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Abstract

Background—There is growing interest in public health strategies to modify dementia risk in
midlife to reduce the burden of cognitive impairment in subsequent decades. Risk reduction
messages should include key recommendations for women in response to the high prevalence of
dementia observed in this population. Midlife is a critical period for dementia-related brain
changes and psychosocial crises. Psychological well-being can improve resilience to crises, yet it
is not well understood with respect to dementia risk reduction.

Objective—This study aimed to examine the association between midlife psychological well-
being and cognitive function in later life in women.

Methods—The study included 703 women from the British 1946 birth cohort in the Medical
Research Council’s National Survey of Health and Development. Psychological well-being at 52
years was assessed using the Ryff Scales of Psychological Well-being over six dimensions:
autonomy, environmental mastery, personal growth, positive relations with others, purpose in life,
and self-acceptance. Cognitive function at 69 years was measured using the Addenbrooke’s
Cognitive Examination, Third Edition.

Results—After controlling for cognitive ability at eight years, educational attainment by 26
years, occupational attainment and marital status by 53 years, depression, smoking, and physical
exercise at 60-64 years, there was a significant association between greater personal growth and
lower self-acceptance at 52 years, and better cognition at 69 years. However, there was no
association between cognition and the other four Ryff scales.

Conclusion—Most aspects of midlife psychological well-being, except for personal growth and
self-acceptance, were not prospectively associated with cognition.
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Introduction

With the global prevalence of dementia expanding rapidly, dementia risk reduction has
emerged as a public health priority [1]. While dementia occurs mostly in older people,
multiple risk factors exert varying influences throughout the life course [2—4]. In the absence
of a cure for dementia, it is important that policy-makers promote evidence-based risk
reduction messages that help individuals to take positive action. In particular, dementia
affects a higher number of women than men, and they account for 60% of the global ageing
population [5]. Risk reduction messages should include key recommendations for women in
response to the high prevalence of dementia in this group.

There is growing interest in modifying midlife risk factors to reduce the burden of cognitive
impairment and dementia in subsequent decades. Midlife is seen as a crucial period at the
beginning of dementia-related brain changes and cognitive ageing [6]. Recent reviews of
modifiable risk factors have highlighted physical activity and management of cardiovascular
risk factors [4,7], which are at the center of health-promotion activities. However, during
midlife, people experience psychosocial crises due to increased financial and caregiving
responsibilities and decline in physical health [8]. Psychological well-being can build
resilience in the face of these crises. However, relatively little is known about psychological
well-being in this context. This could modify the impact of stress on the brain and
compensate for the long-term negative effects of early adversity during adjustment to ageing
[9]. In addition, the identification of midlife psychological factors that influence dementia
risk could help policymakers to improve public messages in this context [10,11]. Identifying
the domain of psychological well-being associated with cognitive function in later life will
help to improve public health strategies for the health promotion of middle-aged women
who face midlife crises.

Previous studies have found mixed results regarding the associations between cognitive
functioning and psychological well-being in older adults. Although an overall higher level of
psychological well-being has been associated with better cognitive function [12], more
recent studies suggest that specific domains, rather than overall well-being, are related to
cognitive function, including negative affect [13], positive affect [14], and purpose in life
[15-17]. These mixed results may have been due to the inability to control for childhood
cognitive ability, which is a strong predictor of cognitive ability at later life [18]. The
Medical Research Council (MRC) National Survey of Health and Development (NSHD,
British 1946 birth cohort) is the oldest British birth cohort study [19] and measures
psychological development, cognitive function, and lifestyle. Using this population, we
investigated associations between midlife psychological well-being and women’s cognitive
function in later life. We hypothesized that greater psychological well-being was
significantly associated with better cognitive function. However, a key question is whether
this association is adequately robust to control for childhood cognitive ability.
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Materials and Methods

Study design

Setting

Participants

The study used an observational longitudinal design.

The NSHD originally consisted of a socially stratified sample of 5,362 singleton children
(girls: n = 2,547; boys: n = 2,815) born within marriage during one week in March in 1946
in mainland Britain [20]. The cohort has been followed up 23 times from birth to 69 years.

Participants for the present study were women (1) who responded to the questionnaire
including the psychological well-being items at age 52 [21], and (2) who received a home
visit from a research nurse and completed the assessment of cognitive function at age 69
[22]. A flow chart of sample extraction is presented in Figure 1.

