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Abstract.
Background: The modifying effect of sex on the relation between marital status and dementia has yet to be determined.
Objective: To examine if sex modifies the association between marital status and incident dementia.
Methods: Population-based samples from the Mayo Clinic Study of Aging (MCSA, N = 3,471) and the Gothenburg H70
Birth Cohort Study (H70-study, N = 913) were used. A multiplicative interaction term was used to analyze the modifying
effect of sex on the relation between marital status (married versus not married) and incident dementia using Cox regression
models. Further, risk of dementia by marital status was also evaluated in models separated by sex.
Results: In the MCSA, there was an interaction between marital status and sex in relation to dementia (p = 0.015). In
contrast, in the H70-study, no significant interaction was observed (p = 0.28). Nevertheless, in both studies, not married men
had increased risk of dementia compared to married men in models adjusted for age, education, and number of children (H70-
study: 1.99; 1.06–3.76, MCSA: 1.43; 1.08–1.89). Associations remained similar after additional adjustment for depression,
BMI, hypertension, dyslipidemia, and diabetes mellitus (H70-study: 2.00; 1.05–3.82, MCSA: 1.32; 0.99–1.76). Further, no
significant association was observed between marital status and dementia in women (H70-study: 1.24; 0.82–1.89, MCSA:
0.82; 0.64–1.04).
Conclusion: Sex had a modifying effect on the association between marital status and incident dementia. In analyses separated
by sex, not married men had an increased risk of dementia compared to married men, while no significant association was
observed between marital status and risk of dementia in women.
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INTRODUCTION

With an expected increase in people with dementia,
identifying risk factors for dementia has never been
more important. Several longitudinal studies report
that being married or living with a spouse reduces
the risk of cognitive decline [1], all-cause dementia
[2–9], and Alzheimer’s disease (AD) [10, 11], but
one study did not confirm these findings [12]. Evi-
dence also suggests that marital status effects health
differently depending on sex. One study reported a
higher risk of hypertension and death in men who
had never been married compared to married men,
while this was not observed in women [13]. Another
study found an increased risk of depression in men
compared to women who became widowed [14].
However, few studies have examined the moderat-
ing role of sex on the association between marital
status and dementia risk [6, 8]. A study from the
Health and Retirement Study (HRS) found higher
odds of dementia among divorced/separated and wid-
owed men compared to women [6].

We aimed to fill this knowledge gap by studying
the modifying effect of sex on the relation betw-
een marital status and incident dementia in two
population-based samples from Rochester, Minne-
sota (MN), USA and Gothenburg, Sweden. The anal-
yses were performed separately in each sample to
examine if the associations could be replicated.

METHODS

Mayo clinic study of aging, 70+ years old
(MCSA 70+ study)

Participants are derived from the Mayo Clinic
Study of Aging (MCSA 70+ study), from Rochester,
MN, USA, examined in 2004 and re-examined every
15 months using the same clinical protocol for eval-
uation [15, 16]. In total, 3891 participants aged
70–89 years had a baseline examination, of which
50 participants were living in a convent at base-
line and excluded from the current analysis due to
the differential social interactions for single women
in the convent. After excluding participants with
dementia at baseline (n = 120), for administrative
reasons (n = 194; excluded due to their initial exam-
ination being very close to the completion of the
present study and they were therefore not due for a
follow-up visit, nor were they reviewed for events in
the Rochester Epidemiology Project (REP) medical

records-linkage system [15]), with missing informa-
tion on marital status (n = 7) and death within one
year from baseline (n = 49), 3,471 participants were
included in the present analyses (Fig. 1).

The Institutional Review Boards of the Mayo
Clinic and of Olmsted Medical Center approved the
study.

Marital status
Information on marital status was obtained by

self-report at baseline. Participants were asked if
they were married, living together-not married,
single-never married, divorced, widowed, or separa-
ted. To examine the difference in dementia risk
between those who were married/in a marriage-like
relationship and those who were not, marital sta-
tus was dichotomized as “married” (married and
cohabitant with a partner) and “not married” (sin-
gle/divorced/widowed/separated).

