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Background

Accumulating evidence e suggests that brain-derived neurotrophic factor (BDNF) may play a role in the development of depression. However, changes in serum BDNF during distinct gestational periods and their association with prenatal depression remain unclear.





Objectives

To investigate the change of serum BDNF in the first, second and third trimester and their longitudinal association with depressive symptoms in the third trimester.





Methods

Depressive symptoms in the first and third trimester were assessed using the Patient Health Questionnaire-9 (PHQ-9). An automatic biochemical analyzer was used to detect serum BDNF levels based on enzyme-linked immunosorbent assay (ELISA) in the first, second and third trimester. Linear regression, binary and multivariable logistic regression model were used to analyze the association between BDNF levels during different pregnancy with PHQ-9 score and depressive symptoms in the third trimester.





Results

The mean age of 500 pregnant women included in this study was (26.8 ± 2.3) years in the first trimester. At the third trimester, a total of 72 pregnant women (14.4%) developed depressive symptoms. The average serum BDNF level was highest in the first trimester and lowest in the second trimester. Each 1 pg/mL increase of first trimester BDNF was associated with a 43% decrease in the risk of prenatal depressive symptoms (95% confidence interval [95% CI]: 0.51, 0.65); each 1 pg/mL increase of second trimester BDNF was a 39% decrease in the risk of prenatal depressive symptoms (95% CI: 0.54, 0.68); each 1 pg/mL increase of third trimester BDNF was associated with a 36% decrease in the risk of prenatal depressive symptoms (95% CI: 0.58, 0.71).





Conclusion

Overall, serum BDNF levels in the first, second, and third trimester were significantly associated with decreased PHQ-9 score and reduced risk of prenatal depressive symptoms. Serum BDNF shows promise as a predictive biomarker for antenatal depressive symptoms across all trimesters.
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1 Introduction

Depression is one of the most common and disabling mental illnesses in the world, affecting more than 300 million people worldwide and often accompanied by severe functional impairment (1–3). Notably, depression among pregnant women is highly prevalent, and poses a substantial economic and public health burden (4–6). The prevalence of depression among pregnant women is approximately 20% (7), and 12% of these patients require clinical intervention or treatment (8). Accumulating evidence revealed that depression during pregnancy can have adverse effects on the pregnant woman and the fetus, including postpartum depression, gestational hypertension, spontaneous abortion, preterm birth, low birth weight, intrauterine growth restriction (5, 9–12). In extreme cases, maternal depression during pregnancy increases the risk of infant death due to neglect and abuse (13). Therefore, as one of the major public health issues, depression during pregnancy requires more research to identify its risk factors.

Brain derived neurotrophic factor (BDNF), as a member of the neurotrophic family, plays an important role in the development, maintenance, and functional regulation of the nervous system (14, 15). Importantly, BDNF is involved in a wide range of central processes, such as brain development, learning, memory or emotion regulation (16, 17). In recent years, the role of BDNF in the development of depression has aroused extensive attention (18–20). Evidence has suggested that BDNF may reduce the risk of depression through a range of mechanisms, including enhancing neuroplasticity, promoting neurogenesis, and modulating neurotransmitters (21, 22). Thus, additional population-based studies are necessary to explore the potential association between BDNF and depression.

Previous epidemiological studies mainly focused on the relationship between BDNF and postpartum depressive symptoms (within 3 months after delivery), indicating that the BDNF level of pregnant women with postpartum depressive symptoms is significantly lower than that of pregnant women without postpartum depressive symptoms, and the lower BDNF level is associated with an increased risk of postpartum depressive symptoms (23–26). However, to our knowledge, only one previous study has examined the association between BDNF in the first trimester and prenatal depressive symptoms, which showed that the risk of prenatal depressive symptom was 1.61-fold greater in the group with lower BDNF levels than in the group with higher BDNF levels (27). Although studies have investigated the association between BDNF levels in the first trimester and prenatal depressive symptoms, the pattern of changes in serum BDNF during different trimesters and its association with prenatal depressive symptoms is unclear. It is important to note that at different stages of pregnancy, physiological and hormonal levels change significantly, and these changes may directly or indirectly affect the expression and function of BDNF (28, 29). More research is therefore needed to investigate the dynamics of BDNF levels in different gestational periods and its association with prenatal depressive symptoms.

To address these gaps in knowledge, we performed a population-based longitudinal study among Chinese pregnant woman. The objective of the present study was to investigate the dynamic changes of serum BDNF levels in pregnant women during the first, second and third trimesters and its potential association with new-onset depressive symptoms in the third trimester.




2 Methods



2.1 Study design and participants

Participants of the current study were enrolled from General Hospital of the eastern theater of the Chinese People’s Liberation Army (Nanjing, Jiangsu Province, China). In this study, pregnant women (within 12 weeks of pregnancy) who registered in our hospital and agreed to participate in this study were recruited in the obstetrics clinic by means of poster advertisements and introduction by outpatient physician. Inclusion criteria are as follows: i) pregnant women within 12 weeks of gestation; ii) registered at our hospital’s obstetrics clinic; iii) willing to participate and provide written informed consent; iv) no depressive symptoms at baseline. Exclusion criteria are as follows: i) any pre-existing psychiatric disorders (assessed by medical records or self-report); ii) voluntary withdrawal from the study; iii) incomplete questionnaire or physical examination data; iv) depressive symptoms at baseline. The flow diagram is shown in Figure 1. Briefly, a total of 577 Chinese early pregnant were recruited between October 2021 and October 2022. Of these, 18 participants were excluded due to having any psychiatric disorder, or voluntary withdrawal from the study. Among the 559 enrolled participants, 554 completed the questionnaire survey, 557 completed the physical examination and peripheral blood sample collection in the first trimester. Subsequently, 59 participants were excluded due to the following reasons: i) without complete questionnaire or physical examination data; ii) depressive symptoms at the first trimester. Consequently, 500 participants who had no depressive symptoms at the first trimester and complete questionnaire or physical examination data were included. At the second trimester, 500 participants completed the blood sample collection. At the third trimester, 500 participants completed the questionnaire survey and blood sample collection. Blood samples collected during the first, second, and third trimester were used to detect BDNF. Ultimately, a total of 500 participants with complete questionnaire data and blood samples were included in the analysis. This study was approved by ethics committee of Nanjing Jinling Hospital, Affiliated Hospital of Nanjing Medical University (Nanjing, China). All participants provided written informed consent.