The maximum sample in the analysis was 703, and these participants provided at least one
dimension of psychological well-being at 52 years, undergoing an assessment of cognitive
function at 69 years. We included all participants with any missing data on covariates.

Measurement

The main outcome variable was cognitive function at 69 years. Addenbrooke’s Cognitive
Examination, Third Edition (ACE-111), was administered at home. The ACE-Ill is a
cognitive screening battery commonly used in clinical practice to detect risk of Alzheimer’s
disease and cognitive impairment [23]. It is scored across varying cognitive subdomains,
with a maximum total score of 100. A higher score signifies better cognitive function. The
ACE-III has been reported to have a good validity [24].

The main explanatory variable was psychological well-being at 52 years. This was assessed
using a 42-item version of the Ryff Scales of Psychological Well-being. The scale includes
seven questions within each of six dimensions: autonomy, environmental mastery, personal
growth, positive relations with others, purpose in life, and self-acceptance. In total, 20 and
22 items are positively and negatively worded, respectively. The response format is six
ordered levels labelled from “disagree strongly’ to ‘agree strongly’ [25]. Total scores for the
dimensions range between 7 and 42, with higher scores indicating greater well-being. The
Ryff Scales have a satisfactory validity [21]. Definitions of dimensions are described below
[26]:

Autonomy. the respondent is self-determined and independent; able to resist social pressures
to think and act in certain ways; regulates behavior from within; and evaluates self by
personal standards.

Environmental mastery. the respondent has a sense of mastery and competence in managing
their environment; controls a complex array of external activities; makes effective use of
surrounding opportunities; and is able to choose or create contexts suitable to their personal
needs and values.
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Personal growth. the respondent has a feeling of continued development; sees self as
growing and expanding; is open to new experiences; has a sense of realizing their potential;
sees improvement in self and behavior over time; and is changing in ways that reflect most
self-knowledge and effectiveness.

Positive relations with others. the respondent has warm, satisfying, trusting relationships
with others; is concerned about the welfare of others; is capable of strong empathy,
affection, and intimacy; and understands the give and take of human relationships.

Purpose in life. the respondent has goals in life and a sense of directedness; feels there is
meaning to their present and past life; holds beliefs that give their life purpose; and has aims
and objectives for living.

Self-acceptance: the respondent possesses a positive attitude toward the self; acknowledges
and accepts multiple aspects of self, including good and bad qualities; and feels positive
about past life.

To complement other domains in psychological well-being that are suggested to be
associated with cognitive function in older adults, positive affect and life satisfaction
measured at 60-64 years were also included in the study. Positive affect was measured using
the Warwick-Edinburgh Mental Wellbeing Scale. All 14 items are positively worded and
refer to feelings experienced over the past two weeks. Responses are scored from 1 to 5
points, and summed, with higher total scores representing greater positive affect [27]. Life
satisfaction was measured using the Diener’s Satisfaction With Life Scale, containing five
positively worded items, coded by a 7-point Likert scale. Total scores were calculated by
summing the five items, with higher scores indicating greater life satisfaction [28].

Childhood cognitive ability at 8 years was used as a baseline measure, which was
represented as the standardized sum of four tests of verbal and non-verbal ability devised by
the National Foundation for Educational Research: reading comprehension, pronunciation,
vocabulary, and non-verbal reasoning [29]. Childhood cognition was selected because it has
been known to be a strong predictor of cognitive ability at later life, as well as level of
education [18].

Other covariates included educational attainment by 26 years; occupational attainment
(highest level of employment according to the UK Registrar General classification) and
marital status by 53 years; and depression, smoking status, and level of physical exercise at
60-64 years. Covariate selection was based on the Lancet Commission review [4] and recent
life-course studies in women [30,31]. These variables were selected as they were included
among nine modifiable risk factors of the review, and available measures from the NHSD
cohort data. Depression, smoking status, and level of physical exercise were also assessed at
53 years in the cohort; however, variables at 60-64 years were used because they were
suggested as risk factors in later life rather than midlife [4].

