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Abstract

Background: Previous studies have shown that maternal grand multiparity may
predict an increased risk of mental disorders in young adult offspring, but whether
such effects persist throughout adulthood remains unknown. The current study
examined if maternal grand multiparity predicts the risks of severe mental
disorders, suicides, suicide attempts and dementias throughout adult life.
Methods: Our study sample comprised 13243 Helsinki Birth Cohort Study 1934—
1944 participants (6905 men and 6338 women). According to hospital birth records,
341 offspring were born to grand multiparous mothers. From Finnish national
hospital discharge and causes of death registers, we identified 1682 participants
diagnosed with mental disorders during 1969-2010.

Results: Maternal grand multiparity predicted significantly increased risks of mood
disorders (Hazard Ratio=1.64, p=0.03), non-psychotic mood disorders (Hazard
Ratio=2.02, p=0.002), and suicide attempts (Hazard Ratio=3.94, p=0.01) in adult
offspring. Furthermore, women born to grand multiparous mothers had significantly
increased risks of any severe mental disorder (Hazard Ratio=1.79, p=0.01), non-
psychotic substance use disorders (Hazard Ratio=2.77, p=0.02) schizophrenia,
schizotypal and delusional disorders (Hazard Ratio=2.40, p=0.02), mood
disorders (Hazard Ratio=2.40, p=0.002), non-psychotic mood disorders (Hazard
Ratio=2.91, p<0.001), and suicide attempts (Hazard Ratio=5.05, p=0.01) in
adulthood. The effects of maternal grand multiparity on offspring psychopathology
risk were independent of maternal age and body mass index at childbirth, and of
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year of birth, sex, childhood socioeconomic position, and birth weight of the
offspring. In contrast, no significant effects were found among men.
Conclusions: Women born to grand multiparous mothers are at an increased risk
of severe mental disorders and suicide attempts across adulthood. Our findings
may inform the development of preventive interventions for mental disorders.

Introduction

A few previous studies have shown that maternal grand multiparity (birth from
sixth or later pregnancy lasting more than 20 weeks) may predict an increased risk
of psychopathology in adult offspring [1-3]. These studies have shown that
among offspring born to grand multiparous mothers increased risks are evident
for alcoholism [2], mood disorders [2], schizophrenia [3], and other psychotic
disorders [2], and suicides [1]. On the other hand, other studies have shown that
offspring born as a fourth or later born -child have higher risks of psychiatric
hospitalizations for any reason, [4] and of suicides [4-5] and suicide attempts
[4, 6] and that offspring born as a third or later-born child have an increased risk
of personality disorders [7] in adult life.

However, the existing studies on maternal grand multiparity and mental
disorders have mostly followed up the offspring only until young adulthood [1-
3]. To our knowledge, it remains unknown if the risks associated with maternal
grand multiparity for mental disorders in the offspring persist after the transition
into adulthood and to a more independent role in the society. It is also uncertain
if maternal grand multiparity is independently associated with the risk of mental
disorders or whether the associations found are confounded by maternal age at
childbirth; a known correlate of parity and psychopathology risk in the offspring
[1,3-9]. Furthermore, although maternal grand multiparity has been shown to
predict suicide risk particularly among men [1], the other studies on grand
multiparity and offspring psychopathology risk have not examined whether the
associations differ by sex [2-3].

Hence, in this longitudinal study, we examined the associations between
maternal grand multiparity and offspring risks of mental disorders severe enough
to warrant hospitalization or contribute to death throughout adulthood, from
1969 when the participants were between 24 and 34 years of age to 2010, when the
participants were between 66 and 76 years of age. We also examined the
associations to suicides and suicide attempts, and to organic dementias. We also
studied whether the potential risks associated with maternal grand multiparity

were independent of maternal age at childbirth, and whether the associations
differed by sex.
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Materials and Methods

Study population

The current study was conducted among the Helsinki Birth Cohort Study (HBCS)
participants. The HBCS has been approved by the Ethics Committee of the
National Public Health Institute. The HBCS comprises 13345 singleton live births
(6975 men (52.3%) and 6370 women (47.7%)) at the two public maternity
hospitals in Helsinki, Finland, between 1934 and 1944. From the current study we
excluded five individuals with missing data on parity and eight individuals with
missing data on maternal age at childbirth. There were 58 cohort members who
were excluded due to missing data either in the Finnish Hospital Discharge
Register (HDR) or in the Causes of Death Register (CDR). Also 31 individuals
with a diagnosis of injury of undetermined intent or of usually self-inflicted
poisoning were excluded (Fig. 1).

The available study sample thus comprised 13243 individuals, of whom 6905
(52.1%) were men and 6338 (47.9%) were women. Compared to the included
participants, the 102 excluded cohort members were more often men (68.6% vs.
52.1%, p=.001) and came more frequently from families where the father was a
manual worker (71.6 vs. 57.0%, p=0.01).

Maternal grand multiparity

Data on parity was extracted from hospital birth records (Fig. 1). Grand
multiparity was defined as being born as sixth or later born child.

Covariates and confounders

Also data on maternal age at childbirth was extracted from birth records (Fig. 1).
Maternal age at childbirth was classified into four categories; <20 years, 20-29
years, 30-39 years, =40 years. Other covariates and confounders included sex,
year of birth, and birth weight of the offspring, and maternal body mass index at
childbirth (BMI), all extracted from hospital birth records, and socioeconomic
position in childhood, data on which was attained from birth, child welfare, and
school health records. Socioeconomic position in childhood and birth weight
were examined as possible confounders, since both factors have been associated
with maternal grand multiparity [2, 10-11] and with the risks of mental disorders
[4,9]. On the other hand, maternal BMI was used as a covariate to include a crude
proxy measure of exposure to gestational diabetes, which is associated with both
grand multiparity [12—-13] and offspring risk of mental disorders [14].