[image: Flowchart detailing the steps in a study on pregnant women from October 2021 to October 2022. Initially, 577 women were recruited in the first trimester. After excluding 18 due to psychiatric disorders or refusal, 559 participants met inclusion criteria. In the first trimester, a questionnaire, physical examination, and blood sample collection were completed for 554, 557, and 557 participants, respectively. Fifty-nine with high PHQ-9 scores or incomplete data were excluded. In the second trimester, 500 participants with no depressive symptoms and complete data continued with blood sample collection. In the third trimester, depressive symptoms assessment and blood sample collection were repeated for 500 participants.]
Figure 1 | Study flow diagram.




2.2 Depressive symptoms assessment

The depressive symptoms of pregnant women in the first and third trimester were evaluated using the 9-item Patient Health Questionnaire (PHQ-9), a widely used screening instrument for depressive symptoms (30, 31). The total score of PHQ-9 ranges from 0 to 66, with higher scores indicating more severe depressive symptoms. The PHQ-9 score was used to determine whether the participants had depressive symptoms and the degree of depressive symptoms. Two cut-off values were set in this study: i) no depressive symptoms (PHQ-9 score ≤ 4), depressive symptoms (PHQ-9 score ≥ 5); ii) no depressive symptoms (0 ≤ PHQ-9 score ≤ 4), minor depressive symptoms (5 ≤ PHQ-9 score ≤ 9), mild depressive symptoms (10 ≤ PHQ-9 score ≤ 14), moderate-severe depressive symptoms (15 ≤ PHQ-9 score ≤ 27).




2.3 Peripheral serum BDNF measurement

Participants provided fasting blood samples (5 mL) of peripheral blood during the first, second and third trimester of pregnancy. The blood samples were centrifuged in a refrigerated centrifuge at 3000 rpm/min for 8 minutes to collect the serum. Serum was collected after centrifugation and stored in a −80°C freezer until assayed. The levels of serum BDNF in the first, second and third trimester were measured using an AU5400 automatic biochemical analyzer (Olympus Corporation, Japan). Serum BDNF levels were determined with enzyme-linked immunosorbent assay (ELISA) kits (DY248, RD Systems, USA) according to the manufacturer’s instructions.




2.4 Covariates

Covariates were selected based on prior knowledge and literature (18, 32). Information on covariates in the first trimester was obtained as following two ways: i) questionnaire, including age, marital status (married, unmarried, divorced), household economic conditions (poor, fair, good), educational level (high school and below, junior college, undergraduate and above), sleep duration, physical activity (< 1 h/d or ≥ 1 h/d), occupations (worker, clerk, teacher, farmer, medical professional, freelancer, other), and first trimester PHQ-9 score; ii) physical examination, body mass index (BMI) = weight (kg)/height (m) squared.




2.5 Statistical analysis

Sample characteristics were summarized as number (percentage) for categorical variables and as mean ± standard deviation (SD) for continuous variables. Statistical differences in sample characteristics between groups (non-depressive symptoms vs. depressive symptoms) were analyzed using independent-sample t-test for quantitative data and chi-squared test or Fisher exact probability test for categorical data. Differences in PHQ-9 score at the third trimester between different BDNF levels groups (Q1 vs. Q2, Q3, Q4) were tested by one-way analysis of variance (ANOVA). Correlations between BDNF in the first, second and third trimester with the PHQ-9 score in the first and third trimester were examined by the Pearson correlation analysis.

Univariable and multivariable linear regression analyses were conducted to assess the associations between BDNF levels in different trimesters and PHQ-9 score in the third trimester. In addition, binary and multivariable logistic regression models were used to evaluate the association between BDNF levels in different trimesters and depressive symptoms in the third trimester. The β, odds ratio (OR), and 95% confidence interval (CI) were reported. Three models were fitted in multivariable linear regression analyses and logistic regression analyses: model 1 was unadjusted; model 2 was adjusted for the first trimester age, marital status, household economic conditions, educational level, body mass index, sleep duration, physical activity, and occupations; model 3 was additionally adjusted for the first trimester PHQ-9 score. All analyses were completed using SPSS (version 27.0, Chicago, USA).





3 Results



3.1 Sample characteristics between-group differences

The characteristics of the study sample are shown in Table 1. The mean age of the 500 participants was 26.8 ± 2.3 years at the first trimester. At the third trimester follow-up survey, a total of 72 pregnant women (14.4%) developed depressive symptoms. Compared with the non-depressed group, individuals in the depressed group were younger, had higher rates of divorce and unmarried, slept longer, and had lower levels of physical activity (all P-values < 0.05). In addition, BDNF levels in the first, second and third trimester were significantly lower in the depressed group than in the non-depressed group (all P-values < 0.001).


