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ABSTRACT: Background: Uncontrolled studies
have reported associations between later Parkinson’s
disease onset in women and a history of giving birth,
with age at onset delayed by nearly 3 years per child.
We tested this association in two independent data
sets, but, as a control to test for nonbiological expla-
nations, also included men with PD.

Methods: We analyzed valid cases from the
Parkinson’s Progressive Markers Initiative incident
sample (145 women, 276 men) and a prevalent sam-
ple surveyed by the New Zealand Brain Research
Institute (210 women, 394 men).

Results: The association was present in both women
and men in the Parkinson’s Progressive Markers Ini-
tiative study, and absent in both in the New Zealand
Brain Research Institute study. This is consistent
with generational differences common to men and
women, which confound with age at onset in
incident-dominant samples.

Conclusions: Despite being replicable in certain cir-
cumstances, associations between childbirth and later
PD onset are an artifact of generational cohort differ-
ences. © 2020 International Parkinson and Movement
Disorder Society
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The incidence of Parkinson’s disease (PD) is substan-
tially lower in women'? (at least outside China and
Japan).!® The reason is unknown, but could include
greater male exposure to risk factors (eg, head injury or
occupational use of toxins)* or protective factors apply-
ing differentially to women (eg, greater exposure to
hormones like estrogens and progestogens).

Plausible mechanisms have been proposed for how
female sex hormones could play a neuroprotective role
in neurodegenerative conditions,” and hence observa-
tional studies have tested associations between
increased hormone exposure and protection against
PD. Lifetime hormonal exposure has been
operationalized using endogenous measures such as fer-
tile life span (the duration between age at menarche
and age at menopause) or exogenous exposure through
oral contraceptives or hormone replacement therapy.
Despite some positive findings,® most reviews,” large
prospective,® or case-control”’ studies, and meta-ana-
lyses'®!'! have shown little support for relationships
between any such measures and a lowered risk of PD.

Eight studies have examined the effect of parity (num-
ber of childbirths) on the risk of women subsequently
developing PD.'® Meta-analysis showed no effect, with
the relative risk of PD between the highest and lowest
number of births being 0.99 (95% CI, 0.79-1.25)."°
However, 3 studies have independently reported another
childbirth-related association not specifically addressed in
that meta-analysis: among women diagnosed with PD,
they found that a history of childbirth was associated
with later age at onset.'"* That is, although having chil-
dren might not reduce the risk of Parkinson’s disease per
se, it might still slow the pathological process. The associ-
ations were surprisingly large and consistent, with symp-
tom onset reported as later by 2.7 years (95% CI,
0.8—4.6 years, Netherlands, n = 97)'* or 2.6 years per
childbirth (95% CI, 0.05-5.1 years, Germany, n = 79)'*
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or to have a correlation coefficient of 0.35 between parity
and onset age (India, n = 81, P = 0.001)."?

A challenge in such observational studies is applying
valid control comparisons. Women without Parkinson’s
disease lack the disease outcome measures (such as age
at onset), whereas men with PD lack the predictor hor-
monal measures. For this specific association, however,
defining the predictor as “number of biological chil-
dren” rather than “number of childbirths” allows men
with Parkinson’s disease to be a suitable control for
nonbiological explanations. We propose that if the rela-
tionship between number of children and onset age is
absent in men, it would strengthen claims for a protec-
tive female sex hormone effect. Conversely, if that rela-
tionship does hold for men, it would strongly support
the cause being nonbiological.

Methods

Data Sets

PPMI: The openly available Parkinson’s Progressive
Marker Initiative®® is a data set of incident cases, with
a mean of 7 months between diagnosis and recruitment
(see Table 1 and Acknowledgments). Valid data on
number of children were available from 421 of PPMTI’s
423 idiopathic Parkinson’s disease cases.

NZBRI: At the New Zealand Brain Research Institute,
we combined 2 previously conducted risk-factor surveys,
in which 604 people with idiopathic Parkinson’s disease
provided valid responses on age at diagnosis and number
of biological children (Table 1). Cases ranged from
recently diagnosed to those with long-standing disease.
Responses were mostly collected online, with some sub-
mitting via paper or telephone. Respondents with demen-
tia had assistance to complete the questions. One survey
(192 valid cases) recruited from our ongoing longitudinal
study of a convenience sample of prevalent cases in the
local Canterbury region. The other (412 valid cases) was
nationwide, recruiting from the membership (excluding
Canterbury) of the Parkinson’s New Zealand charitable
trust. Age at diagnosis was self-reported in the national
survey and confirmed from clinical records in the Canter-
bury survey. Canterbury respondents had the diagnosis
confirmed by a neurologist. The remainder required a
diagnosis to receive care from Parkinson’s New Zealand,
which might have been made by a neurologist, other spe-
cialist, or general practitioner.

