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A B S T R A C T   

Extended maternal age has been suggested as marker of delayed age-associated disabilities. We use the Long Life 
Family Study (LLFS) offspring generation to investigate the association between extended maternal age at last 
childbirth and healthy-aging endophenotypes. We hypothesize that women with extended maternal age at last 
childbirth will exhibit healthier endophenotype profiles compared to younger mothers. The association between 
maternal age and age-related endophenotypes previously derived in LLFS was assessed using Generalized Esti
mating Equations to adjust for relatedness. The quartiles of the maternal age at last childbirth were modeled as 
the independent variables. Univariate analyses tested the association between maternal age at last childbirth and 
age at clinical assessment, education, field center, Apolipoprotein E (APOE) genotype, depression, stress, 
smoking and successful pregnancies. Only the variables significantly associated in the univariate analyses were 
considered in secondary multivariate analyses. Univariate analyses showed that compared to older mothers (age 
at last birth ≥35), mothers 30 years old or younger at last childbirth are less educated (12 ± 3 years versus 13 ±
3 years) and have a higher frequency of smoking (9% versus 3% for maternal age ≥35). Results showed that 
older mothers (age at last birth ≥31–34 or ≥ 35) demonstrated significantly better cognitive profiles (p = 0.017 
and p = 0.021 respectively) compared with mothers with last childbirth age ≤30. Later maternal age among 
women from long-life families is associated with a better cognitive profile, supporting the hypothesis that later 
age at childbirth may be a marker for healthy aging.   

1. Introduction 

Much of the research on late maternal age has reported on the 
associated negative risks, i.e., older maternal age has been associated 
with increased probability of disorders such as Down syndrome, autism, 
or cancer [6,10,24] in their offspring as well as increased mortality risk 
for the mother. On the other hand, recent literature documents impor
tant benefits and advantages among children who are born to older 
parents. Studies in Swedish and British populations [7] adjusting for the 

secular trend of the time period have shown that children born to older 
mothers have higher cognitive abilities, and lower mortality. 

There is also a growing body of research on how childbearing at 
older ages affects the health and wellbeing of the mother. Advanced 
maternal age is also associated with a higher risk of pregnancy-specific 
complications, such as preeclampsia, intrauterine growth restriction, 
preterm birth, and stillbirth [5,23].The population-level improvements 
over the 20th century (increased life expectancy, and cognitive abilities 
among other factors) might counterbalance the risks associated with 
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advanced maternal age. Older maternal age can also be associated with 
socioeconomic resources that may help to alleviate the stress that comes 
with caring for a child [11]. 

Studies on the associations between women’s reproductive history 
and health outcomes such as disability, chronic diseases, and mental 
health [20] have shown that women entering motherhood at a young 
age exhibited poorer health outcomes and earlier mortality [5]. There 
are also social and behavioral factors implicated, i.e., younger mothers 
may live in poorer housing, have lower educational attainment and be 
more likely to engage in detrimental habits. In contrast, consistent 
findings from several research groups [1,8,13,16,21] have reported on 
the positive association between late maternal age and longevity, sug
gesting that extended maternal age at last childbirth may be a marker for 
healthy aging. 

In the present study, we use a Long Life Family Study sample to 
investigate whether women with extended maternal age at last child
birth have healthier profiles than women who gave birth to their last 
child at younger ages using previously reported LLFS healthy-aging 
endophenotypes [19]. 

2. Material and methods 

2.1. Study population 

LLFS is a longitudinal, family-based study (551 families consisting of 
two generations of 4,559 family members) to determine the genetic and 
phenotypic traits that increase the probability of survival to extreme 
ages and to determine the sub-phenotypes of exceptional survival. De
tails about study design can be found elsewhere [14,22]. In order to 
minimize the effect of secular trends across generations in childbearing, 
the analysis sample was restricted to the offspring generation. 

2.2. LLFS age-related endophenotypes 

We used the age-related biomarker constructs previously described 
in the LLFS cohort [19]. Briefly, results from factor analysis conducted in 
LLFS’ participant’s phenotypic data for 28 traits revealed five different 
age-related endophenotypes (LLFS factors, LFs): LF1 was dominated by 
physical activity and pulmonary function measures, LF2 loaded with 
metabolic measures, LF3 consisted of cognitive traits, LF4 reflected 
blood pressure related traits, and LF5 largely comprised of cardiovas
cular traits. 

