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ABSTRACT

Objectives: Women are frailer than men across different populations and age groups.
However, the mechanisms are still not fully understood. One possible cause is pregnancy and
motherhood. The objectives of this study were to examine trajectories of Frailty Index over
time according to the number of pregnancies and to make a comparison between women and
men.

Design: A prospective study with repeated measures over 14 years.

Setting and participants: Community-dwelling older people (2060 women and 1985 men)
aged 60 years or more in England.

Methods: The number of pregnancies was calculated as a sum of the number of live births
and the number of miscarriages, still-births or abortions. The Frailty Index (FI) was
constructed using 60 deficits and repeatedly calculated every 2 years over 14 years. Baseline
mean FI was compared between women and men. Trajectories of FI according to the number
of pregnancies were estimated by a mixed-effects model.

Results: At baseline, women (mean FI=0.15) were frailer than men (mean FI=0.12). A
mixed-effects model adjusted for age, smoking, alcohol use, education and wealth showed
that FI increased over time for both women and men. Among women, a higher number of
pregnancies was significantly associated with a higher FI (Estimate=0.0047, 95% confidence
interval (CI)=0.0020-0.0074). Men had the lowest trajectory of FI (fittest), just below the
trajectory of women with no pregnancy.

Conclusions and implications: The current study showed that a higher number of
pregnancies was significantly associated with a higher degree of frailty at baseline and over
time. Pregnancy and child-rearing may explain some of the observed excess risk of frailty in
women compared to men. Pregnancy-related factors, such as pregnancy loss, types of
delivery, length of pregnancy, childbearing and childrearing, should be examined in relation
to frailty in future studies.



INTRODUCTION

Frailty is a geriatric syndrome characterised by an age-related decline in multiple body
systems and decreased physiological reserve.! This condition also leads to poor resolution of
homeostasis.! Therefore, frail individuals are highly predisposed to multiple adverse health
outcomes, such as falls,? disability,>* fractures,’ dementia® and death.”” Frailty is also
associated with higher use of healthcare resources'®!? and higher healthcare costs.'* Thus,
frailty not only significantly impacts elderly people but also challenges societies and
healthcare systems.!®> Due to the global population ageing, an unprecedented demographic
shift towards an elderly population is ongoing.'® With the number of frail elderly people
expected to increase, the importance of frailty has been highlighted as a major public health
priority.!>!7

Gender differences exist in frailty. Although women live longer than men, women are more
likely to have morbidities and disabilities.'® In terms of frailty, women are frailer than men
across different populations,'®?° and this gender difference persists in all age groups.?!
Despite attempts by previous studies to explain the gender-frailty paradox by focusing on
environmental, lifestyle, psychological or evolutionary factors,?? the mechanisms are still not
fully understood. One possible and plausible factor is reproductive history. Pregnancy is an
important event in the life of women, involving multiple adaptations.?® During pregnancy,
women tend to eat differently, gain weight and exercise less,** and can be affected physically
and psychologically in various ways.>> Some of the consequences may persist in their later
life.?® A recent systematic review and meta-analysis paper involving over 150 thousands
participants from 10 studies showed a significant association between the number of parity
and cardiovascular risk.?’

The only published cohort study on this topic examined cross-sectional associations between
lifetime parity and frailty status in approximately 1,000 elderly women aged 64-75 years.
However, the results were not statistically significant.® No longitudinal studies were found.?®
Given the limited evidence, the associations between reproductive history and frailty require
further investigation. The objectives of this study were to examine frailty trajectories over
time according to the number of pregnancies (live and non-live births together and
separately) among community-dwelling elderly women. We also examined how differently
live births and non-live births affected frailty risk.

METHOD

Design and Population

The English Longitudinal Study of Ageing (ELSA) is a panel study of a nationally
representative cohort of community-dwelling men and women aged >50 years in England.?
ELSA was launched and the first wave (wave 1) took place in 2002-2003. The initial
participants were recruited from households participating in the Health Survey for England
(HSE), an annual cross-sectional survey designed to monitor the health of the general
population in England.*® Subsequent waves were held at a 2-year interval to collect follow-up
data.” Ethical approval for the ELSA study was granted by the National Research and Ethics
Committee, and informed consent was obtained from all participants.?

Among 3,955 women aged 60 or older at the baseline of wave 1, 78 women were excluded
due to missing frailty data at wave 1 and 1,817 women were excluded due to missing data on

reproductive history, leaving 2,060 women as an analytic sample for this study.