Of birth weight, we used sex-standardized z-scores in all the analyses. Maternal
BMI at childbirth was calculated as maternal weight divided by height squared
(kg/m?). There were 1312 mothers with missing data on weight or on height. In
these cases, we imputed the mean value of maternal BMI of the parity group the
mother belonged to. Socioeconomic position in childhood was defined with two
variables; one indexing the father’s and the other the mother’s highest attained
occupational status. These variables were categorized into three categories: clerical
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The Study Helsinki Birth Cohort Study (n =13345)
Cohort l

Exclusion 5 individuals with missing data on parity
Criteria

8 individuals with missing data on maternal age at childbirth

L

58 individuals with missing data in the HDR or CDR

31 participants with a diagnosis of undetermined intent

L

13243 participants with valid data for the current study

Data Source Years Ages Type of Data
Birth Record 1934- 0 Sex (6905 men and 6338 women)
1944 Parity (1-5 n=12902; 6 or more n=341)
Date of Birth
Birth Weight

Maternal Age at Childbirth
Maternal Weight and Height During Pregnancy

Birth, Child Welfare, and School 1934- 0-12 Maternal and Paternal Occupational Statuses

Records 1956

Hospital Discharge Register and Causes 1969- 24/34- ICD-8-, ICD-9, and ICD-10 data on the diagnosis of

of Death Register 2010 66/76 mental disorders, suicides, suicide attempts and
dementias:

135 participants committed suicide
85 participants attempted suicide

133 participants had organic dementia

1682 participants with any severe mental disorder;

Fig. 1. The participants, the exclusion criteria and the data sources for the current study.

doi:10.1371/journal.pone.0114679.9001

workers, manual workers, and those with other occupations or missing

occupational data. Missing maternal occupational data included the children of

housewives and missing paternal data included children born to unmarried

mothers. Although maternal and paternal occupational statuses were strongly

interrelated (*(4)=1650.6, p<<0.001), in 40.1% of the families the parents

belonged to different occupational categories.

PLOS ONE | DOI:10.1371/journal.pone.0114679 December 10, 2014

4719



@'PLOS | ONE

Grand Multiparity and Mental Disorders

Outcome variables: mental disorders, suicides, suicide attempts,
and organic dementias

We identified the diagnoses of mental disorders from the HDR and the CDR
between 1.1.1969 (when the participants were between 24 and 34 years of age) and
31.12.2010 (when the participants were between 66 and 76 years old). The HDR
carries the primary and up to three subsidiary discharge diagnoses of all
hospitalizations and the CDR the primary, underlying, and contributory causes of
death for all deaths in Finland. Both registers have been in use since 1969 when a
personal identification number was given to each Finnish resident in Finland. In
Finland, International Classification of Diseases, eighth revision (ICD-8) was used
in clinical practice between 1969 and 1986; ICD-9, following the Diagnostic and
Statistical Manual of Mental Disorders, Third Revision was used between 1987
and 1995; and ICD-10 has been in use since 1996. The HDR [15-16] and the CDR
[17] are valid and reliable research tools. The HDR diagnoses of schizophrenia
[18], bipolar disorder [19], any psychotic disorder [20] and dementias [21] each
shows high specificity. Also the validity of the HDR ICD-8 diagnoses of alcohol
dependence and alcohol psychosis [15,22] and ICD-9 and ICD-10 depressive
disorders [23] have gained some research support.

A diagnosis of an injury of undetermined intent may or may not represent
suicide [24]. Hence, we excluded from this study individuals with a diagnosis of
injury of undetermined intent or poisoning of usually self-inflicted intent with no
co-occurring diagnosis of mental disorders. The diagnostic codes used to identify
these exclusion diagnoses were E98 from ICD-8, E97 from ICD-9, and Y10-Y34,
T39, and T42-T43 from ICD-10.

As diagnostic outcomes, we identified any mental disorder severe enough to
require hospitalization or contribute to death (referred to hereafter as any severe
mental disorder), and the specific diagnostic categories of substance use disorders,
schizophrenia, schizotypal, and delusional disorders, mood disorders, anxiety
disorders, and personality disorders. We also examined associations to the
subcategories of psychotic and non-psychotic substance use and mood disorders.
In these analyses, a diagnosis of psychotic substance use or mood disorder was
considered primary and was used as exclusion criteria for non-psychotic
disorders. Furthermore, as mentioned, we studied the associations between
maternal grand multiparity and suicides, suicide attempts, and organic dementias.
The diagnostic codes corresponding to all these diagnostic categories are shown in
Table 1, together with the number and the percentage of participants with each
diagnosis and the median age at first hospitalization or death with each diagnosis.
Between 1969 and 2010, there were 1682 participants (12.7%; 1059 men and 623
women) who had been hospitalized with a diagnosis of mental disorder as a
hospital discharge diagnosis or who had died with a diagnosis of mental disorder
included in the death certificate. These 1682 participants had received their first
diagnosis of mental disorder at a median age of 43.4 years (range 19.0-76.6 years).
Furthermore, there were 135 (1.0) participants who had committed suicide, 85
(0.6) participants who had attempted suicide, and 133 (1.0%) participants who
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Table 1. The Cumulative Incidence of Any Mental Disorder, Specific Mental Disorders, Suicides, Suicide Attempts and Organic Dementias and Median Age
at First Diagnosis.

Median Age
(Years) at First
Diagnosis (Range)

Cumulative
Incidence (%)

Cumulative
Incidence (%)

Cumulative
Incidence (%)

