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Research Article
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Abstract

Background:  Older females show greater cognitive gains from physical activity (PA) than males, which may be related to long-term 
consequences of female-specific reproductive events (eg, pregnancy) on cognitive health.
Methods:  To determine whether previous parity could moderate the relationship between PA and cognitive decline in older women, we 
conducted secondary analyses of data from the Health, Aging, and Body Composition Study. We tested whether the association between 
average PA over 10 years and cognition (Modified Mini-Mental State Examination [3MS]) and executive functioning (digit symbol substitution 
test [DSST]) over 10 years varied by previous parity (nulliparity, low parity, medium parity, and grand multiparity). An analysis of covariance 
was performed with cognition (average and change over 10 years) as the dependent variables, parity as a categorical predictor, average PA as 
a continuous predictor, and a set of relevant covariates.
Results:  Significant interactions were found between PA and parity group for all 4 comparisons: average 3MS (p =  .014), average DSST 
(p = .032), change in 3MS (p = .016), and change in DSST (p = .017). Simple slope analyses indicated the positive relationship between PA 
and average 3MS and DSST was only significant in the nulliparity and grand multiparity groups, and the positive relationship between PA and 
change in 3MS and DSST was only significant in the grand multiparity group.
Conclusion:  The findings suggest the relationship between self-reported walking and cognitive performance was strongest in the groups at risk 
for cognitive decline and dementia, the nulliparous and grand multiparous groups.

Keywords:   Cognitive aging, Parity, Physical activity, Reproductive experience

Background

Physical activity (PA) is a promising strategy for improving brain 
and cognitive health during aging (1). Recent work suggests that 
older females may show greater cognitive benefits than older 
males (2–6); however, little is known as to why the female brain 

may respond differently to PA than the male brain. Potential sex 
differences in neuroplastic processes underlying PA effects may be 
involved. For example, engaging in 6  months of aerobic exercise 
increased levels of brain-derived neurotrophic factor, which is in-
volved in neuroplasticity and neuronal health, to a greater extent 
in older females than in older males (3). Importantly, pregnancy 
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and childbirth are sex-specific biological events that have long-term 
consequences for brain health and neuroplasticity (7,8), thus poten-
tially influencing the ability of the female brain to respond to PA in 
older age.

Pregnancy has profound effects on female physiology, brain 
function, and disease risk in the long-term (9). Evidence suggests 
parity is related to Alzheimer’s disease (AD) risk and cognitive de-
cline, with effects dependent on the specific number of births. Grand 
multiparity, defined as having 5 or more births, is associated with 
an increased risk of AD (10–12). Additionally, 4 or more pregnan-
cies are associated with earlier age of onset of AD versus 3 or less 
pregnancies (13). After controlling for age at death and dementia se-
verity, greater parity was correlated with more severe AD-pathology 
rating in the amygdala in the postmortem brains of females (14). 
Less studied is the potential role of nulliparity, having 0 births, on 
AD and cognition. Nulliparity has been associated with an increased 
risk of AD compared with having 1 birth but not having 2 or more 
births (15), although not all studies find this (10,16,17). Few studies 
have examined the effects of different amounts of parity on cog-
nitive functioning in older age after controlling for potential con-
founding factors such as socioeconomic status, and the majority of 
these studies have been limited in sample size with a small range in 
parity, have not included nulliparous females, and have narrowly 
focused on global cognitive functioning as measured by the Mini-
Mental State Examination (MMSE) at a single time point. Greater 
parity (1–6 children) has been associated with lower global cogni-
tion (18), and grand multiparity (≥5 births) has been linked to lower 
global cognition (10,11,19). In one of the only longitudinal studies, 
McLay et al. (20) found greater rates of decline in global cognition 
over years in parous females versus nulliparous females. Together, 
these results indicate that parity may alter cognitive function in the 
long-term.

We aimed to determine whether parity, defined as the number 
of live births, moderates the relationship between PA and cogni-
tion in older women by conducting a secondary analysis of existing 
data from the Health, Aging, and Body Composition (Health ABC) 
study―a 10-year longitudinal, cohort study of cognitively healthy 
older adults. We hypothesized a positive relationship between PA 
and cognition that increased in strength with increased parity, 
such that the strongest association will be observed in the grand 
multiparity group, the group most at risk for cognitive impairment 
and dementia.