Predictor variable: the number of pregnancies



The related information was obtained during the life history interview at wave 3 in 2006. The
number of pregnancies was calculated as a sum of the number of children whom a woman
had given birth to (the number of live births) and the number of miscarriages, still-births, or
abortions (the number of non-live births). The number of adopted children, foster children,
and step children of a partner were not considered.

Outcome variable: trajectory of frailty

The Frailty Index (FI) was used to estimate the frailty status of each participant and was
measured repeatedly at waves 1 to 8 over 14 years. The FI was constructed according to a
standard procedure used in previous studies’! at each wave using 60 health deficits, which are
summarised in Supplementary Table 1. The health deficits considered were disabilities,
diseases, symptoms, or signs that covered a range of systems, were biologically sensible,
accumulated with age, and that did not peak out at early ages, such as presbyopia occurring
mostly by 55 years.! Each of the deficits was scored as 1 if the deficit was present and 0 if
absent, or graded between 0 and 1 to describe the severity of the deficits. The FI was
calculated by adding the scores of the deficits and dividing by the total number of the deficits
available for each participant.’! Missing deficits were excluded from both the numerator and
denominator. The FI can range from 0 (no deficit) to 1 (maximum deficits present). For
example, if a participant has 14 deficits present, 42 deficits absent, and missing data for 4
deficits, the FI can be calculated as 14/(14+42)=0.25.

Covariates

Covariates considered in this study included age, smoking, alcohol use, education, and
wealth, and were obtained through the interview at wave 1. Age was categorised into five
groups: 60-64, 65-69, 70-74, 75-79 and 80+ years old. Smoking was categorised into three
groups: never smokers, past smokers and current smokers. Alcohol use was categorised into
three groups: not at all/special occasions only, once a month to twice a week and almost daily
or more. Education was categorised into three groups: higher education (national vocational
qualification (NVQ) level 4, level 5, degree or equivalent), intermediate education (NVQ
level 1/Certificate of Secondary Education equivalent, level 2/General Certificate of
Education (GCE) O level equivalent, level 3/ GCE A level equivalent, higher education
below degree, or foreign/other qualification) and no qualification. Wealth was measured as
quintiles of total net wealth, including savings, investments, business wealth, and housing
wealth, deducting financial debt and mortgage debt.

Statistical Analysis
Mean and standard deviation of FI at Wave 1 was calculated according to socio-demographic
variables at Wave 1.

Trajectories of frailty over waves 1 to 8 according to the number of pregnancies were
estimated by a mixed-effects model with a person-specific random intercept and slope (Stata
“xtmixed” command), assuming an unstructured covariance matrix among repeated
measurements. Linear and quadratic terms for time were tested to account for non-linear
frailty trajectories over time. A better fitting with the quadratic terms for time was confirmed
based on the likelihood-ratio tests. The FI scores at waves 1 to 8 were treated as a time-
variant continuous variable. The number of pregnancies and covariates were treated as time-
invariant variables. Models were adjusted for age, smoking, alcohol use, education, and
wealth. An interaction terms between time and variable, such as the number of pregnancies,
education and wealth, were tested.



In supplementary analyses, the number of live births and the number of non-live births were
entered into the fully adjusted models separately as well as altogether.

All statistical analyses were performed using StataSE 14 (StataCorp LP, College Station,
Texas, USA) and were based on 2-tailed tests with the significance level set at 0.05.

RESULTS

Table 1 presents the baseline characteristics of 2,060 older women. The number of women
with no, 1, 2, 3, 4 and 5+ pregnancies was 254, 256, 612, 482, 250 and 206, respectively. The
number of women who had the FI at each of waves 1 to 8 were 2,060, 2,004, 2,056, 1,788,
1,601, 1,410, 1,188 and 1,188, respectively. The mean FI at each wave was 0.15 [standard
deviation (SD)=0.11], 0.17 (SD=0.12), 0.18 (SD=0.12), 0.18 (SD=0.12), 0.20 (SD=0.13),
0.20 (SD=0.13), 0.20 (SD=0.13) and 0.18 (SD=0.13), respectively. The number of women
who had 1, 2, 3, 4, 5, 6, 7 and 8 measurements of the FI were 0, 12, 207, 226, 211, 237, 67
and 1,100, respectively.