Educational attainment by 26 years was categorized as follows: no educational
qualifications/vocational only (approximately 10 years), Ordinary level (11 years),
Advanced level (13 years), and above/degree or equivalent (16 years). Occupational
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attainment by 53 years was classified into the following categories: professional/
intermediate, skilled non-manual, or skilled manual/partly skilled/unskilled. Marital status at
53 years was categorized as single and never married, married, or divorced/widowed.
Depression was measured using the 28-item General Health Questionnaire [32] at 60-64
years. This is a self-administered screening questionnaire for detecting recent (i.e. in the
preceding few weeks) emotional symptoms. Each individual item is scored using a Likert
scale ranging from 1 to 4, and the scores are recoded into binary values. The threshold score
for potential common mental disorders in the current study was the sum of binary values of
>6 (16.8% of the population) [33]. Affective symptoms are associated with memory
problems in later life [34]. Smoking status at 60-64 years was defined as current smoker, ex-
smoker, or lifelong non-smoker and corroborated via reports from younger ages. Regarding
levels of physical exercise at 60—-64 years, participants were asked how many times they had
engaged in sports or vigorous activities during the preceding four weeks. Responses were
classified as inactive (no episodes), less active (between one and four exercise episodes per
month), or more active (five or more exercise episodes per month).

Statistical methods

Pairwise Pearson correlation coefficients were calculated for associations between
dimensions of psychological well-being at 52 years. Pairwise Pearson correlations were also
examined for associations between each covariate and psychological well-being. Linear
regression analysis was conducted to assess the association between ACE-III scores at 69
years and psychological well-being at 52 or 60-64 years. The first model was a bivariate
regression including only one independent variable. The second model adjusted for cognitive
ability at 8 years. All other covariates were then included in a multiple model. The following
categorical covariates were entered into the multiple model using dummy-coded variables:
educational attainment by 26 years, occupational attainment and marital status by 53 years,
smoking status, level of physical activity, and presence of depression at 60-64 years. As
there were moderate correlations between dimensions of psychological well-being, each
dimension was entered into the model separately. R-square was calculated as a measure for
goodness of fit in the model with all covariates. The effect size was calculated with Cohen’s
f2 for each dimension of psychological well-being. The effect size is small if the value of 2
varies around .02, medium if f2 varies around .15, and large if f2 varies around .35 [35]. In
the regression analysis, full information maximum likelihood was used to estimate missing
data [36]. A sensitivity analysis was employed using the multiple model where the
dependent variable was each sub-domain of ACE-III instead of total score. Another
sensitivity analysis in the multiple model was conducted where participants with mild
cognitive impairment at 69 years were excluded from the sample. A validated cut-off score
of 82 or below in the ACE-III total score [37] was used as an indicator of mild cognitive
impairment (44 participants).

Stata 15.1 (StataCorp, Texas) was used to perform all analyses. All tests were two-tailed and
significance level was set to 5%.
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Ethical approval for the study was obtained from the Greater Manchester Local Research
Ethics Committee and the Scotland A Research Ethics Committee. Written, informed
consent was obtained from study members at each wave of data collection. All procedures
involving experiments on human subjects are done in accord with the Helsinki Declaration
of 1975.

Compared to the 1,844 people excluded from the analysis, the 703 participants included in
the present study had higher educational attainment by 26 years (x2(2) = 93.69, P < .001)
and occupational attainment by 53 years (XZ(Z) =51.86, P <.001), included fewer smokers
(x2(2) = 9.32, P = .009) and higher levels of physical exercise (x%(2) = 11.22, P = .004) at
60-64 years. There was no significant difference in childhood cognitive ability, marital status
at 53 years, or prevalence of depression at 60—-64 years.

Complete ACE-III and psychological well-being data were collected for 703 participants.
Participant characteristics and the mean scores for psychological well-being are shown in
Table 1. Missing data was frequent in the Diener and WEMWBS measures; there were 316
participants who had at least one missing item in these variables.

The total mean ACE-III score at 69 years was 92.3, ranging from 0 to 100 (SD =5.7). The
mean scores for sub-domains are displayed in Table 2.

There were weak (.20-.39) or moderate (.40-.59) correlations between all pairs from the six
dimensions of psychological well-being at 53 years (range of Pearson correlation
coefficients: .20 to .61).

There were weak correlations between each covariate and psychological well-being
(Supplementary Material 1). The presence of depression at 60—-64 years was weakly
correlated with lower environmental mastery, lower positive affect, and greater life
satisfaction of psychological well-being. Greater occupational attainment by 53 years was
weakly correlated with higher personal growth and purpose in life. All other pairwise
correlation coefficients were small, ranging from -.16 to .17.

The results of the multiple linear regression analysis are presented in Table 3. In a bivariate
multiple regression, lower environmental mastery, greater personal growth, greater purpose
in life, and lower self-acceptance at 52 years were significantly associated with higher ACE-
I11 total scores at 69 years. After adjusting for cognitive ability at 8 years, the association
with environmental mastery and purpose in life became non-significant. The association
with personal growth and self-acceptance remained significant at the 5% level after
accounting for other covariates. Positive affect and life satisfaction at 60—-64 years did not
show significant associations with the ACE-II1I total scores in any of the adjusted models.
Effect size of each dimension of psychological well-being was small, and less than .02.