Method

Participants
Participants were from the Health ABC study, a 10-year prospective, 
epidemiological, biracial cohort study of older adults 70–79 years of 
age at baseline that were recruited in 1997 from a random sample of 
community-dwelling White and Black older adults in Memphis, TN 
or Pittsburgh, PA. The Health ABC study enrolled a total of 3 075 
older adults (50% female) that were well-functioning at baseline 
(21). Recruitment and study details can be found in previous Health 
ABC studies (22). Among the female participants in the Pittsburgh 
cohort, 596 females provided information about their pregnancy his-
tory in 2003 and 2004 as part of a substudy (23). The present study 
involves 442 of the 596 participants with complete data for the main 
variables of interest (ie, parity, cognition, and PA). This study was 
approved by the institutional review boards at the University of 
Tennessee Memphis, the University of Pittsburgh, and the University 

of California San Francisco. All eligible participants gave written in-
formed consent.

Measures
Parity
Parity information was collected via questionnaire. Parity was de-
fined as the number of births lasting at least 6 months gestation, and 
births were reported as live or stillborn. Number of preeclamptic 
and hypertensive pregnancies was determined as was the number of 
pregnancies with gestational diabetes. Parity was split into 4 distinct 
groups based on previous literature (10,11,23): nulliparous (0 births 
> 6 months), low parity (1–2 births > 6 months), medium parity (3–4 
births > 6 months), and grand multiparous (≥ 5 births > 6 months).

Physical activity
Physical activity was ascertained from self-reported time spent 
walking (mins/week) that was measured annually from years 1 to 10 
using a standardized questionnaire developed for the Health ABC 
study and modeled on a previous questionnaire (24). Walking per 
week was the only form of PA assessed in the full study sample. The 
questionnaire first determined whether participants had engaged in 
walking at least 10 times in the past 12 months and then whether 
participants had engaged in walking in the past 7 days. Participants 
answering yes were then queried about the total number of minutes 
of walking they had completed in the past 7 days. Average number of 
minutes spent walking over the last 7 days across the 10-year study 
period was computed. To help validate this self-report measure of 
PA, a subset of Health ABC participants (n = 114) completed an ob-
jective PA measurement using a SenseWear Armband (Body-Media 
Inc, Pittsburgh, PA) worn on the left upper arm over at least 3 days. 
As previously published, self-reported time spent walking was sig-
nificantly correlated with objectively measured daily active energy 
expenditure (r = 0.27, p < .01), PA intensity (r = 0.29, p < .01), and 
objective step counts (r = 0.21, p < .02) (25).

Cognition
Global cognitive functioning and executive functioning were meas-
ured in Health ABC. Specifically, global cognitive performance was 
measured with the Modified Mini-Mental State Examination (3MS) 
in years 0, 2, 4, 7, and 9 after baseline, with higher scores indicating 
better performance. Digit symbol substitution test (DSST) measured 
the executive functions of sustained attention and working memory 
in addition to processing speed (26–29) in years 0, 4, 7, and 9 after 
baseline, with higher scores indicating better performance. Average 
cognitive performance over 10 years and the annual rate of change 
in performance was computed for each test.

Demographics and covariates
Demographics, including age, race (White or Black), educational 
attainment (< or ≥ high school), and family income (<$10  000, 
≥$10 000 to <$25 000, ≥$25 000 to <$50 000, and ≥$50 000), and 
health-related characteristics were collected and assessed at base-
line. Depressive symptoms were assessed with the 20-item Center 
for Epidemiologic Studies-Depression Scale (CES-D) with scores 
above 16 indicative of depression (30). Baseline comorbidities were 
determined from self-report, medication use, physician diagnoses, 
and laboratory data, including cardiovascular disease, cerebrovas-
cular disease, and hypertension. Blood pressure was calculated as the 
average of 2 measurements by mercury sphygmomanometer, taken 
in the seated position after 5 minutes of quiet rest. Alcohol use and 
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smoking status (current/former and never) were collected via self-
report. Body mass index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared. Gait speed (m/s), a valid 
marker of physical performance in older adults (31), was measured 
at the usual pace over 6 meters. Apolipoprotein E (APOE) genotype 
was determined by standard single-nucleotide polymorphism tech-
niques for rs429358 and rs7412 (carriers and noncarriers).