CHILDBIRTH AND

PARKINSON’S ONSET

Analyses

Onset age was defined as when Parkinson’s disease was
diagnosed because symptom onset age was not collected
in the NZBRI nationwide survey. Data were fitted with
simple Bayesian linear models, using the R'® package
brms."” Weakly informative Student ¢ test priors were
used for the intercept (df = 3, mean is data mean,
scale = 10) and standard deviation of the residuals (df = 3,
mean = 0, scale = 10) with rejection sampling used to
ensure the standard deviation was nonnegative. The scale
values were chosen so the prior distributions had moder-
ate probability mass fully covering the range of plausible
parameter values. Based on the 3 previous studies,'*'* we
used a proper informative normal prior (mean, +2.5; SD,
2) for the effect of the number of children (being positive
for the dependent variable of age and negative for year of
birth). We ran 4 chains of 20 000 iterations each.

When testing hypotheses of associations between the
number of children and age at onset (or year of birth),
in each case we compared a model containing the num-
ber of children as a predictor to an intercept-only
model (ie, a model of no association). Bayes factors give
the ratio of the likelihood of the data given a model
including the number of children to the likelihood of
the data given an intercept-only (“flat-line”) model.

Reproducibility
The code and the anonymized data set extracts used

to conduct the analyses and generate this article are
available at https://github.com/nzbri/pd-parity.

Results
PPMI Sample

We first attempted to replicate the association
between number of children and later disease onset in
the PPMI women. The linearly modeled delay in diag-
nosis was 1.1 years per child (credible interval,
0.15-2.1), being the slope of the line in the upper-right
panel of Figure 1B. However, a Bayes factor (BF) of 1.5
indicated very weak evidence for an association com-
pared with the intercept-only model. Stronger results
were found for the PPMI men, with a slope of 1.4 years
per child (0.4-2.3), BF = 4.9. That the relationship
occurred in men argues against the underlying cause
being pregnancy- or birth related.

TABLE 1 Demographic characteristics of the PPMI and NZBRI samples

Study Sex n Mean age Mean age at diagnosis Mean disease duration (years)
PPMI Men 276 62.2 (9.7) 61.6 (9.7) 0.5 (0.5)

Women 145 60.7 (9.6) 60.1 (9.6) 0.6 (0.6)
NZBRI Men 3% 71.7 (7.5 63.8 (9 7.9 (5.8)

Women 210 70.3 (7.3) 62.9 (9) 7.5 (5.8)
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FIG 1. (A) In the PPMI (orange) and NZBRI (blue) studies, there was a background cohort effect in which older patients tended to have had more children
than had patients who were born more recently (for ease of comparison with the age-of-onset associations, we plot number of children on the x-axis,
although this does not reflect the direction of causality). The magnitude of this effect (i.e. the slope of each line) was such that each additional child was asso-
ciated with the average patient having been born (approximately) one year earlier. The association was more strongly evident in men than in women in these
samples. (B) PPMI is an incident study and hence patient age and age-of-diagnosis are tightly correlated. Accordingly, the PPMI age-of-diagnosis association
almost perfectly reflects the underlying background societal association of older people having more children (at a similar magnitude of approximately one
year per child). By contrast, the NZBRI survey was of a prevalent sample, in which a patient’s current age and their age of diagnosis are no longer necessarily
coupled. That is, a patient of a given age might have been recently diagnosed, or they could have long-standing disease. Accordingly, the age-of-diagnosis
association was absent for both the NZBRI men and women, as indicated by the small BF (Bayes factor) values. Figure by MacAskill (2020), distributed at

https://doi.org/10.6084/m9.figshare.9928460. [Color figure can be viewed at wileyonlinelibrary.com]

For completeness, we also examined whether women
did actually have a later age of disease onset. As indi-
cated in Table 1, the mean age at diagnosis was similar
between the sexes, occurring earlier for women by just
—0.8 years (-2.5 to 1.0 years).

NZBRI Sample

In the NZBRI sample, the slope for women was only
0.5 years per child (—0.5 to 1.4 years), with a Bayes fac-
tor of 0.2, indicating strong evidence against an associ-
ation. The results were similar for men, with a slope of
0.4 years per child (-=0.3 to 1.1 yaers), BF = 0.1.

