FA, Khoshhali M,
Mardanian F, Ardian N. The effect of Internet-based nutrition
education according to Pender’s health promotion model
on gestational weight gain: Study protocol for a randomized
controlled clinical trial. ] Educ Health Promot 2024;13:259.
doi:10.4103/jehp.jehp_926_23

Mohammadi R, Goodarzi-Khoigani M, Allameh Z, Mazloomy
Mahmoodabad SS, Baghiani Moghadam MH, Nadjarzadeh
A, et al. Association between Socioeconomic Status and
Homeostasis Model Assessment-Insulin Resistance Index and
Mediating Variables at the First Trimester of Pregnancy. Iran
J Nurs Midwifery Res 2022;27(2):166-8. doi:10.4103/ijnmr.
ijnmr_451_20

Pustilnik E, Schwarzstein D, Feldman R, Mancinelli L, Paladini
L, Pellizzén NA, et al. The influence of age and body weight
on levothyroxine replacement dosage to achieve euthyroidism
in patients with primary hypothyroidism. Endocrinol
Diabetes Nutr (Engl Ed) 2021;68(8):542-7. doi:10.1016/].
endien.2021.11.014

Javed Z, Sathyapalan T. Levothyroxine treatment of mild
subclinical hypothyroidism: a review of potential risks and
benefits. Ther Adv Endocrinol Metab 2016;7(1):12-23.
doi:10.1177/2042018815616543

Alfaifi HH, Altowairgi MA, Algethami RG, Altowairgi AH,
Althomali HD, Almalki OM. Effectiveness of Bariatric Surgery
for Improving Thyroid Function and Reducing Levothyroxine
Dose in Patients With Obesity and Overt Hypothyroidism.
Cureus 2023;15(5):e38780. doi:10.7759/cureus.38780
Bohlega B, Zahedi A, Tomlinson G, Feig DS. Weight-based
thyroid dosing vs fixed dosing during pregnancy for subclinical
hypothyroidism: A retrospective cohort study. Clin Endocrinol
(Oxf) 2022;96(2):263-9. doi:10.1111/cen.14488

Mardanian  F, Goodarzi-Khoigani M, Mahmoodabad
SSM, Moghadam MHB, Nadjarzadeh A, Feizi A, et al. The
association between serum TSH concentration whithin the

21.

22.

23.

24.

25.

26.

27.

28.

normal range and nutritional status in euthyroid pregnant
women at the first trimester of gestation. ] Res Med Sci
2021;26:93. doi:10.4103/jrms.JRMS_780_20

Ezzeddine D, Ezzeddine D, Hamadi C, Abbas HA, Nassar A,
Abiad M, et al. Prevalence and Correlation of Hypothyroidism
With Pregnancy Outcomes Among Lebanese Women. )
Endocr Soc 2017;1(5):415-22. doi:10.1210/j5.2017-00014
Liu J, Xie X, Garcia-Patterson A, Asla Q, Sarda H, Chico A,
et al. Weight gain according to Institute of Medicine 2009 in
pregnant women with thyroid disorders as per their thyroid
status in each trimester2024. doi:10.21203/rs.3.rs-3864248/
vl

Biondi B, Kahaly GJ, Robertson RP. Thyroid Dysfunction and
Diabetes Mellitus: Two Closely Associated Disorders. Endocr
Rev 2019;40(3):789-824. doi:10.1210/er.2018-00163

Pearce EN. Thyroid hormone and obesity. Current Opinion
in Endocrinology, Diabetes and Obesity 2012;19(5):408-13.
doi:10.1097/MED.0b013e328355cd6¢.

Al Bishi L. Effect of Levothyroxine Therapy on Body Mass and
Obesity in Overt and Subclinical Hypothyroidism. Int J Pharm
Res Allied Sci. 2023;12(3):71-7. doi:10.51847/N2XEdTNvPe
Sayin I, Erkan AF, Ekici B, Kutuk U, Corakci A, Tore HF.
Thickening of the epicardial adipose tissue can be alleviated
by thyroid hormone replacement therapy in patients with
subclinical hypothyroidism. Kardiol Pol 2016;74(12):1492-8.
doi:10.5603/KP.a2016.0053

Samuels MH, Kolobova I, Niederhausen M, Purnell ]Q,
Schuff KG. Effects of Altering Levothyroxine Dose on Energy
Expenditure and Body Composition in Subjects Treated
With LT4. ) Clin Endocrinol Metab 2018;103(11):4163-75.
doi:10.1210/jc.2018-01203

Harsini AR, Mohajeri-Tehrani MR, Sajjadi-Jazi SM, Naeini
F, Valisoltani N, Sadeghi E, et al. Are resting metabolic rate
and clinical symptoms affected by variation of serum thyroid
stimulating hormone levels within the normal range in healthy
and women with hypothyroidism? A case-control study. Clin
Nutr ESPEN 2024;61:71-8. doi:10.1016/j.clnesp.2024.02.030

Journal of Kerman University of Medical Sciences. 2026;33:4193 | 7


https://doi.org/10.1080/09513590.2018.1451836
https://doi.org/10.4103/jehp.jehp_926_23
https://doi.org/10.4103/ijnmr.ijnmr_451_20
https://doi.org/10.4103/ijnmr.ijnmr_451_20
https://doi.org/10.1016/j.endien.2021.11.014
https://doi.org/10.1016/j.endien.2021.11.014
https://doi.org/10.1177/2042018815616543
https://doi.org/10.7759/cureus.38780
https://doi.org/10.1111/cen.14488
https://doi.org/10.4103/jrms.JRMS_780_20
https://doi.org/10.1210/js.2017-00014
https://doi.org/10.21203/rs.3.rs-3864248/v1
https://doi.org/10.21203/rs.3.rs-3864248/v1
https://doi.org/10.1210/er.2018-00163
https://doi.org/10.1097/MED.0b013e328355cd6c
https://doi.org/10.51847/N2XEdTNvPe
https://doi.org/10.5603/KP.a2016.0053
https://doi.org/10.1210/jc.2018-01203
https://doi.org/10.1016/j.clnesp.2024.02.030