Statistical Analyses
The data for total minutes spent walking per week were positively 
skewed, thus this variable was log-transformed prior to analysis to 
achieve normality. Analyses were carried out using SPSS (version 
23). Demographic and baseline characteristics were evaluated ac-
cording to parity group using either ANOVA or chi-square tests. 
To determine whether parity groups differed in average and an-
nual rate of change in 3MS and DSST, as well as in average PA, 
ANOVAs were run controlling for depression, education, race, 
age, diabetes, APOE4, smoking, alcohol, cardiovascular disease, 
cerebrovascular disease, hypertension, high blood pressure, and 
family income.

ANCOVAs were conducted with cognition (average and 
change) as the dependent variable, parity group (nulliparity, low 
parity, medium parity, and grand multiparity) as a categorical 
predictor, average PA (average time spent walking per week over 
10  years) as a continuous predictor, and a set of covariates (de-
pression, education, race, age, diabetes, APOE4, smoking, alcohol, 
cardiovascular disease, cerebrovascular disease, hypertension, high 
blood pressure, and family income). The interaction between parity 
group and average PA was included to test whether the nature of 
the association (ie, strength and sign) between average PA and 

cognition depended on parity. Additionally, because the primary 
effect of interest was an interaction between PA and parity group, 
the interactions between each covariate and parity group were also 
included to better adjust for confounding (32). In the presence of 
a significant interaction between parity group and average PA, 
simple slopes between average PA and cognition for each parity 
group were extracted from the model. Separate analyses were per-
formed for average and annual rate of change for 3MS and for 
DSST. To examine whether parity moderated the association be-
tween average PA and cognitive function, as measured by the 3MS 
and DSST, we conducted 3 planned comparisons, comparing the 
nulliparity, medium parity, and grand multiparity groups with the 
low parity group (the reference group).

Results

Demographics and Baseline Characteristics
Table 1 shows the baseline characteristics of the sample of 442 
women separated by parity group (nulliparity, low parity, me-
dium parity, and grand multiparity). Between-group differences 
were found for baseline age, depression, 3MS, DSST, education, 
smoking, and diabetes. Briefly, the nulliparous group was slightly 
older and less depressed. The low parity group had slightly lower 
baseline 3MS and DSST scores. The medium parity group had 
higher education, both the nulliparous and low parity groups 
had more smokers at baseline, and the grand multiparity group 
had more women with diabetes. Parity groups did not differ in 
BMI, gait speed, pregnancy complications, income, race, drinking, 
peripheral arterial disease, cerebrovascular disease, high blood 
pressure, and APOE4 status.

Table 1.  Baseline (Year 1) Participant Characteristics for Each Parity Group, Where Appropriate, One-way ANOVA or Chi-square Tests Were 
Conducted to Compare Parity Groups

Mean (SD) or N (%) 
Nulliparous  
(0 Births) 

Low Parity  
(1–2 Births) 

Medium Parity  
(3–4 Births) 