Table 1 | Sample characteristics.
	Baseline characteristics
	Total (N = 500)
	New-onset depressive symptom at the third trimester
	P-value


	No (N = 428)
	Yes (N = 72)



	Age (years), mean ± SD
	26.8 ± 2.3
	27.0 ± 2.3
	25.9 ± 2.3
	< 0.001


	Marital status, N (%)
	
	
	
	0.024


	 Married
	487 (97.4)
	420 (98.1)
	67 (93.1)
	 


	 Unmarried
	7 (1.4)
	5 (1.2)
	2 (2.8)
	 


	 Divorced
	6 (1.2)
	3 (0.7)
	3 (4.2)
	 


	Household economic conditions, N (%)
	
	
	
	0.540


	 Poor
	134 (26.8)
	113 (26.4)
	21 (29.2)
	 


	 Fair
	342 (68.4)
	296 (69.2)
	46 (63.9)
	 


	 Good
	24 (4.8)
	19 (4.4)
	5 (7.0)
	 


	Educational level, N (%)
	
	
	
	0.501


	 High school and below
	243 (48.6)
	204 (47.7)
	39 (54.2)
	 


	 Junior college
	82 (16.4)
	73 (17.1)
	9 (12.5)
	 


	 Undergraduate and above
	175 (35.0)
	151 (35.3)
	24 (33.3)
	 


	Body mass index (kg/m2), mean ± SD
	22.1 ± 3.3
	22.0 ± 3.2
	22.3 ± 3.8
	0.495


	Sleep duration (h/d), mean ± SD
	7.6 ± 0.9
	7.6 ± 0.8
	7.9 ± 1.0
	0.006


	Physical activity, N (%)
	
	
	
	0.039


	 < 1 h/d
	391 (78.2)
	328 (76.6)
	63 (87.5)
	 


	 ≥ 1 h/d
	109 (21.8)
	100 (23.4)
	9 (12.5)
	 


	Occupations, N (%)
	
	
	
	0.374


	 Worker
	80 (16.0)
	66 (15.4)
	14 (19.5)
	 


	 Clerk
	75 (15.0)
	69 (16.1)
	6 (8.3)
	 


	 Teacher
	66 (13.2)
	59 (13.8)
	7 (9.7)
	 


	 Farmer
	22 (4.4)
	17 (4.0)
	5 (6.9)
	 


	 Medical professional
	85 (17.0)
	73 (17.1)
	12 (16.7)
	 


	 Freelancer
	137 (27.4)
	113 (26.4)
	24 (33.3)
	 


	 Other
	35 (7.0)
	31 (7.2)
	4 (5.6)
	 


	First trimester BDNF (pg/mL), mean ± SD
	11.3 ± 3.5
	12.0 ± 3.0
	6.7 ± 2.9
	< 0.001


	Second trimester BDNF (pg/mL), mean ± SD
	10.6 ± 3.8
	11.2 ± 3.4
	6.6 ± 3.4
	< 0.001


	Third trimester BDNF (pg/mL), mean ± SD
	11.0 ± 4.1
	11.9 ± 3.6
	6.1 ± 3.5
	< 0.001





SD, standard deviation; BDNF, brain-derived neurotrophic factor; Bold font refers to statistically significant P-values; Depressive symptoms were evaluated using the PHQ-9 scale, with a total score range of 0–27 points, and the higher the total score, the more severe the depressive symptoms. PHQ-9 score ≥ 5 represented suffering depressive symptoms.



The distribution of PHQ-9 score in the third trimester among different BDNF levels groups is shown in Figure 2. Compared with the BDNF Q1 group in the first trimester, the PHQ-9 score in the third trimester was significantly lower in the Q2, Q3 and Q4 groups (Q1 vs. Q2 vs. Q3 vs. Q4 = 7.9 ± 6.5 points vs. 2.2 ± 1.9 points vs. 2.3 ± 1.8 points vs. 2.1 ± 2.0 points; all P-values < 0.01). Similarly, compared with the BDNF Q1 group in the second and third trimesters, the PHQ-9 score in the third trimester was significantly lower in the Q2, Q3 and Q4 groups (all P-values < 0.01).

[image: Three panels show violin plots of PHQ-9 scores in the third trimester across different BDNF levels by trimester. Each panel represents a trimester: first, second, and third. Q1 (reference) displays higher scores than Q2, Q3, and Q4. Significant differences marked with asterisks indicate **P < 0.01.]
Figure 2 | Stratified distribution of PHQ-9 scores in the third trimester by BDNF level quartiles across pregnancy trimesters. PHQ-9, Patient Health Questionnaire-9; BDNF, brain-derived neurotrophic factor. ** P<0.01.




3.2 Pearson correlation analysis and linear regression model

The results of correlation analysis are presented in Supplementary Table S1. Serum BDNF levels in the first, second and third trimesters were negatively correlated with PHQ-9 score in the first and third trimesters (correlation coefficients between −0.54 and −0.09; all P-values < 0.05).

The results of linear regression analysis are depicted in Figure 3; Supplementary Table S2. In multivariable linear regression models, after adjusting for the first trimester age, marital status, household economic conditions, educational level, body mass index, sleep duration, physical activity, occupations, and the first trimester PHQ-9 score, each 1 pg/mL increase of first trimester BDNF was associated with 0.64 point-decrease in PHQ-9 score in the third trimester (β = −0.64; 95% CI: −0.73, −0.55; P < 0.001); Each 1 pg/mL increase of second trimester BDNF was associated with 0.52 point-decrease in PHQ-9 score in the third trimester (β = −0.52; 95% CI: −0.61, −0.43; P < 0.001); Each 1 pg/mL increase of third trimester BDNF was associated with 0.55 point-decrease in PHQ-9 score in the third trimester (β = −0.55; 95% CI: −0.64, −0.46; P < 0.001). Results from unadjusted and adjusted models were generally consistent (Figure 3; Supplementary Table S2).