ICD Diagnostic
Codes

Diagnostic Category

Any Mental ICD-8: 291, 295, 1682 (12.7%) 43.4 (19.0-76.6) 623 (9.8%) 1059 (15.3%) <0.001
Disorder’ 296-305, 306.4-306.5,
306.8, 306.98, 307 ICD-9:
291-292, 295298,
300-304, 305, 3071A,
3074, 3075A-3075B,
3078A, 3079X, 3090A,
3092C-3099X, 312
ICD-10: F1-F6
Substance ICD-8: 291, 303-304 924 (7.0%) 45.9 (25.5-76.6) 193 (3.0%) 731 (10.6%) <0.001
Use Disorders® ICD-9: 291-292,
303-305 ICD-10:
F10-F19
Psychotic ICD-8: 291 ICD-9: 293 (2.2%) 50.0 (27.2-75.5) 59 (0.9%) 234 (3.4%) <0.001
Substance 291-292; ICD-10:
Use Disorders F1x5
Non-Psychotic ICD-8: 303-304 631 (4.8%) 46.0 (25.8-76.6) 134 (2.1%) 497 (7.2%) <0.001
Substance Use ICD-9: 303-305
Disorders ICD-10: F1 x 0-F1 x 4,
F1x6-F1x9
Schizophrenia, ICD-8: 295, 297, 345 (2.6%) 38.8 (19.0-73.6) 163 (2.6%) 182 (2.6%) 0.43
Schizotypal, 298.10-299.99 ICD-9:
and Delusional 295, 297-298 ICD-10:
Disorders F20-F29
Mood Disorders ICD-8: 296, 298.00, 622 (4.7%) 48.1 (24.5-75.6) 312 (4.9%) 310 (4.5%) 0.76
3004, 301.10 ICD-9:
296, 3004A, 3011D
ICD-10: F30-F39
Psychotic Mood ICD-8: 296, 298.00 145 (1.1%) 52.1 (24.5-75.2) 74 (1.2%) 71 (1.0%) 0.74
Disorders ICD-9: 2961E,
2962-2963, 2967A
ICD-10: F30-F31,
F323, F333
Non-Psychotic ICD-8: 3004, 301.10 477 (3.6%) 48.1 (26.1-75.6) 238 (3.8%) 239 (3.5%) 0.88
Mood Disorders ICD-9: 2961A-2961D,
2961F-2961G, 2968A,
3004A, 3011D
ICD-10: F320-F322,
F328—-F329,
F330-F332, F334-F339,
F34-F39
Anxiety Disorders ICD-8: 300.00-300.30, 332 (2.5%) 40.0 (25.6-71.0) 166 (2.6%) 166 (2.4%) 0.80
300.50-300.99, 305,
306.80, 307.99 ICD-9:
3000A—-3003A,
3006A-3009X, 3078A,
309 ICD-10: F40-F48
Personality Disorders ICD-8: 301.00, 209 (1.6%) 41.5 (24.8-66.6) 92 (1.5%) 117 (1.7%) 0.14

301.20-301.99 ICD-9:
3010A, 3012A-3015A,
3016A-3018X ICD-10:
F60-F61
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Table 1. Cont.

All Participants

Median Age

ICD Diagnostic Cumulative (Years) at First Cumulative Cumulative
Diagnostic Category | Codes Incidence (%) | Diagnosis (Range) | Incidence (%) Incidence (%)
Suicides ICD-8 & ICD-9: 135 (1.0%) 48.8 (29.0-70.5) 30 (0.5%) 105 (1.5%) <0.001

E95 ICD-10: R45.8,

X60-X84; Y87.0
Suicide Attempts ICD-8: E95 85 (0.6%) 38.4 (19.6-49.4) 45 (0.7%) 40 (0.6%) 0.47
Organic Dementias ICD-8: 290.00-290.10 133 (1.0%) 66.6 (38.9-76.4) 60 (0.9%) 73 (1.1%) 0.15

ICD-9: 290, 2912A,
2928C, 2941A, 3310A,;
3311A, 4378A ICD-10:
FO00, FO1, FO3, F051, G30

@P-value indicating the statistical significance of the sex difference in the cumulative incidence of mental disorders.
PThe diagnoses corresponding to the codes F50—F59 or F62—F69 in ICD-10 were included in the Any mental disorder —category, but were not assessed as a

separate category.

°For the diagnoses of substance intoxifications (ICD-9; 305I; CD-10: F1x.0, only the primary diagnoses from the HDR and the CDR were included in the
diagnostic categories. All other diagnostic entities include primary and up to three subsidiary hospital discharge diagnoses, and primary, underlying and

contributory causes of death.

doi:10.1371/journal.pone.0114679.t001

had a diagnosis of organic dementia. In all the analyses, the control outcome
group was composed of all participants with no mental disorder, suicide, suicide
attempt, or organic dementia diagnoses. Thus, the 11404 participants (5746 men
and 5658 women) who had no diagnosis of mental disorder, suicide, suicide
attempt, or organic dementia always served as the comparison outcome group.

While in a longitudinal study such as this where a part of the cohort members
have already passed away obtaining written consent to use the patient information
included in the registers is impossible, we took several steps to anonymize the data
in order to protect the privacy of the cohort members. First, the researchers sent a
request to a data manager in charge of the HDR and CDR data usage to extract
the diagnostic data from these two registers for the study participants, using the
participants’ study identification codes as identification tools for whom to extract
data. Thereafter, the data manager linked the study identification codes with the
personal identification numbers of Finnish citizens, and sent a request to Statistics
Finland to obtain the diagnostic data from these two registers for the cohort
members. Once the data was received, the data manager anonymized the
diagnostic information data, and sent the diagnostic data to the researchers of the
current study with only the study identification codes as identification tools. The
researchers conducting the study were unaware of the official personal
identification numbers of the participants.

Statistical analyses

We examined the associations of the covariates and confounders (sex, year of
birth, maternal and paternal occupational statuses, maternal age and BMI at
childbirth, and birth weight of the offspring) with maternal grand multiparity and
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with mental disorders in the offspring by using %>~ and t-tests and Cox
Proportional Hazards models, respectively.

Then, we examined the effects of maternal grand multiparity on mental
disorders with Cox Proportional Hazards models. The participants were followed
up either until their first hospitalization for mental disorders, death, migration, or
until December, 31, 2010. Since suicide attempts were coded into the HDR only
during the use of ICD-8, in the analyses on suicide attempts the participants were
followed up at longest until December, 31, 1986. All the analyses were stratified by
year of birth and sex, and adjusted for mothers’ and father’s occupational statuses
in childhood, the birth weight of the offspring, and maternal BMI at childbirth. In
second models, maternal age at childbirth was also entered to the Cox Regression
equation. All the analyses were repeated separately for men and women, and in
separate Cox models, we examined interactions between maternal grand
multiparity and sex on the risks of severe mental disorders, suicides, and suicide
attempts, and organic dementias.

Results

Table 2 shows the birth and the sociodemographic characteristics of the study
participants by parity status. Individuals born in the earlier years, between 1934
and 1938, were more often born to grand multiparous mothers than individuals
born between 1939 and 1944. Grand multiparous mothers had higher BMI at
childbirth than mothers with lower parity and their offspring weighed more than
the offspring born from earlier pregnancies. Grand multiparous births were more
common among older mothers and among manual worker mothers, and in the
families with manual worker fathers.