Grand Multiparity  
(≥5 births) p Value 

N 70 (16%) 150 (34%) 165 (37%) 57 (13%)  
Age in years 74.4 (2.7) 73.4 (2.9) 72.6 (2.6) 73.1 (3.0) <.001*
BMI in kg/m2 28.7 (5.8) 27.7 (4.7) 27.8 (5.5) 29.0 (5.2) .279
CES-D 3.8 (4.3) 6.6 (7.0) 5.1 (5.3) 5.4 (6.3) .012*
3MS 92.0 (6.9) 90.9 (6.7) 93.1 (5.3) 90.1 (7.5) .003*
DSST 42.0 (14.9) 38.3 (11.7) 43.6 (11.8) 41.5 (12.7) .002*
Gait speed in m/s 1.1 (0.2) 1.2 (0.2) 1.2 (0.2) 1.1 (0.2) .415
Pregnancy complications  5 (3%) 8 (5%) 5 (9%) .265
Education     .043*
  > HS 12 (17%) 26 (17%) 14 (8.5%) 12 (21.1%)  
  ≤ HS 58 (83%) 124 (83%) 151 (92%) 45 (79%)  
Income     .066
  <25 000 40 (57%) 80 (53%) 94 (57%) 42 (73%)  
  ≥25 000 30 (43%) 70 (47%) 71 (43%) 15 (26%)  
White 35 (50%) 76 (51%) 98 (59%) 26 (46%) .209
Smoking 37 (53%) 74 (49%) 59 (36%) 20 (35%) .017*
Drinking 50 (71%) 113 (75%) 116 (70%) 42 (74%) .781
Heart disease 6 (9%) 15 (10%) 18 (11%) 10 (18%) .385
Diabetes 9 (13%) 12 (8%) 13 (8%) 15 (26%) .001*
Peripheral arterial disease 3 (4%) 2 (1%) 3 (2%) 3 (5%) .276
Cerebrovascular disease 3 (4%) 13 (9%) 8 (5%) 3 (5%) .450
High blood pressure 37 (53%) 68 (45%) 72 (44%) 27 (47%) .623
APOEε4 21 (30%) 41 (27%) 44 (27%) 18 (32%) .878

Notes: * = statistically significant; BMI = body mass index; CES-D = Center for Epidemiologic Studies-Depression Scale (scores above 16 indicative of de-
pression); 3MS = Modified Mini-Mental State Examination (higher scores indicating better performance); DSST = Digit symbol substitution test (higher scores 
indicating better performance); APOE ε4: Apolipoprotein E epsilon 4 carriers; SD = standard deviation.
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The Effect of Previous Parity on Cognition
A significant main effect of parity group was found for average 
DSST score across time (F[3 425] = 2.575, p = .05, η p

2 = 0.018). The 
low parity group had a significantly lower average DSST score than 
the other 3 parity groups (all p’s ≤ .04). A main effect of parity group 
was not found for average 3MS score (F[3 425] = 0.580, p > .05, 
η p

2 = 0.004), change in 3MS over 10 years (F[3 425] = 0.036, p > .05, 
η p

2 = 0.000), or change in DSST over 10 years (F[3 425] = 0.069, p 
> .05, η p

2 = 0.000). Supplementary Table 1 provides adjusted means 
for each cognitive variable.

PA Levels Do Not Differ Between Parity Groups
A main effect of parity group was not found for average PA (ie, time 
spent walking) over 10 years (F[3 425] = 0.472, p > .05, η p

2 = 0.003), 
suggesting that the 4 parity groups did not differ in average PA 
(Supplementary Table 1).

The Association Between Average PA and 
Average Global Cognition on the 3MS Differs by 
Previous Parity
A significant interaction between the parity group and average PA 
was found for the average 3MS score (F[3 382) = 3.597, p = .014, 
η p

2 = 0.027; see Figure 1A), indicating that the nature of the associ-
ation between average PA and average global cognitive functioning 
varied by parity. The association between average PA and average 
3MS was significant in both the nulliparity (B  = 2.641, p  =  .038, 
η p

2 = 0.011) and grand multiparity (B = 3.881, p = .013, η p
2 = 0.016) 

groups, indicating greater average time spent walking was associ-
ated with better global cognition in these 2 groups. The association 
between average PA and average 3MS was not significant in the low 
parity group (B = −0.853, p > .05, η p

2 = 0.003) or in the medium 
parity group (B = 0.979, p > .05, η p

2 = 0.004). Compared with the 
low parity group, the associations between PA and average 3MS 
were significantly stronger in the nulliparity (t  = 2.360, p  =  .019, 
η p

2 = 0.014) and grand multiparity (t = 2.736, p = .007, η p
2 = 0.019) 

groups, but not the medium parity group (t  =  1.627, p  =  .105, 
η p

2 = 0.007). There was also a significant main effect of average PA 
(F[1 382] = 8.348, p = .004, η p

2 = 0.021), but not of parity group 
(F[3 382] = 2.413, p = .066, η p

2 = 0.019).

