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ABSTRACT

Background: Having a network of close relationships may reduce the risk of developing dementia.
However, social exchange theory suggests that social interaction entails both rewards and costs. The
effects of quality of close social relationships in later life on the risk of developing dementia are not well

understood.

Objective: To investigate the effects of positive and negative experiences of social support within key
relationships (spouse or partner, children, other immediate family and friends) on the risk of

developing dementia in later life.

Methods: We analysed 10-year follow up data (2003/4 to 2012/13) in a cohort of 10,055 dementia
free (at baseline) core participants aged 50 years and over from the English Longitudinal Study of
Ageing (ELSA). Incidence of dementia was identified from participant or informant reported physician
diagnosed dementia or overall score of informant-completed IQCODE questionnaire. Effects of positive

and negative experiences of social support measured at baseline on risk of developing dementia were
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investigated using proportional hazards regression accommodating interval censoring of time-to-

dementia.

Results: There were 340 (3.4%) incident dementia cases during the follow-up. Positive social support
from children significantly reduced the risk of dementia (hazard ratio, HR=0.83, p=0.042, 95% CI: 0.69
to 0.99). Negative support from other immediate family (HR=1.26, p=0.011, CI: 1.05 to 1.50); combined
negative scores from spouse and children (HR=1.23, p=0.046, CI: 1.004 to 1.51); spouse, children &
other family (HR=1.27, p=0.021, CI=1.04 to 1.56); other family & friends (HR=1.25, p=0.033, CI: 1.02 to
1.55) and the overall negative scores (HR=1.31, p=0.019, CI: 1.05 to 1.64) all were significantly

associated with increased risk of dementia.

Conclusion: Positive social support from children is associated with reduced risk of developing
dementia whereas experiences of negative social support from children and other immediate family
increase the risk. Further research is needed to better understand the causal mechanisms that drive

these associations.

Key Words: Dementia, Interval Censoring, Positive/Negative Social support, Proportional Hazards

Background

Identifying ways to prevent or delay the onset of dementia is key to managing the health and economic
impact of the disease. Recent research has demonstrated potential for primary prevention and delayed
onset of the disease by manipulating exposure to modifiable risk factors[1]. Norton et al. [1] estimated
that around a third of Alzheimer’s dementia cases worldwide might be attributable to potentially
modifiable risk factors such as physical inactivity and diabetes. Most of the lifestyle and social factors
are modifiable and there is substantial evidence in the literature suggesting a broad range of such

factors that could influence the risk of cognitive decline and dementia [1-3].

Alarge body of literature exists that consistently shows that social connections have an important
influence on health and wellbeing in older age [4, 5]. For example, being more socially engaged [6, 7]
and having a rich network of close relationships, including being married and having adult children [8-
11], are thought to reduce the risk of cognitive decline and developing dementia. Specifically, older
people’s personal networks have been regarded as an important source of social support (e.g.
assistance, perceived or actual, offered in the form of understanding and reassurance, financial help,
personal advice etc.) that enhances well-being and facilitates adaptation to life stress [12]. However,
social interactions are thought to entail both rewards and costs [13], and research interest in the
negative (being critical, unreliable and annoying), as well as the positive (understanding, reliable and
approachable), aspects of personal social relations in older age has grown over the past decades [14]. A

central focus of much of this research has been the question of which of the largely uncorrelated
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positive (e.g. enacted support including affect, encouragement etc.) or negative (e.g. demands, criticism
etc.) dimensions of social support has greater impact on older persons’ health and well-being [14, 15].
While positive and supportive social bonds can be satisfying and beneficial, negative social support can
be a source of intense interpersonal stress which may have a negative impact on both physical and
mental health of older adults [16]. Although there are published reports on the influence of positive and
negative social support on disability [17], depressive symptoms [15] and psychological well-being [18,
19], to our knowledge, evidence on their potential impact on the risk of developing dementia in older

age is lacking.

As part of the Promoting Independence in Dementia (PRIDE) research programme
(http://www.ucl.ac.uk/psychiatry/pride/programme), the aim of this paper is to determine the relative
importance of positive and negative experiences of social support in late life for subsequent
development of dementia in a sample of participants from a large, prospective, population-based study
of older people. Specifically, given that different members in older people’s social networks may serve
different roles and functions [15], we performed source-specific analyses whereby we studied the
associations between positive and negative social support and dementia risk separately according to
relationship type i.e. spouse/partner, children, other immediate family and friends. We hypothesised
that: 1) positive social support would have a favourable influence on dementia incidence whereas
negative support would increase the risk of developing dementia; and 2) these associations would be
stronger (i.e. have larger effect sizes) for emotionally-close relationships such as spouses/partners and

children relative to other family and friends.