[image: Bar graph showing the PHQ-9 score in the third trimester for BDNF across three models during each trimester. The vertical axis represents the PHQ-9 score (β with a 95% confidence interval), with values ranging from zero to negative 0.8. The results for models in each trimester are represented by different colored points and bars, with statistical significance indicated by asterisks; single asterisk for P less than 0.05 and double asterisks for P less than 0.01.]
Figure 3 | Linear regression model between BDNF levels during pregnancy and PHQ-9 score in the third trimester. BDNF, brain-derived neurotrophic factor; PHQ-9, Patient Health Questionnaire-9; Depressive symptoms were evaluated using the PHQ-9 scale, with a total score range of 0–27 points, and the higher the total score, the more severe the depressive symptoms; Model 1, unadjusted model; Model 2 Adjusted for first trimester age, marital status, household economic conditions, educational level, body mass index, sleep duration, physical activity, and occupations; Model 3, Model 2 further adjusted for the first trimester PHQ-9 score. * P<0.05, ** P<0.01.





3.3 Binary and multivariable logistic regression models

Table 2 demonstrates the results of binary logistic regression analysis. After adjusting for covariates, each 1 pg/mL increase of first trimester BDNF was associated with a 43% decrease in the risk of depressive symptoms in the third trimester (OR = 0.57, 95% CI: 0.51, 0.65); each 1 pg/mL increase of second trimester BDNF was a 39% decrease in the risk of depressive symptoms in the third trimester (OR = 0.61, 95% CI: 0.54, 0.68); each 1 pg/mL increase of third trimester BDNF was associated with a 36% decrease in the risk of depressive symptoms in the third trimester (OR = 0.64, 95% CI: 0.58, 0.71).


Table 2 | Binary logistic regression analysis between BDNF levels during pregnancy and depressive symptoms in the third trimester.
	BDNF levels during pregnancy
	Model 1 a
	Model 2 b
	Model 3 c


	OR (95%CI)
	P-value
	OR (95%CI)
	P-value
	OR (95%CI)
	P-value



	First trimester BDNF
	0.59 (0.53, 0.66)
	<0.001
	0.58 (0.52, 0.65)
	<0.001
	0.57 (0.51, 0.65)
	<0.001


	Second trimester BDNF
	0.63 (0.57, 0.69)
	<0.001
	0.61 (0.55, 0.68)
	<0.001
	0.61 (0.54, 0.68)
	<0.001


	Third trimester BDNF
	0.67 (0.61, 0.73)
	<0.001
	0.65 (0.59, 0.72)
	<0.001
	0.64 (0.58, 0.71)
	<0.001





BDNF, brain-derived neurotrophic factor. Depressive symptoms were evaluated using the PHQ-9 scale, with a total score range of 0–27 points, and the higher the total score, the more severe the depressive symptoms. PHQ-9 score ≥ 5 was defined as depressive symptoms, PHQ-9 score ≤ 4 was considered as no depressive symptoms.


a Model 1, unadjusted model.

b Model 2 adjusted for first trimester age, marital status, household economic conditions, educational level, body mass index, sleep duration, physical activity, and occupations.

c Model 3, model 2 further adjusted for the first trimester PHQ-9 score.




In adjusted multivariable logistic regression models (Table 3), each 1 pg/mL increase of first trimester BDNF was associated with 32% lower risk for minor depressive symptoms in the third trimester (OR = 0.68, 95% CI: 0.59, 0.79), 46% lower risk for mild depressive symptoms in the third trimester (OR = 0.54, 95% CI: 0.45, 0.65), 59% lower risk for moderate-severe depressive symptoms in the third trimester (OR = 0.41, 95% CI: 0.30, 0.56); each 1 pg/mL increase of second trimester BDNF was associated with 24% lower risk for minor depressive symptoms in the third trimester (OR = 0.76, 95% CI: 0.65, 0.90), 40% lower risk for mild depressive symptoms in the third trimester (OR = 0.60, 95% CI: 0.50, 0.72), 76% lower risk for moderate-severe depressive symptoms in the third trimester (OR = 0.24, 95% CI: 0.14, 0.42); each 1 pg/mL increase of third trimester BDNF was associated with 20% lower risk for minor depressive symptoms in the third trimester (OR = 0.80, 95% CI: 0.70, 0.92), 42% lower risk for mild depressive symptoms in the third trimester (OR = 0.58, 95% CI: 0.49, 0.70), 85% lower risk for moderate-severe depressive symptoms in the third trimester (OR = 0.15, 95% CI: 0.07, 0.33).


Table 3 | Multivariable logistic regression analysis between BDNF levels during pregnancy and depressive symptoms in the third trimester.
	Variables
	Model 1a
	Model 2b
	Model 3c


	OR (95%CI)
	P-value
	OR (95%CI)
	P-value
	OR (95%CI)
	P-value



	First trimester BDNF


	 No depressive symptoms
	Ref
	 
	Ref
	 
	Ref
	 


	 Minor depressive symptoms
	0.69 (0.60, 0.80)
	<0.001
	0.68 (0.59, 0.79)
	<0.001
	0.68 (0.59, 0.79)
	<0.001


	 Mild depressive symptoms
	0.57 (0.49, 0.68)
	<0.001
	0.55 (0.46, 0.66)
	<0.001
	0.54 (0.45, 0.65)
	<0.001


	 Moderate-severe depressive symptoms
	0.46 (0.35, 0.60)
	<0.001
	0.42 (0.31, 0.57)
	<0.001
	0.41 (0.30, 0.56)
	<0.001


	Second trimester BDNF


	 No depressive symptoms
	Ref
	 
	Ref
	 
	Ref
	 


	 Minor depressive symptoms
	0.78 (0.67, 0.90)
	0.001
	0.76 (0.65, 0.89)
	0.001
	0.76 (0.65, 0.90)
	0.001


	 Mild depressive symptoms
	0.65 (0.56, 0.75)
	<0.001
	0.61 (0.52, 0.72)
	<0.001
	0.60 (0.50, 0.72)
	<0.001


	 Moderate-severe depressive symptoms
	0.34 (0.24, 0.49)
	<0.001
	0.28 (0.18, 0.45)
	<0.001
	0.24 (0.14, 0.42)
	<0.001