The Association Between Average PA and Average 
Executive Function on the DSST Differs by 
Previous Parity
A significant interaction between the parity group and average PA 
was found for the average DSST score (F[3 382] = 2.969, p = .032, 
η p

2 = 0.023; see Figure 2A), indicating that the nature of the associ-
ation between average PA and average executive function varied by 
parity. The association between average PA and average DSST was 
significant in both the nulliparity (B = 5.310, p = .031, η p

2 = 0.012) 
and grand multiparity (B  = 8.407, p  =  .005, η p

2  = 0.020) groups, 
indicating greater average time spent walking was associated with 
better executive function in these two groups. The association be-
tween average PA and average DSST was not significant in the low 
parity group (B = −0.357, p > .05, η p

2 = 0.000) or in the medium 
parity group (B = 2.241, p = .163, η p

2 = 0.005). Compared with the 
low parity group, the associations between PA and average DSST 
were significantly stronger in the nulliparity (t  = 1.982, p  =  .048, 
η p

2 = 0.010) and grand multiparity (t = 2.622, p = .009, η p
2 = 0.018) 

groups, but not the medium parity group (t  =  1.194, p  =  .233, 

η p
2 = 0.004). There was also a significant main effect of average PA 

(F[1 382] = 12.319, p = .001, η p
2 = 0.031), but not of parity group 

(F[3 382] = 1.182, p = .316, η p
2 = 0.009).

The Association Between Average PA and Change in 
Global Cognition Over 10 Years on the 3MS Differs 
by Previous Parity
A significant interaction between the parity group and average PA 
was found for change in 3MS over 10  years (F[3  382]  =  3.466, 
p = .016, η p

2 = 0.026; see Figure 1B). The association between average 
PA and change in 3MS was significant in the grand multiparity 
(B = 0.452, p = .002, η p

2 = 0.026) group, indicating greater average 
time spent walking was associated with less decline in global cogni-
tion over time in this group only. The association between average 
PA and change in 3MS was not significant in the nulliparity group 
(B = 0.109, p = .348, η p

2 = 0.002), the low parity group (B = −0.042, 
p > .05, η p

2 = 0.001), or in the medium parity group (B = 0.131, 
p = .086, η p

2 = 0.008). Compared with the low parity group, the as-
sociation between PA and change in 3MS was significantly stronger 
in the grand multiparity group (t = 3.121, p =  .002, η p

2 = 0.025), 
but not the nulliparity (t = 1.120, p = .263, η p

2 = 0.003) or medium 

Figure 1.  (A) The association (simple slope) between average time spent 
walking over 10 years and average performance on the Modified Mini-Mental 
State Examination (3MS) for each parity group. (B) The association (simple 
slope) between average time spent walking over 10 years and annual rate 
of change on the 3MS for each parity group. (a) Indicates the association 
was significant within that parity group. (b) Indicates the association was 
significantly different from the low parity group.
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(t = 1.680, p =  .094, η p
2 = 0.007) parity groups. There was also a 

significant main effect of average PA (F[1 382] = 9.504, p =  .002, 
η p

2 = 0.024), but not of parity group (F[3 382] = 1.133, p = .335, 
η p

2 = 0.009).

The Association Between Average PA and Change 
in Executive Function Over 10 Years on the DSST 
Differs by Previous Parity
A significant interaction between the parity group and average PA 
was found for change in DSST over 10  years (F[3  382]  =  3.439, 
p = .017, η p

2 = 0.026; see Figure 2B). The association between average 
PA and change in DSST was significant in the grand multiparity 
(B = 0.366, p = .006, η p

2 = 0.020) group, indicating greater average 
time spent walking was associated with less decline in executive func-
tion over time in this group only. The association between average 
PA and change in DSST was not significant in the nulliparity group 
(B = −0.171, p = .114, η p

2 = 0.007), the low parity group (B = 0.113, 
p = .083, η p

2 = 0.008), or in the medium parity group (B = 0.084, 
p = .236, η p

2 = 0.004). Compared with the low parity group, the as-
sociation between PA and change in DSST was significantly stronger 
in the nulliparity group (t = 2.255, p = .025, η p

2 = 0.013), but not 
the grand multiparity (t = 1.718, p = .087, η p

2 = 0.008) or medium 

(t = 0.301, p =  .763, η p
2 = 0.000) parity groups. There was also a 

significant main effect of average PA (F[1 382] = 3.987, p =  .047, 
η p

2 = 0.010), but not of parity group (F[3 382] = 2.513, p = .058, 
η p

2 = 0.019).