In a sensitivity analysis where each sub-domain of ACE-I11 was entered as a dependent
variable, greater personal growth was significantly associated with better verbal fluency
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(Supplemental Material 2). Lower self-acceptance was significantly associated with better
attention and orientation, and memory (Supplemental Material 3).

The association of ACE-III total score with personal growth were non-significant (8= 0.04,
95%Cl [-.01, .09]) in the sensitivity analysis in which 44 participants with mild cognitive
impairment were excluded from the sample. The association with self-acceptance remained
significant (B8 =-.07, 95%ClI [-0.13, -.02]) in this analysis.

Discussion

In a large representative British population cohort, while most scales of the Ryff Scales of
Psychological Well-being at 52 years were not associated with cognition in women at age
69, greater personal growth and lower self-acceptance were associated with higher scores for
this outcome. These associations remained significant after controlling for childhood
cognition, educational attainment by 26 years, occupational attainment and marital status by
53 years, and case-level emational symptoms, smoking, and physical activity at 60-64 years.
These findings suggest that this aspect of midlife psychological well-being contributes to
women’s cognitive retention in later life.

This was the first study to demonstrate an association between midlife psychological well-
being and cognitive function in later life in women in a general population-based study.
Individuals could experience identity crises when faced with losses in health and
independence [38]. Personal growth involves a sense of continued development, self-
improvement, the use of personal talents, and the fulfilment of potential [39]. Moreover,
people with a sense of personal growth tend to be open to new experiences and change in
ways that reflect self-knowledge and effectiveness. It has been suggested that women’s
personal growth helps them to negotiate stressful life events in old age [40] and manage the
functional decline that accompanies ageing [41]. Therefore, midlife personal growth could
help women to adapt to change in later life and lead to resilience to cognitive aging.
However, it should be noted that magnitude of the effect sizes found in this study was small
even for personal growth. A sensitivity analysis showed that the association with personal
growth was non-significant for all ACE-111 sub-domains except verbal fluency, and after
participants with mild cognitive impairment were excluded from the sample. There may
have been confounders not included in the present study, such as personal traits. Midlife
personal growth could represent a lifelong personality orientation that contributes to
cognitive capacity from childhood. Specific personal traits such as high neuroticism, low
openness, low conscientiousness, and extraversion are relevant to cognitive decline, and
could influence the capacity for personal growth [42-44].

Purpose in life, which has been associated with reduced risk of dementia in past literature
[14-17], was not associated with cognitive function in the present study. Using NSHD data
enabled us to adjust for childhood cognitive ability in the analysis, may have accounted for
this discrepancy. The significant association between lower self-acceptance and better
cognitive ability in the present study is also surprising because higher self-acceptance has
been linked with greater psychological resilience among women [41]. The results may have
been influenced by the interaction with personal traits that are associated with high self-
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acceptance [45]. High self-acceptance is also linked with helping of others among women
[46], so lower self-acceptance may have interfered with caring roles and occupational
attainment. Care of ill or disabled family members is typically performed by women in
midlife [47], and caring for older parents with dementia often needs to be balanced with the
competing demands of employment and caring for children [5]. Women who work and care
for someone with dementia often face negative effects on their careers, such as change from
working full time to part time, taking a leave of absence from work, or job loss [48]. Future
research should examine the pathway between personal traits, midlife psychological well-
being, caring role in family, and cognitive function among women in older age.

Strengths and limitations of the study

Conclusions

The strengths of this study include the prospectively obtained measures of well-being and
cognitive function in a general population-based sample. Other strengths include the use of
an extensive and comprehensive measure of cognitive function (ACE-III) as an outcome
variable. However, the study was subject to some limitations. Midlife psychological well-
being was assessed only in women who had completed at least one annual sub-study in the
preceding two years; therefore, the number of active women participating in the study could
have been higher relative to that of those who had been excluded, and the association
between psychological well-being and cognitive ability could have been underestimated.
Because score precision of the Ryff Scales of Psychological Well-being decreased at higher
levels [49], the association with cognitive ability might have been limited by the fact that
scale scores were all above the mid-point. The analytic sample also had higher educational
attainment compared to those excluded. Since educational attainment is an important
influence on cognitive function, this sample bias should be carefully considered with regard
to the generalizability of results to women in the general population. Due to childrearing
responsibilities, some participants may have deferred their educational goals to after age 26.
Educational attainment by age 26 may be an underestimate of women’s actual education
levels. Our study did not include related attributes for women such as high homocysteine
[50]. We did not adopt corrections for multiple testing as this has been controversial in
epidemiological studies [51,52]. Nonetheless it should be noted that our results may be
subject to potential type | error. Furthermore, 69 years remains a young age for the
assessment of cognitive ability in dementia, as dementia prevalence is 2% in people aged
between 65 and 69 years in the UK [53]. It will therefore be valuable to conduct a follow-up
study up at an older age.

