1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
Neurobiol Aging. 2009 August ; 30(8): 1184-1191. doi:10.1016/j.neurobiolaging.2007.11.011.

Number of children is associated with neuropathology of
Alzheimer’s disease in women

Michal Schnaider Beeri, Ph.D.1’$, Michael Rapp, M.D. Ph.D.1’5, James Schmeidler, Ph.D.
1’2, Abraham Reichenberg, Ph.D.1’6, Dushyant P. Purohit, M.D.113, Daniel P. Perl, M.D.1’3,
Hillel T. Grossman, M.D.1’4, Isak Prohovnik, Ph.D.1’4, Vahram Haroutunian, Ph.D.*'1*4, and
Jeremy M. Silverman, Ph.D."

1The Mount Sinai School of Medicine, Department of Psychiatry, One Gustave Levy L. Place, New
York, NY 10029

2The Mount Sinai School of Medicine, Department of Biostatistics, One Gustave Levy L. Place, New
York, NY 10029

3The Mount Sinai School of Medicine, Department of Pathology, One Gustave Levy L. Place, New
York, NY 10029

4Bronx VA Medical Center, 130 Kingsbridge Road, Bronx, NY 10468
SDepartment of Psychiatry, Campus Charite Mitte, Humboldt University, Berlin

5Department of Psychological Medicine, Institute of Psychiatry, King's College, London.

Abstract

Objective—To examine the association between number of born children and neuropathology of
Alzheimer’s disease (AD).

Methods—The brains of 86 subjects with data on the number of biological children born, were
studied postmortem. Primary analyses included 73 subjects (average age at death=80; 42 women)
devoid of cerebrovascular disease associated lesions (i.e, infarcts) or of non-AD related
neuropathology. Women were significantly older at death than men (85.6 vs. 73.4; p<.0005) but did
not differ significantly from men in number of children or dementia severity. Secondary analyses
included 13 additional subjects who had concomitant cerebrovascular disease. Density of neuritic
plaques (NPs) and neurofibrillary tangles (NFTSs) in the hippocampus, entorhinal cortex, amygdala,
and multiple regions of the cerebral cortex, as well as composites of these indices reflecting overall
neuropathology, were analyzed. For men and women separately, partial correlations, controlling for
age at death and dementia severity, were used to assess the associations of number of children with
these neuropathological variables.

Results—Among women, all the partial correlations were positive, with statistical significance for
overall neuropathology (r=.37;p=.02), overall NPs (r=.36;p=.02), and for NPs in the amygdala
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(r=0.47; p=.002). Among men, none of the partial correlations were statistically significant. Results
of the secondary analyses were similar.

Conclusions—Since the associations between number of children and neuropathology of AD were
found for women only, they might reflect sex-specific mechanisms (such as variations in estrogen
or luteinizing hormone levels) rather than social, economic, biological or other mechanisms common
to both men and women.

Keywords

Alzheimer’s disease; neuropathology; number of children; estrogen; neuritic plaques; neurofibrillary
tangles

1. Introduction

Alzheimer’s disease (AD) is more prevalent in women than in men and this differential
prevalence remains after adjusting for age and level of education(2;27). Therefore, identifying
factors that make women more susceptible to this disease may help to reveal underlying causal
mechanisms. Several studies have found associations of measures of fertility with risk and age
of onset of AD, as well as with cognitive decline. Having had one or more children, rather than
none, was significantly associated with risk of AD in women(12) and in women but not in men
(44), and with AD age at onset in women without the APOE4 allele but not in those with it
(13). Having children was also associated with cognitive decline based on the Mini Mental
State Exam(36). Number of pregnancies was associated with risk of AD (9) and lower age of
onset(12;52). However, in other studies, number of children was not associated with risk of
AD(44) or age of onset(13). To our knowledge, no previous study has examined the association
between number of children and the hallmark neuropathological lesions of AD - neuritic
plaques (NPs) and neurofibrillary tangles (NFTs)(7).

The current study examined the associations of number of born children with the severity of
NPs and NFTs. These associations were examined in specific brain regions (hippocampus,
entorhinal cortex, amygdala, and multiple cerebral cortical regions) as well as in composite
measures of the severity of NP and NFT neuropathology, reflecting overall neuropathology
across the examined brain areas. This study included samples of both men and women.
Dissimilar associations between men and women would suggest the possibility of an
underlying biological mechanism on which men and women differ, for example, lifetime
hormonal histories. Alternatively, similar associations would suggest the possibility of
common socio-demographic, biological, or environmental influences.