Table 2 shows that estimated coefficients of mixed-effects models predict changes in FI over
time, adjusted for age, smoking, alcohol use, education and wealth. Figure 1 graphically
depicts the trajectories of estimated FI who were between the ages of 60 and 64, never
smokers, non-drinkers, with no educational qualification and in the lowest wealth quintile,
according to the number of pregnancies. FI was estimated to increase over time. A higher
number of pregnancies was significantly associated with a higher degree of frailty (more
frail). One increase in the number of pregnancies was associated with an approximately 0.005
increase in FI (Estimate 0.0047, 95%CI1=0.0020-0.0074, Standard error=0.0014). The
interaction terms were observed for education and wealth. The FI trajectories with higher
education and higher wealth were less steep (slower frailty progression). The interaction term
between time and the number of pregnancies was non-significant, which suggests that the
trajectory of FI did not change by the number of pregnancies.

As a supplementary analysis, instead of the number of pregnancies, the number of live births
and the number of non-live births were entered into the fully adjusted model. Both the
number of live births and non-live births were positively associated with FI. The effect of the
number of non-live births (Estimate 0.0090, 95%CI1=0.0029-0.0151, Standard error=0.0031,
p<0.01) was twice stronger than that of the number of live births (Estimate 0.0041,
95%CI=0.0010-0.0072, Standard error=0.0016, p=0.01). When both variables were entered
into the same model, they were still associated with FI independently (live birth: Estimate
0.0036, 95%CI=0.0005-0.0068, Standard error=0.0016, p=0.02, non-live birth: Estimate
0.0082, 95%CI=0.0021-0.0143, Standard error=0.0031, p<0.01).

DISCUSSION

The current study of English community-dwelling older women showed that a higher number
of pregnancies was significantly associated with a higher degree of frailty over time. One
extra pregnancy was associated with 0.0047 increase in FI, which means approximately 3-4
pregnancies correspond to 1 deficit. Both the higher number of pregnancies of live births and
non-live births were also associated with frailty separately and independently.

It is not completely understood why women with a higher number of pregnancies were frailer
in their old age. A higher number of pregnancies has been shown to be associated with
increased adiposity, increased insulin resistance, decreased glucose tolerance, and elevated
inflammation,>** and been linked to an increased risk of diabetes®**> and some types of



cancer.’®*” However, the number of pregnancies was inversely associated with developing
breast cancer.*® Some women experience complications during pregnancy, such as gestational
diabetes, hypertensive disorder, pre-eclampsia and psychological problems, and those women
are at increased risk of developing cardiovascular and metabolic diseases in later life."*!
Women with multiple pregnancies may have larger families, which could cause accumulated
stress of childrearing, economic costs and role overload.** These factors can have complex
impacts on women’s health and may increase the risk of frailty.

Although there is very little evidence regarding the association between the number of
pregnancies and frailty risk, multiple studies have focused on the effects of women’s
reproductive factors on other health outcomes. In particular, parity has been extensively
studied. Dose-response meta-analysis studies showed that higher parity was linearly
associated with higher risk of diabetes®* and cardiovascular disease®’ while a J-shaped
association was observed between parity and mortality with the lowest mortality risk
reduction for those with 3-4 parity.*?

This study also shows that effects of non-live birth on frailty was more than twice than that of
live birth (Estimates 0.0090 vs 0.0041). It should be noted that non-live birth is different from
live birth in many ways. Non-live births would not be followed by child-rearing and, if
miscarriage or abortion, the duration would be shorter than pregnancy of live birth. However,
women with miscarriage may have had a higher risk of frailty due to underlying poor health
status.** Women who had a non-live birth may have been exposed to unhealthy lifestyle
factors, such as smoking or obesity.*>*¢ All of these factors are risk factors for both
miscarriage and frailty, and may have increase the association between pregnancy and frailty
risk.

Furthermore, loss of baby can be a traumatic event for women and can cause emotional
distress. Pregnancy loss is shown to be associated with anxiety, depression or post-traumatic
stress disorder.*’” These psychological issues may persist and have long-lasting impacts on
mental wellbeing that increase frailty risk.

In this cohort of English older people, pregnancy was significantly associated with frailty in a
dose-response manner. Therefore, pregnancy may explain some of the gender differencee.
Other potential pathophysiology of the higher frailty risk in women includes women’s higher
risks of disability and sarcopenia and higher social vulnerability.* A combination of many of
these factors can be responsible for the gender differences in frailty.