The NZBRI mean age at diagnosis was again similar
between the sexes, occurring earlier for women by just
—0.5 years (—1.9 to 0.9 yaers).

Testing a Nonbiological Alternative Explanation

In many countries, because of late-20th-century socie-
tal changes, older people on average had larger families
than people born more recently. Figure 1A shows such
effects for the men and women in both studies. We then
modeled how many years earlier we would expect a

patient to have been born, given how many children he
or she had. The coefficients are negative, as for consis-
tency across studies with recruitment at different times,
we modeled year of birth rather than age.

PPMI study. Women: —1.2 years per child, credible
interval (-2.19 to —0.2 yars)], BF = 1.7. Men:
—1.4 years per child (-2.38 to —0.4 years), BF = 5.1.

NZBRI study. Women: —0.6 years per child (—1.43
to 0.1 yaers), BF = 0.3 (although the association was
not present in this sample, we know that the population
fertility for New Zealand women did indeed decline
markedly in the late 20th century'®). Men: —1.0 years
per child (-1.54 to —0.4 yaers), BF = 14.3.

Discussion

The PPMI men showed a clear association between having
more children and later disease onset (although the data set is
limited by having few patients with more than 4 children).
This is sufficient to discount the proposed hormonal cause
for this relationship, previously reported in women only.'*1*
We tested a nonbiological explanation, common to both
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men and women, in which older patients are simply more
likely than younger ones to have had larger families. In inci-
dent studies like PPMI, there is a near-perfect correlation
between patient age and age at diagnosis. Accordingly, the
diagnosis-age effect in the PPMI study (top row, Fig. 1B) very
closely resembles the simple background generational cohort
effect (top row, Fig. 1A). The previously reported associa-
tions are therefore likely an example of the classic epidemio-
logical trap of mistaking an age effect for a generational
cohort one.'” As patient age and age at onset are almost per-
fectly correlated in this study, it is not possible to use age to
statistically “correct for” generational membership.

Associations between number of children and diagnosis
age were absent in both sexes in the NZBRI study (bottom
row, Fig. 1B), although the background generational effect
(bottom row, Fig. 1A) was similar to that in the PPMI study.
This is consistent because in a prevalence sample, people
with long-standing disease somewhat decouple the relation-
ship between patient age and the age at diagnosis. Consider
one person diagnosed at age 50 and another at 75. In an
incident study, with recruitment soon after diagnosis, these
people would necessarily come from different generations.
In a prevalent sample, however, this relationship can break
down. They could even be the same age, if one was recently
diagnosed at age 75, whereas the other, also currently aged
75, had a 25-year history of disease. Artifactual associations
between number of children and age at onset are therefore
most likely in samples with a preponderance of incident
cases. In a pure incident sample, the magnitude of the associ-
ation should closely match the background societal associa-
tion between age and family size (as shown in the roughly
1-year-per-child associations in the PPMI sample). Two of
the previous studies defined disease duration from symptom
onset: with mean duration of 2.5 years'? and 5.8 years,'*
this indeed places them closer to the PPMI incident study
(2.1 years mean female symptom duration) than to the
NZBRI prevalent sample (in which the mean duration since
diagnosis was 7.5 years, implying a much longer time rela-
tive to symptom onset). The third study had a median dis-
ease duration of 5 years, although it was not specified if that
was defined from symptom onset or diagnosis.'® The mag-
nitude of the effect we found (approximately 1 year later
onset per child) was smaller than in the previous studies.
This is consistent with the complex web of social, cultural,
financial, and health factors that influence family size, with
generational cohort being only one contributor (evident in
the large variability in Fig. 1A).

If there were a causal association between childbirth
and delayed disease onset, women’s mean onset age
should be measurably later than men’s (unless some other
competing female risk factors could somehow balance the
putative protective childbirth effect). We found male and
female onset age was similar in both the PPMI and
NZBRI samples. In the previous studies, women’s onset
age (57.1 years) was either similar to men’s (57.3 yaers)'*
or nonsignificantly later (53.4 vs 51.3 years, P = 0.06)'%;
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the remaining study'® had no male comparison. That is,
not only is the association between childbirth and later
disease onset artifactual, there is likely no female age-at-
onset advantage in need of explanation.