2. Methods

2.1 Subjects

Analyses were based on the study of 150 brain donations from the Jewish Home and Hospital
(JHH), a nursing home that collaborates with the Mount Sinai School of Medicine for many
years in studies of aging and early dementia. All cases had valid data on the number of
biological children born to each donor, over a period of 17 years. Forty-seven cases had a
primary neuropathological diagnosis of cerebrovascular disease or neuropathology other than
AD, and 17 other cases had missing values in at least one of the variables in the analyses. In
addition, 13 had a secondary neuropathological diagnosis of cerebrovascular disease (i.e., both
AD neuropathology and infarcts). Of the remaining 73 cases (31 men and 42 women), with
either a normal brain or a primary neuropathological diagnosis of AD, 6 were categorized by
the CERAD neuropathological battery(37) as normal brain, 60 as definite AD, 2 as probable
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AD, and 5 as possible AD. These subjects did not differ significantly from the excluded subjects
in age at death or dementia severity.

Postmortem donations were received by the Mount Sinai School of Medicine Department of
Psychiatry Brain Bank from the next of kin of deceased residents of the Jewish Home and
Hospital (JHH) in Manhattan, NY and Bronx, NY. Patients with severe psychiatric disorders
(e.g. schizophrenia) were excluded from this cohort. Before death, subjects participated in a
family study of AD in which at least one relative of each subject was interviewed and also the
subject if cognitively intact. All children (i.e. all live births) of the probands were identified
and tabulated. As part of the family study, all assessments were approved by the institutional
review boards of both the JHH and the Mount Sinai School of Medicine. Autopsies were
performed after receiving consent from the legal next of kin. Research staff reviewed detailed
medical records, which were available on all subjects, and whenever possible conducted in
depth interviews with staff and family caregivers to obtain information about the donor’s
antemortem functional and cognitive status.

The Clinical Dementia Rating (CDR) assesses cognitive and functional impairments associated
with dementia and provides specific severity criteria for classifying subjects as non-demented
(CDR=0), questionably demented (CDR= 0.5), or increasing levels of severity of dementia
from CDR=1 to CDR=5(18;38). A previously described(23;24) multi-step approach was
applied to the assignment of postmortem CDR scale scores based on cognitive and functional
status during the last 6 months of life. Assessments of CDR were made without prior knowledge
of neuropathology findings or parity.

2.2 Neuropathological Assessment

The neuropathological assessment procedures employed have been extensively described
previously(23;24) and were performed without knowledge of the donor’s medical, cognitive,
parity or functional status. Representative blocks obtained from standardized sites in the
superior and midfrontal gyrus, orbital cortex, basal ganglia with basal forebrain, amygdala,
hippocampus (rostral and caudal levels with adjacent parahippocampal and inferior temporal
cortex), superior temporal gyrus, parietal cortex (angular gyrus), calcarine cortex,
hypothalamus with mammillary bodies, thalamus, midbrain, pons, medulla, cerebellar vermis,
and lateral cerebellar hemisphere were examined using hematoxylin and eosin, modified
Bielschowsky, modified thioflavin S, anti-B amyloid and anti-tau. Any case showing evidence
of Lewy body formation in the substantia nigra or locus ceruleus underwent anti-ubiquitin and
anti-a-synuclein staining of representative cerebral cortical and subcortical sections for the
identification of cortical Lewy bodies(25;48).

Every case was evaluated for the extent of neuropathologic lesions using the Consortium to
Establish a Registry for Alzheimer’s disease (CERAD) neuropathologic battery(37). Sections
from each of the tissue blocks described above were rated for the extent of NPs and NFTs using
the CERAD four-point scale of 0=none, 1=sparse, 3=moderate, or 5=severe, as described
previously(23). NP and NFT scores derived from examination of the neocortical blocks were
aggregated by addition into a single summary variable, and the entorhinal cortex, hippocampus,
and amygdala were used in the primary analyses reported here since previous studies had shown
the relevance of NP and NFT densities in these regions with respect to dementia severity(23;
24).