2.3. Statistical analysis 

Differences in the degrees of association between maternal age and 
the age-related endophenotypes we assessed using General Linear 
Models in Generalized Estimating Equations (GEE) to adjust for differ
ences in family size and relatedness among LLFS participants. The five 
age-related endophenotypes (LF1: cognition, LF2: physical_pulmonary, 
LF3: metabolic_cardiovascular, LF4: blood pressure and LF5: cardio
vascular) were modeled separately as the dependent variable. We clas
sified maternal age at last childbirth into 4 quartiles: Quartile 1 (Q1: 
≤27 years old), Quartile 2 (Q2: 28–30 years old), Quartile 3 (Q3: 31 to 
34 years old) and Quartile 4 (Q4: ≥35 years old). We excluded one 
person whose age at last birth was <20. Based on the limited sample 
size, we expect that the association effects will be modest and will be 
more evident when using quartiles of maternal age. To examine whether 
mothers who had their last birth at older age had healthier aging profiles 
in the five aging domains, quartiles of maternal age were categorized 
using a dosage model: quartiles 1 and 2 were considered as the reference 
group (coded as 0); quartiles 3 and 4 were coded as 1 and 2 respectively. 
Years of education was categorized into less than high school (<12 
years) or high school completion or higher (≥12 years). As an indicator 
of socio-economic status, we used the question: “During most of your 
life, how hard was it for you and your family to pay for the very basics 

(food, clothing and housing)”. The five possible categories (hard, very 
hard, fine, easy and very easy) were dichotomized into low (hard, and 
very hard) and medium/high socioeconomic status (fine, easy, and very 
easy). 

Univariate analyses were adjusted for age at clinical assessment, 
education, field center, the presence/absence of the Apolipoprotein E 
(APOE) e4 allele due to its reported association with poorer cognition 
[15], depression, smoking, stress (all self-reported diagnosis and coded 
as dichotomous variables), and number of successful pregnancies. Only 
the variables significantly associated in the univariate analyses (age, 
education, field center, smoke and number of pregnancies) were 
considered in secondary multivariate analyses. The same multivariate 
models were additionally performed in an analysis stratified by educa
tion categories. 

The characteristics of the LLFS sample stratified by quartiles of the 
maternal age at last child are provided in Table 1. 

We did not find any significant differences in the frequencies of 
APOE_E4 allele, depression and stress when comparing mothers in the 
first two quartiles of the age at last childbirth distribution with mothers 
in the third and fourth quartiles. We found a significantly higher fre
quency of smoking among mothers who were young at last childbirth 
(≤30 years old) when compared with those having children at later ages, 
9% versus 3% (p < 0.001). Variables found to be significantly associated 
with quartiles of maternal age in the univariate analyses were used as 
covariates in generalized estimated equations analyses (age, education, 
field center, smoking and number of successful pregnancies). 

Results from generalized estimated equations analysis (Table 2) 
showed that compared with younger women (age at childbirth ≤30 
years), women 31 or 35 years of age at last childbirth showed signifi
cantly better cognitive function (p = 0.017 and p = 0.021, respectively). 
Younger mothers at childbirth exhibited average cognitive scores 2.5 
times lower than women aged 35 or older at childbirth (0.23 ± 0.11 
versus 0.58 ± 0.14). None of the other age-related endophenotypes 
appeared associated with maternal age. Results stratifying by education 
also demonstrated a significant association between childbirth at older 
ages (31 or 35 years) and better cognitive performance (Exp(B) = 1.65, 
95% Confidence Interval = 1.05–2.60, p = 0.031 and Exp(B) = 1.44, 
95% C.I. = 1.00–2.06, p = 0.046, respectively) within the completion of 
highschool or higher strata (n = 793). Results within the less educated 
group also showed the same direction of association although did not 
reach significance; possibly due to limited sample size (n = 389). 

3. Discussion 

Our results suggest that extended maternal age among women from 
long-life families is associated with better cognitive health at older ages. 
Several studies [9,17,18] investigating the association between timing 
of birth with cognitive function have also reported that older age at last 

Table 1 
Characteristics of the LLFS study sample (N = 1,185) stratified by quartiles of 
age at last child.  

variables q1 ± q2 q3 q4 p 

N 613 322 250  
maternal age (min–max, 

avg ± SD) 
20–30, 27 
± 3 

31–34, 32 
± 1 

35–47, 36 
± 2  

<0.001 

current age (avg ± SD) 62 ± 8 60 ± 3 59 ± 9  <0.001 
high school education (%) 60 70 80  <0.001 
low socioeconomic status 

(%) 
9 7 9  0.351 

APOE_e4 (%) 21 21 21  0.962 
depression (%) 18 23 24  0.106 
smoking (%) 9 6 3  0.002 
stress (%) 24 21 27  0.757 
number of pregnancies 

(avg ± SD) 
2 ± 1 2 ± 1 3 ± 1  <0.001 

q1, q2, q3 and q4 represent the quartiles of the maternal age at last child. 
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birth was associated with better cognitive functioning in mothers. 
We have previously reported on the role of cognitive performance as 

an indicator of healthy aging, i.e., showing that offspring of probands 
from the Long Life Family Study (LLFS) showed better cognitive per
formance on multiple cognitive tasks compared with individuals 
without a family history of longevity [4]. Additionally, we demonstrated 
that exceptional episodic memory performance strongly aggregates in 
the LLFS families [3] and that this might be genetically modulated [2]. 