Diagnosis of dementia
Diagnosis of dementia was based on Diagnostic

and Statistical Manual of Mental Disorders Fourth
Edition (DSM-IV) criteria [17], using information
from an evaluation by a study coordinator or nurse,
a physician, and neuropsychometric testing admin-
istered by a trained psychometrist [15, 16]. The
evaluation by the study coordinator or nurse included
assessment of sociodemographic factors, the Clinical
Dementia Rating scale (CDR) [18] and the Functional
Activities Questionnaire (FAQ) [19]. The evaluation
by the physician included the Short Test of Men-
tal Status [20], questions about memory, medical
history review, and a neurological evaluation [15,
16]. Neuropsychological testing was performed using
nine tests to assess four cognitive domains (mem-
ory, executive function, language, and visuospatial
skills) [15, 16, 21]. For each visit, all information
from the evaluation was reviewed by the nurse or
study coordinator, the physician, and the neuropsy-
chologist, and a dementia diagnosis, mild cognitive
impairment, or normal cognition was adjudicated by
consensus. Evaluators were blinded to information
and diagnoses from previous visits.

Assessments of covariates
Age at baseline was defined as age at initial eval-

uation. Years of education and number of biological
children were self-reported. Medical comorbidities
(i.e., hypertension, depression, dyslipidemia, and
diabetes mellitus) were nurse abstracted from par-
ticipant medical records using the REP medical
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Fig. 1. Study flow chart of (a) participants included in the Gothenburg H70 Birth Cohort study (H70-study) and (b) in the Mayo Clinic
Study of Aging (MCSA 70+ study). ∗194 individuals were excluded due to administrative reasons since their first examination was close to
the completion of the present study. Thus, they were not due for a follow-up visit, nor reviewed for events in the Rochester Epidemiology
Project (REP) medical records-linkage system.

records-linkage system [15]. Weight and height were
measured at baseline and body mass index (BMI) was
defined as kg/m2. Smoking status was defined as ever
versus never.

The gothenburg H70 birth cohort studies
(H70-study)

Participants are derived from the population-based
Gothenburg H70 Birth Cohort Studies (H70-study),
examined in 2000–2002, 2005–2007, 2009–2011,
and 2015–2016 [22–24].

In total, 988 participants (all born in 1930) had
baseline examinations in 2000–2002 (mean age 70.6
years) or 2005–2007 (mean age 75.7 years), of
which 982 had information on dementia status.
After excluding participants with dementia at base-
line (n = 45), missing information on marital status
(n = 22), and death within one year from baseline
(n = 2), 913 participants were included in the present
analyses (Fig. 1).

The Ethics Committee for Medical Research at the
University of Gothenburg approved the study.

Marital status
Information on marital status was obtained by self-

report at baseline. Participants were asked if they
were married, cohabiting with a partner-not married,
single-never married, divorced, widowed, or in a rela-
tionship but living apart (live-apart). To examine the
difference in dementia risk between those who were
married/in a marriage-like relationship and those who
were not, marital status was dichotomized as “mar-
ried” (married and cohabitant with a partner) and “not
married” (single/divorced/widowed/live-apart).

Diagnosis of dementia
Diagnosis of dementia at each examination was

based on DSM-III-R criteria [25], using information
from semi-structured neuropsychiatric examinations
and close informant interviews performed by expe-
rienced psychiatric nurses [26, 27]. Evaluators were
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blinded to information and diagnoses from previous
examinations. Dementia diagnoses for individuals
lost to follow-up were obtained from the Swedish
Inpatient Registry until 2012 (18.8%) [26]. Age of
dementia onset was based on information provided by
close informants, the Swedish Inpatient Register, and
the neuropsychiatric examinations. If no information
could be obtained, age of onset was determined as
the mid-point between the last examination free from
dementia and the first with dementia diagnosis. Infor-

mation on deaths during follow-up was obtained from
the Swedish Population Registry until December 31,
2016.

