

[image: image1]
Causal effects of potential risk factors on postpartum depression: a Mendelian randomization study









 


	
	
TYPE Original Research
PUBLISHED 20 December 2023
DOI 10.3389/fpsyt.2023.1275834






Causal effects of potential risk factors on postpartum depression: a Mendelian randomization study

Mingrong Zuo†, Zhihao Wang†, Wenhao Li, Siliang Chen, Yunbo Yuan, Yuan Yang, Qing Mao and Yanhui Liu*


Department of Neurosurgery, West China Hospital, Sichuan University, Chengdu, China

[image: image2]

OPEN ACCESS

EDITED BY
 Sami Hamdan, Academic College Tel Aviv-Yaffo, Israel

REVIEWED BY
 Weiqiu Cheng, University of Michigan, United States
 Jun Yang, Zhejiang University, China

*CORRESPONDENCE
 Yanhui Liu, liuyh@scu.edu.cn 

†These authors have contributed equally to this work and share first authorship

RECEIVED 10 August 2023
 ACCEPTED 09 November 2023
 PUBLISHED 20 December 2023

CITATION
 Zuo M, Wang Z, Li W, Chen S, Yuan Y, Yang Y, Mao Q and Liu Y (2023) Causal effects of potential risk factors on postpartum depression: a Mendelian randomization study. Front. Psychiatry 14:1275834. doi: 10.3389/fpsyt.2023.1275834

COPYRIGHT
 © 2023 Zuo, Wang, Li, Chen, Yuan, Yang, Mao and Liu. 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.
 

Background: Postpartum depression (PPD) is a type of depressive episode related to parents after childbirth, which causes a variety of symptoms not only for parents but also affects the development of children. The causal relationship between potential risk factors and PPD remains comprehensively elucidated.

Methods: Linkage disequilibrium score regression (LDSC) analysis was conducted to screen the heritability of each instrumental variant (IV) and to calculate the genetic correlations between effective causal factors and PPD. To search for the causal effect of multiple potential risk factors on the incidence of PPD, random effects of the inverse variance weighted (IVW) method were applied. Sensitivity analyses, including weighted median, MR-Egger regression, Cochrane’s Q test, and MR Pleiotropy Residual Sum and Outlier (MR-PRESSO), were performed to detect potential Mendelian randomization (MR) assumption violations. Multivariable MR (MVMR) was conducted to control potential multicollinearity.

Results: A total of 40 potential risk factors were investigated in this study. LDSC regression analysis reported a significant genetic correlation of potential traits with PPD. MR analysis showed that higher body mass index (BMI) (Benjamini and Hochberg (BH) corrected p = 0.05), major depression (MD) (BH corrected p = 5.04E-19), and schizophrenia (SCZ) (BH corrected p = 1.64E-05) were associated with the increased risk of PPD, whereas increased age at first birth (BH corrected p = 2.11E-04), older age at first sexual intercourse (BH corrected p = 3.02E-15), increased average total household income before tax (BH corrected p = 4.57E-02), and increased years of schooling (BH corrected p = 1.47E-11) led to a decreased probability of PPD. MVMR analysis suggested that MD (p = 3.25E-08) and older age at first birth (p = 8.18E-04) were still associated with an increased risk of PPD.

Conclusion: In our MR study, we found multiple risk factors, including MD and younger age at first birth, to be deleterious causal risk factors for PPD.
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1 Introduction

Postpartum depression (PPD), also termed postnatal depression, is a type of depressive episode related to childbirth with a variety of symptoms of mood changes, negative attitudes to life, and mental and psychiatric changes, with few severe cases showing suicidality (1). The diagnostic criteria of PPD comprise five or more symptoms, such as depressed mood, loss of previous interest, weight or appetite alteration, somnipathy, fatigue, attention deficit, and feeling worthless or guilty (2). PPD occurs in approximately 13% of women, which may cause severe consequences for mothers and their children (3). Moreover, the reported overall incidence of paternal PPD between 3 months and 12 months after birth was about 10.4% (4), which suggested that both new parents may suffer from this common psychiatric disorder. Apart from causing mental disorders or even suicides of parents, the risks of PPD on children have been well-investigated, and it suggested that children with parents experiencing PPD are more likely to suffer from depressive disorders (5). Regarding the risk factors associated with PPD, a variety of research found that multiple factors, including a history of mental illness, hormonal changes, and social factors, were related to PPD (1, 6). The causal relationship between potential risk factors and PPD is still unelucidated, and a comprehensive exploration of the causal effects of factors on PPD would be helpful for the intervention of PPD.

