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Abstract

BACKGROUND: While genetic variation has a known impact on the risk for obsessive-

compulsive disorder (OCD), there is also evidence that there are maternal components to this risk. 

Here, we partitioned sources of variation, including direct genetic and maternal effects, on risk for 

OCD.

METHODS: The study population consisted of 822,843 individuals from the Swedish Medical 

Birth Register, born in Sweden between January 1, 1982, and December 31, 1990, and followed 

for a diagnosis of OCD through December 31, 2013. Diagnostic information about OCD was 

obtained using the Swedish National Patient Register.

RESULTS: A total of 7184 individuals in the birth cohort (0.87%) were diagnosed with OCD. 

After exploring various generalized linear mixed models to fit the diagnostic data, genetic 

maternal effects accounted for 7.6% (95% credible interval: 6.9%–8.3%) of the total variance in 

risk for OCD for the best model, and direct additive genetics accounted for 35% (95% credible 

interval: 32.3%–36.9%). These findings were robust under alternative models.

CONCLUSIONS: Our results establish genetic maternal effects as influencing risk for OCD in 

offspring. We also show that additive genetic effects in OCD are overestimated when maternal 

effects are not modeled.
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Obsessive-compulsive disorder (OCD) is a psychiatric condition characterized by unwanted 

recurring thoughts, urges or images (obsessions), and repetitive behaviors (compulsions) that 

neutralize distress brought on by obsessions (1–3). The prevalence of OCD is estimated at 

0.75% to 2.5% of the general population (3–8). Extensive efforts have been made to enhance 

understanding of the neurobiological basis of OCD (9), yet the causes of OCD remain 

largely unknown (10). However, both genetic and environmental factors contribute to risk of 

developing OCD (11–17). The common single nucleotide polymorphism heritability of 

OCD has been estimated to be 28% in meta-analyses (18), whereas the overall heritability is 

reported to be 40% to 50% (19–24).

Some of the risk factors for OCD, such as preterm birth and low birth weight (16), involve 

both the mother and her offspring. Indeed, multiple studies have linked maternal conditions 

before and during pregnancy, such as maternal smoking and maternal history of autoimmune 

disease, to the risk of OCD (16,25). These factors could represent what geneticists call 

maternal effects. Maternal effects are influences on the offspring phenotype that result from 

maternal genotypes and from the maternal environment. These effects are distinct from the 

offspring’s genetics; instead, maternal effects arise from the genetic and environmental 

influences on a maternal phenotype, and in turn the maternal phenotype affects the 

phenotype of the child. For example, maternal effects would include maternal genotypes that 

alter the provision of critical messenger RNA or proteins to the developing embryo, genetic 

or environmental effects on the mother’s in utero environment, or the impact of maternal 

illness on offspring health (e.g., maternal infection could increase the risk of OCD in her 

offspring). Interestingly, maternal factors have been shown to increase risk for multiple 

psychiatric phenotypes in offspring [see, for example, (26–33)]. Potential transgenerational 

epigenetic changes in risk of neurodevelopmental disorders (34) could also represent 

maternal effects. Maternal effects can also have a protective role. In a study of the 

association between gestational vitamin D and risk of multiple sclerosis, it was shown that 

vitamin D may have a protective role in the etiology of multiple sclerosis (35).

Failure to include maternal effects in heritability models, when maternal effects are present, 

can lead to inflated estimates of direct additive genetic effects (36) and the formulation of an 

incomplete risk architecture. When estimating maternal effects, one can estimate variance 

components for the genetic maternal effect (GME) and for the environmental maternal effect 

(EME); the statistical model used in this work estimates only shared EME. GME captures 

the scenario where child phenotype is influenced by the genotype of the mother, independent 

of the genotype of the child. EME captures the environment affecting the phenotype of the 

mother (independent of her genotype), which subsequently influences the phenotype of 

interest in all of her children.

Here we used a large population-based, prospectively ascertained cohort of Swedish-born 

individuals and the relevant family data to examine GME, EME, and direct additive genetic 

effect (DG) on the causes for risk of OCD. We explored several models to adjust for 

potentially confounding factors such as sex, maternal age, paternal age, maternal psychiatric 

history, paternal psychiatric history, gestational age, and maternal smoking during 

pregnancy. In the Supplement, we determined the effect of assortative mating and the 

Mahjani et al. Page 2

Biol Psychiatry. Author manuscript; available in PMC 2021 April 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



robustness of the estimates of direct additive genetics and maternal effects under different 

models.