Methods

Study Sample

We analysed data on a cohort of 10,055 core participants who were dementia free in 2002/3 (wave 1)
from ELSA [20], a panel study of a representative sample of men and women aged 50 and over living in
the community in England. In addition to being dementia free at baseline, participants of the study
sample were required to complete the questionnaire for positive or negative social support
(Supplementary Table 1) for at least one of the relationships (spouse, children, other immediate family,
friend). We refer “other immediate family” or “other family” to indicate family members not including
children and spouse such as brothers, sisters, cousins, parents or grandchildren. ELSA involves data
collection by computer-assisted personal interviews every two years, and we identified dementia
incidences from up to six waves, covering a period of ten years. The exposure variables (the experiences

of positive and negative social support) were measured at baseline (wave 1).
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Identification of dementia incidence

Information about dementia was reported either by the participant or an informant if an eligible
participant was physically or cognitively impaired, in hospital or temporarily in care during the
interview period. Any responsible adult (aged 16 years or over) who knew enough about the
respondent’s circumstances to be able to provide information about them, such as a close family
member (partner or child), fulfilled the role of an informant. Incidence of dementia during the study
period [wave 2 (2004) to wave 6 (2012)] was identified from several sources of information: (i)
participant or informant reported physician diagnosed dementia or Alzheimer’s disease, or (ii) overall
score of the informant completed IQCODE questionnaire. The short-form IQCODE questionnaire [21]
consists of 16 items asking the informant to comment on the ability of the person compared with 10
years ago to perform various functions (e.g. remembering the names of family) on a 5-point scale
ranging from 1 (much improved) to 5 (much worse). We used the cut-off point of 3.5 of the overall
score (average of the responses on all 16 items) to define dementia which has high specificity and good
sensitivity [22]. On the basis of the above criteria, there were 340 incident cases of dementia within the
study cohort during wave 2 (2004) to wave 6 (2012). Of the 340 cases, 284 were identified from the
reports of physician diagnosed dementia or Alzheimer’s disease and the remaining 56 were identified

based on the IQCODE score.

Exposures: experience of positive and negative social support

Measures of positive and negative experiences of social support for each relationship (spouse or
partner, children, other immediate family, friends) were calculated based on responses at baseline
(wave 1) on a set of six items within the self-completed “Health and lifestyle of people aged 50 and
over” questionnaire. Three items were used to measure positive experiences of social support and the
remaining three for negative experiences (see Supplementary Table 1). All items were measured on a
4-point scale ranging from 1 (at lot) to 4 (not at all). We reverse coded the scales so that higher value
indicated more of the positive or negative experiences: 1 (not at all) to 4 (a lot). For each individual
relationship (spouse, children, other family or friend), experience of positive or negative support score
was calculated by averaging the reverse coded scores of the three items (a, b and c) displayed in
Supplementary Table 1. We have also calculated four sets of overall scores by averaging the scores for
various combinations of individual relationships: (1) mean across all four relationships (spouse,
children, other family, friends), (2) mean across spouse, children and other family, (3) mean for spouse
and children and (4) mean for other family and friends. In calculating the mean scores from more than
one relationship, we considered the mean of available (non-missing) data. Summary statistics (mean
and standard deviations) of the overall scores as well those for individual relationships by gender are

displayed in Table 1.
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***+#*Table 1 around here****

Outcome measure: time-to-dementia

The outcome variable was defined as time-to-dementia from the start date of the ELSA study. As the
follow-up interviews of the ELSA participants take place every two years, neither the time-to-dementia
for incident cases nor the censoring time (due to drop-out/lost to follow-up or not developing dementia
during the study period) was known exactly. Therefore, both the event time (time-to-dementia) and
censoring time were treated as interval censored between two consecutive waves (a two-year interval)
with an event indicator (1 for dementia incidence) distinguishing between dementia events and
censoring. The participants who did not develop dementia by wave 6 were treated as censored at 120
months and were assigned within the final interval. For example, a participant reporting dementia at
wave 3 (2006) who was dementia free at wave 2 (2004) was considered as having the disease at any
time between 2004 and 2006 and was assigned the interval (24, 48] months as their time-to-event. We

did not distinguish between losses to follow-up due to deaths and due to other reasons.

Covariates

We adjusted our analyses for potential confounding variables. We selected covariates for adjustment
using both hypothesis and knowledge based approach as well as based on statistical assessment of
confounding. The covariates age, sex and net wealth, which are believed to have close links with
cognition and family/social relationships [23-25], were included in all models. Net total wealth
represented the sum of personal savings, investments, physical wealth and housing wealth after
financial debt and mortgage debt have been subtracted, and is a key indicator of socioeconomic
resources among older people [20]. We have also statistically assessed several other covariates
including education and co-morbidity conditions such as diabetes, cardiovascular disease, stroke,
hypertension and cancer for their role as potential confounders. Education was coded as a categorical
variable with three levels (no education, primary/secondary education, and higher education). All the
co-morbidity variables were defined as binary indicators (yes/no). Covariates passing statistical test for
confounding effect, i.e., those were associated with both the exposure and outcome, were accounted for

in the respective models in addition to age, sex and net wealth.