Greater personal growth and lower self-acceptance at 52 years were associated with higher
cognitive ability at 69 years in women. As personal growth represents the ability to change
in ways that reflect self-knowledge and effectiveness, it may contribute to women’s
cognitive preservation in later life. Future research should examine pathways between
personal traits, midlife psychological well-being, role in caring family, and cognitive
function in older age among women.

J Alzheimers Dis. Author manuscript; available in PMC 2019 December 05.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Nakanishi et al. Page 9

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

This research was funded by the Grant-in-Aid for Scientific Research on Innovative Areas from the Ministry of
Education, Culture, Sports, Science, and Technology of Japan, Grant Number: JP16H06395; and the JSPS
KAKENHI through a Grant-in-Aid for Young Scientists (B), Grant Number: JP15K20796. The funding source
played no role in the study design; data collection, analysis, or interpretation; or writing the report.

References

[1]. Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri C. The global prevalence of dementia:
A systematic review and metaanalysis. Alzheimers Dement. 2013; 9:63-75. [PubMed:
23305823]

[2]. Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially integrated lifestyle in late life
might protect against dementia. Lancet Neurol. 2004; 3:343-53. [PubMed: 15157849]

[3]. Mangialasche F, Kivipelto M, Solomon A, Fratiglioni L. Dementia prevention: current
epidemiological evidence and future perspective. Alzheimers Res Ther. 2012; 4:6. [PubMed:
22339927]

[4]. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, Ballard C, Banerjee S,
Burns A, Cohen-Mansfield J, Cooper C, et al. Dementia prevention, intervention, and care.
Lancet. 2017; 390:2673-734. [PubMed: 28735855]

[5]. Alzheimer’s Disease International. Women and dementia: A global research review. Alzheimer’s
Disease International; London: 2015.

[6]. Vuorinen M, Spulber G, Damangir S, Niskanen E, Ngandu T, Soininen H, Kivipelto M, Solomon
A. Midlife CAIDE dementia risk score and dementia-related brain changes up to 30 years later
on magnetic resonance imaging. J Alzheimers Dis. 2015; 44:93-101. [PubMed: 25190628]

[7]. Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H, Johns H. Summary of the evidence on
modifiable risk factors for cognitive decline and dementia: A population-based perspective.
Alzheimers Dement. 2015; 11:718-726. [PubMed: 26045020]

[8]. Weiss A, King JE, Inoue-Murayama M, Matsuzawa T, Oswald AJ. Evidence for a midlife crisis in
great apes consistent with the U-shape in human well-being. Proc Natl Acad Sci U S A. 2012;
109:19949-19952. [PubMed: 23169637]

[9]. Landes SD, Ardelt M, Vaillant GE, Waldinger RJ. Childhood adversity, midlife generativity, and
later life well-being. J Gerontol B Psychol Sci Soc Sci. 2014; 69:942-52. [PubMed: 24870028]

[10]. Mitchell S, Ridley SH, Sancho RM, Norton M. The future of dementia risk reduction research:
barriers and solutions. J Public Health. 2016; 39:e275-81.

[11]. Zotcheva E, Bergh S, Selbzk G, Krokstad S, Haberg AK, Strand BH, Ernstsen L. Midlife
physical activity, psychological distress, and dementia risk: The HUNT study. J Alzheimers Dis.
2018; 66:825-33. [PubMed: 30320592]

[12]. Llewellyn DJ, Lang IA, Langa KM, Huppert FA. Cognitive function and psychological well-
being: findings from a population-based cohort. Age Ageing. 2008; 37:685-689. [PubMed:
18852289]