Mendelian randomization (MR) is a useful way to infer a causal relationship, using genetic variants as instrumental variants (IVs) to estimate the causal assumption between exposure and outcome (7). Due to the random allocation of genetic variants, MR is less susceptible to other confounding factors and reverse causation that can impede causal inference in conventional observational studies (8). Multivariable MR (MVMR) takes pleiotropy among multiple exposures into account, which is an extension of univariable MR and is important for pleiotropic pathways (9). Thus, accumulating research has taken advantage of MR to gain insights into the causes of multiple diseases (10). Recently, MR analysis initially demonstrated a potential causal relationship between opioid use and the risk of PPD. In turn, PPD was also associated with a higher risk of opioid and non-opioid analgesic use (11). Another recent study investigated the causal association between PPD and cerebrovascular diseases and cognitive impairment, and the result recommended that cognitive impairment was a significant outcome induced by PPD (12). In addition, modifiable risk factors, such as body mass index (BMI) and glucose, are usually considered exposures that may be associated with diseases in MR analysis (13). However, the causal association of other potential risk factors, particularly modifiable risk factors with PPD, still remains unclear.

In the present study, we focused on the association of various potential risk factors and modifiable factors with PPD. Based on the summarized data of the genome-wide association study (GWAS), we investigated the genetic correlations between 40 potential risk factors and PPD by linkage disequilibrium score regression (LDSC) analysis and then performed a two-sample MR analysis.



2 Materials and methods


2.1 Study design

A procedure of MR analysis was established to investigate a causal relationship between potential risk factors and PPD. Figure 1 shows the procedures of our study. The principles of selecting potential risk factors were as follows: First, we sought out a review of the PPD (14), which mentioned the risk factors of PPD, including history of mental illness (psychiatric disorders), hormonal changes (sex hormones), and social factors (socioeconomic Factors). Another study reported the association between thyroid function and PPD (15). Second, we investigated the modifiable risk factors frequently used as exposures in MR analysis, including BMI, blood pressure, glucose and lipids, and diet hobbies such as smoking, drinking alcohol, tea, and coffee. Third, we added some risk factors that may be involved in the pathogenesis of depression, including disorder of sleep (16) and inflammatory processes (inflammatory biomarkers) (17). In total, there were 40 potential risk factors.
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FIGURE 1
 Design of the study. Procedures of MR are shown in this flow chart. Three principles of MR were listed: the IVs must be associated with exposure (I) and not be associated with confounders (II) and outcome (III). MR, mendelian randomization; GWAS, genome-wide association studies; SNP, single nucleotide polymorphism; IV, instrumental variant; LDSC, linkage disequilibrium score regression.


Three major assumptions were utilized. First, there existed a direct correlation between the IVs of potential exposures and the PPD (Relevance). Second, the confounders cannot confound the IVs of exposures (Exchangeability). Finally, the IVs have no direct connection to the outcome except through exposure (the exclusion restriction).



2.2 Sources of exposures and PPD in GWAS data

We obtained data on exposures from the GWAS data. The exposure factors of this study are as follows: BMI, total testosterone, bioavailable testosterone, sex hormone binding globulin, estradiol, coffee intake, tea intake, average total household income before tax, age at menarche1 (18–20), Schizophrenia (SCZ) (21), autism spectrum disorder (22), bipolar disorder (23), major depression (MD) (24), attention-deficit/hyperactivity disorder (25), anxiety (26), diastolic blood pressure, pulse pressure, systolic blood pressure (27), glycated hemoglobin, fasting glucose, fasting insulin, 2-h glucose (28), triglycerides, low-density lipoprotein cholesterol-c, high-density lipoprotein cholesterol-c, apolipoprotein A-I, apolipoprotein B (29), free thyroxine4, thyrotropin (TSH), incTSH/hypothyroidism, decTSH/hyperthyroidism (30), 25 hydroxyvitamin D (31), C-reactive protein (32), smoking initiation (SI), cigarettes per day, alcohol consumption (33), years of schooling (33), age at first sexual intercourse, age at first birth (34), and insomnia (35). Next, the GWAS data of PPD were obtained from the European cohort: the FinnGen study round 8 (36). The FinnGen study is dedicated to combining genome information with digital healthcare data (37). The criterion in FinnGen was based on the 10th edition of the International Classification of Diseases criteria, in which participants with delivery history (O15) diagnosed with F32, F33, or F530 were identified as PPD. A total of 13,657 PPD cases and 236,178 controls were enrolled in the dataset. GWAS summary data of PPD and all risk factors are presented in Table 1. It is worth noting that the ethnicity of the population of attention deficit/hyperactivity disorder was European, North American, and Chinese, and the ethnicity of other GWAS data was European. Given that the diagnostic criteria of the PPD included a history of delivery, we speculated that the gender of this study was restricted to biological females. We elected GWAS of sex hormones, free thyroxine, and TSH of female-only participants as the rest of the studies did not provide gender-specified data.