Men had higher risks of any severe mental disorder (HR=1.61, p<<0.001),
substance use disorders (HR=3.57, p<<0.001), both psychotic (HR=3.86,
p<<0.001), and non-psychotic (HR=3.55, p<<0.001) substance use disorders, and
of suicides (HR=3.40, p<<0.001) than women (Table 1). Individuals born
between 1939 and 1944 had higher risks of any severe mental disorder (HR=1.19,
p=0.005), substance use disorders (HR=1.21, p=0.02), psychotic substance use
disorders (HR=1.92, p<<0.001), mood disorders (HR=1.29, p=0.01), non-
psychotic mood disorders (HR=1.27, p=0.04), anxiety disorders (HR=1.44,
p=0.01), and personality disorders (HR=2.01, p=0.001) than individuals born
between 1934 and 1938. As reported previously [25], the offspring of manual
worker fathers had higher risks of any severe mental disorder (HR=1.12, p=0.03),
substance use disorders (HR=1.20, p=0.01), non-psychotic substance use
disorders (HR=1.18, p=0.05), and organic dementias (HR=1.56, p=0.02) than
the offspring of clerical worker fathers. A smaller maternal BMI at childbirth
predicted an increased risk of suicide attempts (HR=0.92, p=0.05). Maternal
occupational status (p -values=0.06), maternal age at childbirth (p-values=0.07)
or the birth weight of the offspring (p-values=0.14) was not significantly
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Table 2. The Birth and the Sociodemographic Characteristics of the Study Sample by Parity Status.

Characteristic 1-5 (n=12902) 6 or more (n=341)
e ean (SDYN (%

Maternal Age at Childbirth 28.2 (5.3) 36.2 (4.7) <0.001
Categorical: <0.001
<20 years 338 (2.6%) 0 (0%)

20 to 29 years 7626 (59.1%) 28 (8.2%)

30 to 39 years 4622 (35.8%) 223 (65.4%)

=40 years 316 (2.4%) 90 (26.4%)

Birth Weight (Grams) 3399.4 (475.7) 3694.3 (513.1) <0.001
Maternal Body Mass Index (kg/m?) 26.2 (2.8) 27.6 (3.6) <0.001
Fathers’ Occupational Status in Childhood

Manual Worker 7293 (56.5%) 254 (74.5%) <0.001
Clerical Worker 5264 (40.8%) 85 (24.9%)

Unknown 345 (2.7%) 2 (0.6%)

Mothers’ Occupational Status in Childhood

Manual Worker 6592 (51.1%) 211 (61.9%) <0.001
Clerical Worker 4942 (38.3%) 56 (16.4%)

Other or Unknown 1368 (10.6%) 74 (21.7%)

Year of Birth

1934-1938 2930 (22.7%) 99 (29.0%) 0.01
1939-1944 9972 (77.3%) 242 (71.0%)

Sex

Women 6177 (47.9%) 161 (47.2%) 0.81
Men 6725 (52.1%) 180 (52.8%)

2SD=Standard Deviation.

doi:10.1371/journal.pone.0114679.t002

associated with the risks of mental disorders, suicides, suicide attempts or organic
dementias in the offspring.

Maternal grand multiparity and mental disorders, suicides,
suicide attempts, and organic dementias

Table 3 shows the cumulative incidence of mental disorder, suicides, suicide
attempts and organic dementias in the two parity groups, and Table 4 shows the
results of the Cox Regression analyses on maternal grand multiparity and the
aforementioned outcome variables. We found that in the models adjusted for the
year of birth, sex, birth weight, maternal BMI, and maternal and paternal
occupational statuses in childhood, maternal grand multiparity predicted a
significantly increased, over 1.8 -fold risk of non-psychotic mood disorders
(Table 4) and an over 3.3-fold risk of suicide attempts in adult offspring (Table 4;
Fig. 2). In the models adjusted additionally for maternal age at childbirth, both of
these associations remained significant, and the previously marginally significant
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Table 3. The cumulative incidence of mental

Diagnostic Outcome
Any Mental Disorder

Substance Use Disorders
Psychotic Substance Use Disorders
Non-Psychotic Substance Use Disorders

Schizophrenia, Schizotypal, and Delusional
Disorders

Mood Disorders

Psychotic Mood Disorders
Non-Psychotic Mood Disorders
Anxiety Disorders

Personality Disorders

Suicides

Suicide Attempts

Organic Dementias

disorders, suicides and suicide attempts by parity status.

All Participants Women Men

6 or more

05 [6ormoe |05 [eormoe |15 |

N (%) N (%) N (%) N (%) N (%) N (%)
1634 (12.7%) 48 (14.1%) 599 (9.7%) 24 (14.9%) 1035 (15.4%) 24 (13.3%)
899 (7.0%) 25(7.3%) 185 (3.0%) 8 (5.0%) 714 (10.6%) 17 (9.4%)
287 (2.2%) 6 (1.8%) 58 (0.9%) 1 (0.6%) 229 (3.4%) 5 (2.8%)
612 (4.7%) 19 (5.6%) 127 (2.1%) 7 (4.3%) 485 (7.2%) 12 (6.7%)
333 (2.6%) 12 (35%) 155 (2.5%) 8 (5.0%) 178 (2.6%) 4 (2.2%)
599 (4.6%) 23 (6.7%) 298 (4.8%) 14 (8.7%) 301 (4.5%) 9 (5.0%)
144 (1.1%) 1 (0.3%) 73 (1.2%) 1 (0.6%) 71 (1.1%) 0 (0.0%)
455 (3.5%) 22 (6.5%) 225 (3.6%) 13 (8.1%) 230 (3.4%) 9 (5.0%)
327 (2.5%) 5 (1.5) 164 (2.7%) 2 (1.2%) 163 (2.4%) 3 (1.7%)
204 (1.6%) 5 (1.5%) 90 (1.5%) 2 (1.2%) 114 (1.7%) 3 (1.7%)
134 (1.0%) 1 (0.3%) 30 (0.5%) 0 (0.0%) 104 (1.5) 1 (0.6%)
80 (0.6%) 5 (1.5%) 42 (0.7%) 3 (1.9%) 38 (0.6%) 2 (1.1%)
130 (1.0%) 3 (0.9%) 59 (1.0%) 1 (0.6%) 71 (1.1%) 2 (1.1%)

doi:10.1371/journal.pone.0114679.t003

association between maternal grand multiparity and an over 1.5-fold increased
risk of any mood disorder in the offspring also became statistically significant
(Tables 4; Fig. 3). In contrast, among all participants, maternal grand multiparity
was not significantly associated with the risks of any severe mental disorder,
substance use disorders, schizophrenia, schizotypal or delusional disorders,
anxiety or personality disorders, committed suicides or organic dementias
(Table 4).