METHODS AND MATERIALS

Study Population

At birth, all Swedish residents are assigned a unique personal number that is used in all the 

national registries. Since 1973, all children born in Sweden have been recorded in the 

national Medical Birth Register together with birth characteristics of the children and 

mothers (37). The study population consists of all live-born singleton children born in 

Sweden between January 1, 1982, and December 31, 1990, with known father and mother as 

defined by the Medical Birth Register. Prospective follow-up continued until December 

2013, and emigrated individuals identified during the follow-up were excluded from the 

study. To define family relationships, we included information about all relatives of each 

child using the Swedish Multi-Generation Registry (38). The Multi-Generation Registry 

contains information for approximately 15 million individuals.

Ethics approval and waiver of informed consent were obtained from the Regional Ethical 

Review Board in Stockholm, Sweden. The requirement for informed consent was waived 

because the study was register based and data on the included individuals were de-identified.

Outcomes

Diagnostic information about OCD was obtained using the Swedish National Patient 

Register (NPR), which includes inpatient and outpatient specialist care. Sweden has a 

publicly financed health system, and all visits to a specialist clinician are recorded with a 

diagnosis code using the ICD. Since 1973, all psychiatric care admissions in Sweden have 

been recorded in the NPR. After 2001, outpatient specialist care has also been recorded. The 

NPR has reached full national coverage since 2005. Since 1997, ICD version 10 has been 

used to code all diagnoses. To identify cases, we used the earliest registered F42 ICD-10 

OCD diagnosis code in the NPR because this has been shown to be most reliable (39). The 

youngest individuals in the cohort were 23 years at the end of follow-up, while the oldest 

individuals were 31 years.

Exposure Covariates

We evaluated the following covariates for their relationship with OCD: sex of the child, birth 

year of the child, maternal smoking collected at the first neonatal visit (no smoking, light 

smoking [smoking fewer than 10 cigarettes a day], or heavy smoking [smoking more than 10 

cigarettes a day]), paternal and maternal ages at childbirth (years), gestational age (weeks), 

presence of maternal and/or paternal psychiatric history at the birth of the first child (yes/no 

for each). Maternal/paternal psychiatric history is defined as at least one psychiatric 

diagnosis for the mother/father (under ICD-7, -8, -9, or -10) at any time before the firstborn 

child (40). Additional description and analysis of the covariates can be found in the 

Supplement.
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Statistical Analysis

We defined five relationship types based on the first-, second-, and third-degree relatives: 

full siblings (full sibs), paternal and maternal half-siblings (half-sibs), and three different 

cousin types depending on whether the two parents responsible for the cousin relationship 

are sisters (maternal parallel cousins), are brothers (paternal parallel cousins), or have 

another relationship (cross cousins). Individuals could contribute to multiple relationship 

types. We estimated relative recurrence risk (RRR) for all pairs of different relationship 

types using Cox proportional hazards regression, with attained age as the primary time scale 

and adjusted for sex, maternal and paternal age, maternal and paternal psychiatric history, 

gestational age, and maternal smoking. In the Cox regression, each individual was followed 

from 1997 until death, emigration from Sweden, diagnosis with OCD, or end of follow-up 

on December 31, 2013, whichever came first. We bootstrapped families 1000 times to get 

estimates of the confidence intervals (CIs) for the RRR (40).

Different approaches for estimating the heritability of binary disease have been proposed 

(41). Falconer’s liability threshold model (LTM) is based on regression of risk among 

certain relatives of diagnosed individuals divided by the risk in the general population for the 

different family types (42). Use of generalized linear mixed models (GLMMs) is a more 

flexible and general approach that can handle complex pedigrees of varying size and 

structures for analyzing maternal effects (41,43), and GLMMs have been frequently used for 

similar analyses (36,44–48). With either method, one can acquire an estimate of the 

proportion of total variance explained by genetic and environmental factors. These models 

assume that a binary outcome is derived from an underlying normally distributed trait with 

an observed threshold value.