[13]. Korthauer LE, Goveas J, Espeland MA, Shumaker SA, Garcia KR, Tindle H, Salmoirago-
Blotcher E, Sink KM, Vaughan L, Rapp SR, Resnick SM, et al. Negative affect is associated with
higher risk of incident cognitive impairment in nondepressed postmenopausal women. J Gerontol
A Biol Sci Med Sci. 2018; 73:506-512. [PubMed: 29028908]

[14]. Sutin AR, Stephan Y, Terracciano A. Psychological well-being and risk of dementia. Int J Geriatr
Psychiatry. 2018; 33:743-747. [PubMed: 29314273]

[15]. Lewis NA, Turiano NA, Payne BR, Hill PL. Purpose in life and cognitive functioning in
adulthood. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. 2017; 24:662-671. [PubMed:
27819520]

J Alzheimers Dis. Author manuscript; available in PMC 2019 December 05.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Nakanishi et al.

[16].

[17].

[18].

[19].
[20].

[21].

[22].

[23].

[24].

[25].
[26].

[27].

[28].
[29].

[30].

[31].

[32].

[33].

Page 10

Boyle PA, Buchman AS, Barnes LL, Bennett DA. Effect of a purpose in life on risk of incident
Alzheimer disease and mild cognitive impairment in community-dwelling older persons. Arch
Gen Psychiatry. 2016; 67:304-10.

Boyle PA, Buchman AS, Wilson RS, Yu L, Schneider JA, Bennett DA. Effect of purpose in life
on the relation between Alzheimer disease pathologic changes on cognitive function in advanced
age. Arch Gen Psychiatry. 2012; 69:499-506. [PubMed: 22566582]

Richards M, James SN, Sizer A, Sharma N, Rawle M, Davis DHJ, Kuh D. Identifying the
lifetime cognitive and socioeconomic antecedents of cognitive state: seven decades of follow-up
in a British birth cohort study. BMJ Open. 2019; 9:e024404.

Shetty P. Celebrating 65 years of the NSHD cohort. Lancet. 2011; 377:802. [PubMed: 21391336]

Kuh D, Pierce M, Adams J, Deanfield J, Ekelund U, Friberg P, Ghosh AK, Harwood N, Hughes
A, Macfarlane PW, Mishra G, et al. Cohort profile: updating the cohort profile for the MRC
National Survey of Health and Development: a new clinic-based data collection for ageing
research. Int J Epidemiol. 2010; 40:e1-9.

Abbott RA, Ploubidis GB, Huppert FA, Kuh D, Wadsworth MEJ, Croudace TJ. Psychometric
evaluation and predictive validity of Ryff’s psychological well-being items in a UK birth cohort
sample of women. Health Qual Life Outcomes. 2006; 4:76. [PubMed: 17020614]

Kuh D, Wong A, Shah I, Moore A, Popham M, Curran P, Davis D, Sharma N, Richards M,
Stafford M, Hardy R, et al. The MRC National Survey of Health and Development reaches age
70: maintaining participation at older ages in a birth cohort study. Eur J Epidemiol. 2016;
31:1135-47. [PubMed: 27995394]

Mathuranath PS, Nestor PJ, Berrios GE, Rakowicz W, Hodges JR. A brief cognitive test battery
to differentiate Alzheimer’s disease and frontotemporal dementia. Neurology. 2000; 55:1613-20.
[PubMed: 11113213]

Hsieh S, Schubert S, Hoon C, Mioshi E, Hodges JR. Validation of the Addenbrooke’s Cognitive
Examination Il in frontotemporal dementia and Alzheimer’s disease. Dement Geriatr Cogn
Disord. 2013; 36:242-50. [PubMed: 23949210]

Ryff CD. Happiness is everything, or is it? Explorations on the meaning of psychological well-
being. J Pers Soc Psychol. 1989; 57:1069-81.

Ryff C, Keyes C. The structure of psychological well-being revisited. J Pers Soc Psychol. 1995;
69:719-727. [PubMed: 7473027]

Tennant R, Hiller L, Fishwick R, Platt S, Joseph S, Weich S, Parkinson J, Secker J, Stewart-
Brown S. The Warwick-Edinburgh Mental Well-being Scale (WEMWABS): development and UK
validation. Health Qual Life Outcomes. 2007; 5:63. [PubMed: 18042300]

Diener E, Emmons R, Larsen R, Griffin S. The satisfaction with life scale. J Pers Assess. 1985;
49:71-75. [PubMed: 16367493]

Pigeon, DA. Tests used in the 1954 and 1957 surveys. Appendix 1The home and the school.
Douglas, JWB, editor. Macgibbon & Kee; London: 1964.