Statistical analysis

Proportional hazards (PH) regression models were used allowing for interval censoring of time-to-
dementia for estimating and testing the effects of positive and negative social exchanges/support on the
risk of developing dementia. Time-to-event or survival data are said to be interval censored when a
subject’s event time is not known exactly, but only that it lies between two values. Data of this type

typically arise where follow-up is intermittent at fixed intervals. For the subjects who reported
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dementia at a follow-up (wave), all that is known is that time-to-dementia is at least as long as the time
of the earlier follow-up and no longer than the time of the later follow-up. To accommodate this feature
of the data in a proportional hazards regression model we fitted the model by maximising a
transformed likelihood that enabled estimating the parameters of the PH model using standard
statistical software (Stata). Hosmer et al.[26] (Chapter 7, pp. 231-243) showed that with some re-
arrangement of data, the likelihood function for a proportional hazards survival regression model
under interval censoring of events can equivalently be represented by the likelihood of a generalised
linear model (GLM) of the event indicator (binary outcome) under binomial family and complementary
log-log as the link (or linearizing) function. The amount of missing data on covariates were minimal
with no missing data on age and sex, and only 1.5% missing data on net wealth. We therefore
performed analysis of available data without any imputation of missing observations. However,
measures on the exposure variable (positive or negative social support scores) for some individual
relationships were not available for a substantial proportion of participants. For example, positive or
negative support scores from spouse were not applicable for approximately 29% of the study
participants who did not have a spouse or partner, and the corresponding analysis had to be based on a
reduced sample. Number of subjects included in the proportional hazards regression analysis for each
relationship is shown in the table of summary statistics (Table 1). Results of the primary analysis based
on the above model are presented in Table 2.

**##*Table 2 around here****

Sensitivity analysis

Three sensitivity analyses were conducted in order to assess the robustness of the findings of the
primary analysis. We hypothesized that the quality of relationships with spouse, children, other family
and friends influenced the risk of developing dementia in older age. Dementia however often takes a
toll on social relationships, and so people who are very close to developing dementia may already show
signs of cognitive problems, and experience deterioration of relationships. It is therefore possible that
reverse causality partly explains the associations observed between quality of relationships and
dementia. The first sensitivity analysis was designed to assess the robustness of the findings against
possible reverse causality by excluding dementia cases diagnosed during the first two waves (i.e. 2

years) of the study.

The second sensitivity analysis was to assess robustness of the findings against the reliability of
diagnosis of dementia by excluding cases diagnosed using the IQCODE, and limiting the analysis to

physician diagnosed dementia or Alzheimer’s disease only (284 incident cases).

The third sensitivity analysis compared the findings from the interval censored proportional hazards

regression analysis with that of a standard Cox proportional hazards regression where the time-to-
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dementia was assumed to be known exactly. This is the most commonly used analysis for time-to-event
data with standard censoring mechanism. Participants reporting dementia at wave 2 were assigned 24
months as their time to event, 48 months for those reporting at wave 3, 72 months at wave 4 and so on.
Subjects not developing dementia by wave 6 were treated as right censored at that point. Loss to
follow-up due to death or for any other reason was also treated as right censored. Results for the

sensitivity analyses are presented in Supplementary Tables 1-3.

Results

Main analysis

The primary analysis included 10, 055 dementia-free core participants at baseline (wave 1), with 5, 475
(54%) male and 4, 580 (46%) female subjects. There were 340 (3.4%) incident cases of dementia
during the study period (wave 2 to wave 6) of which 190 were male and 150 female cases. Actual
number of participants included in individual regression models however varied between 7,067 and
10,055 with incident dementia cases varying between 199 and 340 respectively due to some missing
data in positive or negative social support scores. The number was lowest for analysing the spouse’s
score (7, 075 for positive, and 7,067 for negative score) as this score is not applicable for participants

without having a spouse or partner (see Table 1 for more details).

Participants were aged 50 years and over with overall mean age 65 years and standard deviation 10
years. Overall, men were more likely (56%) to have dementia than women (44%). Participants with
dementia were on average older at baseline (mean age=76 years for men and 74 years for women) than
the participants without dementia (mean age=65 years for men and 64 years for women). In general,
positive and negative support scores for each relationship were negatively correlated as expected
(Pearson’s correlation, r =-0.50, -0.34, -0.28 and -0.11 for spouse, children, other immediate family and
friend respectively). Correlation between positive and negative scores for cross-relationships (e.g.,
between positive scores for spouse and negative scores for children) were also negative, but weaker
than those for within relationship correlation (varied from -0.02 to -0.15). Additional summary
statistics of the covariates and positive and negative social support scores stratified by gender for

individual relationships and their combinations are given in Table 1.

Results from the interval-censored proportional hazards regression analysis assessing the effects of
positive and negative social support scores are displayed in Table 2. Of the positive social support
measures, a higher score led to reduced estimated adjusted risk of dementia (estimated hazard ratio
<1) for all the four relationships and their combinations (Table 2). An increase of one point in the
positive social support score led to between 7% to 17% reduction in the risk of developing dementia

(hazard ratio, HR, ranging between 0.83 and 0.93). However, only the effect of positive social support
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from children was found to be statistically significant at the 5% level (HR=0.83, p=0.042, 95% CI=0.69
to 0.99). Effects of positive support scores from spouse (HR=0.83, p=0.107) showed a trend towards

significance with the same effect size (HR=0.83) as that for children.