Previous studies of associations between older maternal age and 
longer survival suggest that slower aging of the reproductive system and 
a delay in or escape from aging related diseases that adversely impact 
upon fertility translates into overall slower aging and compression of 
aging related disability and diseases (including Alzheimer’s disease) 
towards the end of extreme old age [16]. Others have hypothesized that 
longer estrogen exposure is beneficial for cognitive function. Human and 
animal studies have shown that estrogen has a significant role in overall 
brain health and cognitive function, suggesting its role in promoting 
memory and learning [12]. The associations remained significant even 
after adjusting for a number of factors (health, activities, social contacts, 
socio-economic factors, etc.). 

The study has some limitations. First, the limited sample size of the 
study may account for the lack of association between maternal age and 
the other age-related endophenotypes considered (physical and pul
monary, metabolic blood pressure and cardiovascular traits). Second, 
because the measures of cognitive performance are crossectional, we 
cannot exclude the possibility that older women at childbirth have a 
better cognitive profile at first visit compared to younger mothers. 
Third, our analyses were restricted to the LLFS offspring generation, 
while the age-related endophenotypes were originally derived 

considering both LLFS generations, which might have influenced the 
results. Fourth, accuracy of the effect of depression and stress variables 
used as covariates in the analyses might be affected due to their self- 
reported diagnosis. Follow-up studies in larger and ethnically diverse 
populations should be undertaken to replicate our results. 

These findings are also consistent with the hypothesis that women 
who successfully have children at older age have protective genetic 
variants that slow aging and may contribute to their later maternal age. 

4. Ethics approval and consent to participate 

Recruitment, informed consent and study procedures were approved 
by the Institutional Review Boards of all participating sites. 
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Table 2 
Generalized estimated equations secondary analysis results of maternal age’s quartiles and age-related endophenotypes.  

domain Parameter B SE Exp(B) p q1 ± q2 q3 q4 

Cognition q3  0.48  0.20  1.61  0.017 0.23 ± 0.11 0.58 ± 0.14 0.70 ± 0.17  
q4  0.36  0.15  1.43  0.021     
age  − 0.09  0.01  0.92  0.000     
education  1.13  0.18  3.10  0.000     
site  0.25  0.09  1.28  0.004     
smoke  0.00  0.31  1.00  1.000     
no. pregnancy  − 0.12  0.07  0.89  0.092    

Physical_Pulmonary q3  0.23  0.15  1.26  0.120 − 2.74 ± 0.08 − 2.53 ± 0.11 − 2.52 ± 0.12  
q4  0.22  0.13  1.24  0.093     
age  − 0.17  0.01  0.85  0.000     
education  0.46  0.14  1.59  0.001     
site  − 0.46  0.06  0.63  0.000     
smoke  − 0.38  0.26  0.68  0.145     
no. pregnancy  0.01  0.06  1.01  0.834    

Metabolic_Cardiovascular q3  − 0.14  0.23  0.87  0.535 − 0.89 ± 0.13 − 0.99 ± 0.15 − 1.03 ± 0.20  
q4  − 0.10  0.19  0.90  0.585     
age  0.06  0.01  1.06  0.000     
education  − 0.91  0.19  0.40  0.000     
site  0.28  0.09  1.32  0.001     
smoke  0.18  0.33  1.19  0.591     
no. pregnancy  0.24  0.09  1.27  0.007    

Blood Pressure q3  − 0.28  0.19  0.75  0.134 0.42 ± 0.10 0.29 ± 0.12 0.14 ± 0.15  
q4  − 0.14  0.16  0.87  0.393     
age  0.10  0.01  1.10  0.000     
education  − 0.56  0.15  0.57  0.000     
site  − 0.41  0.07  0.66  0.000     
smoke  0.34  0.29  1.40  0.246     
no. pregnancy  − 0.01  0.07  0.99  0.861    

Cardiovascular q3  − 0.16  0.17  0.86  0.344 0.33 ± 0.09 0.24 ± 0.10 0.17 ± 0.14  
q4  − 0.09  0.14  0.91  0.507     
age  0.02  0.01  1.02  0.028     
education  − 0.15  0.13  0.86  0.251     
site  − 0.56  0.06  0.57  0.000     
smoke  0.12  0.29  1.13  0.664     
no. pregnancy  − 0.04  0.06  0.96  0.528    

Quartiles of maternal age were categorized using a dosage model: quartiles 1 and 2 were considered as the reference group (coded as 0); quartiles 3 and 4 were coded as 
1 and 2 respectively. The last three columns represent the average and standard deviation values of the corresponding age-related endophenotype for each of the 
maternal age quartiles (q1 ± q2, q3 and q4). 
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