	Third trimester BDNF


	 No depressive symptoms
	Ref
	 
	Ref
	 
	Ref
	 


	 Minor depressive symptoms
	0.82 (0.73, 0.92)
	0.001
	0.81 (0.71, 0.92)
	0.001
	0.80 (0.70, 0.92)
	0.001


	 Mild depressive symptoms
	0.65 (0.57, 0.74)
	<0.001
	0.61 (0.52, 0.71)
	<0.001
	0.58 (0.49, 0.70)
	<0.001


	 Moderate-severe depressive symptoms
	0.29 (0.18, 0.47)
	<0.001
	0.19 (0.09, 0.38)
	<0.001
	0.15 (0.07, 0.33)
	<0.001





BDNF, brain-derived neurotrophic factor. Depressive symptoms were evaluated using the PHQ-9 scale, with a total score range of 0–27 points, and the higher the total score, the more severe the depressive symptoms. The PHQ-9 scores of 0 to 4, 5to 9, 10 to 14, 15 to 27 were defined as no depressive symptoms, minor, mild, moderate-severe depressive symptoms, respectively.


a Model 1, unadjusted model.

b Model 2 adjusted for first trimester age, marital status, household economic conditions, educational level, body mass index, sleep duration, physical activity, and occupations.

c Model 3, model 2 further adjusted for the first trimester PHQ-9 score.








4 Discussion

In this population-based longitudinal study, the average serum BDNF level was higher in the first trimester and lower in the second trimester. In addition, serum BDNF levels in the first, second, and third trimester were significantly associated with decreased PHQ-9 score and reduced risk of depressive symptom in the third trimester. Specifically, each 1 pg/mL increase in serum BDNF levels in the first, second, and third trimester was associated with 0.64, 0.52 and 0.55 point-decrease in PHQ-9 score in the third trimester; each 1 pg/mL increase in serum BDNF levels in the first, second, and third trimester was associated with a 43%, 39%, and 36% lower risk of depressive symptoms in the third trimester.

The results of this study suggest that BDNF in the first, second and third trimesters of pregnancy is a risk factor for prenatal depressive symptoms. This predictive value persists after adjusting for key covariates, suggesting BDNF’s potential as a clinical screening tool. As far as we know, only one previous study has explored the association between BDNF levels and prenatal depressive symptoms among pregnant women. Fung et al. (27) established that depressed pregnant women had significantly lower early-gestation BDNF levels than controls. Moreover, compared to the group with higher early-gestation BDNF levels (>25.31 ng/mL), the risk of prenatal depressive symptoms in the group with lower BDNF levels (≤ 25.31 ng/mL) increased by 61%. Our results align with but extend prior work by Fung et al. (27) who only examined the association between first-trimester BDNF and depressive symptoms. However, no study has investigated the association between BDNF in serum during distinct gestational periods and prenatal depressive symptoms. Consequently, more studies are needed to investigate the association between BDNF levels in different gestational periods with prenatal depressive symptoms, and the potential mechanisms.

Our longitudinal data address a critical knowledge gap by characterizing trimester-specific BDNF dynamics during pregnancy. The observed trimester-specific BDNF fluctuations (higher in the first trimester of pregnancy and lower in the second trimester) suggests complex regulation by gestational physiology. These findings underscore the need for standardized sampling protocols and reference ranges to better understand BDNF’s role in perinatal mental health. The placenta serves as a significant extra-neural source of BDNF during pregnancy (33), with secretion patterns potentially modulated by gestational hormones including estrogen and progesterone (34). This placental contribution may explain the characteristic U-shaped trajectory observed in our cohort. Additionally, reduced physical activity during pregnancy represents another potential modulator of BDNF levels (35, 36). While our study did not directly measure exercise parameters, the mid-pregnancy BDNF nadir corresponds with typical reductions in maternal activity during the second trimester. Future studies should incorporate objective activity monitoring and high-frequency sampling approaches to elucidate the mechanisms underlying these fluctuations.

The association between serum BDNF levels during distinct gestational periods and prenatal depression is biologically plausible, and several mechanisms may be involved. On the one hand, BDNF promotes the growth, development, and survival of neurons, increases the number of neurons and synaptic connections, thereby enhancing neuroplasticity (37, 38). Reduced neuroplasticity has been shown to be associated with an increased risk of depression (39, 40). On the other hand, BDNF can induce the proliferation and differentiation of neural stem cells and promote neurogenesis (41, 42). Previous studies have shown that patients with depression have hippocampal atrophy (e.g., decreased neurogenesis), and reduced BDNF levels may be one of the reasons for the decreased neurogenesis (43, 44). Additionally, BDNF can affect neurotransmitter function by regulating neurotransmitter synthesis, release, and reuptake (22). The monoamine hypothesis suggests that depression is caused by an imbalance of neurotransmitters such as norepinephrine and dopamine, and that reduced levels of BDNF may be one of the causes of the neurotransmitter imbalance (45, 46). Our trimester-specific findings suggest these protective mechanisms operate throughout pregnancy. The specific mechanism behind the association between BDNF levels and prenatal depression need further investigations.

Some limitations of this study deserve mention. Firstly, the observational nature of the current study precludes causal inference. Secondly, the sample source of this study was single (the analysis included only pregnant women), and the results cannot be generalized to the general population. Future multi-center studies with larger sample size are needed. Thirdly, in the present study, depressive symptoms were assessed subjectively by the PHQ-9 scale. Although the PHQ-9 scale has been widely used and proven to be an effective screening tool for depressive symptoms in adults, it can still cause misclassification of depressive symptoms (47, 48). Finally, even though we adjusted for many potential confounders in linear regression and logistic regression models, residual confounding could not be ruled out. In addition, the retention rate of the sample in this study is relatively high. Although it can enhance internal validity, the motivation level of the participants was not included as a confounding factor. Therefore, additional studies of population-wide cohorts are needed to validate our findings.