Assessments of covariates
Age at baseline was defined as age at examina-

tion in 2000–2002 or 2005–2006. Years of education
and number of children were obtained by self-
report at baseline. Any depression included minor
(according to DSM-IV-TR) or major (according

Fig. 2. Cumulative hazard of dementia by marital status among men, in (a) H70-study and (b) MCSA 70+ study. “Marrieds” include those
married and cohabiting with a partner, while “not married” include those single, divorced, widowed, and separated in the MCSA 70+ study
and those live-apart in the H70-study). Analyses adjusted for covariates (baseline age, years of education, number of children, any depression,
BMI, hypertension, dyslipidemia, and diabetes mellitus) set to sample average.
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to DSM-5) depression, based on information from
semi-structured psychiatric examinations at baseline
[28–30]. Weight and height were measured at base-
line and BMI was defined as kg/m2. Hypertension
was defined as systolic blood pressure ≥140 mm Hg,
diastolic blood pressure ≥90 mm Hg or taking anti-
hypertensive medication. Dyslipidemia was defined
as having a ratio of total cholesterol and high den-
sity lipoprotein ≥5 mmol/l, low density lipoprotein
≥3.5 or taking lipid-lowering drugs. Diabetes mel-
litus was defined as being on anti-diabetic drugs,
diet-treatment for diabetes, or having one venous
blood glucose value of ≥11.1 mmol/l. Smoking status
was defined as ever versus never.

Statistical analysis

All analyses were done using SAS V9.4 and R
(version 4.0.0) using survminer (version 0.4.9; Kas-
sambara et al.) and survival (version 3.2–10;
Therneau et al.) packages. Sociodemographic and
health characteristics are presented as mean, standard
deviation (SD), median, minimum (min), maximum
(max) and percentages. Differences in sociodemo-
graphic and health characteristics by marital status
were analyzed using χ2-test for categorical data and
Kruskal-Wallis tests for continuous measures. Cox
regression models using age as the time scale were
used to analyze the effect of marital status on inci-
dent dementia, presented as hazard ratios (HR) and
95% confidence interval (CI) in three different mod-
els. Model 1 included marital status, baseline age,
and sex. Model 2 included marital status, baseline
age, sex, years of education, and number of children.
Model 3 included depression, BMI, hypertension,
dyslipidemia, and diabetes mellitus in addition to
covariates included in Model 2. All analyses were
conducted in the MCSA 70+ study and the H70-study
separately. The proportional hazard assumption was
verified using Schoenfeld residuals (Supplementary
Figure 1).

We examined the interaction of sex and marital
status in relation to incident dementia using Model
3. Further, to allow potential confounders to differ
between sexes, we examined the association between
marital status and incident dementia in models sep-
arated by sex. In Fig. 2, cumulative hazards of
dementia by marital status among men, adjusted for
covariates (model 3) set to sample average, are shown.

To examine the effect of competing risk of death,
we investigated the effect of marital status on all-
cause mortality in a Cox regression model adjusted

for baseline age, sex, years of education, number of
children, any depression, BMI, hypertension, dyslipi-
demia and diabetes mellitus. Further, we examined
the interaction of sex and marital status in relation
to risk of mortality. Finally, to allow potential con-
founders to differ between sexes, we examined the
association between marital status and risk of mor-
tality in models separated by sex.

Participants were censored at the date of a) demen-
tia diagnosis, b) death, or c) end of follow-up (for
the MCSA 70+ study: September 12, 2019; for
the H70-study: December 31, 2016 for those with
last examination year in 2015–2016, and Decem-
ber 31, 2012 for those with last examination year in
2009–2010 and additional information from register
data until 2012).

RESULTS

MCSA 70+ study

Of the 3,471 MCSA participants at baseline, 2,316
(66.7%) were married, seven (0.2%) were cohab-
itant with a partner, 852 (24.6%) were widowed,
189 (5.5%) were divorced, six (0.2%) were sepa-
rated, and 101 (2.9%) were single-never married.
Sample characteristics and differences between those
who were married and not married are shown in
Table 1. During a mean follow-up of 6.8 years (SD
3.6 years, range 0.04–14.49 years; 23,608.4 person-
years), 631 (18.2%) participants developed dementia,
with a mean age of dementia onset of 86.5 years (SD
5.5). Compared to those excluded (n = 56; Fig. 1),
those included in the analytic sample (n = 3,471) were
younger (p < 0.001), had higher median age at death
(p < 0.001), lower proportion of diabetes (p < 0.001),
and more likely to developed dementia (p = 0.004).