The liability of OCD was partitioned into covariates, DG, GME, EME, and individual 

variation. In our primary analyses, we employed GLMMs to obtain the estimates of these 

components. Assume that y is the vector of binary outcomes, which are independent 

Bernoulli events with parameter p. The model that we used was

Φ−1(p) = Xβ + Zdd + Zmm + Zmeme

where

var Zdd + Zmm + Zmeme = ZdAZd′ σd
2 + ZmAZm′ σm2 + σme

2 ZmeZme′

β is the vector of covariates with the incidence matrix X, d is the vector of random effects 

for DG with the incidence matrix Zd, m is the vector of random effects for GME with the 

design incidence Zm, me is the vector of EME with the incidence matrix Zme, and σd
2, σm2 , 

and σme
2  are the variances for DG, GME, and EME, respectively. The matrix A is the 

relationship matrix with the elements

aij = 0.5 × amother of i, j + afather of i, j
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aii = 1 + 0.5 × amother of i,  father of i

Supplemental Table S17 explains the expected contribution of DG, GME, and EME to 

different relationship types. Comparison of maternal versus paternal half-sibs and cousins 

(maternal parallel cousins vs. other cousins) is informative to estimate maternal effects. 

GME contributes to full sibs, maternal half-sibs, and maternal parallel cousins. EME 

contributes to full sibs and maternal half-sibs, while it is assumed to be zero for paternal 

half-sibs and cousins (44).

We used a binary threshold–linear mixed model in a Bayesian framework with a 

noninformative prior to estimate the variance components and then calculated the 

proportions of phenotypic variance explained by direct additive genetics and maternal effects 

(49). We applied a Gibbs sampler implemented in thrgibbs1f90b—as a part of the family of 

programs Blupf90 (49)—to generate a sample size of 200,000, with 50,000 burn-in, from the 

posterior distribution of the variance components. Then, we calculated the mean of the 

posterior as the estimate of the variance components. The residual variance was fixed during 

the calculation. We reported the results with 95% credible intervals (CrIs) using Bayesian 

highest posterior density interval, which is analogous to two-sided 95% CIs in frequentist 

statistics (50). For the covariates, we reported the mean and standard deviation of the 

posterior to calculate the CrIs.

Sensitivity Analysis

In addition to RRR, we used familial risk, the probability that an individual has an affected 

relative of a specific type, to compare risk among different categories of families. Then, we 

used an LTM to estimate the variance components and compared the results with the 

estimates from GLMMs, as described in the Supplement, as a simple check on the more 

complex GLMMs and with the expectation that the estimates would be similar.

RESULTS

The cohort contains 822,843 individuals, of which 7184 (0.87%) were diagnosed with OCD 

(60% female) using ICD-10 criteria (Table 1) followed from January 1997 through 

December 2013.

RRR was calculated for different relation types (Figure 1) using Cox proportional hazards 

regression. These analyses showed higher point estimates for maternal half-sibs compared 

with paternal half-sibs as well as higher RRR for maternal cousins compared with other 

cousins. Analysis of familial risk exhibited a similar pattern between different relationship 

types (see Supplemental Table S16).

In the Supplement, we explain in detail how we chose a subset of covariates to include in the 

model. Here, we summarize the most significant and relevant results. First, we analyzed 

each covariate separately. We observed an odds ratio of 1.60 for female versus male 

individuals diagnosed with OCD (Supplemental Table S1). Analysis of the results did not 

indicate a clear trend in population frequency of OCD for birth year over the time period 
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used in the study (Supplemental Figure S1). The population frequency of OCD was higher 

for children with older parents. For ease of modeling, we created two categories for paternal 

age: younger than 35 years (population frequency of 0.0118) and older than 35 years 

(population frequency of 0.0134); we created the same split for maternal age, yielding 

population frequencies of 0.0120 and 0.0143, respectively (Supplemental Tables S2–S5). We 

observed that the population frequency of OCD increased substantially when the parents had 

a psychiatric history, likely due to the high correlation of parental psychiatric history and 

DG (Supplemental Tables S6–S9). The odds ratio for children having OCD given that either 

their mother or their father had OCD (using ICD-9) was 4.92 (95% CI = 3.92–6.10, p = 3.93 