Sex-specific analyses showed that among women, maternal grand multiparity
was associated with significantly increased, over 1.7-, 2.5-, 2.4-, 2.0-, 2.4-, and 3.8-
fold risks of any severe mental disorder, non-psychotic substance use disorders,
schizophrenia, schizotypal, and delusional disorders, mood disorders and
particularly non-psychotic mood disorders and suicide attempts, respectively
(Table 4). All these associations remained significant also after adjusting for
maternal age at childbirth.

Among men, maternal grand multiparity showed no significant associations
with any severe mental disorder or the specific mental disorders, suicides or
suicide attempts, or with organic dementias (Table 4). Furthermore, analyses of
interaction by sex showed that maternal grand multiparity interacted significantly
with the sex of the offspring in predicting the risk of any severe mental disorder
(p=0.04). However, there were no significant interactions by sex in the analyses of
specific types of psychopathology (all p-values=0.07).
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Table 4. Maternal Grand Multiparity and Severe Mental Disorders in the Offspring.

All Participants

Women

Me

n
Diagnostic outcome HR? (95% CI)P 'p | HRY(@5%CIP [p | HR(95% CI°

Any Mental Disorder

Model 1€ 1.13 (0.84-1.51) 0.42 1.74 (1.15-2.64) 0.01 0.83 (0.55-1.25) 0.37

Model 2¢ 1.17 (0.87-1.58) 0.30 1.79 (1.16-2.77) 0.01 0.87 (0.57-1.32) 0.50

Substance Use Disorders

Model 1° 1.07 (0.71-1.60) 0.76 2.00 (0.97—-4.13) 0.06 0.86 (0.53-1.40) 0.54

Model 2° 1.15 (0.76-1.73) 0.52 2.07 (0.97—4.41) 0.06 0.94 (0.57-1.54) 0.80

Psychotic Substance Use

Disorders

Model 1¢ 0.75 (0.33-1.71) 0.50 0.80 (0.11-5.85) 0.83 0.73 (0.30-1.79) 0.49

Model 2° 0.81 (0.35-1.85) 0.61 0.75 (0.10-5.70) 0.78 0.81 (0.32-2.01) 0.64

Non-Psychotic Substance Use

Disorders

Model 1¢ 1.22 (0.77-1.94) 0.40 2.56 (1.17-5.60) 0.02 0.92 (0.51-1.64) 0.78

Model 2¢ 1.33 (0.82-2.14) 0.24 2.77 (1.21-6.34) 0.02 1.01 (0.56-1.82) 0.98

Schizophrenia, Schizotypal, and

Delusional Disorders

Model 1¢ 1.44 (0.80-2.59) 0.22 2.43 (1.17-5.03) 0.02 0.81 (0.30-2.22) 0.68

Model 2¢ 1.49 (0.81-2.73) 0.20 2.40 (1.12-5.16) 0.02 0.87 (0.31-2.42) 0.79

Mood Disorders

Model 1°¢ 1.51 (0.99-2.32) 0.06 2.04 (1.18-3.52) 0.01 1.07 (0.54-2.10) 0.84

Model 2¢ 1.64 (1.06-2.54) 0.03 2.40 (1.36-4.23) 0.002 1.07 (0.53-2.14) 0.86

Psychotic Mood Disorders

Model 1°¢ 0.30 (0.04-2.16) 0.23 0.66 (0.09-4.82) 0.68 0 (NA) 0.97

Model 2° 0.32 (0.04-2.33) 0.26 0.73 (0.10-5.46) 0.76 0 (NA) 0.97

Non-Psychotic Mood Disorders

Model 1° 1.87 (1.20-2.89) 0.01 2.44 (1.38-4.34) 0.002 1.36 (0.69-2.69) 0.38

Model 2° 2.02 (1.28-3.19) 0.002 2.91 (1.61-5.27) <0.001 1.35 (0.67-2.74) 0.40

Anxiety Disorders

Model 1¢ 0.63 (0.26-1.54) 0.31 0.57 (0.14-2.33) 0.44 0.68 (0.21-2.18) 0.52

Model 2¢ 0.62 (0.25-1.55) 0.31 0.54 (0.13-2.25) 0.40 0.71 (0.22-2.30) 0.56

Personality Disorders

Model 1€ 1.06 (0.43-2.61) 0.90 1.09 (0.26-4.48) 0.91 1.05 (0.33-3.37) 0.94

Model 2¢ 1.09 (0.43-2.75) 0.86 1.10 (0.26-4.68) 0.89 1.08 (0.32-3.61) 0.90

Suicides

Model 1¢ 0.30 (0.04-2.20) 0.24 0 (NA) 0.98 0.39 (0.05-2.81) 0.35

Model 2¢ 0.31 (0.04-2.29) 0.25 0 (NA) 0.99 0.38 (0.05-2.83) 0.35

Suicide Attempts

Model 1¢ 3.34 (1.32-8.47) 0.01 3.84 (1.15-12.86) 0.03 2.82 (0.65-12.17) 0.16

Model 2¢ 3.94 (1.49-10.39) 0.01 5.05 (1.44-17.73) 0.01 2.95 (0.64-13.60) 0.17
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Table 4. Cont.

W escr — Jp  |weesior  [p |weemor o |
Organic Dementias
Model 1¢ 0.93 (0.29-2.98) 0.91 0.73 (0.10-5.40) 0.76 1.07 (0.25-4.45) 0.93
Model 2° 1.09 (0.34-3.55) 0.88 0.79 (0.10-6.05) 0.82 1.32 (0.31-5.62) 0.70

2HR=Hazard Ratio.