In the total sample, no significant association was
found between marital status and incident demen-
tia (Table 2). There was an interaction between sex
and marital status in relation to incident dementia
(p = 0.015, Model 3). In analyses separated by sex,
not married men had an increased risk of dementia
compared to married men (Model 2 HR: 1.43; 95%
CI 1.08–1.89, Table 2). The association was slightly
attenuated after additional adjusting for depression,
BMI, hypertension, dyslipidemia, and diabetes mel-
litus (Model 3 HR: 1.32; 95% CI 0.99–1.76, Table 2).
No significant association was observed between
marital status and incident dementia among women
(Table 2). Further, the results did not change after
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Table 1
Sociodemographic and health characteristics in MCSA 70+ study (≥70 years old) and H70-study by marital status

Characteristics MCSA 70+ study H70-study

Total sample Marrieda Not marriedb p Total sample Marrieda Not marriedc p
(n = 3,471) (n = 2,323) (n = 1,148) (n = 913) (n = 577) (n = 336)

Baseline age, Mean (SD) 78.6 (5.4) 77.7 (5.1) 80.5 (5.6) <0.001 72.7 (2.6) 72.6 (3.8) 73.0 (2.7) 0.03
Sex, women 48.5 (1,682/3,471) 35.5 (825/2,323) 74.7 (857/1,148) <0.001 59.5 (543/913) 50.1 (289/577) 75.6 (254/336) <0.001
Education (y), Mean (SD)d 13.9 (2.9) 14.1 (2.9) 13.4 (2.8) <0.001 10.3 (4.3) 10.5 (4.3) 9.8 (4.2) 0.01
Number of children, Mean (SD)f 3.2 (2.0) 3.3 (1.8) 3.1 (2.4) <0.001 2.1 (1.3) 2.2 (1.3) 2.0 (1.4) 0.03
Smoking status, ever versus never 49.5 (1,716/3,468) 51.1 (1,187/2,321) 46.1 (529/1,147) 0.001 57.4 (479/835) 55.3 (292/528) 60.9 (187/307) 0.1
Depression 33.9 (1,178/3,470) 28.9 (670/2,322) 44.3 (508/1,148) <0.001 16.6 (152/913) 12.5 (72/577) 23.8 (80/336) <0.001
BMI, Mean (SD)e 28.7 (5.0) 28.6 (4.7) 28.7 (5.7) 0.3 26.8 (4.1) 26.7 (4.0) 26.9 (4.4) 0.5
Hypertension 78.4 (2,720/3,470) 75.9 (1,762/2,322) 83.4 (958/1,148) <0.001 82.1 (750/913) 83.7 (483/577) 79.5 (267/336) 0.1
Dyslipidemia 81.4 (2,826/3,470) 81.4 (1,891/2,322) 81.4 (935/1,148) >0.9 61.3 (559/912) 61.6 (355/576) 60.7 (204/336) 0.8
Diabetes 19.6 (680/3,470) 18.8 (436/2,322) 21.3 (244/1,148) 0.1 11.8 (108/913) 11.4 (66/577) 12.5 (42/336) 0.7
Incident dementia cases 18.2 (631/3,471) 16.8 (390/2,323) 21.0 (241/1,148) <0.001 16.3 (149/913) 14.7 (85/577) 19.0 (64/336) 0.1
Age at dementia onset (y), Mean (SD) 86.5 (5.5) 85.7 (5.4) 87.8 (5.4) <0.001 79.5 (3.6) 79.4 (3.8) 79.7 (3.3) 0.6
Censored due to death 13.2 (459/3,471) 11.6 (269/2,323) 16.6 (190/1,148) <0.001 24.5 (224/913) 23.6 (136/577) 26.6 (88/336) 0.4
Age at death (y), Median (min, max) 87.7 (72.5, 101.9) 86.8 (72.5, 99.2) 88.5 (74.0, 101.9) 0.004 80.1 (71.1, 86.1) 80.1 (71.1, 86.1) 79.1 (72.0, 86.1) 0.1

% (cases/total), unless otherwise noted. aMarried/cohabitant with a partner; bSingle/Divorced/Widowed/Separated; cSingle/Divorced/Widowed/Live-apart; dH70-study: 21 missing cases; eMCSA
70+ study: 71 missing cases, H70-study: 13 missing cases; f H70-study: 30 missing cases.
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excluding those living in nursing homes and assisted
living (n = 31; results not shown).