Discussion

Our results provide preliminary evidence that parity moderates the 
relationship between self-reported time spent walking and cognition 
in older females. Specifically, we found that greater levels of average 
PA in the form of self-reported time spent walking were associated 
with better average executive function, processing speed, and global 
cognition in nulliparous and grand multiparous (≥5 births) older fe-
males, and with less declines over 10  years in executive function, 
processing speed and global cognition in grand multiparous older 
females. Physical activity was not associated with cognition and 
processing speed in low and medium parity groups. Together these 
findings suggest a nonlinear relationship between parity, PA, and 
cognitive aging.

We found a stronger relationship between PA and cognition in 
the parity groups most at risk of AD and cognitive impairment, 
the grand multiparity and nulliparous groups (10,15). Grand 
multiparity is associated with 1.7 fold higher risk of AD compared 
with having 1–4 births (10), 1.6 fold higher risk of cognitive im-
pairment compared with 1–2 births (11), and 1.3 fold higher risk 
of cognitive impairment compared to 1–4 births (12). Nulliparity 
is associated with an increased risk of AD compared with having 
1 birth. Interestingly a recent analysis of 4 European cohorts and 
2 Asian cohorts found that only grand multiparity was associated 
with increased risk of non-Alzheimer’s dementia but not Alzheimer’s 
dementia (33) and an analysis of 3 Asian cohorts found that only 
nulliparity was associated with an increased risk of all-cause de-
mentia (34). Grand multiparity is also associated with lower global 
cognition (10,11,19). Ning et al. (35) also showed that nulliparous 
females had slower response time and poorer visual memory com-
pared to females with 1, 2, or 3 births but not compared to females 
with 4 or more births. Engaging in PA in older age is a promising life-
style strategy for promoting healthy cognitive aging and preventing 
AD (1); thus, taken together, our findings suggest that promoting PA 
in grand multiparous and nulliparous women is of great importance.

Long-term consequences of parity also extend beyond cognition 
that may make nulliparous and grand multiparous females more re-
sponsive to PA. Nulliparity is associated with an increased risk of 
several autoimmune conditions, including scleroderma and rheuma-
toid arthritis (36,37) and earlier age of menopause (38) which may 
help explain why this group showed a greater relationship between 
higher PA and better cognitive profile as PA may act as an anti-inflam-
matory agent. Nulliparity and grand multiparity are both associ-
ated with an increased risk of cardiovascular disease, with grand 
multiparity associated with the greatest risk (39). Grand multiparity 
is further associated with several risk factors for cardiovascular dis-
eases, including diabetes, adiposity, and hypertension (40–42) which 
are also risk factors that PA helps mitigate. Importantly, we did not 
see parity group differences in the level of PA.

We did not find a relationship between moderate levels of parity 
(ie, having 1–4 births) and PA levels. Moderate levels of parity have 
previously been shown to be beneficial for brain aging. For example, 
de Lange et  al. (43), in their supplementary analyses, found that 
having 1–3 children was associated with a younger-looking brain, 
as defined by structural brain characteristics using machine learning 

Figure 2.  (A) The association (simple slope) between average time spent 
walking over 10  years and average performance on the digit symbol 
substitution test (DSST) for each parity group. (B) The association (simple 
slope) between average time spent walking over 10 years and annual rate 
of change on the DSST for each parity group. (a) Indicates the association 
was significant within that parity group. (b) Indicates the association was 
significantly different from the low parity group.
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to construct an estimated brain age, compared with nulliparity. 
Ning et al. (35) also found that 2–3 children were associated with 
better reaction time and fewer visual memory errors compared with 
nulliparity. Furthermore, moderate parity seems to be associated 
with the lowest risk of CVD (39). Thus it may be the case that mod-
erate levels of parity protect the brain from the negative effects of 
aging, and PA does not affect cognition above and beyond this.