Neuropathological and final diagnosis was based on a consensus diagnosis (VH, DPP, HG and
clinical neuropsychologists) and was derived after review of all medical, clinical,
neuropathological, and other research records according to procedures described in detail
previously(23;24).
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2.3 Statistical Analysis

3. Results

The primary analyses included the 73 subjects that had normal brain or only AD-associated
neuropathology. Since concomitant cerebrovascular disease is relatively common in the elderly
(26), we also performed the same analyses after including the 13 subjects with secondary
neuropathological diagnosis of cerebrovascular disease. In addition to analyses for each of the
neuropathological dependent variables separately, we created summarizing variables in two
ways. We calculated separate sums of the NP ratings and of the NFT ratings in the four areas
of interest (hippocampus, entorhinal cortex, amygdala and the cerebral cortex). In addition, a
factor analysis of all eight NP and NFT ratings was performed including both men and women.
The first principal component accounted for over half of the variation and was used as an overall
neuropathology summary variable. Each of the variables was strongly positively associated
with the principal component. Partial correlations controlling for age at death and CDR at death
were performed to assess the associations between the number of children and each of these
eleven measures of neuropathology of AD. The possibility of a non-linear relationship was
tested by a stepwise linear regression to add a quadratic association, with the same covariates.
A p-value less than or equal to .05 was considered significant.

All analyses were performed separately for men and women. It was not feasible to perform
analyses of covariance (ANCOVA) with sex as an additional independent variable since there
were significant interactions of sex with age at death or CDR (i.e. regression coefficients
significantly different between men and women). Even for dependent variables for which the
assumptions of ANCOVA were not violated, the significant difference between ages (see Table
1), argued against a direct comparison of men and women.

Table 1 summarizes the age and neuropathological features of the 42 women and 31 men in
the sample. With the exception of NFTs in the entorhinal cortex, for which women had a
minimum of mild neuropathology, all neuropathological ratings had the full range from no to
severe pathology. Dementia severity ranged from no dementia to severe dementia in both
women and men. Women were significantly older at death than men but did not differ
significantly from men in number of children or dementia severity.

Table 2 presents the results of the partial correlations. Among women, all the partial
correlations were positive, with significance for overall neuropathology (r=.37; p=.02), overall
NPs (r=.36; p=.02), and NPs in the amygdala (r=0.47; p=.002; see Figure 1). Results
approached significance for NPs in the entorhinal cortex (r=.29; p=.06). Among men, none of
the partial correlations were statistically significant. None of these analyses for men or women
included a significant quadratic association.

Supplementary analyses included subjects who, in addition to a primary neuropathological
diagnosis limited to AD, evidenced cerebrovascular disease (CERAD neuropathologic
diagnosis category 7). Correlations of NP and NFT densities in the examined brain regions
with number of children born for women were smaller, with the exception of NPs in the
entorhinal cortex (r=.29, df=49, p=.04); none of the other correlations changed status of
statistical significance. Among men, all the partial correlations remained statistically non
significant.

Since nulliparity has been suggested to be protective against AD(12;44), we performed similar
partial correlations on the dichotomy between nulliparous subjects (11 women and 6 men) and
those who had at least one child. Results were in the same direction as in the partial correlations
reported above but were not statistically significant for any of the neuropathological variables
assessed except for NPs in the amygdale (r=.36; p=.02).
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4. Discussion

This study shows that the number of children born is associated with the extent of overall
neuropathologic lesions of AD in women but not in men. This association was more robust for
NPs, especially in the amygdala. Since these associations were not found for men, they might
reflect sex-specific mechanisms, rather than social, economic, biological, or other mechanisms
common to both men and women. However, the difference in age mitigates direct comparison
of these samples of men and women.

The observed associations between the number of children and neuropathology of AD are
consistent with and may explain findings of a relationship between the number of children and
AD or cognitive decline assessed clinically(12;44;52);(36). Nonetheless, in the current sample,
the association between number of children and CDR was weak and non-significant and almost
entirely accounted for by the association of each with neuropathology (data not shown).

The associations found in this study might be explained by biological mechanisms and/or by
social and behavioral factors associated with women’s child rearing and family life. Pregnancy
and childbirth are accompanied by wide-ranging changes in endocrine regulation and activity
resulting in profound metabolic changes. Not only do these changes alter blood lipoprotein
levels(17;28), increase insulin concentrations(29), and enhance generation of reactive oxygen
species(54), but they also provoke structural and functional alterations of the cardiovascular
and other systems(10;46). Consistent with this, of the several studies that have considered the
association between parity and coronary heart disease risk later in life among women, most
have found increasing disease and mortality with increasing number of children(22;32;40).
Having more children has been associated with obesity and central adiposity(30), BMI(31),
high triglyceride levels(17), low HDL(33), diabetes(41) and stroke(45). It has also been
associated with directly measured carotid intima-media thickness and carotid artery
atherosclerosis. In addition, number of children has recently been linearly associated with the
risk of metabolic syndrome in the Third National Health and Nutrition Examination Survey.
After controlling for age, race, income, education, and other sociodemographic, reproductive,
and behavioral risk factors, the odds of metabolic syndrome increased by 13% (95% CI, 6%—
20%) with each additional child. Since cardiovascular risk factors and diseases have been
associated with AD(5;35), increased cardiovascular disease risk might provide an additional
explanation for the associations found in this study.

