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Introduction: Brain-derived neurotrophic factor (BDNF) influences neurodevelopment 
during pregnancy. Maternal sleep quality and depression are suggested to influence BDNF 
levels. The objective of this study was to assess the association between depression, sleep 
quality, and BDNF levels among Myanmar migrant pregnancies.
Methods: A cross-sectional study was conducted at Krathum Baen Hospital, Samut Sakhon 
province, from June to October 2018. A total of 108 first-trimester women were recruited 
into our study. Maternal blood was collected to analyze BDNF. Depression levels were 
assessed using the Patient Health Questionnaire (PHQ-9) instrument. The Pittsburgh Sleep 
Quality Index (PSQI) questionnaire was applied to evaluate subjective sleep quality. Because 
BDNF was skewed, binary logistic regression was analyzed.
Results: We found that 28.7% of pregnant women reported poor sleep quality, and 33.4% 
were classified as having mild to moderate depression. After adjusting for covariate vari-
ables, pregnant women with depression had higher BDNF levels than those without depres-
sion (OR = 2.972, 95% CI = [1.111, 7.949], p = 0.030). Pregnant women with poor sleep 
quality had lower BDNF levels than those who had good sleep quality (OR = 0.359, 95% CI 
= [0.132, 0.972], p = 0.044).
Discussion: The results suggested that BDNF might be an alternative tool to assess sleep 
quality in pregnant women.
Keywords: brain-derived neurotrophic factor, BDNF, pregnancy, first trimester, sleep 
quality, depression

Introduction
During pregnancy, mothers will face many challenges because so many things will 
change with their health, mental health, families, and social lives. These changes 
lead some pregnant women to experience mental illnesses during both the ante-
partum and postpartum periods.1 Depression and anxiety are the most common 
mental illnesses that occur during these times.2 The estimated prevalence of 
depression during pregnancy differs between studies. In a previous study of depres-
sion during pregnancy, high-income countries were shown to have a prevalence 
between 7–20% while the prevalence in low- and middle-income countries was 
20% or more.3 Another previous study found that the rate of depression was highest 
during the first trimester and lower in the second and third trimesters.4 In contrast, 
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a different prior study found that the rates of mental illness 
were highest during the second and third trimesters but 
lowest during the first trimester.5 Depression in pregnancy 
is the most common cause of a mother’s incapacity to 
work6,7 because she may use alcohol, illicit substances, 
or tobacco and may not notice signs of labor.8 Finally, 
pregnant mothers can experience suicidal ideation if they 
have long-term depression.9 Their newborns will be at risk 
of preterm delivery and low birth weights.8

Sleep quality is another problem during pregnancy. The 
prevalence of insomnia varies according to study design and 
population. In Thailand, a previous study found that during 
pregnancy, 94.7% of participants had poor sleep quality.10 The 
meta-analysis from Sedov found that based on 24 studies, the 
average prevalence of poor sleep quality during pregnancy 
was 45.7%.11 Poor sleep quality during pregnancy will have 
an effect on maternal and newborn health. It can lead to longer 
labor times12 and depression during the antepartum and post-
partum periods.13–16 Finally, it can cause suicidal ideation in 
the mother.17 As with maternal depression, poor sleep quality 
can lead to low birth weights18 and preterm births.19

Brain-derived neurotrophic factor (BDNF) has been stu-
died in recent years to determine its association with 
depression20–27 and sleep quality.23,28–30 BDNF affects the 
hippocampus, claustrum, amygdala, bed nucleus of the stria 
terminalis, septum, and the nucleus of the solitary tract in the 
human brain.31 It is synthesized from a precursor called pro- 
BDNF. This precursor cleaves to generate mature BDNF 
(mBDNF).32,33 These two types of BDNF will have an effect 
on different receptors: pro-BDNF on the pan-neurotrophin 
receptor p75 (p75NTR) and mBDNF on the tyrosine kinase 
B receptor (TrkB). These two forms of BDNF and receptors 
work together in many ways to affect our health. BDNF 
serves unique functions during pregnancy. It is important 
for follicular development, implantation, and placentation 
within reproductive tissues. BDNF plays an important role 
in healthy placental development, and low BDNF bioavail-
ability has been implicated in placental pathology. It also 
crosses the uteroplacental barrier, and animal models show 
that circulating maternal levels of BDNF correspond with 
fetal brain levels.34

Migrant people are a risk group that will have a treatment 
gap in Thailand’s health system. Data from the Department 
of Employment in Thailand show that Samut Sakhon has 
the second highest migrant population in Thailand.35 

Therefore, this study investigated the association between 
depression, sleep quality, and BDNF levels among pregnant 
Myanmar migrants in Samut Sakhon.