Negative social support measures, on the other hand, showed an opposite effect on the risk of
developing dementia - overall, an increase in the magnitude of negative social support resulted in an
elevated estimated risk (HR>1) of dementia. Negative support scores showed stronger effects than the
positive scores, leading to 8% to 31% increased risk of incident dementia (HR ranged between 1.08 and
1.31) for various relationships, although not all were statistically significant. Effects of negative
experience of support from other immediate family (HR=1.26, p=0.011, 95% CI=1.05 to 1.50),
combined negative scores from spouse and children (HR=1.23, p=0.046, 95% CI=1.004 to 1.51),
combined negative scores from spouse, children and other family (HR=1.27, p=0.021, 95% CI=1.04 to
1.56), combined negative scores from other family and friends (HR=1.25, p=0.033, 95% CI=1.02 to
1.55) and the overall negative scores (combined across spouse, children, other family and friends)
(HR=1.31, p=0.019, 95% CI=1.05 to 1.64) were all statistically significant at 5% level. Regression
coefficients for the covariates age and net wealth were significantly associated with dementia in all
models showing older and poorer at greater risk of dementia. Effects of education and diabetes were
also statistically significant in some models with more education leading to lesser risk and presence of
diabetes leading to higher risk of developing dementia. The effect of sex was not statistically significant in
our study, although some studies [27] in the literature reported women to be at higher risk than men. Since
higher incidence of dementia among women may be present primarily in those over 90 years [28] the
younger ELSA cohort may explain why gender was not significant in our study. We however decided to keep

sex in all models as the effect size was considerable in some of the models.

Sensitivity analysis

Sensitivity analysis excluding dementia cases within two years of baseline resulted in a smaller number
of incident cases (292 dementia cases between 2006 and 2012) (see Supplementary Table 2). The
reduced number of events resulted in a loss of statistical power (slightly inflated standard errors) and
led to non-significant results for some of the effects found in the main analysis. However, the
magnitude of the effects (hazard ratios) and direction of the associations remained similar to that of the
main analysis. Several of the adjusted associations remained statistically significant despite the loss of

statistical power.

The second sensitivity analysis excluded cases diagnosed using the IQCODE, and limited the analysis to
physician diagnosed dementia or Alzheimer’s disease only (results reported in Supplementary Table 3).
This again resulted in a loss of events (incident cases of dementia ranged between 164 and 284 for

different models) and statistical power. Analyses however led to the same conclusion that an increase
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in positive experience of social support reduces the risk of dementia (HRs ranged between 0.79 and
0.95) and that in negative experience increases the risk (HRs for each unit increase in negative score

varied from 1.06 to 1.30).

The third sensitivity analysis using standard Cox proportional hazards regression model, which
assumed time-to-dementia was known exactly and did not accommodate interval censoring of event
times, produced almost identical results to that of the primary analysis taking account of interval

censoring (Supplementary Table 4).

Discussion

Summary of main findings

Our multivariable analysis demonstrated that, irrespective of the source (type of relationship) of social
support, overall negative support was significantly associated with an increased risk dementia. Some
measures of positive support significantly reduced the risk of dementia. More specifically, negative
social support from spouse, children and other immediate family increased the risk whereas positive
support from children was associated with a reduced dementia risk. Effect sizes were generally larger
for negative compared with positive social support. As expected, the magnitude of the favourable effects
of positive support appeared greater for closer kinship (e.g. children compared with friends) but this
pattern was less clear for negative support. Relatively stronger associations for the negative social
support relative to the positive support may be indicative of the fact that stress of criticism and lack of
reliability are possibly more harmful than the absence of a warm relationship. The robustness of these

results was confirmed in a series of sensitivity analyses.

Comparison with previous investigations

To the best of our knowledge, this is the first study to investigate the influence of both positive and
negative social support on incident dementia in community-residing older people. Therefore, a direct
comparison of our results with previous studies was not possible. We however compared our findings
with that from studies looking at the effects of positive and negative social support on general health
and well-being of older people although such comparisons are still challenging due to important
methodological differences across investigations. Our findings appear broadly consistent with a
substantial literature documenting the disproportionate impact of negative social support on general
health and well-being outcomes in older people [14]. For example, our results corroborate recent
findings on the harmful impact of overall negative support on depressive symptoms [15], decline in
ADL and [ADL functioning [29], levels of psychological well-being and distress [16], and on disability
[17]. In contrast, negative exchanges were not related to all-cause mortality in a sample middle-aged

Dutch people [30]. Specifically, we demonstrated significant effects on dementia risk of negative
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interactions with both spouse and children when combined together but not when they were examined
separately. In contrast, Okun and Keith [15] reported significant effects of negative support from

spouses, but not children, on depressive symptoms in their analysis of older adults.

Despite the effect of overall positive social support not being statistically significant in our study, we
found that positive exchanges with children offered protection against cognitive impairment. Overall,
this supports some previous studies on depressive symptoms [15] and positive well-being in older
people[16]. Our results corroborate those from some studies [15] who reported that positive support
from children, in particular, was associated with less depression symptoms in older people. In addition,
they also found protective, albeit weaker, effects of positive exchanges with spouses and other family
and friends. We observed a similar pattern with reasonably large effect sizes although our results did

not pass the conventional 5% significance threshold for spouse, other family and friend’s scores.