Lifetime hormonal patterns are a major biological difference between men and women. In
particular, estrogen has been suggested as an explanation for the differential risk for AD
between men and women(4;11). Estrogen has been shown to have neuroprotective effects
(39) against p-amyloid induced neurotoxicity(16;35;58) in animal(9) and in vitro(19) models,
by enhancing B-amyloid scavengers(53), increasing survival of cholinergic synapses(51), and
through anti-apoptotic(43) and antioxidant mechanisms(55). Estrogen deprivation has been
implicated as a risk factor for Alzheimer’s disease (AD)(57). There is evidence that parity
“resets” ovarian function in the non-gravid state(6), resulting in lower estrogen concentrations
in parous compared to nulliparous women (but the duration of lower levels is not well
established). Furthermore, estrogen concentrations are negatively associated with the number
of children(21) i.e., over the life span, women who have more children have lower circulating
estrogen than women with few or no children. Thus, having more children could be associated
with AD neuropathology through a reduction in estrogen.

Although less consistently than estrogen, progesterone, which increases dramatically during
pregnancy and drops quickly thereafter, has also been associated with neuroprotection (for a
review, see(50)). It reduces neuronal vulnerability to glutamate and Ap toxicity(20), and
neuronal loss following cortical contusion(3) and global ischemia(8). Nonetheless, the
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interactions between the brain and the reproductive endocrine system are very complex, and
suggesting that estrogen and progesterone are the primary hormonal explanation for the current
results would be simplistic (Webber 2007). The hormones of the hypothalamic-pituitary-
gonadal (HPG) axis include gonadortorpin-releasing hormone (GRH), luteinizing hormone
(LH), follicle-stimulating hormone (FSH), estrogen, progesterone, testosterone, activin,
inhibin, and follistatin. These hormones are involved in regulating reproductive function at
multiple levels including participation in a complex feedback loop that is initiated by the
hypothalamic secretion of GRH (Genazzani, 1992), that stimulates the anterior pituitary to
secrete the gonadotropins, LH and FSH. These gonadotropins then bind to receptors on the
gonads and stimulate the production of the sex steroids. The latter complete the negative
feedback loop by decreasing gonadotropin secretion from the hypothalamus and pituitary
gland. There is growing evidence supporting a role for gonadotropins, particularly LH, in the
pathogenesis of AD (Webber,2005a, 2005b, 2007). A 2-fold increase in circulating
gonadotropins in AD patients compared with age matched controls was found in two studies
(Bowen 2000; Short 2001). LH was significantly elevated in vulnerable neuronal populations
in AD patients (Bowen 2002). Furthermore, while LH did not alter amyloid protein precursor
(APP) expression, it did alter APP processing toward the amyloidogenic pathway (Bowen
2004a 2004b). Notably, hCG (the pregnancy hormone), which has very similar primary and
secondary structures to LH, binds the same receptors, and has similar biological functions (Rao
and Lei 2007).

The majority of clinical trials investigating the neurocognitive effects of hormone replacement
therapy (HRT)have found benefits associated with estrogen therapy (Gleason 2005, Morrison).
Trials utilizing estradiol therapies were more likely to demonstrate enhanced cognition than
those employing a conjugated equine estrogen (CEE)— which does not replicate pre-
menopausal hormone profiles (Gleason 2005). Only the WHIMS trial suggested a possible
harmful effect of opposed CEE plus progestin treatment on cognition(39;49). Since women
who participated in the WHIMS trial started receiving HRT only at the age of 65 their HPG
axis hormones were likely in disequilibrium for decades. It is possible that the administration
of estrogen/progestin in these aged women was unable to restore the proper functioning of the
HPG axis (Webber, 2007).