Methods
Study Design
This research was a nested cross-sectional study that was 
part of a birth cohort study conducted between June 2018 
and August 2019 among Myanmar migrants in Samut 
Sakhon province, Thailand.36 The province was selected 
because it has the second largest population of Myanmar 
migrants. Briefly, 108 pregnant women aged between 18 
and 35 years of age at less than 14 weeks of gestation were 
recruited from the antenatal care clinic. Inclusion criteria 
were 1) being a pregnant Myanmar migrant visiting the 
clinic for the first time, 2) the ability to read, write, and 
communicate in the Myanmar language, and 3) willing-
ness to give blood samples. Exclusion criteria were 1) 
having given birth more than five times, 2) an inter- 
pregnancy interval of less than one year, and 3) 
a medical history of depression. This study and the birth 
cohort study complied with the Declaration of Helsinki. 
The data collection and analysis were approved by the 
Research Ethics Review Committee for Research 
Involving Human Research Participants, Health Sciences 
Group, Chulalongkorn University (RECCU) (COA 
No.251/2018 and COA No.094/2021). Participants’ 
informed consent was obtained prior to participation.

Plasma BDNF Analysis
Trained nurses drew maternal blood in the laboratory 
department of Krathum Baen Hospital. A total of 5 mL 
of blood was collected and separated into two EDTA 
tubes; 2.5 mL of blood was used to analyze plasma 
BDNF. The sample tubes were properly labeled with the 
hospital number and name of the participant. All sample 
tubes were stored at 4°C before being transferred to the 
laboratory for BDNF analysis. The analysis of plasma 
BDNF was explained by Zaw and Taneepanichskul 
(2019).36 Briefly, maternal plasma BDNF concentrations 
were measured using a quantitative sandwich enzyme- 
linked immunosorbent assay (ELISA) kit (RayBio, 
USA). Sample dilutions of antibody cocktails and serial 
dilutions of the standard solution were prepared. The sam-
ples were assayed in duplicate. The immobilized antigen 
and antibody were incubated with an antibody cocktail 
containing biotinylated anti-human BDNF. The solutions 
were discarded by adding and washing them. Color devel-
opment was stopped. The solution was used with an 
absorbance of 450 nm by a microplate reader. All incuba-
tions were performed at room temperature.
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Questionnaire
Trained research assistants distributed the structured self- 
report questionnaires to the participants, which included 
questions about socio-demographic characteristics and 
health behaviors. Participants provided details including 
age (years), marital status (married or not married but 
living together), BMI (kg/m2), education (primary school 
or less, or more than primary school), occupation 
(employed or unemployed), monthly family income (Thai 
baht [THB]), smoking history (now, never, or before preg-
nancy), secondhand smoke exposure (now, never, or 
before pregnancy), alcohol consumption (now, never, or 
before pregnancy), regular aerobic exercise (yes or no), 
systolic blood pressure (sBP) (mmHg), and diastolic blood 
pressure (dBP) (mmHg).

Depression was assessed with the Patient Health 
Questionnaire 9 (PHQ-9) instrument. The PHQ-9 is 
a nine-item questionnaire for assessing depression module 
scoring of the nine Diagnostic and Statistical Manual of 
Mental Disorders-IV (DSM-IV) criteria. It uses a four- 
point Likert score ranging from 0 to 3, where not at all = 
0, several days = 1, more than half the days = 2, nearly 
every day = 3. The total score ranges from 0 to 27. The 
reliability of the PHQ-9 was quantified with Cronbach’s 
alpha, which was 0.89.10 The level of depression severity 
is classified as minimal (total PHQ-9: 1–4), mild (total 
PHQ-9: 5–9), moderate (total PHQ-9: 10–14), moderate 
to severe (total PHQ-9: 15–19), and severe (total PHQ-9: 
20–27).37 In this study, each component of the PHQ-9 was 
classified into “yes (several days and above)” or “no (not 
at all).” The total PHQ-9 score was classified into binary 
outcomes: no or minimal depression (total PHQ-9 < 5) and 
mild to severe depression (total PHQ-9 ≥ 5).