The strengths of the current study are use of data from a nationally representative sample of
English older women in the community, the size of the cohort and the prospective study
design. FI was constructed using 60 deficits based on standardised procedures.’! The analyses
were controlled for a range of important confounders. Supplementary analysis was conducted
to explore how frailty status was affected by the consequences of pregnancies (live births vs
non-live births).

However, this study is not without limitations. First, the ELSA cohort used in this study was
mainly white older women in England and the findings may not be generalisable to other
populations or settings. Second, the reproductive history was self-reported, therefore the data
may be subject to recall bias. However, it has been shown that the self-reported reproductive
history is accurate.*” Third, types of delivery for live births and length of pregnancy for non-
live births could have affected the frailty risks but these data were not available. Fourth, in



the current study, frailty was defined by the Frailty Index. In contrast to the frailty phenotype,
the Frailty Index is an objective measure of accumulating deficits rather than a physiological
measure.>’

Conclusions and Implications

This study using a representative cohort of community-dwelling older women in England
showed that a higher number of pregnancies was significantly associated with a higher degree
of frailty at baseline and higher frailty trajectories over time. These findings are to be
confirmed in other populations to enhance understanding of associations between pregnancy
and frailty. Pregnancy-related factors, such as types of pregnancy loss, delivery, length of
pregnancy, childbearing and childrearing, should also be examined in relation to frailty,
which will lead to further elucidating the underlying gender disparity in frailty.
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Figure 1. Estimated trajectories of the FI over 14 years according to the number of
pregnancies.
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The FI was estimated for women who were aged 60-64, never smokers, non-drinkers, with no
qualification and in the lowest wealth quintile.
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Table 1. Baseline characteristics of 2,060 older women in England from the English
Longitudinal Study of Ageing (ELSA).

Variable* n=2,060 artn\e)\e;;lvl:Il
Number of pregnancies (riﬁsg: 01_17 4) -
None 254 (12.3%) 0.14+0.10
1 pregnancy 256 (12.4%) 0.16 + 0.11
2 pregnancies 612 (29.7%) 0.14+0.11
3 pregnancies 482 (23.4%) 0.14+0.11
4 pregnancies 250 (12.1%) 0.16 + 0.12
5 pregnancies or more | 206 (10.1%) 0.19+0.14
Age group
60-64 532 (25.8%) 0.12+0.11
64-69 542 (26.3%) 0.13+0.10
70-74 448 (21.8%) 0.16 +0.12
75-79 284 (13.8%) 0.16 +0.12
80+ 254 (12.3%) 0.19+0.12
Smoking
Current smoker 269 (13.1%) 0.16 +0.12
Past smoker 827 (40.2%) 0.16 +0.11
Never smoker 964 (46.8%) 0.14+0.11
Alcohol
None or occasionally 836 (40.6%) 0.17+0.13
1/month-2/week 765 (37.1%) 0.13+0.10
almost daily or more 459 (22.3%) 0.13+0.10
Wealth
Richest 433 (21.3%) 0.11 +0.09
2nd 426 (20.9%) 0.13+0.10
3rd 429 (21.1%) 0.15+0.10
4th 389 (19.0%) 0.17+0.12
Sth 362 (17.8%) 0.21+0.13
Education
Higher education 138 (6.7%) 0.11 +0.08
Intermediate 891 (43.3%) 0.13+0.10
No qualification 1,030 (50.0%) 0.17+0.12

* Mean + standard deviation or n (%). Percentages may not sum to 100% due to rounding. FI:

Frailty Index
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Table 2. Changes in the Frailty Index over 14 years (waves 1 to 8) among 2,060 older
women by the number of pregnancies.

Estimate SE 95% confidence interval  p value
lower upper
Intercept 0.1553 0.0090 0.1377 0.1728 <0.001
Time 0.0181 0.0008 0.0165 0.0197 <0.001
Time? -0.0010 0.0001 -0.0012 -0.0008 <0.001
Number of pregnancies 0.0047 0.0014 0.0020 0.0074 0.001

SE: Standard error. Model is adjusted for age group, smoking, alcohol use, education and
wealth.
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Supplementary Table 1. A list of 60 deficits used to calculated the FI.