Greater responsivity to PA is likely related to long-term al-
terations in brain plasticity. The specific underlying mechanisms 
through which parity influences brain plasticity in later life are cur-
rently unknown. However, in parous females, this may be related 
to endocrinological modulation. Sex steroid hormones such as es-
tradiol, progesterone, prolactin, oxytocin, and cortisol regulate 
neuroplasticity (44), and these hormones are altered during preg-
nancy, and the postpartum and have important implications for 
the brain in the long-term (7,9). Additionally, parity may exert a 
long-lasting effect on neuroplasticity through alterations in the im-
mune system (45). Pregnancy is considered to be a state of low-level 
inflammation and is accompanied by immune adaptations such as an 
increase in regulatory T cells during pregnancy (46). This alteration 
in inflammatory processes during pregnancy has long-term effects 
on the immune system (47) and research suggests these immune pro-
cesses affect brain health (45). In the nulliparous state, the lack of 
these immune adaptations due to pregnancy may lead an overly acti-
vated immune system after menopause, which has been proposed by 
the pregnancy-compensation hypothesis (48) and may negatively af-
fect brain health in older age. Additionally, other factors may be in-
volved, including differences in socioeconomic status, chronic stress, 
education level, and genetics. Furthermore, more targeted research 
is required to determine how different amounts of parity influence 
brain plasticity and how this in turn affects the relationship between 
PA and cognition in older age.

While the findings from the present study are compelling and sug-
gest previous parity has long-term consequences for the cognitive re-
sponse to PA in the form of self-reported walking, several limitations 
to the study design should be considered. The 2 groups that show 
the positive relationship between PA and cognitive performance also 
have the smallest sample size as would be expected. This may possibly 
lead to a small sample bias and could inflate the effects we are seeing. 
However, it is reassuring that we are seeing the same relationships 
across different cognitive tests in this study. While the covariates in-
cluded in our analysis are quite comprehensive, it is possible we have 
not been able to account for all possible confounding factors between 
previous parity and cognition. For example, while we do have infor-
mation regarding possible complications during each pregnancy de-
rived from participant recall, a more detailed assessment of medical 
documentation for each pregnancy would provide greater accuracy 
in the role of pregnancy complications on long-term cognitive health. 
The PA variable was derived from self-report time spent walking 
using a previously validated questionnaire adapted from Taylor (24). 
The participants in the current study spent on average between 76 
and 98 minutes walking per week. To put this in a broader context, 
the World Health Organization recommendation for healthy adults 
over 65 years of age is to engage in at least 150 minutes of moderate-
intensity aerobic PA throughout the week, which includes walking. 
Thus, on average, the participants in the study were engaged in less 
walking than is currently recommended, although it is feasible parti-
cipants were also engaged in other forms of aerobic PA. Therefore, a 
more objective measure of PA that assesses several aspects of PA would 
increase accuracy. It is important to note, however, that walking is the 
most common form of PA (49) and its use as a proxy for PA levels 
has been validated and successfully used in previous studies (see (1) 

for a review of this literature). Furthermore, previous work using the 
Health ABC study showed a moderate strength relationship between 
the self-reported time spent walking measure of PA and 3 quantita-
tive measures of PA. Additionally, the cognitive test utilized in this 
study, the DSST, is a well-known measure of processing speed and in 
more recent years has been shown to also measure aspects of execu-
tive functions (29). However, future studies should examine execu-
tive functions using a more comprehensive battery that includes more 
traditional tests such as the Trail Making Test and the Stroop test (50). 
And finally, the effect sizes associated with the effects seen in this study 
are relatively small. Thus, the findings of the present study should be 
taken with caution and considered preliminary as we await replication 
in larger studies with quantitively measured PA levels.

Conclusion

The positive relationship between PA and cognitive health in older 
age is stronger in females than males; however, little is known as to 
why the female brain may respond differently to PA than the male 
brain. The current study provides preliminary evidence that repro-
ductive history is involved in the greater cognitive response to PA in 
older females. Specifically, we saw a greater positive relationship be-
tween cognition and PA in the form of self-reported walking in older 
age in nulliparous females and grand multiparous females, 2 groups 
that are at greater risk of AD and cognitive impairment. These re-
sults were not related to differences in self-reported walking levels 
between parity groups. Taken together, these preliminary findings 
may have profound implications for the treatment of cognitive de-
cline with aging in parous versus nonparous females. Future studies 
should determine whether previous parity alters the effectiveness of 
interventions aimed at increasing PA to ameliorate cognitive decline 
in older women.
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