In total, 459 participants were censored due to
death (41.8% women) with a median age at death
of 87.7 years (range, 72.5–101.9 years). Those who
were not married had an increased risk of all-cause
mortality compared to those who were married in a
model adjusted for baseline age, sex, years of edu-
cation, number of children, any depression, BMI,
hypertension, dyslipidemia, and diabetes mellitus
(HR 1.41; 95% CI 1.12–1.77). No significant inter-
action was found between marital status and sex in
relation to mortality (p = 0.31). However, in models
separated by sex, not married men had increased risk
of death compared to married men (HR 1.56; 95%
CI 1.16–2.11), while no significant association was
observed in women (HR 1.25; 95% CI 0.91–1.72).

The H70-study

Of the 913 H70-study participants at baseline,
533 (58.4%) were married, 44 (4.8%) were cohab-
itant with a partner, 34 (3.7%) were in a relationship
but live-apart, 163 (17.9%) were widowed, 112
(12.3%) were divorced, and 27 (3%) were single-
never married. Compared to MCSA 70+ study, the
H70-study had a lower proportion of marrieds (χ2-
test; p < 0.0001) and widowed (p < 0.0001) and a
higher proportion of those cohabiting with a partner
(p < 0.0001) and divorced (p < 0.0001), while there
was no difference in the proportion of those single-
never married (p = 0.9). Sample characteristics and
differences between those who were married and
not married are shown in Table 1. During a mean
follow-up of 10.4 years (SD 4.0 years, range 1–16
years; 9,470 person-years), 149 (16.3%) participants
developed dementia, with a mean age of dementia
onset of 79.5 years (SD 3.6 years). Compared to
those excluded (n = 24; Fig. 1), those included in
the analytic sample (n = 913) had higher median age
at death (p < 0.001), higher mean time of education
(p < 0.001), lower mean BMI (p < 0.001), and were
less often former/current smokers (p = 0.03).

In the total sample, participants who were not mar-
ried had an increased risk of dementia compared to
those who were married (Table 2). No significant
interaction was found between marital status and sex
for risk of incident dementia (p = 0.28, Model 3).
However, in models separated by sex, not married
men had an increased risk of dementia compared to
men who were married (Model 2 HR: 1.99; 95%
CI 1.06–3.76, Table 2). The association remained

similar after additional adjustment for depression,
BMI, hypertension, dyslipidemia, and diabetes mel-
litus (Model 3 HR: 2.00; 95% CI 1.05–3.82, Table 2).
There was no significant association between marital
status and incident dementia among women (Table 2).
Further, the results did not change after excluding
those living in nursing homes and assisted living
(n = 9; results not shown).

In total, 224 participants were censored due to
death (46.0 % women) with a median age at death
of 80.1 years (range, 71.1–86.1 years). Those not
married had an increased risk of all-cause mortal-
ity compared to those who were married in a model
adjusted for baseline age, sex, years of education,
number of children, any depression, BMI, hyperten-
sion, dyslipidemia, and diabetes mellitus (HR 1.46;
95% CI 1.08–1.96). No significant interaction was
found between marital status and sex for risk of
mortality (p = 0.66). However, in models separated
by sex, not married men had an increased risk of
mortality compared to married men (HR 1.58; 95%
CI 1.03–2.43), while no significant association was
observed in women (HR 1.37; 95% CI 0.91–2.06).

DISCUSSION

In this collaborative project that includes two
population-based samples from Rochester, Min-
nesota, USA and Gothenburg, Sweden, we examined
the modifying effect of sex on the association between
marital status and risk of dementia. In the H70
study, participants who were not married had an
increased risk of dementia compared to those who
were, but there was no association in the MCSA 70+
study. Instead, in the MCSA 70+ study, sex modi-
fied the relationship between marital status and risk
of dementia. Analyses separated by sex showed that
not married men had an increased risk of demen-
tia compared to married men, while no significant
association was observed between marital status and
incident dementia in women. However, for the MCSA
70+ study, the association between marital status
and risk of dementia among men remained only
borderline significant in the fully adjusted model,
probably due to loss of statistical power since the
estimates were in agreement. In the H70-study,
the interaction between marital status and sex in
relation to incident dementia was not significant.
Nevertheless, analyses separated by sex similarly
showed that men who were not married, compared
to married men, had an increased risk of demen-
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Table 2
Association between marital status and incident dementia in the H70-study and in MCSA 70+ study, stratified by sex