5 Conclusion

In summary, our results show that serum BDNF levels in the first, second, and third trimester were significantly associated with decreased PHQ-9 score and reduced risk of depressive symptoms in the third trimester. These consistent findings suggest BDNF may serve as both a potential biomarker and possible intervention target in perinatal mental health, though further research is needed to explore its clinical translation.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Nanjing Jinling Hospital, Affiliated Hospital of Nanjing Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

Y-rZ: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Writing – original draft. Y-pL: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. X-mW: Data curation, Formal analysis, Writing – original draft. YY: Data curation, Formal analysis, Writing – original draft. Y-fL: Conceptualization, Methodology, Supervision, Writing – review & editing. JN: Conceptualization, Methodology, Supervision, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by Anhui Provincial Key Laboratory of Environment and Population Health across the Life Course (No. JKYS20235).




Acknowledgments

We thank all the volunteer participants for their patience and participation.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1618041/full#supplementary-material




References

	 Friedrich MJ. Depression Is the Leading Cause of Disability Around the World. JAMA. (2017) 317:1517. doi: 10.1001/jama.2017.3826, PMID: 28418490


	 Simon GE, Moise N, Mohr DC. Management of Depression in Adults: A Review. JAMA. (2024) 332:141–52. doi: 10.1001/jama.2024.5756, PMID: 38856993


	 Anderson E, Crawford CM, Fava M, Ingelfinger J, Sanacora G, Scott-Vernaglia S, et al. Depression - Treatment Options and Managing Depression in Primary Care. N Engl J Med. (2024) 390:e44. doi: 10.1056/NEJMp2310180, PMID: 38749042


	 Levitan RD, Atkinson L, Matthews SG. Improving research and clinical interventions for maternal depression during pregnancy. Am J Obstet Gynecol. (2025) 232:e104–5. doi: 10.1016/j.ajog.2024.09.106, PMID: 39357588


	 Wu J, Zhou F, Wang Y, Niu Y, Zhang C, Meng Y, et al. Associations between maternal early pregnancy depression and longitudinal fetal growth. J Affect Disord. (2024) 362:808–15. doi: 10.1016/j.jad.2024.07.068, PMID: 39029680


	 Junkes L, Gherman BR, Appolinario JC, Nardi AE. Treatment of depression during pregnancy: a protocol for systematic review and meta-analysis. Front Psychiatry. (2024) 15:1349816. doi: 10.3389/fpsyt.2024.1349816, PMID: 38563023


	 Hubner-Liebermann B, Hausner H, Wittmann M. Recognizing and treating peripartum depression. Dtsch Arztebl Int. (2012) 109:419–24. doi: 10.3238/arztebl.2012.0419, PMID: 22787503


	 Perrotta C, Giordano F, Colombo A, Winkel S, Einsle F, Pieper L, et al. Postpartum Bleeding in Pregnant Women Receiving SSRIs/SNRIs: New Insights from a Descriptive Observational Study and an Analysis of Data from the FAERS Database. Clin Ther. (2019) 41:1755–66. doi: 10.1016/j.clinthera.2019.06.008, PMID: 31371035


	 Levitan RD, Atkinson L, Knight JA, Hung RJ, Wade M, Jenkins JM, et al. Maternal major depression during early pregnancy is associated with impaired child executive functioning at 4.5 years of age. Am J Obstet Gynecol. (2024) 231:241–6. doi: 10.1016/j.ajog.2023.11.1252, PMID: 38042244


	 Shuffrey LC, Lucchini M, Morales S, Sania A, Hockett C, Barrett E, et al. Gestational diabetes mellitus, prenatal maternal depression, and risk for postpartum depression: an Environmental influences on Child Health Outcomes (ECHO) Study. BMC Pregnancy Childbirth. (2022) 22:758. doi: 10.1186/s12884-022-05049-4, PMID: 36209070


	 Winkel S, Einsle F, Pieper L, Höfler M, Wittchen HU, Martini J. Associations of anxiety disorders, depressive disorders and body weight with hypertension during pregnancy. Arch Womens Ment Health. (2015) 18:473–83. doi: 10.1007/s00737-014-0474-z, PMID: 25422149


	 Miller ES, Saade GR, Simhan HN, Monk C, Haas DM, Silver RM. Trajectories of antenatal depression and adverse pregnancy outcomes. Am J Obstet Gynecol. (2022) 226:101–8. doi: 10.1016/j.ajog.2021.08.044, PMID: 34280383


	 Murray L, Cooper PJ. Postpartum depression and child development. Psychol Med. (1997) 27:253–60. doi: 10.1017/S0033291796004564, PMID: 9089818


	 Ichimura-Shimizu M, Kurrey K, Miyata M, Dezawa T, Tsuneyama K, Kojima M. Emerging Insights into the Role of BDNF on Health and Disease in Periphery. Biomolecules. (2024) 14:444. doi: 10.3390/biom14040444, PMID: 38672461


	 Rodriguez-Carrillo A, Verheyen VJ, Van Nuijs A, Fernández MF, Remy S. Brain-derived neurotrophic factor (BDNF): an effect biomarker of neurodevelopment in human biomonitoring programs. Front Toxicol. (2023) 5:1319788. doi: 10.3389/ftox.2023.1319788, PMID: 38268968


	 Demirci E, Tastepe N, Ozmen S, Kilic E. The Role of BDNF and NPY Levels, Effects of Behavioral Systems and Emotion Regulation on Internet Addiction in Adolescents. Psychiatr Q. (2023) 94:605–16. doi: 10.1007/s11126-023-10046-7, PMID: 37610629


	 Bach SV, Bauman AJ, Hosein D, Tuscher JJ, Ianov L, Greathouse KM, et al. Distinct roles of Bdnf I and Bdnf IV transcript variant expression in hippocampal neurons. Hippocampus. (2024) 34:2 18–229. doi: 10.1002/hipo.23600, PMID: 38362938