Lacey R, Stafford M, Sacker A, McMunn A. Work-family life courses and subjective well-being
in the MRC National Survey of Health and Development (the 1946 British birth cohort study). J
Popul Ageing. 2016; 9:69-89. [PubMed: 27069516]

Johansson L, Guo X, Héllstrom T, Norton MC, Waern M, Ostling S, Bengtsson C, Skoog I.
Common psychosocial stressors in middle-aged women related to longstanding distress and
increased risk of Alzheimer's disease: a 38-year longitudinal population study. BMJ Open. 2013;
3:e003142.

Goldberg DP, Hillier VF. A scaled version of the General Health Questionnaire. Psychol Med.
1979; 9:139-45. [PubMed: 424481]

Goldberg, DP, Williams, P. A user's guide to the general health questionnaire. NFER-Nelson;
Windsor: 1988.

[34]. James SN, Davis D, O’Hare C, Sharma N, John A, Gaysina D, Hardy R, Kuh D, Richards M.

[35].

Lifetime affective problems and later-life cognitive state: Over 50 years of follow-up in a British
birth cohort study. J Affect Disord. 2018; 241:348-55. [PubMed: 30144717]

Cohen, J. Statistical Power Analysis for the Behavioral Sciences. Routledge Academic; New
York: 1988.

J Alzheimers Dis. Author manuscript; available in PMC 2019 December 05.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Nakanishi et al.

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].
[46].

[47].

Page 11

Cham H, Reshetnyak E, Rosenfeld B, Breitbart W. Full information maximum likelihood
estimation for latent variable interactions with incomplete indicators. Multivariate Behav Res.
2017; 52:12-30. [PubMed: 27834491]

Crawford S, Whitnall L, Robertson J, Evans JJ. A systematic review of the accuracy and clinical
utility of the Addenbrooke’s Cognitive Examination and the Addenbrooke’s Cognitive
Examination-Revised in the diagnosis of dementia. Int J Geriatr Psychiatry. 2012; 27:659-669.
[PubMed: 22068971]

Andrew MK, Fisk JD, Rockwood K. Psychological well-being in relation to frailty: a frailty
identify crisis? Int Psychogeriatr. 2012; 24:1347-53. [PubMed: 22436131]

Ryff CD. Psychological well-being revisited: advances in the science and practice of eudaimonia.
Psychother Psychosom. 2014; 83:10-28. [PubMed: 24281296]

Recksiddler C, Loter K, Klaas HS, Hollstein B, Perrig-Chiello P. Social dimensions of personal
growth following widowhood: a three-wave study. Gerontology. 2018; 64:344-60. [PubMed:
29402839]

Wagnild G, Young HM. Resilience among older women. Image J Nurs Sch. 1990; 22:252-5.
[PubMed: 2292448]

Gale CR, Deary 1J, Kuh D, Huppert F, Richards M, HALCyon Study Team. Neuroticism in
adolescence and cognitive function in midlife in the British 1946 Birth Cohort: The HALCyon
program. J Gerontol B Psychol Sci Soc Sci. 2010; 65B:50-6. [PubMed: 19864640]

Terracciano A, Sutin AR, An'Y, O’Brien RJ, Ferrucci L, Zonderman AB, Resnick SM.
Personality and risk of Alzheimer’s disease: New data and meta-analysis. Alzheimers Dement.
2014; 10:179-86. [PubMed: 23706517]

D'lorio A, Garramone F, Piscopo F, Baiano C, Raimo S, Santangelo G. Meta-analysis of
personality traits in Alzheimer's disease: A comparison with healthy subjects. J Alzheimers Dis.
2018; 62:773-87. [PubMed: 29480186]

Schmutte PS, Ryff CD. Personality and well-being: reexamining methods and meanings. J Pers
Soc Psychol. 1997; 73:549-59. [PubMed: 9294901]

Schwartz CE, Keyl PM, Marcum JP, Bode R. Helping others shows differential benefits on health
and well-being for male and female teens. J Happiness Stud. 2009; 10:431-48.

Pavalko EK, Artis JE. Women’s caregiving and paid work: causal relationships in later midlife. J
Gerontol B Psychol Sci Soc Sci. 1997; 52:S170-9. [PubMed: 9224445]

[48]. Alzheimer’s Disease International. Global estimates of informal care. Alzheimer’s Disease

International; London: 2018.

[49]. Abbot RA, Ploubidis GB, Huppert FA, Kuh D, Croudace TJ. Soc Indic Res. 2010; 97:357-73.