Model 1a Model 2b Model 3c

H70 study - Total sample
Events/total 149/913 142/871 142/864
Not married 1.47 (1.05–2.08) 1.44 (1.01–2.04) 1.42 (0.99–2.02)

Men

Events/total 54/370 52/354 52/351
Not married 2.13 (1.18–3.85) 1.99 (1.06–3.76) 2.00 (1.05–3.82)

Women

Events/total 95/543 90/517 90/513
Not married 1.26 (0.84–1.89) 1.27 (0.84–1.92) 1.24 (0.82–1.89)

MCSA 70+ study - Total sample

Events/total 631/3,471 622/3,433 611/3,360
Not married 1.06 (0.88–1.28) 1.05 (0.87–1.27) 1.00 (0.83–1.21)

Men

Events/total 325/1,789 319/1,767 314/1,734
Not married 1.48 (1.13–1.93) 1.43 (1.08–1.89) 1.32 (0.99–1.76)

Women

Events/total 306/1,682) 303/1,666 297/1,626
Not married 0.83 (0.65–1.05) 0.83 (0.65–1.06) 0.82 (0.64–1.04)

Cox regression models using “married” as the reference group and age as the time scale, presented as Hazard ratios and
95% Confidence intervals. aModel 1 include marital status, baseline age and sex. bModel 2 include marital status, baseline
age, sex, years of education, and number of children. cModel 3 include marital status, baseline age, sex, years of education,
number of children, any depression, BMI, hypertension, dyslipidemia, and diabetes mellitus.

tia, while no significant association was observed in
women.

Our finding in the H70-study that those not married
had an increased risk of dementia compared to those
who were married is in line with previous studies [4,
8, 9, 11, 31]. In contrast, the MCSA 70+ study, in line
with the PAQUID-study [12], did not find an associ-
ation between marital status and incident dementia.
Reasons for discrepant results between the H70-study
and the MCSA 70+ study could be due to differ-
ences in the proportion of types of marital status (the
MCSA 70+ study had a higher proportion of married
and widowed, but a lower proportion of divorced and
those cohabiting with a partner, than the H70-study).
Other reasons for divergent results could be differ-
ences in the welfare systems (e.g., health care, social
security and pension system are to a higher degree
regulated by the government in Sweden than in USA)
and income levels (higher median household income
in USA than in Sweden) between USA and Sweden
[32–34]. Our finding of a moderating effect of sex on
the association between marital status and dementia
risk in the MSCA 70+ study is in line with results
from the Health and Retirement Study (HRS) [6].
Similarly, the Singapore Longitudinal Aging Study
reported increased odds ratio of cognitive impairment
in single and widowed men compared to married men,
but no association was observed among women [1]. In

the H70-study, lack of significant interaction between
sex and marital status in relation to incident dementia
was likely due to low statistical power since stratified
analyses by sex showed similar results as the MCSA
70+ study.

A possible explanation for our finding that individ-
uals who were married had reduced risk of dementia
compared to those not married may be due to the
effect of marital status on the cognitive reserve.
Individuals who are married may have greater expo-
sure to cognitive stimulation, thus resulting in an
increased cognitive reserve and a higher resilience
against dementia pathology [35]. Indeed, in the Rush
Memory and Aging Project, individuals who were
not demented and reported larger social networks,
performed better on tests of cognitive function even
though they were found to have similar levels of
dementia pathology as participants with smaller net-
works [36]. Further, our finding of a moderating
effect of sex on the association between marital
status and incident dementia may be explained by
sex differences in the experience of loneliness. Not
married men may experience loneliness to a higher
degree than not married women; evidence show that
married men rely more exclusively on their part-
ner for social support, while married women have
larger social networks of friends and relatives to
rely on [6, 37–39]. Loneliness is proposed to acti-
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vate stress responses with downstream effects on
cognitive health, mediated by sleep disturbance, dys-
regulation of the immune system, increased oxidative
stress and decreased levels of brain-derived neu-
rotrophic factors [40–43]. Another explanation for
our findings could be the additional effect of marital
status on other health outcomes. A meta-analysis of
7,881,040 individuals reported that unmarried indi-
viduals were at greater risk of all-cause, cancer,
cardiovascular disease, and coronary heart disease
mortalities and that this association was stronger
among men [44]. Similarly, previous studies have
reported an increased risk of hypertension and death
among men who had never been married compared
to women [13], and an increased risk of depression
in men who become widowed compared to women
[14]. In line with this, we found that not married men
had an increased risk of all-cause mortality compared
to married men, while no significant association was
observed in women.