	 Zarza-Rebollo JA, Lopez-Isac E, Rivera M, Gómez-Hernández L, Pérez-Gutiérrez AM, Molina E. The relationship between BDNF and physical activity on depression. Prog Neuropsychopharmacol Biol Psychiatry. (2024) 134:111033. doi: 10.1016/j.pnpbp.2024.111033, PMID: 38788892


	 Zwolinska W, Bilska K, Tarhonska K, Reszka E, Skibińska M, Pytlińska N, et al. Biomarkers of Depression among Adolescent Girls: BDNF and Epigenetics. Int J Mol Sci. (2024) 25:3281. doi: 10.3390/ijms25063281, PMID: 38542252


	 Fioranelli M, Roccia MG, Przybylek B, Garo ML. The Role of Brain-Derived Neurotrophic Factor (BDNF) in Depression and Cardiovascular Disease: A Systematic Review. Life (Basel). (2023) 13:1967. doi: 10.3390/life13101967, PMID: 37895349


	 Duman RS, Voleti B. Signaling pathways underlying the pathophysiology and treatment of depression: novel mechanisms for rapid-acting agents. Trends Neurosci. (2012) 35:47–56. doi: 10.1016/j.tins.2011.11.004, PMID: 22217452


	 Delgado-Silva J, Rodrigues-Santos P, Almeida JS, Santos-Rosa M, Gonçalves L. Dynamics of Soluble Factors and Double-Negative T Cells Associated with Response to Renal Denervation in Resistant Hypertension Patients. J Pers Med. (2022) 12:343. doi: 10.3390/jpm12030343, PMID: 35330342


	 Figueira P, Malloy-Diniz L, Campos SB, Miranda DM, Romano-Silva MA, De Marco L, et al. An association study between the Val66Met polymorphism of the BDNF gene and postpartum depression. Arch Womens Ment Health. (2010) 13:285–9. doi: 10.1007/s00737-010-0146-6, PMID: 20169377


	 Gao X, Wang J, Yao H, Cai Y, Cheng R. Serum BDNF concentration after delivery is associated with development of postpartum depression: A 3-month follow up study. J Affect Disord. (2016) 200:25–30. doi: 10.1016/j.jad.2016.04.002, PMID: 27111070


	 Lee Y, Kim KH, Lee BH, Kim YK. Plasma level of brain-derived neurotrophic factor (BDNF) in patients with postpartum depression. Prog Neuropsychopharmacol Biol Psychiatry. (2021) 109:110245. doi: 10.1016/j.pnpbp.2021.110245, PMID: 33444650


	 Pinheiro RT, Pinheiro KA, da Cunha Coelho FM, de Ávila Quevedo L, Gazal M, da Silva RA, et al. Brain-derived neurotrophic factor levels in women with postpartum affective disorder and suicidality. Neurochem Res. (2012) 37:2229–34. doi: 10.1007/s11064-012-0851-9, PMID: 22851352


	 Fung J, Gelaye B, Zhong QY, Rondon MB, Sanchez SE, Barrios YV, et al. Association of decreased serum brain-derived neurotrophic factor (BDNF) concentrations in early pregnancy with antepartum depression. BMC Psychiatry. (2015) 15:43. doi: 10.1186/s12888-015-0428-7, PMID: 25886523


	 Nielsen C, Andersson HU, Lindh C, Ekström U, Xu Y, Li Y, et al. Pregnancy-induced changes in serum concentrations of perfluoroalkyl substances and the influence of kidney function. Environ Health. (2020) 19:80. doi: 10.1186/s12940-020-00626-6, PMID: 32641055


	 Li K, Zhang S, Yang L, Jiang H, Chi Z, Wang A, et al. Changes of Arterial Pulse Waveform Characteristics with Gestational Age during Normal Pregnancy. Sci Rep. (2018) 8:15571. doi: 10.1038/s41598-018-33890-1, PMID: 30349022


	 He C, Levis B, Riehm KE, Saadat N, Levis AW, Azar M, et al. The Accuracy of the Patient Health Questionnaire-9 Algorithm for Screening to Detect Major Depression: An Individual Participant Data Meta-Analysis. Psychother Psychosom. (2020) 89:25–37. doi: 10.1159/000502294, PMID: 31593971


	 Costantini L, Pasquarella C, Odone A, Colucci ME, Costanza A, Serafini G, et al. Screening for depression in primary care with Patient Health Questionnaire-9 (PHQ-9): A systematic review. J Affect Disord. (2021) 279:473–83. doi: 10.1016/j.jad.2020.09.131, PMID: 33126078


	 Zelada MI, Garrido V, Liberona A, Jones N, Zúñiga K, Silva H, et al. Brain-Derived Neurotrophic Factor (BDNF) as a Predictor of Treatment Response in Major Depressive Disorder (MDD): A Systematic Review. Int J Mol Sci. (2023) 24:14810. doi: 10.3390/ijms241914810, PMID: 37834258


	 Christian LM, Mitchell AM, Gillespie SL, Palettas M. Serum brain-derived neurotrophic factor (BDNF) across pregnancy and postpartum: Associations with race, depressive symptoms, and low birth weight. Psychoneuroendocrinology. (2016) 74:69–76. doi: 10.1016/j.psyneuen.2016.08.025, PMID: 27588702


	 Lommatzsch M, Hornych K, Zingler C, Schuff-Werner P, Höppner J, Virchow JC. Maternal serum concentrations of BDNF and depression in the perinatal period. Psychoneuroendocrinology. (2006) 31:388–94. doi: 10.1016/j.psyneuen.2005.09.003, PMID: 16289360