TABLE 1 Description of GWAS statistics included in the present study.
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2.3 Linkage disequilibrium score regression

To screen the heritability of each trait and the genetic correlations between effective causal factors and PPD, LDSC regression was conducted by the regression slope using GWAS summary data (38). The European Ancestry 1,000 Genomes LD reference panel was used as a reference.



2.4 Genetic instruments selection

To select the qualified IVs, only single nucleotide polymorphisms (SNPs) associated with each exposure at a genome-wide threshold (p < 5E-08) were elected. A less strict threshold of 5E-06 was applied if less than four IVs were involved in the inverse variance weighted (IVW) analysis. SNPs with linkage disequilibrium were filtered based on the European ancestry 1,000 Genomes LD reference panel, with r2 > 0.001 on the clump window of 10,000 kb to keep the IVs independent from each other. The F-statistic of each SNP was calculated, and any SNP with a low F-statistic (< 10) was removed to avoid weak instrument bias. SNPs significantly associated with outcome (p < 5E-08) were excluded as they violated the third principle of MR assumption. SNPs that passed these precedes and existed in the GWAS of outcome were harmonized to avoid a mismatch of alleles based on allele frequencies for palindromes (19).



2.5 Mendelian randomization analysis

We used IVW to analyze the causal relationship of 40 potential risk factors in the PPD (7). In addition, weighted median, MR-Egger regression, heterogeneity test, Cochrane’s Q test, and MR-PRESSO were utilized to assess the robustness of IVW results. We appraised the heterogeneity using Cochran’s Q statistics and I2 statistics (39), and if heterogeneity exists (p < 0.05), the results should coincide with results estimated by IVW (39). In the pleiotropy test, intercepts calculated by MR-PRESSO were used to assess the horizontal pleiotropy of valid IVs; p > 0.05 meant a lower probability of horizontal pleiotropy existence (40). Outliners were detected and removed by MR-PRESSO. The validation of causal inference between exposures and PPD depended on the same tendency of IVW and weighted median and MR-Egger analyses, besides no horizontal pleiotropic effect existing. To control potential multicollinearity, multivariable MVMR was conducted with significant results of the IVW method as exposures. For MVMR, the IVs must be associated with at least one of the exposures, independent of all confounders of any exposure and independent of the outcome (41). Least absolute shrinkage and selection operator regression were utilized to avoid potential bias caused by multicollinearity.



2.6 Statistical analysis

All the statistical analyses were performed using R-4.2.32 with R packages. The R packages included the two-sample MR package (19), MR-PRESSO package (40), and LDSC package3 (38, 42, 43). To control type I error, BH (Benjamini and Hochberg) correction was employed in both LDSC and IVW analyses. The BH-adjusted p < 0.05 was considered strong evidence, while the standard p < 0.05 was identified as suggestive evidence. Scatter plots and forest plots were used for the visualization of MR results.



2.7 Ethical approval

The data from public sources of our study had been granted ethical approval by their own institutional review boards and thus it did not require ethical approval from our institutional review board.




3 Results


3.1 Linkage disequilibrium score regression

We performed LDSC to analyze genetic correlations between potential causal factors and PPD. The heritability of SNPs for each exposure factor with a range of 2 to 36% is listed in Supplementary Table S1. Among 40 factors, half of them were associated with PPD even following BH correction, as listed in Table 2.



TABLE 2 Genetic correlation between PPD and potential risk factors.
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3.2 IVs selection

SNPs were selected for each pair of exposure and outcome, and detailed information on all SNPs was listed in the Supplementary Table S2. We defined the qualified IVs as only SNPs associated with each exposure at a genome-wide threshold (p < 5E-08). Due to the lack of IVs at the genome-wide significance with anxiety, autism spectrum disorder, and estradiol as exposure, the threshold of 5E-06 was applied in the three analyses. The total F-statistic of all pairs was above 10, indicating strong IVs.