Possible mechanisms

If indeed causal, the association between positive and negative social support and development of
dementia may involve several different processes which, independently or in combination, may induce
cognitive impairment in older people. For example, lack of supportive social relationships may promote
health-damaging behaviours including smoking, alcohol drinking, sedentary lifestyle, poor dietary
choices and excess body weight [30]. These findings are important in light of the extensive research
available documenting the adverse influences of smoking and physical inactivity on both cardiovascular
[31] and cognitive outcomes [32] in older adults. Similarly, diverse psychosocial processes, including
personality traits or individual differences, emotions and moods, and perceptions of personal control,
may enhance people’s coping strategies and adaptation to interpersonal stressors [12]. Importantly,
individual’s cognitive appraisal of the significance of an event or circumstances may mediate the impact
of stressors on physical and mental health [16]. In turn, the effects of these psychological factors and
states may be mediated through diverse psychobiological processes, including neuroendocrine and

inflammatory responses [33, 34].

Potential limitations

First, due to being a relatively younger (age 50 years +) cohort and dementia case status being based
primarily on self-reported doctor’s diagnosis the incidence of dementia in our study was lower (3.4%)
than the incidence reported in other analyses such as [35] which reported an estimate of 6.5% overall
in older people. Self-reported diagnoses may also have led to under reporting of milder cases. Second,

further loss of cases has occurred due to exposure data (positive or negative social support scores) not
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being available for some participants leading to reduced sample size for some analyses. This was
particularly case for the analyses involving spouses’ support scores as they are not applicable for
people without a spouse or partner. We performed analysis of available data as imputation would not
be appropriate given the nature of much of the missing data (e.g., support score from spouse in people
not having a spouse, or from children in people not having children). However, despite the possibility
of missing cases, we believe this is unlikely to induce major bias in our results given the consistency
with other similar studies that used more objective evaluations of dementia [36, 37]. Although we were
unable to verify the accuracy of the diagnostic information, self-reports of other conditions, including
stroke [38], correspond highly with physician diagnoses, even in the presence of overt impaired

cognition.

Third, it was not possible to consider the potential impact of genetic factors such as family history in
this study as ELSA does not collect this information. Also, precise information about the type of
dementia diagnosed was not available. However, there should not be many cases of familial dementia as

relatively few cases of dementia were reported in participants less than 65 years.

Finally, given that negative support from other immediate family was found to increase the risk of
dementia, it would be interesting to look at the association of individual relationship within the other
immediate family category with dementia. However, it was not possible to measure positive /negative
social support scores for individual relationships within the other immediate family from the ELSA

study.

Conclusions

In this investigation of older participants in the ELSA study, positive social support from children in
later life was associated with a lower risk of developing dementia. Negative social support in a range of
relationships, on the other hand, was associated with an increased risk of developing dementia. This
worKk is a step towards better understanding of impact of social relationships on dementia risk,
however further research is needed to better establish any potential causal mechanisms that may drive
these associations particularly with reference to age related social factors. Our findings add to the
growing evidence on the relevance of social relationships for cognitive health in older age. Specifically,
for health and social care practice, they highlight the value of addressing social relationship issues in
individuals vulnerable to dementia, while pointing towards specific ways of potentially modifying risk.
Similarly, at the policy level, our results will add to the impetus underlying local and national efforts to

ameliorate the psychosocial conditions of older people.

Funding
The PRIDE study was funded by the UK Economic and Social Research Council (ESRC) (Grant
ES/L001802/1). The English Longitudinal Study of Ageing is funded by the National Institute on Aging

Page 11 of 21



(Grants 2RO1AG7644-01A1 and 2ZRO1AG017644) and by a consortium of UK government departments
coordinated by the ESRC. The data are lodged with the UK Data Archive. Andrew Steptoe is supported
by the British Heart Foundation. The funders of this study had no role in the study design, data

collection, data analysis, data interpretation, or writing of the report.

Contributors

MK, SBR and AS designed the study. MK and SBR undertook bibliographic database searches and
reviewed the literature. MK performed the statistical analysis of ELSA data. MK and SBR drafted the
manuscript. All authors read draft versions of the manuscript and throughout provided feedback on the
analysis and interpretation of the data. The study was supervised by AS and SM. MO serves as the
principal investigator of the PRIDE project. AS had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of the analysis. All authors approved the

final version of the manuscript prior to its submission.

Ethical approval
Ethical approval for all the ELSA waves was granted from the National Research and Ethics Committee

(http://www.nres.npsa.nhs.uk/).

Declaration of interest

All the authors declare: no support from any organisation for the submitted work; no financial

relationships with any organisations that might have an interest in the submitted work in the previous

three years; no other relationships or activities that could appear to have influenced the submitted

work.

References

1. Norton, S., et al., Potential for primary prevention of Alzheimer's disease: an analysis of population-
based data. The Lancet Neurology, 2014. 13(8): p. 788-794.

2. Hendrie, H.C., Epidemiology of dementia and Alzheimer's disease. Am J Geriatr Psychiatry, 1998. 6(2
Suppl 1): p. S3-18.

3. Prince, M., et al., World Alzheimer Report 2014. Dementia and risk reduction: an analysis of
protective and modifiable factors. Londres: Alzheimers Disease International, 2014.

4. Cohen, S. and D. Janicki-Deverts, Can We Improve Our Physical Health by Altering Our Social

Networks? Perspectives on psychological science : a journal of the Association for Psychological
Science, 2009. 4(4): p. 375-378.