PCl=Confidence Interval.

CStratified for sex and year of birth and adjusted for mother’s and father’s highest attained occupational statuses, birth weight of the offspring, and maternal
body mass index at childbirth.

9Stratified for sex and year of birth and adjusted for mother’s and father’s highest attained occupational statuses, birth weight of the offspring, maternal body
mass index at childbirth, and maternal age at childbirth.

doi:10.1371/journal.pone.0114679.t004

Discussion

In this longitudinal cohort study, maternal grand multiparity predicted
significantly increased risks of mood disorders (particularly non-psychotic mood
disorders) and suicide attempts in adulthood. All these effects were stronger
among women, for whom maternal grand multiparity also predicted increased
risks of any severe mental disorder and of non-psychotic substance use disorders,
and schizophrenia, schizotypal, and delusional disorders. The effects of maternal
grand multiparity on psychopathology risk in the offspring were not secondary to
maternal age at childbirth. These effects were not either explained by
socioeconomic position in childhood, maternal BMI at childbirth, or by the birth
weight or the birth year of the offspring. Among men, no significant associations
between maternal grand multiparity and offspring risks of mental disorders were
found.

Our findings show some correspondence with those of the Northern Finland
Birth Cohort 1966 (NFBC), where, in a population-based study of among
approximately 11000 participants, maternal grand multiparity predicted increased
risks of depression, psychotic disorders and alcoholism from birth up to 28 years
of age [2] and the risk of schizophrenia up to 40 years of age [3]. The NFBC study
found no effects of grand multiparity on suicide attempts [1]. Yet, other large
population-based studies with follow-ups until approximately 30—40 years of age
have, rather in correspondence with our findings, shown that the risks of suicide
attempts [4, 6] and of psychiatric hospitalizations for any reason [4] in young
adulthood increase linearly with increasing maternal parity, and that these
increased risks are particularly evident among offspring born as fourth or later-
born children [4, 6]. Previously grand multiparity [1] and higher parity linearly
and particularly as being born as a fourth-or later-born child [4-5] have also been
shown to predict an increased risk of suicide, and third or later-born offspring
have been shown to have an increased risk of personality disorders [7]. In
contrast, we found no effects of maternal grand multiparity on the risks of
suicides or personality disorders. While ours and the previous findings do not

PLOS ONE | DOI:10.1371/journal.pone.0114679 December 10, 2014 12/19



o ®
©-PLOS | one
o Grand Multiparity and Mental Disorders

Parity
1 1t05
716 or more

0,057

o
o
-

1

=]

[==}

w
1

o
[=}
[

1

Cumulative Incidence of Suicide Attempts

=

o

—_
1

0,00

| | | | | | |
20,00 25,00 30,00 35,00 40,00 45,00 50,00

Years
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thus fully correspond with each other, either grand multiparity or high parity
repeatedly emerges as a risk factor for severe psychopathology in the offspring.
Our study with its longest follow-up in the study field so far adds to the
previous literature by suggesting that the predisposing effects of maternal grand
multiparity on offspring risks of mental disorders are likely to persist across the
lifespan. Our study also highlights that the effects of grand multiparity were
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independent of maternal age at childbirth; a finding in line with one previous
study on maternal grand multiparity and schizophrenia [3]. However,
confounding by maternal age has not been taken into account in other earlier
studies on maternal grand multiparity and offspring risk of psychopathology [1-
2], limiting the possibility to compare the current findings with previous ones.
We found that grand multiparity had more evident effects on the risks of severe
mental disorders among women offspring. In contrast, we found no significant
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effects among men. In the NFBC, maternal grand multiparity had a significant
effect on suicide risk only among men [1], but the previous studies on maternal
grand multiparity and other diagnostic outcomes than suicides or suicide
attempts did not assess moderation of effects by sex [2-3]. Together these findings
suggest that while among men maternal grand multiparity predicts psycho-
pathology risk only until young adulthood, among women offspring, significant
effects are seen throughout the adult years. However, we found a significant
interaction by sex for maternal grand multiparity only in predicting the risk of any
severe mental disorder; the diagnostic category with the highest number of cases.
Therefore, the sex-specificity of our findings must be interpreted with caution.

Increased levels of pre- and perinatal developmental adversities among the
offspring of grand multiparous mothers offer one possible explanation for our
findings of increased psychopathology risk among female offspring of grand
multiparous women. Grand multiparous mothers have increased risks of
gestational diabetes [12—13] and substance use during pregnancy [13] and more
abruptions in placental functioning [11,26]. Maternal substance use during
pregnancy [9], gestational diabetes [14], and placental abnormalities [27] are each
associated with increased risks of mental disorders. As stated, we controlled for
maternal BMI that is associated with the risk of gestational diabetes [28], which
led to no changes in the significant findings. However, we had no direct data on
any of the aforementioned exposures. Since neither the previous studies on
maternal grand multiparity and offspring psychopathology risk assessed
confounding by these factors [1-3], whether or not these pre-and perinatal
adversities played a contributory role to our findings remains unsolved.

Possible psychosocial explanations for our findings include exposure to
compromised parenting or to early socioeconomic adversity among the offspring
born to grand multiparous mothers. The offspring of grand multiparous mothers
have been shown to receive less optimal parenting [29]. Also socioeconomic
adversities are more common in the families with grand multiparous mothers
[2, 10]. Compromised parenting [30-31] and early socioeconomic adversity [5, 9]
have both been shown to predict increased risks of mental disorders. Although we
controlled for parental occupational attainments as proxies of socioeconomic
position in childhood, residual confounding by socioeconomic adversity or
mediation via parenting differences remains a possibility.