	 Singh S, Fereshetyan K, Shorter S, Paliokha R, Dremencov E, Yenkoyan K, et al. Brain-derived neurotrophic factor (BDNF) in perinatal depression: Side show or pivotal factor? Drug Discov Today. (2023) 28:103467. doi: 10.1016/j.drudis.2022.103467, PMID: 36528281


	 Barde YA. The physiopathology of brain-derived neurotrophic factor. Physiol Rev. (2025) 105:2073–2140. doi: 10.1152/physrev.00038.2024, PMID: 40490314


	 Martins LA, Schiavo A, Paz LV, Xavier LL, Mestriner RG. Neural underpinnings of fine motor skills under stress and anxiety: A review. Physiol Behav. (2024) 282:114593. doi: 10.1016/j.physbeh.2024.114593, PMID: 38782244


	 Sims SK, Saddow M, McGonegal L, Sims-Robinson C. Intranasal Administration of BDNF Improves Recovery and Promotes Neural Plasticity in a Neonatal Mouse Model of Hypoxic Ischemia. Exp Neurobiol. (2024) 33:25–35. doi: 10.5607/en23030, PMID: 38471802


	 Rygvold TW, Hatlestad-Hall C, Elvsashagen T, Moberget T, Andersson S. Long-Term Potentiation-Like Visual Synaptic Plasticity Is Negatively Associated With Self-Reported Symptoms of Depression and Stress in Healthy Adults. Front Hum Neurosci. (2022) 16:867675. doi: 10.3389/fnhum.2022.867675, PMID: 35601905


	 Chou TW, Huang HS, Panyod S, Huang YJ, Sheen LY. Korean red ginseng water extract produces antidepressant-like effects through involving monoamines and brain-derived neurotrophic factor in rats. J Ginseng Res. (2023) 47:552–60. doi: 10.1016/j.jgr.2023.01.003, PMID: 37397413


	 Uju C, Karimzadeh K, Unniappan S. Brain Derived Neurotrophic Factor Stimulates Hypothalamic and Gonadal Reproductive Hormones and Oocyte Maturation in Zebrafish. Reproduction. (2025) 169:e240233. doi: 10.1530/REP-24-0233, PMID: 39475794


	 Zota I, Chanoumidou K, Gravanis A, Charalampopoulos I. Stimulating myelin restoration with BDNF: a promising therapeutic approach for Alzheimer’s disease. Front Cell Neurosci. (2024) 18:1422130. doi: 10.3389/fncel.2024.1422130, PMID: 39285941


	 Li HH, Liu Y, Chen HS, Wang J, Li YK, Zhao Y, et al. PDGF-BB-Dependent Neurogenesis Buffers Depressive-Like Behaviors by Inhibition of GABAergic Projection from Medial Septum to Dentate Gyrus. Adv Sci (Weinh). (2023) 10:e2301110. doi: 10.1002/advs.202301110, PMID: 37325895


	 Belmaker RH, Agam G. Major depressive disorder. N Engl J Med. (2008) 358:55–68. doi: 10.1056/NEJMra073096, PMID: 18172175


	 Ch S, Sudha S, Reddy CG, T P, Ksbs KS, Dasari P, et al. A Comparative Study on Safety and Efficacy of Desvenlafaxine Versus Sertraline in Depression. Cureus. (2022) 14:e22717. doi: 10.7759/cureus.22717, PMID: 35371643


	 Charney DS. Monoamine dysfunction and the pathophysiology and treatment of depression. J Clin Psychiatry. (1998) 59:11–4.


	 Gilbody S, Richards D, Brealey S, Hewitt C. Screening for depression in medical settings with the Patient Health Questionnaire (PHQ): a diagnostic meta-analysis. J Gen Intern Med. (2007) 22:1596–602. doi: 10.1007/s11606-007-0333-y, PMID: 17874169


	 Patel V, Araya R, Chowdhary N, King M, Kirkwood B, Nayak S, et al. Detecting common mental disorders in primary care in India: a comparison of five screening questionnaires. Psychol Med. (2008) 38:221–8. doi: 10.1017/S0033291707002334, PMID: 18047768







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Zhang, Liu, Wu, Yan, Lou and Ni.. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt-16-1618041-g002.jpg
1K

'PHQ-9 score in the third trimester

+P<0.01

e . P
Pmu EN b
i £ £
E. E.
22419 220 | E .
| ) e s | 3
[ aami £ £
i I H
A % £ it
== & =| &
= £. S g:

2 3 o4 4 QI Q2 Q3 4

Different BONF levels in the
Aot o ir.

NF levels in the
sbbsid irbaisier

Different BONK levels in the
‘Sl trhnester






OEBPS/Images/fpsyt-16-1618041-g001.jpg
=
E
g
3

trimester

trimester

trimester

Recruitment of pregnant

from October 2021 o October 2022, n =577

women in the first trimester

Participants with psychiatric disorders
or who refused to participate in the

Participants who met the inclusion criteria and

study were excluded, n=18.

reed

the study

59

Complete physical Complete blood sample

examination, n=557 collection, n=557 H

PHQ-9 score > 5 in the first
ester and without complete questionn
ical examination data were excluded, n=59

Pa

pants with no depressive symptoms during the first trimester
and complete questionnaire and physsical examination data, =500

Complete blood sample
collection, n=500

L

e ——— |

Complete the assessment of
depressive symptoms, n=500

plete blood sample
collection, n=500






OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/fpsyt.2025.1618041_cover.jpg
& frontiers | Frontiers in Psychiatry

Association of brain-derived neurotrophic
factor levels at different trimesters and new-
onset depressive symptom in the third
trimester among pregnant women: a
longitudinal study





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-16-1618041-g003.jpg
PHQ-9 score in the third trimester

B (95%CI)

*P<0.05 *%xP<0.01

—0— xx
> %%
—— xx
——i %

= *x
1 %%

— .
& NG &
Iy

First trimester  Second trimester Third trimester
BDNF BDNF BDNF