Strengths of this study include the two large pop-
ulation-based samples from different countries. In
addition, dementia diagnosis was based on informa-
tion from neuropsychiatric examinations and hospital
registry. Limitations should also be addressed. First,
not all participants had information on marital status
and covariates. Those included in the analytic sam-
ples were younger, had higher median age at death,
higher mean time of education, and fewer cardio-
vascular risk factors, compared to those excluded.
Thus, our samples could be healthier than the gen-
eral population. Second, although we had information
on marital status and number of children, we did
not have information on other social factors that
could have affected the studied associations, such as
quality and duration of the marital status, the liv-
ing situation for those not in a relationship, social
networks, and marital trajectories. Third, there were
some differences in the classification of marital sta-
tus between the MCSA 70+ study and the H70-study,
which could have affected the results. Regarding the
“not married” group, information on those separated
was available in the MCSA 70+ study (not available
in the H70-study), while information on those live-
apart was available in the H70-study (not available
in the MCSA 70+ study). Due to the heterogeneity
of those live-apart, and as the aim of the study was
to examine difference in dementia risk between those
who were married/in a marriage-like relationship and
those who were not, those live-apart were included
in the “not married” group. Fourth, cumulative attri-
tion is a problem in follow-up studies. However,

this was alleviated by the use of registry data in
the H70-study and the REP medical records-linkage
system in the MCSA 70+ study to detect dementia
in those lost to follow-up. As aforementioned, 194
individuals were excluded due to having their first
evaluation very close to completion of the present
study and were therefore not due for a follow-up visit
nor were they reviewed for dementia status in the
REP medical records-linkage system. However, con-
sidering the reason for exclusion, we do not believe
that the exclusion of these individuals has affected
the studied associations. Fifth, in follow-up studies,
competing risk of death may affect the results. We
found that those not married had an increased risk
of death compared to marrieds. Although we did not
find a statistically significant interaction between sex
and marital status in relation to mortality, the risk of
death for not married men was elevated compared to
not married women. Sixth, the two population-based
samples comprise Caucasian participants living in
Rochester (MN), USA and Gothenburg, Sweden, lim-
iting the possibility of generalizing the results to other
populations.

In conclusion, in two population-based samples
from Rochester (MN), USA and Gothenburg, Swe-
den, not married men had increased risk of dementia
compared to married men, while no association was
observed in women. Results from this study provide
additional information on sex differences in risk fac-
tors for dementia.
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[38] Hemström Ö (1996) Is marriage dissolution linked to dif-
ferences in mortality risks for men and women? J Marriage
Fam 58, 366-378.

[39] Gove WR (1973) Sex, marital status, and mortality. Am J
Sociol 79, 45-67.

[40] Hsiao YH, Chang CH, Gean PW (2018) Impact of social
relationships on Alzheimer’s memory impairment: Mecha-
nistic studies. J Biomed Sci 25, 3.

[41] Lara E, Martı́n-Marı́a N, De la Torre-Luque A, Koyanagi A,
Vancampfort D, Izquierdo A, Miret M (2019) Does loneli-
ness contribute to mild cognitive impairment and dementia?
A systematic review and meta-analysis of longitudinal stud-
ies. Ageing Res Rev 52, 7-16.

[42] McHugh JE, Lawlor BA (2013) Perceived stress mediates
the relationship between emotional loneliness and sleep
quality over time in older adults. Br J Health Psychol 18,
546-555.
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