Since fetal stem cells penetrate and influence maternal blood(42), reactions to them might
influence subsequent maternal hormonal patterns. This effect could be enhanced by multiple
births, similarly to RH incompatibility, in which the sensitization induced by an incompatible
fetus is only manifest at a subsequent pregnancy. This is consistent with increasing
neuropathology as the number of children increases rather than an effect of parity per se.

Several studies have shown associations of non-biological factors with both number of children
and the risk of AD, comparably in men and women(22). Number of children was positively
associated with psychological stress(14;56), and negatively associated with socioeconomic
status(1), and particularly with education(15) (47). Data on years of education were available
for a 24 subjects (18 women) subset. In this subsample of women, there was no significant
association between number of children and education (r=.07) and the association between
education and overall neuropathology (r=.31) was positive and not significant. Thus, the
significant association between overall neuropathology and number of children in this sub-
sample (r=.40, p=.01) cannot be attributed to differences in education. Additionally, subjects
of this study belonged to a relatively socio-economically homogeneous community (consistent
with a narrow range of education—half of the subjects had 12 years of education and the rest
had 14 or 16 years of education), so its influence on the results may have been limited.

A major limitation of this study was the lack of information on hormone replacement therapy,
as well as the lack of serum samples of reproductive system hormones. Both are indicators of
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hormonal levels during life which could have mediated or changed the associations found in
this study. Animal models and longitudinal studies that document gonadal hormone levels
throughout child bearing and old age may be useful tools to study the inter-relationships of
number of children, reproductive hormone levels, and AD neuropathology.
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Figure 1. Adjusted means of neuritic plaques (NP) according to number of children by sex

*In women, NP rating in the amygdala increased with the number of children (p=.002 for linear

trend controlling for CDR and age at death). In men, NP ratings in the amygdala were
associated with number of children (p=.59).
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Characteristics of the sample (mean * SD; range)

Table 1

Characteristics Men (n=31) Women (n=42) t (df=71), p
Number of children 2.2(1.8); 0-8 1.8 (1.5); 0-7 1.1,.29
Age of death 73.4 (9.3); 55-94 | 85.6 (10.6); 59-102 | 5.1, <.0005
CDR 3.7 (1.4); 0-5 3.2 (1.5); 0-5 13,.19
NFTs hippocampusl 3.7(1.7);0-5 3.8(1.8);0-5 .16, .87
NFTs entorhinal cortex! | 4.2 (1.3); 0-5 44(11);1-5 43, .67
NFTs amygdala1 3.7 (1.7); 0-5 2.5(2.0); 0-5 2.7,.01
NFTs cerebral cortex? | 10.4 (5.1); 0-18 | 7.1 (6.6); 0-20 2.3,.03
NPs hippocampus? 2.6 (1.7); 0-5 1.8 (1.4); 0-5 2.0, .045
NPs entorhinal cortex? | 3.6 (1.7);0-5 | 2.8(1.5); 0-5 2.1,.04
NPs amygdalal 3.6(1.8);0-5 |3.1(19);0-5 1.2, .23
NPs cerebral cortex? | 15.3(6.6); 0-20 |13.2(5.9);0-20 [ 1.4,.16

1
0=none, 1=sparse, 3=moderate, 5=severe
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Summary of four cerebral cortex areas (midfrontal gyrus, superior middle temporal gyrus, inferior parietal gyrus, and occipital primary visual cortex)
by addition of scores on the same scale as in 1.
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Table 2
Partial correlation® of number of children and Alzheimer’s disease
neuropathology-df=38 for women and 27 for men(r; p-value).

AD Neuropathology | Women | Men
Neuritic Plagues (NPs)
Hippocampus .24 (.14) | —.08 (.66)
Entorhinal Cortex .29 (.06) | —.10(.59)
Amygdala 47 (.002) | .11 (.59)
Cerebral Cortex .22 (.18) | —.14 (.48)
Total NPs 36 (.02) | .10 (.59)
Neurofibrillary Tangles (NFTs)

Hippocampus .18 (.26) | .07 (.73)
Entorhinal Cortex 15 (.37) | .24 (.22)
Amygdala .22 (.16) |.03(.87)
Cerebral Cortex .22 (.18) |.09 (.64)
Total NFTs 26 (.10) |.12(52)
General neuropathology score® | 37 (.02) | .02 (.93)

§Controlling for age at death and CDR

$first principal component of a factor analysis including NPs and NFTs in the hippocampus, entorhinal cortex, amygdala, and cerebral cortex.
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