By identifying a risk group for developing psychopathology later in life, the
offspring and especially the women born to grand multiparous mothers, our
findings may inform the planning and the targeting of early preventive
interventions for mental disorders. Preventive intervention studies among another
risk group for mental disorders, children born preterm [6—7], have suggested
significant benefits of preventive interventions in reducing later risk of
psychopathology [32-33]. Among other things, these interventions have focused
on improving parenting practices in the families of preterm children [32-33].
Since children born to grand multiparous mothers receive less optimal parenting
[29], they constitute another target group that may benefit from preventive
interventions, focusing, for example, on improving parenting practices.
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The strengths of our study include the birth record data on parity and the long
diagnostic follow-up allowing us to examine the effects of maternal grand
multiparity on mental disorders from early to late adulthood. Overall, the
diagnostic data in the HDR and CDR are validated and suitable for research [15-
23], and of mental disorders, especially the diagnoses of affective and non-
affective psychotic disorders are well validated [18-20]. However, there are
limitations to our study. We are unaware of any studies on the validity of the
HDR or CDR diagnoses on anxiety or personality disorders, or on suicides or
suicide attempts. The validity of these diagnoses in the registers thus remains to be
proven. Extracting data on mental disorders diagnoses only from the HDR and
CDR means that our findings generalize best to severe mental disorders. Using
only these registers misses the outpatient diagnosis and the generalizability of our
findings to less severe psychopathology is limited. Anxiety and personality
disorders that are most often treated in outpatient clinics may have less
comprehensive coverage in these registers than the other diagnostic outcomes.

Furthermore, we had diagnostic data available only from 1969 onwards. Hence,
we were unable to identify those individuals who were hospitalized or who had
died with mental disorders before this year when the participants were between 24
to 34 years old, and who were not hospitalized with mental disorders again
thereafter. There are hence some false negatives in our sample: participants who
have had severe mental disorders early but not later in adulthood. Due to these
limitations, our findings best generalize to severe mental disorders diagnosed
between the ages 24-34 and 65-76. We have no data on gestational diabetes,
placental abnormalities, maternal smoking, the quality of parenting, on family
structure later in childhood, or on societal support the families may have received
and could not thus assess whether these were underlying contributory factors for
our findings. We were also unable to assess possible confounding by paternal age
or by parental psychopathology, both of which are associated with grand
and may hence have mediated or moderated our findings. However, previous
studies have suggested that the effects of maternal grand multiparity on offspring
psychopathology risk occur independently of parental psychopathology [1-2].
Since suicide attempts were encoded to the HDR only until 1986, the diagnostic
follow-up for them was shorter than for the other diagnoses although still
extending to when the participants were between 42 and 52 years of age.
Generally, the two changes in the diagnostic classification system during the
diagnostic follow-up might have created heterogeneity to the diagnostic groups.
Finally, when interpreting our findings, one must consider the specific living
circumstances in Finland during World War II, the time period when our cohort
members were born and spent their early childhood. During the war, bombings,
poverty, and malnutrition were very common in Finland, fathers were often away
from home at the battlefront and many children were evacuated to interim foster
care abroad. The circumstances were thus specific in many ways, which may limit
the generalizability of our findings to individuals born more recently.
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Nevertheless, especially among women, our findings were comparable to those in
younger cohorts.

In conclusion, especially among women offspring, maternal grand multiparity
had widespread long-term effects on the risks of severe mental disorders that
seemed to persist across the lifespan, while among men, no such effects were
found. Our findings highlight maternal grand multiparity as an emerging risk
factor for severe mental disorders, and may enable identification of high-risk
individuals that may benefit from targeted preventive interventions before the
occurrence of severe mental health problems.

Acknowledgments

We express our sincere gratitude to the late Professor David Barker for his
contribution to the early versions of this manuscript.

Author Contributions

Conceived and designed the experiments: ML JGE KH EK JL KW ST AKP MM
CO KR. Performed the experiments: ML JGE MM EK CO KR. Analyzed the data:
ML JGE KH EK JL KW ST AKP CO KR. Contributed reagents/materials/analysis
tools: ML JGE KH EK JL KW ST AKP MM CO KR. Contributed to the writing of
the manuscript: ML JGE KH EK JL KW ST AKP MM CO KR.

References

1. Alardisdanen A, Miettunen J, Pouta A, Isohanni M, Réasanen P, et al. (2012) Ante- and perinatal
circumstances and risk of attempted suicides and suicides in offspring: the Northern Finland birth cohort
1966 study. Soc Psychiatry Psychiatr Epidemiol 47: 1783-1794.

2. Kemppainen L, Makikyré T, Jokelainen J, Nieminen P, Jarvelin MR, et al. (2000) Is grand multiparity
associated with offsprings’ hospital-treated mental disorders? A 28-year follow-up of the North Finland
1966 birth cohort. Soc Psychiatry Psychiatr Epidemiol 35: 104—108.

3. Keskinen E, Miettunen J, Koivumaa-Honkanen H, Maki P, Isohanni M, et al. Interaction between
parental psychosis and risk factors during pregnancy and birth for schizophrenia - the Northern Finland
1966 Birth Cohort study. Schizophr Res 145: 56-62.

4. Riordan DV, Morris C, Hattie J, Stark C (2012) Family size and perinatal circumstances, as mental
health risk factors in a Scottish birth cohort. Soc Psychiatry Psychiatr Epidemiol 47: 975-983.

5. Bjerngaard JH, Bjerkeset O, Vatten L, Janszky I, Gunnell D, et al. (2013) Maternal age at child birth,
birth order, and suicide at a young age: a sibling comparison. Am J Epidemiol 177: 638-644.

6. Niederkrotenthaler T, Rasmussen F, Mittendorfer-Rutz E (2012) Perinatal conditions and parental
age at birth as risk markers for subsequent suicide attempt and suicide: a population based case-control
study. Eur J Epidemiol 27: 729-738.

7. Fazel S, Bakiyeva L, Cnattingius S, Grann M, Hultman CM, et al. (2012) Perinatal risk factors in
offenders with severe personality disorder: a population-based investigation. J Pers Disord 26: 737-750.

8. Ekéus C, Olausson PO, Hjern A (2006) Psychiatric morbidity is related to parental age: a national
cohort study. Psychol Med 36: 269-276.

9. Paananen R, Ristikari T, Merikukka M, Gissler M (2013) Social determinants of mental health: a
Finnish nationwide follow-up study on mental disorders. J Epidemiol Community Health 67: 1025-1031.

PLOS ONE | DOI:10.1371/journal.pone.0114679 December 10, 2014 17719



@'PLOS | ONE

Grand Multiparity and Mental Disorders

10.