5. Thoits, P.A., Mechanisms linking social ties and support to physical and mental health. ) Health Soc
Behav, 2011. 52(2): p. 145-61.
6. Marioni, R.E., et al., Social activity, cognitive decline and dementia risk: a 20-year prospective cohort

study. BMC Public Health, 2015. 15: p. 1089.

Page 12 of 21



10.

11.

12.

13.
14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Shankar, A., et al., Social isolation and loneliness: relationships with cognitive function during 4 years
of follow-up in the English Longitudinal Study of Ageing. Psychosom Med, 2013. 75(2): p. 161-70.
Fan, L.Y., et al., Marital Status, Lifestyle and Dementia: A Nationwide Survey in Taiwan. PLoS One,
2015. 10(9): p. e0139154.

Feng, L., et al., Marital Status and Cognitive Impairment among Community-Dwelling Chinese Older
Adults: The Role of Gender and Social Engagement. Dement Geriatr Cogn Dis Extra, 2014. 4(3): p.
375-84.

Sundstrom, A., O. Westerlund, and E. Kotyrlo, Marital status and risk of dementia: a nationwide
population-based prospective study from Sweden. BMJ Open, 2016. 6(1): p. e008565.

Sundstrom, A., et al., The relationship between marital and parental status and the risk of dementia.
Int Psychogeriatr, 2014. 26(5): p. 749-57.

Uchino, B.N., Social support and health: a review of physiological processes potentially underlying
links to disease outcomes. J Behav Med, 2006. 29(4): p. 377-87.

Homans, G.C., Social Behavior as Exchange. American Journal of Sociology, 1958. 63(6): p. 597-606.
Rook, K.S., Positive and negative social exchanges: weighing their effects in later life. The Journals of
Gerontology. Series B, Psychological Sciences and Social Sciences, 1997. 52(4): p. S167-169.

Okun, M.A. and V.M. Keith, Effects of Positive and Negative Social Exchanges with Various Sources on
Depressive Symptoms in Younger and Older Adults. The Journals of Gerontology Series B:
Psychological Sciences and Social Sciences, 1998. 53B(1): p. P4-P20.

Newsom, J.T., et al.,, Understanding the relative importance of positive and negative social
exchanges: examining specific domains and appraisals. ) Gerontol B Psychol Sci Soc Sci, 2005. 60(6):
p. P304-P312.

Mavandadi, S., K.S. Rook, and J.T. Newsom, Positive and Negative Social Exchanges and Disability in
Later Life: An Investigation of Trajectories of Change. The Journals of Gerontology Series B:
Psychological Sciences and Social Sciences, 2007. 62(6): p. S361-5370.

Ha, J.-H., The Effects of Positive and Negative Support From Children on Widowed Older Adults’
Psychological Adjustment: A Longitudinal Analysis. The Gerontologist, 2010. 50(4): p. 471-481.

Rook, K.S., The negative side of social interaction: impact on psychological well-being. Journal of
Personality and Social Psychology, 1984. 46(5): p. 1097-1108.

Steptoe, A., et al., Cohort profile: the English longitudinal study of ageing. International journal of
epidemiology, 2013. 42(6): p. 1640-1648.

Jorm, A., A short form of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE):
development and cross-validation. Psychological medicine, 1994. 24(01): p. 145-153.

Quinn, T.J., et al., Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) for the
diagnosis of dementia within community dwelling populations. The Cochrane Library.

Kensinger, E.A. and S. Corkin, Cognition in aging and age related disease. Handbook of the
neuroscience of aging, 2009: p. 249-256.

Gur, R.E. and R.C. Gur, Gender differences in aging: cognition, emotions, and neuroimaging studies.
Dialogues in Clinical Neuroscience, 2002. 4(2): p. 197-210.

Vohs, K.D., N.L. Mead, and M.R. Goode, The Psychological Consequences of Money. Science, 2006.
314(5802): p. 1154-1156.

Hosmer, D.W., S. Lemeshow, and S. May, Applied Survival Analysis: Regression Modelling of Time to
Event Data. Second Edition ed. 2008: John Wiley & Sons, Inc.

Andersen, K., et al., Gender differences in the incidence of AD and vascular dementia: The EURODEM
Studies. EURODEM Incidence Research Group. Neurology, 1999. 53(9): p. 1992-7.

Ruitenberg, A., et al., Incidence of dementia: does gender make a difference? Neurobiol Aging, 2001.
22(4): p. 575-80.

Krause, N. and B.A. Shaw, Negative interaction and changes in functional disability during late life.
Journal of Social and Personal Relationships, 2002. 19(3): p. 339-359.

Croezen, S., et al., Do positive or negative experiences of social support relate to current and future
health? Results from the Doetinchem Cohort Study. BMC Public Health, 2012. 12: p. 65.

Page 13 of 21



31.

32.
33.

34.

35.

36.

37.

38.

Kromhout, D., et al., Prevention of Coronary Heart Disease by Diet and Lifestyle. Circulation, 2002.
105(7): p. 893-898.

Deary, I.J., et al., Age-associated cognitive decline. British medical bulletin, 2009. 92(1): p. 135-152.
Kiecolt-Glaser, J.K., J.-P. Gouin, and L. Hantsoo, Close Relationships, Inflammation, and Health.
Neuroscience and biobehavioral reviews, 2010. 35(1): p. 33-38.