3.3 IVW analysis of potential risk factors for PPD

Our results of MR analyses indicated that among 40 potential risk factors, eight of them had a significant causal relationship with the PPD. The functionalities of SNPs, such as higher BMI (odds ratio (OR) = 1.13 (1.03, 1.24), BH corrected p = 0.05), MD (OR = 2.05 (1.76, 2.39), BH corrected p = 5.04E-19), SCZ (OR = 1.13 (1.08, 1.19), BH corrected p = 1.64E-05), and earlier SI (OR = 1.33 (1.14, 1.54), BH corrected p = 1.33E-03), were associated with the increased risk of PPD. On the contrary, we also found that increased age at first birth (OR = 0.86 (0.81, 0.93), BH corrected p = 2.11E-04), older age at first sexual intercourse (OR = 0.47 (0.4, 0.57), BH corrected p = 3.02E-15), increased average total household income before tax (OR = 0.62 (0.44, 0.88), BH corrected p = 4.57E-02), and increased years of schooling (OR = 0.56 (0.48, 0.66), BH corrected p = 1.47E-11) led to a decreased probability of PPD. While no significant causal relationship was found between the other 32 exposures and PPD. Complete results are available in Figure 2 and Supplementary Table S3.
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FIGURE 2
 Forest plots of causal effect estimates based on Mendelian analysis. The significant results of causal inference of eight potential risk factors on PPD in random effect IVW analysis were plotted. SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.




3.4 Sensitivity analysis of MR

The scatter plots of effective exposures with causal effects on PPD are presented in Figure 3. Apart from SI showing a discrepant correlation with PPD between MR Egger and IVW analysis and weighted median analysis (Figure 3), the rest of the effective causal effectors all presented a clear causal relationship with a similar tendency, which was in line with each corresponding forest plot (Figures 2, 3). Heterogeneity was detected in six causal factors identified by IVW, which are as follows: age at first sexual intercourse, average total household income before tax, BMI, SCZ, SI, and years of schooling. The pleiotropy test showed no horizontal pleiotropy in all analyses (p > 0.05). MR-PRESSO analysis suggested outliners were presented in the following exposures: average total household income before tax, BMI, SCZ, and years of schooling, deleting those that did not affect the results. The complete results of the sensitivity analysis are available in Supplementary Table S4.

[image: Figure 3]

FIGURE 3
 Scatter plots of causal effect inference for effective causal factors on PPD, respectively. SNP, single nucleotide polymorphism; BMI, body mass index.




3.5 Multivariable Mendelian randomization

We conducted an MVMR analysis with eight potential causal factors identified by IVW analysis. IVs were selected from shared SNPs of all exposure GWAS (Supplementary Table S5). None of these exposures were excluded after the least absolute shrinkage and selection operator regression. Taking all eight factors into account, genetically predicted MD was still associated with an increased risk of PPD (OR = 1.63 (1.37, 1.94), p = 3.25E-08). In contrast, older age at first birth was associated with a lower risk of PPD (OR = 0.81 (0.72, 0.92), p = 8.18E-04). The rest of the factors were not significant. Detailed information is listed in Table 3.



TABLE 3 MVMR analysis of eight significant causal factors.
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4 Discussion

In the present MR study, we found that higher BMI, MD, SCZ, and earlier SI increased the risk of PPD. On the contrary, the risk factors of increased age at first birth, older age at first sexual intercourse, increased income, and higher education level led to a decreased probability of PPD. In sensitivity analysis, contradictory results of SI were reported, which should be interpreted with caution. The other 32 risk factors did not show a statistically causal correlation with PPD. Adjustment for all eight significant traits in the MVMR model further found that MD and older age at first birth were still associated with an increased risk of PPD. Thus, our study shed fresh light on multiple causal factors associated with PPD.