× 10−32) or 5.11 (95% CI = 3.81–6.75, p = 1.46 × 10−20), respectively (Supplemental Tables 

S8 and S9). These estimates are close to one another and with the RRR for full sibs (4.82) 

(Table 1). This similarity is consistent with roughly equal DG (i.e., additive effects) on OCD 

risk from both mother and father and suggests that that OCD status of the mother is not 

confounded with any potential maternal effects on OCD. Information for parental 

psychiatric history was available using ICD-7, -8, -9, and -10 codes. The odds ratio for OCD 

was 2.18 (95% CI = 1.96–2.42, p = 5.82 × 10−40) or 1.88 (95%CI = 1.68–2.10, p = 2.06 × 

10−25) in children with maternal or paternal psychiatric disorder, respectively (Supplemental 

Tables S6 and S7). We analyzed the association between maternal smoking during 

pregnancy and maternal psychiatric history. Mothers of children with OCD and mothers of 

children without OCD had similar rates of heavy smoking as determined at the first neonatal 

visit (Supplemental Tables S10 and S11). The population frequency of OCD was higher for 

gestational age under 37 weeks (Supplemental Tables S12 and S13). To determine a 

parsimonious logistic model that has the best fit to the outcome, we used forward selection 

with a penalty for including a covariate (Bayesian information criterion) to choose among 

these possible covariates (see Supplemental Tables S14 and S15). The model sex + age of 

mother (maternal age) was most parsimonious.

We used GLMMs to estimate the contribution of DG and maternal effects on OCD. The best 

GLMM that explained the data included DG + GME, as determined by Bayes factor 

analyses (Table 2), and yielded an estimate that 35% (95% CrI = 32.3%–36.9%) of the 

liability for OCD was due to DG and 7.6% was due to GME (for comparison of different 

models, see Supplemental Tables S21–S25). To evaluate the sensitivity of the results to the 

underlying assumption of GLMMs, we also made use of liability threshold modeling. The 

best LTM estimated DG and GME to be 31.9% and 5.8%, respectively, quite similar to the 

CrI of the GLMM estimates, and did not provide evidence for paternal effects (Supplemental 

Table S18).

Assortative mating has been reported among individuals with a diagnosis of OCD (51). 

Assortative mating can impact estimates of heritability, albeit modestly (52); therefore, in 

the Supplement, we analyzed the impact of assortative mating on the estimate of DGs using 

an LTM. We observed evidence for substantial assortative mating among individuals with 

OCD, meaning that individuals with OCD chose a partner with OCD more frequently than 

expected under a random mating pattern. We observed that assortative mating inflated the 

estimate of DG by 4% to 5% (Supplemental Table S20). We also determined how the 

omission of maternal effects affected the estimate of DG. In a model without maternal 

effects, 43.6% to 48.2% of the phenotypic variation was estimated as due to direct DG, in 
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contrast to 31.9% to 35.0% if maternal effects were included in the model. In total, our 

model explained 37.8% to 42.6% of the liability of OCD based on DG and GME.

DISCUSSION

In this cohort study of Swedish children born between January 1, 1982. and December 31, 

1990, we found that genetic maternal effects contribute significantly to causes of risk for 

OCD. This is, to our knowledge, the first study to estimate this effect on risk for OCD and 

the first quantitative genetic study to identify a role for maternal effects in risk for any 

psychiatric disorder. Our results also demonstrate an association between parental factors 

and risk for OCD such as parental age, parental psychiatric history, maternal smoking during 

pregnancy, and gestational age, in accordance with previous studies (16). Intriguingly, some 

of these factors have their own genetic influences, and it is possible that a portion of their 

genetic basis explains a portion of the genetically based maternal effects.

The analysis of RRR of OCD is consistent with maternal effects in OCD risk architecture. 