Laura, D.K., E.S. Teresa, and M.M. Glymour, Biological Pathways Linking Social Conditions and
HealthPlausible Mechanisms and Emerging Puzzles. 'Oxford University Press': Oxford, UK.

Matthews, F.E., et al., A two-decade comparison of prevalence of dementia in individuals aged 65
years and older from three geographical areas of England: results of the Cognitive Function and
Ageing Study | and Il. The Lancet, 2013. 382(9902): p. 1405-1412.

Holwerda, T.J., et al., Feelings of loneliness, but not social isolation, predict dementia onset: results
from the Amsterdam Study of the Elderly (AMSTEL). Journal of Neurology, Neurosurgery &
Psychiatry, 2012: p. jnnp-2012-302755.

Wilson, R.S., et al., Loneliness and risk of alzheimer disease. Archives of General Psychiatry, 2007.
64(2): p. 234-240.

Jin, Y.-P., et al., Is stroke history reliably reported by elderly with cognitive impairment? A
community-based study. Neuroepidemiology, 2010. 35(3): p. 215-220.

Page 14 of 21



Table 1: Summary statistics of covariates (age, net wealth) and positive and negative social support

scores by gender.

Variable Men Women

Size of the study sample: N (%) 5,475 (54.45) 4,580 (45.55)

Age: Mean (SD) 65.03 (10.27) 64.57 (9.82)

Net wealth: Mean (SD) 5.55 (2.85) 5.81(2.82)

Positive social support scores: Mean (SD)
Spouse (n=7,075) 3.56 (0.60) 3.72 (0.46)
Children (n=8,660) 3.49 (0.61) 3.32 (0.71)
Family (n=8,826) 2.94 (0.92) 2.74 (0.92)
Friends (n=9,173) 3.29 (0.71) 2.95 (0.74)
Spouse+Children (n=9,270) 3.52 (0.55) 3.51 (0.55)
Spouse+Children+Family (n=9,920) 3.29 (0.60) 3.24 (0.59)
Family+Friends (n=9,684) 3.11 (0.67) 2.84 (0.70)
Overall (Spouse,Child,Family, Friend) 3.30(0.51) 3.17 (0.52)
(n=10,055)

Negative social support scores: Mean (SD)
Spouse (n=7,067) 1.85 (0.65) 1.79 (0.55)
Children (n=8,649) 1.62 (0.60) 1.68 (0.61)
Family (n=8,748) 1.64 (0.68) 1.64 (0.66)
Friends (n=9,119) 1.51 (0.53) 1.61 (0.55)
Spouse+Children (n=9,261) 1.70 (0.55) 1.73 (0.52)
Spouse+Children+Family (n=9899) 1.70 (0.53) 1.70 (0.50)
Family+Friends (n=9,636) 1.57 (0.52) 1.62 (0.53)
Overall (Spouse,Child,Family, Friend) 1.63 (0.47) 1.67 (0.45)
(n=10,036)

Notes:

1. Family implies immediate family members other than spouse or children.
2. Positive and negative support scores were measured on a 4-point scale ranging from 1 (not at all) to
4 (alot) so that higher value indicated more of the positive or negative experiences.
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Table 2: Hazard ratios (exponentiated coefficients), p-values and 95% confidence intervals for the Interval censored Proportional
Hazard (PH) regression models. All models included the covariates age, sex and net wealth. The covariates education and diabetes were
also controlled for in some models where they passed the tests for confounding. Statistically significant associations are shown in bold.

Exposure variable (Score type) Positive scores Negative scores
HR (SE) p-value 95% CI HR (SE) p-value 95% CI

Overall score 0.87 (0.09) 0.171 (0.72,1.06) | 1.31(0.15) 0.019 (1.05, 1.64)
Spouse + children score 0.89(0.09) 0.289 (0.73,1.10) 1.23 (0.13) 0.046 (1.004,1.51)
Spouse + children + Other family score 0.93 (0.08) 0.450 (0.78,1.11) 1.27 (0.13) 0.021 (1.04,1.56)
Other family + friend score 0.89 (0.07) 0.136 (0.76, 1.04) 1.25 (0.13) 0.033 (1.02, 1.55)
Spouse score 0.83 (0.09) 0.107 (0.67,1.04) 1.08 (0.13) 0.536 (0.85,1.35)

Children score 0.83 (0.08) 0.042 (0.69,0.99) | 1.19(0.12) 0.075 (0.98, 1.45)

Other family score 0.92 (0.06) 0.212 (0.81,1.05) | 1.26(0.11) 0.011 (1.05, 1.50)

0.89 (0.07) 0.116 (0.76,1.03) | 1.14(0.12) 0.238 (0.92, 1.40)

Friends score
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Supplementary materials:

Supplementary Table 1: Questionnaire and scale measuring positive and negative experiences of social support/exchanges.

Items

Original scale

1 2 3 4
(alot) | (some) | (alittle) | (notatall)
Reverse coded scale

4 3 2 1
(alot) | (some) | (alittle) | (notatall)

(a) How much do they really understand the
way you feel about things?

(b) How much can you rely on them if you

Positive have a serious problem?

experiences of

support (c) How much can you open up to them if you
need if you need to talk about your worries?
(a) How much do they criticise you?