Younger maternal age was reported to be associated with an increased risk of PPD in women (44). There was an MR analysis illustrating that the older age of first birth was a protective factor for mental disorders (45). Consistently, we found a negative causal relationship between age at first birth and PPD; thus, we suggested that relatively late-to-be parents may be less likely to develop PPD. Early sexual intercourse was associated with mental health outcomes (46). A novel MR study established a risky causal relationship between early sexual intercourse and MD (47). In our study, we initially brought forward that the experience of early sexual intercourse exerted a deleterious effect on PPD. As one of the social determinants, higher education level is identified as a protective factor for PPD (48). Our study also suggested that longer years of schooling were negatively associated with the risks of PPD, which was readily understandable as the higher the level of education, the higher the capability to withstand health and wealth risks. Whether income level or urbanization is associated with depression remains controversial (49). Here, we found that a lower average total household income before tax was associated with an increased risk of PPD. This conclusion needs further investigation using genetic biobanks of middle- and low-income countries. Based on these results, clinicians and parents should take advantage of these viable socioeconomic factors to prevent PPD, such as avoiding earlier first birth and immature sexual intercourse and acquiring a higher education level and a higher income.

Regarding the negative causalities of PPD, we found that modifiable risk factors, both higher BMI and earlier SI, significantly increased the likelihood of PPD. Recently, MR analysis has already found a promoting role of BMI in the risk of MD. In addition, it suggested that depression increases the genetic susceptibility to high BMI (50), which means a positive feedback between BMI and depression and needs the clinician’s close attention and intervention. Combined with our findings, further clinical trials should investigate the effect of preventing PPD by getting rid of excess weight. Non-smoking has been considered a protective causal factor in the incidence of MD (51). This was consistent with our MR results, which indicated a direct effect of earlier SI on an increased risk for PPD. As the risk factors above are relatively easy to modify, we postulate that reducing BMI and postponing SI may decrease the risk of PPD. Although insomnia was associated with an increased risk of perinatal depression (52), we did not conclude a causal relationship between insomnia and PPD. An observational study reported that 11% of women and 8% of men had PPD after the first birth, and it was partly attributed to postpartum sleep deprivation (53). In contrast, our finding suggested no causal effect of insomnia on PPD. Although insomnia is prevalently comorbid with depression, and treating insomnia is beneficial to the mood of patients (54, 55), further research is warranted to identify the role of insomnia in the pathogenesis of PPD.

Finally, we reported that a history of MD increased the risk of PPD, which was in line with previous findings (56, 57). In addition, there was evidence of a positive causal effect between SCZ and PPD in our study. An observational study suggested that PPD and postpartum psychosis were related to a higher risk of SCZ (58). Our MR analysis further strengthened the robustness of the positive causal connection between mental disorders, such as SCZ and MD, and the risk of PPD. More than half of women with PPD have a comorbidity of bipolar disorder, which usually being misdiagnosed or neglected (59). In our study, we did not conclude a causal relationship between these two diseases. We speculated that the negative result may be related to limited cases, distinct diagnostic criteria, and sequencing depth for bipolar disorder. Anyway, future studies should try to illustrate the association between bipolar disorder and PPD. Subsequently, we conducted an MVMR analysis to control potential multicollinearity. We included all eight significant traits from the IVW analysis, of which the MR Egger analysis showed that SI had an opposite direction compared to IVW and weighted median analysis, which should be interpreted with caution. In addition, BMI did not reach a significance following BH correcting. Importantly, compared to univariable MR, the effect of MD and older age at first birth on the increased risks of PPD were still observed. Thus, our study brought forward the most important causal factors of PPD, which may help future studies to better prevent and treat PPD.

Our study has limitations. First, the data sources are mainly from participants with European ancestry; thus, our result inevitably may not adapt to different ethnic groups, and the non-European participants in the GWAS of attention-deficit/hyperactivity disorder might lead to biases in results due to variations in allele frequencies and genetic associations among different populations and ancestry-specific effects. Second, the causal relationship of our findings does not conduct external verification as we only obtained one GWAS data of PPD. Therefore, we utilize more approaches to promote the robustness of our results, such as using the MR egger and weighted median analysis. In addition, one of the limitations of the methodology of MR is the potential confounding of the genetic variants and the outcome (Violation of IV condition two: exchangeability). Other than that, another bias of MR analysis that is uneasily corrected is the selection bias (10). In all, we should be prudent with our findings of MR because of the limitations above.

In summary, our MR analysis provided suggestive evidence of the protective effect of older age at first birth and older age at first sexual intercourse, higher education, and higher income on the risk of PPD. We also suggested that higher BMI and a history of MD and SCZ were hazardous causal factors for PPD. In addition, MD and older age at first birth were independently related to the increased risks of PPD. These novel shreds of evidence may help to guide the prevention and intervention strategies for PPD.
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