The RRR for paternal half-sibs was 1.084, while the RRR for maternal half-sibs was 1.849; 

likewise, maternal parallel cousins carried somewhat higher risk, as compared to other 

cousins (1.85 vs. 1.595). However, the CIs for RRRs overlapped, so GLMMs were needed 

for an accurate estimate of maternal effects. Using GLMMs, and under the liability threshold 

assumption, we estimated that 7.6% (95% CrI = 6.9%–8.3%) of the variance in risk is 

explained by GME and 35% (95% CrI = 32.3%–36.9%) is explained by DG while adjusting 

for the sex of the individual and the age of the mother. Female individuals were at 1.26 times 

higher risk relative to male individuals (95% CrI = 1.21–1.31), and offspring of older 

mothers were at 1.14 times higher risk for OCD (95% CrI = 1.05–1.23). Interestingly, we 

observed a somewhat larger effect for maternal age when fitting a model with only DG, 

hinting that maternal age could be correlated with maternal genetic effects. Our result 

strongly favors the DG + GME model, suggesting that shared EME have little or no effect on 

risk. However, it is important to note that the model we are using is capable of estimating 

only shared EME. To estimate unshared EME—that is, EME impacting only some of the 

children in a family, such as infection during one pregnancy—individual information for that 

effect would need to be available.

We observed that the RRR for half-sibs, in particular for paternal half-sibs, is lower than that 

for cousins (Figure 1), which can potentially affect the estimate of maternal effects. 

However, by using a weighted LTM, we generated weights for each family type and showed 

that the lower number of half-sibs, in comparison with the number of full sibs and cousins, 

does not have a substantial effect on the estimates of the variance components (see 

Supplement), and it is indeed handled appropriately by the GLMMs. In addition, using the 

complete birth cohort between 1982 and 1990 and including all different family types, 

instead of a sample of the population, made the exposed and unexposed groups for different 

family types more comparable and minimized the selection bias.

Our observation that GME contributes significantly to risk for OCD provides a justification 

for directly or indirectly assessing the role of specific maternal genes and loci in OCD risk, 

as has been recently carried out for other phenotypes (53,54). The evidence that unmodeled 
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GME and assortative mating inflate the estimates of DG provides important insights into 

ongoing studies on DG loci in OCD. Finally, the current findings provide an interesting 

contrast to our previous study on autism spectrum disorder, where we observed little or no 

evidence for maternal effects (44). While maternal, prenatal, and perinatal factors have been 

shown to have associations with many neurodevelopmental outcomes (16,25), the nature of 

such associations is often obscure. From our studies, we can conclude that some of the 

maternal factors contributing to risk for OCD in offspring may reflect maternal genetic 

influences on maternal phenotypes, which in turn affect the phenotype of the child.

In any epidemiological study, biases cannot be ruled out. Our study includes individuals who 

sought health care and had a diagnosis of OCD in the NPR. Those who were diagnosed only 

as outpatients before 2001 or were manifesting milder forms of OCD, or those who did not 

seek health services, might not be captured in our study design. Therefore, while etiological 

discovery is often evaluated in more severe cases, there may be qualitatively or genetically 

different sources of risk for milder OCD. In addition, the data are likely right censored, in 

particular for individuals born in the later years of the study. This can contribute to 

underdiagnoses of OCD and decreases the population frequency. At the same time, by using 

the Swedish Medical Birth Register as our sampling frame, we created a genetically 

homogeneous sample, minimizing the risk of confounding due to population stratification. 

Importantly, our sample is based on clinical diagnoses of OCD by a specialist, which would 

also be expected to reduce biases and case misclassification. However, OCD is an 

etiologically heterogeneous disorder consisting of multiple potentially overlapping symptom 

dimensions. Ignoring the symptom dimensions of OCD and modeling the diagnosis as 

dichotomous outcomes can potentially bias the results.

Conclusions

This is the first detailed analysis of maternal effects in OCD risk architecture. Our results 

show that genetically based maternal effects contribute to offspring risk for OCD, and we 

conclude that such maternal effects contribute to a significant portion of the total genetic 

architecture of OCD, in addition to directly inherited, additive genetic effects. Our results 

also make it likely that direct genetic effects on OCD risk were overestimated in prior 

studies. These results, while needing to be replicated in an independent sample, provide new 

insights into the causes of risk for OCD and provide a rationale for assessing the role of 

specific maternal genes and loci in OCD risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Relative recurrence risk (RRR) for different relation types. The confidence intervals (CI) for 

half-siblings started from zero because there are relatively few such families. Note that the 

result from other cousins is the mean of cousin pairs where two parents responsible for the 

cousin relationship are brothers, or a sister and a brother.
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