1.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25,

26.

27.

28.

29,

30.

31.

Aliyu MH, Salihu HM, Keith LG, Ehiri JE, Islam MA, et al. (2005) High parity and fetal morbidity
outcomes. Obstet Gynecol 105: 1045-1051.

Yasmeen S, Danielsen B, Moshesh M, Gilbert WM (2005) Is grandmultiparity an independent risk
factor for adverse perinatal outcomes? J Matern Fetal Neonatal Med 17: 277-280.

Bai J, Wong FW, Bauman A, Mohsin M (2002) Parity and pregnancy outcomes. Am J Obstet Gynecol
186: 274-278.

Roman H, Robillard PY, Verspyck E, Hulsey TC, Marpeau L, et al. (2004) Obstetric and neonatal
outcomes in grand multiparity. Obstet Gynecol 103: 1294-1299.

Cannon M, Jones PB, Murray RM (2002) Obstetric complications and schizophrenia: historical and
meta-analytic review. Am J Psychiatry 159: 1080-1092.

Keskimaki I, Aro S (1991) Accuracy of data on diagnoses, procedures and accidents in the Finnish
Hospital Discharge Register. Int J Health Serv 2; 15-21.

Sund R (2012) Quality of the Finnish Hospital Discharge Register: a systematic review. Scand J Public
Health 40: 505-515.

Lahti RA, Penttila A (2001) The validity of death certificates: routine validation of death certification and
its effects on mortality statistics. Forensic Sci Int 115: 15-32.

Pihlajamaa J, Suvisaari J, Henriksson M, Heild H, Karjalainen E, et al. (2008) The validity of
schizophrenia diagnosis in the Finnish Hospital Discharge Register: findings from a 10-year birth cohort
sample. Nord J Psychiatry 62: 198-203.

Kieseppa T, Partonen T, Kaprio J, Lonngvist J (2000) Accuracy of register- and record-based bipolar |
diagnoses in Finland — a study of twins. Acta Neuropsychiatrica 12: 106—109.

Perala J, Suvisaari J, Saarni Sl, Kuoppasalmi K, Isometsé E, et al. (2007) Lifetime prevalence of
psychotic and bipolar | disorders in a general population. Arch Gen Psychiatry 64: 19-28.

Solomon A, Ngandu T, Soininen H, Hallikainen MM, Kivipelto M, et al. (2014) Validity of dementia
and Alzheimer’s disease diagnoses in Finnish national registers. Alzheimers Dement 10: 303-309.

Poikolainen K (1983) Accuracy of hospital discharge data: five alcohol-related diseases. Drug Alcohol
Depend 12, 315-322.

Ruusunen A, Lehto SM, Mursu J, Tolmunen T, Tuomainen TP, et al. (2014) Dietary patterns are
associated with the prevalence of elevated depressive symptoms and the risk of getting a hospital
discharge diagnosis of depression in middle-aged or older Finnish men. J Affect Disord 159, 1-6.

Kapusta ND, Tran US, Rockett IR, De Leo D, Naylor CP, et al. (2011) Declining autopsy rates and
suicide misclassification: a cross-national analysis of 35 countries. Arch Gen Psychiatry 68: 1050-1057.

Raikkonen K, Lahti M, Heinonen K, Pesonen AK, Wahlbeck K, et al. (2011) Risk of severe mental
disorders in adults separated temporarily from their parents in childhood: the Helsinki birth cohort study.
J Psychiatr Res 45: 332-338.

Teguete |, Maiga AW, Leppert PC (2012) Maternal and neonatal outcomes of grand multiparas over two
decades in Mali. Acta Obstet Gynecol Scand 91: 580-586.

Suvisaari JM, Taxell-Lassas V, Pankakoski M, Haukka JK, Lonnqvist JK, et al. (2013) Obstetric
complications as risk factors for schizophrenia spectrum psychoses in offspring of mothers with
psychotic disorder. Schizophr Bull 39: 1056—1066.

Li N, Liu E, Guo J, Pan L, Li B, et al. (2013) Maternal prepregnancy body mass index and gestational
weight gain on pregnancy outcomes. PLoS One 8: €82310. Available on http://www.plosone.org/article/
info%3Adoi%2F10.1371%2Fjournal.pone.0082310. Accessed 17 November 2014.

Lawson DW, Mace R (2009) Trade-offs in modern parenting: a longitudinal study of sibling competition
for parental care. Evol Hum Behav 30: 170-183.

Johnson JG, Cohen P, Kasen S, Smailes E, Brook JS (2001) Association of maladaptive parental
behavior with psychiatric disorder among parents and their offspring. Arch Gen Psychiatry 58: 453—460.

Morgan Z, Brugha T, Fryers T, Stewart-Brown S (2012) The effects of parent-child relationships on
later life mental health status in two national birth cohorts. Soc Psychiatry Psychiatr Epidemiol 47; 1707—
1715.

PLOS ONE | DOI:10.1371/journal.pone.0114679 December 10, 2014 18719



@'PLOS | ONE

Grand Multiparity and Mental Disorders

32. Nordhov SM, Renning JA, Ulvund SE, Dahl LB, Kaaresen Pl (2012) Early intervention improves
behavioral outcomes for preterm infants: randomized controlled trial. Pediatrics 129: e9-e16. Available
on http://pediatrics.aappublications.org/content/129/1/e9.long. Accessed 17 November 2014.

33. Spencer-Smith MM, Spittle AJ, Doyle LW, Lee KJ, Lorefice L, et al. (2012) Long-term benefits of
home-based preventive care for preterm infants: a randomized trial. Pediatrics 130: 1094-1101.

PLOS ONE | DOI:10.1371/journal.pone.0114679 December 10, 2014 19719


http://pediatrics.aappublications.org/content/129/1/e9.long

	Section_1
	Section_2
	Section_3
	Section_4
	Section_5
	Section_6
	Section_7
	Section_8
	Section_9
	Section_10
	Figure 1
	TABLE_1
	Section_11
	Section_12
	Section_13
	TABLE_2
	Section_14
	TABLE_3
	TABLE_4
	Figure 2
	Figure 3
	Section_15
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33