Negative (b) How much do they let you down when you

experiences of are counting on them?

support

(c) How much do they get on your nerves
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Supplementary Table 2: Sensitivity analysis 1 (excluding dementia cases between waves 1 and 2) - interval censored proportional hazard
(PH) regression analysis of the effect of positive or negative social support on risk of developing dementia. There were 292 dementia incidences
during wave 3 to 6. Number of events included in the analyses varied (from 171 to 292) due to missing data in positive/negative scores and the
covariates (age, sex and net wealth). Statistically significant associations involving the positive or negative support scores are shown in bold.

Positive scores

Negative scores

Exposure variable® (score type) HR (SE) p-value 95% CI HR (SE) p-value 95% CI
Overall score 0.84 (0.09) 0.110 (0.68, 1.04) 1.30 (0.16) 0.035 (1.02, 1.65)
Spouse+children+other family scores 0.89 (0.09) 0.244 (0.74, 1.08) 1.25 (0.14) 0.049 (1.00, 1.56)
Spouse + children scores 0.83(0.09) 0.084 (0.68,1.02) 1.22 (0.14) 0.073 (0.98,1.52)
Other family + friends score 0.83 (0.07) 0.031 (0.70,0.98) 1.22 (0.14) 0.092 (0.97, 1.53)
Spouse score 0.86 (0.11) 0.208 (0.67, 1.09) 1.06 (0.14) 0.417 (0.87, 1.41)
Children score 0.83 (0.08) 0.056 (0.68,1.00) 1.15 (0.12) 0.186 (0.93,1.43)
Other family score 0.87 (0.06) 0.041 (0.76,0.99) 1.21(0.12) 0.049 (1.00, 1.47)
Friend score 0.88 (0.07) 0.110 (0.75, 1.03) 1.13 (0.13) 0.314 (0.89, 1.42)

* Note: All models were adjusted for age, sex and net wealth.
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Supplementary Table 3: Sensitivity analysis 2 (excluding dementia diagnosis based on IQCODE) - interval censored proportional hazard (PH)
regression analysis of the effect of positive or negative experience of social support on risk of developing dementia. There were 284 dementia
incidences excluding those diagnosed using IQCODE during wave 1 to 6. Number of events included in the analyses varied (from 164 to 284) due to
missing data in positive /negative scores and the covariates (age, sex and net wealth). Statistically significant associations are shown in bold.

Positive scores

Negative scores

Exposure variable* (score type) HR (SE) p-value 95% CI HR (SE) p-value 95% CI
Overall score 0.87 (0.09) 0.188 (0.70, 1.07) 1.21 (0.15) 0.128 (0.95, 1.56)
Spouse + children +other family scores 0.93 (0.09) 0.476 (0.77,1.13) 1.23 (0.14) 0.704 (0.98,1.54)
Spouse + children scores 0.79 (0.08) 0.024 (0.64, 0.97) 1.25 (0.14) 0.050 (1.00,1.56)
Other family + friend score 0.91 (0.08) 0.284 (0.77,1.08) 1.06 (0.13) 0.611 (0.84,1.35)
Spouse score 0.78 (0.09) 0.043 (0.62,0.99) 1.18(0.15) 0.182 (0.92,1.52)
Children score 0.79 (0.08) 0.017 (0.65, 0.96) 1.20 (0.13) 0.097 (0.97, 1.48)
Other family score 0.95 (0.07) 0.502 (0.83,1.10) 1.11(0.11) 0.316 (0.91, 1.36)
Friend score 0.87 (0.07) 0.090 (0.74,1.02) 1.03 (0.13) 0.822 (0.81,1.31)

* Note: All models were adjusted for age, sex and net wealth.

Page 19 of 21




Supplementary Table 4: Sensitivity analysis 3 (analysis using standard Cox regression) - replication of the primary analysis using Cox
regression model. Analysis assumed that exact time-to-events are known for dementia incidences. Statistically significant associations are shown in

bold.

Positive scores Negative scores

Exposure variable® (score type) HR (SE) p-value 95% CI HR (SE) p-value 95% CI
Overall score 0.88 (0.09) 0.186 (0.72, 1.06) 1.31 (0.15) 0.019 (1.05, 1.64)
Spouse + children+ Other family scores 0.93 (0.08) 0.448 (0.78,1.11) 1.27 (0.13) 0.021 (1.04, 1.56)
Spouse + children scores 0.83(0.08) 0.053 (0.68, 1.00) 1.23 (0.13) 0.045 (1.01,1.51)
Other family + friend score 0.89 (0.07) 0.136 (0.76, 1.04) 1.25 (0.13) 0.034 (1.02, 1.55)
Spouse score 0.84 (0.09) 0.111 (0.67,1.04) 1.07 (0.13) 0.541 (0.85,1.35)
Children score 0.83 (0.08) 0.044 (0.69, 0.99) 1.19 (0.12) 0.080 (0.98, 1.45)
Other family score 0.92 (0.06) 0.216 (0.81, 1.05) 1.26(0.11) 0.012 (1.05, 1.50)
Friend score 0.89 (0.07) 0.133 (0.77, 1.04) 1.14 (0.12) 0.239 (0.92, 1.40)

* Note: All models were adjusted for age, sex and net wealth.
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