Sleep quality during the previous month of pregnancy 
was assessed with the Pittsburgh Sleep Quality Index (PSQI) 
questionnaire.38 Nineteen self-rated items were classified 
into seven components, including subjective sleep quality, 
sleep latency, sleep duration, habitual sleep efficiency, sleep 
disturbance, use of sleep medication, and daytime dysfunc-
tion. The total score for each component ranged from zero to 
three. Subjective sleep quality was subdivided into the fol-
lowing categories: very bad, fairly bad, fairly good, and very 
good. Sleep latency was originally subdivided into ≤ 15 
minutes, 16–30 minutes, 31–60 minutes, and > 60 minutes. 
Sleep duration was calculated from the number of sleep 
hours during the nighttime and categorized into < 5 hours, 
5.0–5.9 hours, 6–6.9 hours, and ≥ 7 hours. The sleep 

efficiency scale was calculated with the formula (hours of 
sleep/hours in bed) × 100 and grouped by ≥ 85%, 75% to 
84%, 65% to 74%, and < 65%. Sleep disturbance was rated 
from nine items of trouble sleeping, which were subdivided 
according to whether the occurred three or more times 
a week, once or twice a week, less than once a week, and 
not during the past month. Use of sleep medication was 
assessed and categorized into three or more times a week, 
once or twice a week, less than once a week, and not during 
the past month. The global PSQI score was calculated from 
a summation of each component ranging from zero to 21. 
Based on previous literature, participants with scores of five 
or less were classified as having good sleep quality, and those 
with scores of six or more were classified as having poor 
sleep quality.38 The internal consistency and reliability coef-
ficient was 0.83 for its seven components.

Statistical Analysis
Data analysis was done using SPSS 22.0 (SPSS for 
Windows, version 22.0; SPSS, Inc., Chicago, IL, USA, 
Chulalongkorn University license). The general character-
istics of the pregnant women were reported by counts 
(percentages) for category data and mean (± standard 
deviation, SD) for continuous data. BDNF levels were 
categorized as high (> 6.38 μg/L) and low (≤ 6.38 μg/L) 
by median value because they lacked a standard cut-off 
point. The association between the characteristics of the 
participants and their BDNF levels was analyzed with 
binary logistic regression. A crude odds ratio (OR) with 
95% confidence intervals (CI) was reported. Multiple 
logistic regression was performed for the associations 
among BDNF, sleep quality, and depression. The final 
model was adjusted for age (< 30 or ≥ 30 years), BMI (< 
25 or ≥ 25 kg/m2), and education (primary school or less, 
or more than primary school). A p-value less than 0.05 
was considered statistically significant.

Results
Table 1 presents the general characteristics of the partici-
pants (n = 108). The majority of participants were less 
than 30 years old (63.9%) and completed more than pri-
mary school (58.3%). Of the participants, 79 (73.1%) had 
BMIs lower than 25, and 59 (54.6%) reported secondhand 
smoking; 78.7% did not regularly exercise. Regarding 
depression status, 66.6% reported no to minimal depres-
sion and 33.4% reported mild to severe depression. The 
majority of the pregnant women, 71.3%, were good 
sleepers.
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Table 1 General Characteristics of Participants (n = 108)

General Characteristics n Percent

Age (years)
< 30 69 63.9

≥ 30 39 36.1

Mean ± SD: 27.95 ± 4.18 years; Min-Max: 18–35 years

Education

Primary school or less 45 41.7

More than primary school 63 58.3

Occupation status

Employed 85 78.7
Unemployed 23 21.3

Monthly income (THB)
≤ 18,000 71 65.7

> 18,000 37 34.3

BMI (kg/m2)