Acknowledgments: Some of the data used in the preparation of this
article was obtained from the Parkinson’s Progression Markers Initiative
(PPMI) database (www.ppmi-info.org/data). For up-to-date information
on the study, visit www.ppmi-info.org. PPMI, a public-private partner-
ship, is funded by the Michael J. Fox Foundation for Parkinson’s Research
and funding partners, listed at www.ppmi-info.org/fundingpartners.

References

1. Taylor KSM, Cook JA, Counsell CE. Heterogeneity in male to
female risk for Parkinson’s disease. ] Neurol Neurosurg Psychiatry
2007;78:905-906.

2. Myall D, Pitcher T, Pearson J, et al. Parkinson’s in the oldest old:
Impact on estimates of future disease burden. Parkinsonism Relat
Disord 2017;42:78-84.

3. Morozova N, O’Reilly EJ, Ascherio A. Variations in gender ratios
support the connection between smoking and Parkinson’s disease.
Mov Disord 2008;23:1414-1419.

4. Savica R, Grossardt BR, Bower JH, et al. Risk factors for
Parkinson’s disease may differ in men and women: An exploratory
study. Horm Behav 2013;63:308-314.

5. Roof RL, Hall ED. Gender differences in acute CNS trauma and
stroke: neuroprotective effects of estrogen and progesterone.

J Neurotrauma 2000;17:367-388.

6. Villa A, Vegeto E, Poletti A, et al. Estrogens, neuroinflammation,
and neurodegeneration. Endocr Rev 2016;37:372-402.

7. Ascherio A, Schwarzschild MA. The epidemiology of Parkinson’s dis-
ease: Risk factors and prevention. Lancet Neurol 2016;15:1257-1272.

8. Simon KC, Chen H, Gao X, et al. Reproductive factors, exogenous estro-
gen use, and risk of Parkinson’s disease. Mov Disord 2009;24:1359-13635.

9. Popat RA, Van Den Eeden SK, Tanner CM, et al. Effect of repro-
ductive factors and postmenopausal hormone use on the risk of
Parkinson disease. Neurology 2005;65:383-390.

10. Lv M, Zhang Y, Chen G-, et al. Reproductive factors and risk of
Parkinson’s disease in women: a meta-analysis of observational stud-
ies. Behav Brain Res 2017;335:103-110.

11. Du J, Wang P, Li J, et al. Hormone replacement therapy and
Parkinson’s disease risk in women: A meta-analysis of 14 observa-
tional studies. Neuropsychiatr Dis Treat 2014;59.

12. Haaxma CA, Bloem BR, Borm GF, et al. Gender differences in
Parkinson’s disease. ] Neurol Neurosurg Psychiatry 2007;78:819-824.

13. Yadav R, Shukla G, Goyal V, et al. A case control study of women
with Parkinson’s disease and their fertility characteristics. J Neurol
Sci 2012;319:135-138.

14. Frentzel D, Judanin G, Borozdina O, et al. Increase of reproductive life
span delays age of onset of Parkinson’s disease. Front Neurol 2017;8:397.

15. Marek K, Chowdhury S, Siderowf A, et al. The Parkinson’s progres-
sion markers initiative (PPMI) establishing a PD biomarker cohort.
Ann Clin Transl Neurol 2018;5(12):1460-1477.

16. R Development Core Team. R: A language and environment for sta-
tistical computing. R Foundation for Statistical Computing, Vienna,
Austria. 2019. http://www.R-project.org.

17. Biurkner P-C. Brms: An R package for Bayesian multilevel models
using Stan. J Stat Soft 2017;80:1-28.

18. Pool I, Du Plessis R. Families: A history - Colonial families:
1840-1879. Te Ara - the Encyclopedia of New Zealand, 2011.
http://www.TeAra.govt.nz/en/graph/30192/fertility-rates-maori-and-
non-maori-1844-2015. Accessed September 19, 2019.

19. Blanchard RD, Bunker JB, Wachs M. Distinguishing aging, period
and cohort effects in longitudinal studies of elderly populations.
Socioecon Plann Sci 1977;11:137-146.

Movement Disorders, Vol. 35, No. 7, 2020 1271


http://www.ppmi-info.org/data
http://www.ppmi-info.org
http://www.ppmi-info.org/fundingpartners
http://www.r-project.org
http://www.teara.govt.nz/en/graph/30192/fertility-rates-maori-and-non-maori-1844-2015
http://www.teara.govt.nz/en/graph/30192/fertility-rates-maori-and-non-maori-1844-2015