1 | Difficulty with walking 100 yards No=0, Yes=1
2 | Difficulty sitting for about two hours No=0, Yes=1
3 | Difficulty getting up from a chair after sitting for long periods No=0, Yes=1
4 | Difficulty climbing several flights of stairs without resting No=0, Yes=1
5 | Difficulty climbing one flight of stairs without resting No=0, Yes=1
6 | Difficulty stooping, kneeling, or crouching No=0, Yes=1
7 | Difficulty reaching or extending arms above shoulder level No=0, Yes=1
8 | Difficulty pulling or pushing large objects like a living room chair No=0, Yes=1
9 | Difficulty lifting or carrying weights over 10 pounds, like a heavy bag No=0, Yes=1
10 | Difficulty picking up a 5p coin from a table No=0, Yes=1
11 | Difficulty dressing, including putting on shoes and socks No=0, Yes=1
12 | Difficulty walking across a room No=0, Yes=1
13 | Difficulty bathing or showering No=0, Yes=1
14 | Difficulty eating, such as cutting up your food No=0, Yes=1
15 | Difficulty getting in or out of bed No=0, Yes=1
16 | Difficulty using the toilet, including getting up or down No=0, Yes=1
17 | Difficulty using a map to figure out how to get around in a strange place No=0, Yes=1
18 | Difficulty preparing a hot meal No=0, Yes=1
19 | Difficulty shopping for groceries No=0, Yes=1
20 | Difficulty making telephone calls No=0, Yes=1
21 | Difficulty taking medications No=0, Yes=1
22 | Difficulty doing work around the house or garden No=0, Yes=1
23 | Difficulty managing money, (e.g. paying bills and keeping track of expenses) No=0, Yes=1
24 | High blood pressure or hypertension (self-reported) No=0, Yes=1
25 | Angina (self-reported) No=0, Yes=1
26 | Heart attack (including MI or coronary thrombosis) (self-reported) No=0, Yes=1
27 | Congestive heart failure (self-reported) No=0, Yes=1
28 | A heart murmur No=0, Yes=1
29 | An abnormal heart rhythm (self-reported) No=0, Yes=1
30 | Diabetes or high blood sugar (self-reported) No=0, Yes=1
31 | A stroke (cerebral vascular disease) (self-reported) No=0, Yes=1
32 | Chronic lung disease such as chronic bronchitis or emphysema (self-reported) No=0, Yes=1
33 | Asthma (self-reported) * No=0, Yes=1
34 | Arthritis (including osteoarthritis , or rheumatism) (self-reported) No=0, Yes=1
35 | Osteoporosis, sometimes called thin or brittle bones (self-reported) No=0, Yes=1
36 | Cancer or a malignant tumor (excluding minor skin cancers) (self-reported) No=0, Yes=1
37 | Parkinson's disease (self-reported) No=0, Yes=1
38 | Any emotional, nervous or psychiatric problems (self-reported) * No=0, Yes=1
39 | Alzheimer's disease (self-reported) No=0, Yes=1

Dementia, organic brain syndrome, senility or any other serious memory

excellent=0, very good=0.2,

40 impairment (self-reported) g?od:0.4, fair=0.6, poor=0.8,
ind=1

41 | Self-reported eyesight (while using lenses, if appropriate) gN(?o_d(i(;( 5??5#!8_?%?%%%?3125,
42 | Self-reported hearing (while using hearing aid if appropriate) No=0, Yes=1

43 | Whether respondent has fallen down at all /last year /last 2years No=0, Yes=1

44 | Whether respondent has fractured hip ever /in last 2 years No=0, Yes=1

45 | Whether respondent has had joint replacement ever Yes=0, No=1

46 | ldentify today's date: day of month Yes=0, No=1

47 | ldentify today's date: month Yes=0, No=1

48 | Identify today's date: year Yes=0, No=1

49 | Identify the day of the week? No=0, Yes=1
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50 | Often troubled with severe pain

51 | Lost any urine beyond your control in last 12 months No=0, Yes=1
52 | Whether respondent has felt depressed much of the time during past week No=0, Yes=1
53 | Whether respondent felt everything they did during the past week was an effort No=0, Yes=1
54 | Whether respondent felt their sleep was restless during the past week No=0, Yes=1
55 | Whether respondent was happy much of the time during the past week Yes=0, No=1
56 | Whether respondent felt lonely much of the time during the past week No=0, Yes=1
57 | Whether respondent enjoyed life much of the time during the past week * Yes=0, No=1
58 | Whether respondent felt sad much of the time during the past week No=0, Yes=1
59 | Whether respondent could not get going much of the time during the past week No=0, Yes=1

60

General health

Very good=0, Good=0.25,
Fair=0.5, Bad=0.75, Very bad=1
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