< 25 79 73.1

≥ 25 29 26.9

sBP

≤ 120 75 69.4
> 120 33 30.6

dBP
≤ 80 96 88.9

> 80 12 11.1

History of smoking

Never 106 98.1

Not currently 2 1.9

Secondhand smoking

No 49 45.4
Yes 59 54.6

Drinking history
Never 90 83.3

Not currently 18 16.7

Exercise

Yes 23 21.3

No 85 78.7

Depression

No or minimal depression 
(PHQ-9 score < 5)

72 66.6

Mild to severe depression 
(PHQ-9 score ≥ 5)

36 33.4

Sleep quality
Good (PSQI score ≤ 5) 77 71.3

Poor (PSQI score > 5) 31 28.7

BDNF level

Low (≤ 6.38 μg/L) 54 50.0

High (> 6.38 μg/L) 54 50.0
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Table 2 presents the bivariate analysis between factors 
related to BDNF levels. The result from binary logistic 
regression showed that factors associated with BDNF were 

not significant. Table 3 presents the final model of an 
association among depression, sleep quality, and BDNF. 
After adjusting for age, BMI, education, depression, and 

Table 2 Association Between General Characteristics and BDNF Level

Variable BDNF Low 
(n = 54)

BDNF High 
(n = 54)

OR 95% CI p-value

n % n % Lower Upper

Age (years) 0.841
< 30 34 62.96 35 64.81 Ref

0.421 2.024≥ 30 20 36.04 19 35.19 0.92

Education 0.330
Primary school or less 25 46.30 20 37.04 Ref

0.679 3.162More than primary 

school

29 53.70 34 62.96 1.466

Occupation 0.814
Employed 11 20.37 12 22.22 Ref

0.356 2.251Unemployed 43 79.63 42 77.78 0.895

Income (THB) 0.543
≤ 18,000 34 62.96 37 68.52 Ref

0.352 1.733> 18,000 20 37.04 17 31.48 0.781

BMI (kg/m2) 0.355
≤ 25 36 66.67 43 79.63 Ref

0.321 1.472> 25 18 33.33 11 20.37 0.688

sBP (mmHg) 0.298
≤ 120 40 74.07 35 64.81 Ref

0.679 3.543> 120 14 25.93 19 35.19 1.551

dBP (mmHg) 1.000
≤ 80 48 88.89 48 88.89 Ref

0.301 3.321> 80 6 11.11 6 11.11 1.00

Secondhand smoking 0.335
Yes 22 40.74 27 50 Ref

0.321 1.472No 32 59.26 27 50 0.688

Drinking 0.128
Never 42 77.78 48 88.89 Ref

0.151 1.268Not currently 12 22.22 6 11.11 0.438

Exercise 0.814
Yes 11 20.37 12 22.22 Ref

0.356 2.251No 43 79.63 42 77.78 0.895

Depression 0.105
No or minimal 
depression

40 74.07 32 59.26 Ref

0.869 4.44Mild to severe 

depression

14 25.93 22 40.74 1.964

Sleep quality 0.289

Good 36 66.67 41 75.93 Ref
0.273 1.472Poor 18 33.33 13 24.07 0.634
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sleep quality, a significant association among depression, 
sleep quality, and BDNF levels was shown. Participants 
who reported mild to severe depression had higher BDNF 
levels (AOR = 2.972, 95% CI = [1.111, 7.949], p = 0.03) 
compared to no or minimal depression. Participants with 
poor sleep quality had lower BDNF levels (OR = 0.359, 
95% CI = [0.132, 0.972], p = 0.044) compared to those 
with good sleep quality.

Discussion
Our study investigates the relationship among depression, 
sleep quality, and BDNF levels. We found that 28.7% of 
pregnant women reported poor sleep quality, and 33.4% 
were classified as having mild to severe depression. 
Pregnant women with depression tended to have increased 
BDNF levels, while poor sleep quality tended to be asso-
ciated with decreased BDNF levels.

The prevalence of poor sleep quality in pregnancy varies 
according to each study’s design and participants. In Thailand, 
a previous study of women in their second and third trimesters 
found that 94.7% had poor sleep quality.10 Regarding other 
locations, a study in the USA found that 39% of pregnant 
women in the first trimester and 53.5% in the third trimester 
had poor sleep quality.39 A study in Peru found that 16.9% had 
poor sleep quality during the second trimester.40 In Turkey, 
among all trimesters, 52.2% of pregnant women experienced 

poor sleep quality.41 In Australia, 52% of women in all trime-
sters had poor sleep quality.