[PubMed: 20543875]

[50]. Zylberstein DE, Lissner L, Bjérkelund C, Mehlig K, Thelle DS, Gustafson D, Ostling S, Waern

[51].

[52].

M, Guo X, Skoog I. Midlife homocysteine and late-life dementia in women. A prospective
population study. Neurobiol Aging. 2011; 32:380-6. [PubMed: 19342123]

Rothman KJ. No adjustments are needed for multiple comparisons. Epidemiology. 1990; 1:43-6.
[PubMed: 2081237]

Bender R, Lange S. Adjusting for multiple testing — when and how? J Clin Epidemiol. 2001;
54:343-9. [PubMed: 11297884]

[53]. Alzheimer’s Society. Dementia UK: second edition. Alzheimer’s Society; London: 2014.

J Alzheimers Dis. Author manuscript; available in PMC 2019 December 05.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Nakanishi et al.

Page 12

Birth cohort: 2,547 women born during the week of March 3-9, 1946

769 excluded

- 149 had died

- 298 previously refused to take part

- 322 lived abroad and were not in contact with the

study or could not be traced
\4

Annual sub-study of women’s health in midlife: 1,778 women at age 47

357 excluded
Who did not respond at age 50-51

A 4

Ryff Psychological Well-being Questionnaire: 1,421 women at age 52

236 excluded
- 192 did not respond
- 44 did not complete at least one dimension of

psychological well-being
\ 2

Addenbrooke’s Cognitive Examination: 1,185 women at age 69

482 excluded

- 441 lost through equipment failure

- 19 refused or were unable to undertake the
ACE-IlI

- 22 undertook but did not complete this

\ 4

Sample for analysis: 703 women at age 69

Figure 1.
Flow chart of extraction of analytic sample
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Table 1
Characteristics of study participants

Characteristics Number (%) or mean (SD)

Cognitive ability at 8

Standardized to whole population 630 0.20 (0.79)
Educational attainment by 26 667

Vocational only 230 (34.5)

Ordinary level 189 (28.3)

Advanced level, degree or equivalent 248 (37.2)
Occupational attainment by 53 702

Professional/intermediate 296 (42.2)

Skilled, non-manual 252 (35.9)

Skilled, manual/partly skilled/unskilled 154 (21.9)
Marital status at 53 689

Single, never married 31 (4.5)

Married 557 80.8)

Divorced / widowed 101 (14.7)
Smoking status at 60-64 647

Current 61 (9.4)

Ex 357 (55.2)

Never 229 (35.4)
Physical activity at 60-64 633

Inactive 372 (58.8)

Less active (1-4/week) 105 (16.6)

More active (=5/week) 156 (24.6)
Depression at 60-64 628

Present 115 (18.3)

Not present 513 (81.7)
Psychological well-being at 52 (range of score, 7-42)

Autonomy 677 28.8 (4.7)

Environmental mastery 675 33.4 (5.6)

Personal growth 680 30.9 (6.0)

Positive relations with others 680 34.4 (5.6)

Purpose in life 652 31.8(6.2)

Self-acceptance 667 28.5(5.2)
Positive affect at 60-64 (range of score, 14-70) 580 52.0 (8.0)
Life satisfaction at 60-64 (range of score, 5-35) 579 13.3(5.9)

SD, standard deviation.
Cognitive ability at 8 years was represented as the standardized sum of four tests of verbal and non-verbal ability devised by the National
Foundation for Educational Research: reading comprehension, pronunciation, vocabulary, and non-verbal reasoning.

*
Presence of depression was measured as total score of 26 in the 28-item General Health Questionnaire

Domains of psychological well-being at 52 years were measured using the Ryff Scales of Psychological Well-being.
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Positive affect at 60-64 years was measured using Warwick-Edinburgh Mental Wellbeing Scale.
Life satisfaction at 60-64 years were measured using the Diener Satisfaction with Life Scale.
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Table 2
ACE-II11 scores at 69 years

Domain (range of score) Mean (SD)
Total (0-100) 92.3 (5.7)
Attention and orientation (0-18)  16.7 (1.9)
Verbal fluency (0-14) 11.3(2.0)
Memory (0-26) 23.9 (2.5)
Language (0-26) 25.3(1.1)

Visuospatial awareness (0-16) 15.1(1.3)

ACE-IIl, Addenbrooke’s Cognitive Examination (3rd version).
SD, standard deviation.
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