Our study found that pregnant women with mild to 
severe depression had higher BDNF levels compared to 
those with no or minimal depression. Our findings are 
inconsistent with previous studies. Shimizu et al found 
that BDNF levels were significantly lower in people with 
depression who did not use antidepressants than in those 
who used antidepressants or did not have depression.22 

A previous study by Fung et al found that BDNF levels 
were significantly lower in pregnant women with antepar-
tum depression compared to those who did not have ante-
partum depression. Fung et al also found that women 
whose BDNF levels were in the lowest three quartiles (< 
17.32 ng/mL) had 1.61-fold increased odds (OR = 1.61, 
95% CI = [1.13, 2.30]) of antepartum depression as com-
pared with women whose BDNF levels were in the highest 
quartile (> 25.31 ng/mL).20 BDNF has an effect on depres-
sion because BDNF binds to the TrkB receptor. 
Depression increases the expression of the bcl-2 protein 
in the hippocampus and regulates neuronal survival via the 
phosphatidylinositol 3-kinase (PI3-kinase)/Akt pathway. If 
people have chronic stress, it will lead to downregulation 
of BDNF levels and decreased bcl-2, reducing neurogenic 
cell survival and resulting in the development of depres-
sion symptoms.

Table 3 Final Model of Depression, Sleep Quality, and BDNF

Variable AOR 95% CI p-value

Lower Upper

Age (years) 0.458
< 30 Ref

0.312 1.691≥ 30 0.726

BMI (kg/m2) 0.152
≤ 25 Ref

0.211 1.274> 25 0.519

Education 0.300
Primary school or less Ref

0.682 3.460More than primary school 1.536

Depression 0.030
No or minimal depression Ref

1.111 7.949Mild to severe depression 2.972

Sleep quality 0.044

Good Ref
0.132 0.972Poor 0.359
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We found that pregnant women who slept poorly had 
lower BDNF levels. The Giese study found that BDNF levels 
were significantly higher in participants with no insomnia 
compared to the sub-threshold insomnia and insomnia 
groups.28 However, this result is inconsistent with 
a previous study by Santiago that found no significant differ-
ence in BDNF levels between the good sleep, poor sleep, and 
sleep disturbance groups.42 This result is also inconsistent 
with the Rethorst study, which found that hypersomnia will 
reduce BDNF levels (p = 0.03), but BDNF levels were not 
associated with insomnia.29 BDNF can affect sleep quality 
by binding with TrkB, which sends signaling to the pedun-
culopontine tegmental nucleus (PPT). The PPT plays an 
essential role in the development of the REM sleep homeo-
static drive. An animal study showed that there is 
a significant positive relationship between the REM sleep 
homeostatic drive and the level of PPT BDNF expression. In 
contrast, TrkB receptor inhibition reduces the REM sleep 
homeostatic drive.43

Several limitations of this study should be noted. First, 
the sample size was small. To the best of our knowledge, this 
is the first birth cohort study among migrant workers in 
Thailand. Second, the study was designed to be cross- 
sectional; therefore, a causal relationship cannot be proved. 
Reported questionnaires lead to recall bias among partici-
pants. Our study was limited to the first trimester of preg-
nancy. Further studies should focus on the second and third 
trimesters, during which maternal sleep quality worsens. In 
addition, the plasma BDNF measurements in this study were 
performed with ELISA kits that can detect both mBDNF and 
pro-BDNF. Therefore, it was not possible to differentiate 
between these two BDNF expressions. Last, our study 
lacks external validity, so generalizability was not possible. 
Finally, participants were selected from only one study area.

In conclusion, our study found that 28.7% of pregnant 
women were poor sleepers and 33.4% reported mild to 
severe depression. Pregnant women with mild to severe 
depression had higher BDNF levels than those with no or 
minimal depression. Pregnant women who were poor slee-
pers had lower BDNF levels than good sleepers. We sug-
gest that BDNF may be a biomarker for assessing 
depression and sleep quality in pregnant women.
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