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ABSTRACT
Objective The role of spousal education on dementia 
risk and how it may differ by gender or race/ethnicity is 
unknown. This study examines the association between 
one’s own education separate from and in conjunction 
with spousal education and risk of dementia.
Design Cohort.
Setting Kaiser Permanente Northern California (KPNC), an 
integrated health care delivery system.
Participants 8835 members of KPNC who were aged 
40–55, married and reported own and spousal education 
in 1964–1973.
Primary outcome measure Dementia cases were 
identified through medical records from 1 January 1996 to 
30 September 2017.
Methods Own and spousal education was self- reported 
in 1964–1973 and each was classified as four indicator 
variables (≤high school, trade school/some college, 
college degree and postgraduate) and as ≥college degree 
versus <college degree. Age as timescale weighted Cox 
proportional hazard models adjusted for demographics 
and health indicators evaluated associations between 
participant education, spousal education and dementia risk 
overall and by gender and race/ethnicity.
Results The cohort was 37% non- white, 46% men 
and 30% were diagnosed with dementia during follow- 
up from 1996 to 2017 (mean follow- up=12.7 years). 
Greater participant education was associated with 
lower dementia risk independent of spousal education, 
demographics and health indicators. Greater spousal 
education was associated with lower dementia adjusting 
for demographics but became non- significant after further 
adjustment for participant education. The same pattern 
was seen for spousal education ≥college degree (not 
adjusting for participant education HR

spousal education≥college 

degree=0.83 (95% CI: 0.76 to 0.90); adjusting for participant 
education HRspousal education≥college degree=0.92 (95% CI: 0.83 to 
1.01)). These associations did not vary by gender or race/
ethnicity.
Conclusion In a large diverse cohort, we found that 
higher levels of participant’s own education were 
associated with lower dementia risk regardless of spousal 
education. An inverse association between spousal 
education and dementia risk was also present, however, 
the effects became non- significant after adjusting for 
participant education.

INTRODUCTION
Studies repeatedly demonstrate a protective 
effect of one’s own educational attainment on 
dementia risk.1–3 One hypothesised pathways 
linking one’s own education and dementia 
risk include physiological changes in the 
brain that protect against dementia onset 
(ie, increased cognitive reserve). Another 
possible pathway that may occur concur-
rently is by education influencing the socio-
economic trajectory of individuals providing 
exposure to protective factor such as higher 
income, better access to high quality medical 
care and cognitively demanding occupations. 
Marital status is also associated with dementia 
risk such that married individuals are at lower 
risk of dementia than their single or widowed 
counterparts.4 Spousal education can provide 
resources at the household level that improve 
health outcomes for all members. For 
example, spousal education is inversely associ-
ated with mortality5 6 and positively associated 
with self- rated health,7 8 and marital status 

Strengths and limitations of this study

 ► This is the first study to evaluate the contributions 
of spousal educational attainment on dementia risk 
and allows its effect to vary by participant’s own ed-
ucational attainment, gender and race/ethnicity.

 ► This study follows a diverse sample of over 8800 
individuals reporting own and spousal education in 
1964–1973 and follows them for dementia between 
1996 and 2017.

 ► This study adjusts for a range of health indicators 
prospectively collected from midlife and late- life.

 ► Limitations include being unable to control for dura-
tion of marriage, quality of education and childhood 
socioeconomic status.

 ► Lack of imaging data restricted the ability to ex-
amine the association between participant’s own 
education or spousal education and markers of cog-
nitive reserve.
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is associated with access to healthcare.9 10 Yet it remains 
unknown how spousal education or household level of 
education (ie, educational attainment of both spouses) 
is associated with dementia risk. No prior studies have 
examined the association between spousal education and 
dementia risk and the two studies examining its associ-
ation with cognitive function had opposing results.11 12 
Furthermore, it is unknown if and how one’s own educa-
tion, gender and race/ethnicity modify the relation-
ship between spousal education and own dementia risk. 
Educational opportunities in the USA have historically 
varied by gender13 and race/ethnicity.14–18 The resources 
substitution theory19 suggests that, in the US, women 
and minorities would benefit more from spousal educa-
tion than White men since there are barriers to them 
accessing education and alternative health promoting 
resources themselves. On the other hand, the resource 
multiplication theory2 suggests that White men in the 
US would benefit most from spousal education since 
they have more resources that augment the advantage 
provided by spousal education.

This study aims to examine the association between 
spousal pairs’ education levels and dementia risk in 
a diverse cohort of over 8800 men and women who 
reported their own and their spouse’s educational attain-
ment. We examined the association between participants’ 
own education, their spouse’s education and education 
concordance within spousal pairs with dementia risk. We 
hypothesised that one’s own education and that spousal 
education were inversely associated with dementia 
risk independent of each other. We hypothesised that 
resource substitution would occur and the association 
between spousal education and participant dementia risk 
would be larger among individuals with less than college 
degrees, and for women and minority groups that have 
historically had fewer educational opportunities.

METHODS
Study population
Analyses followed members of Kaiser Permanente 
Northern California (KPNC) who participated in the 
Multiphasic Health Checkups (MHC) during the 1960s–
1970s between the ages of 40 and 55 years and were KPNC 
members as of 1 January 1996. KPNC is an integrated 
healthcare delivery system. The member population is 
generally representative of the catchment area, with the 
caveat that individuals at extreme tails of the income 
distribution are under- represented.20–22 The MHC was an 
optional check- up provided to health plan members in 
San Francisco and Oakland, California. A total of 14 696 
individuals were married, 40–55 years old and reported 
their own sex and educational attainment, and their 
spouse’s educational attainment at their MHC visit in 
the 1960s–1970s. We excluded 5861 people due to death 
prior to 1996 (n=2234) or lack of KPNC membership 
(n=3627) in 1996. Our final analytic dataset for the main 

analyses included 8835 members who were married and 
reported their own and their spouse’s level of education.

Patient and public involvement
No patient involved.

Participant and spousal education
The 1964–1973 MHC questionnaire captured informa-
tion on participant and spousal educational attainment. 
In separate items, participants were asked the highest 
grade they and their spouse completed (response 
options: 0–6; 7–9; 10–11; 12; technical/business; partial 
college; college graduate; postgraduate). Participant and 
spousal educational attainment were recoded into four 
indicator variables (≤high school, trade school or some 
college, college degree and postgraduate) as well as a 
binary variable with college completion as the threshold 
(≥college degree vs <college degree). High education was 
defined as at least completing a college.

Educational concordance was classified as (1) neither 
spouse completed college (ie, both <college), (2) 
participant did not completed college but spouse did 
(participant <college and spouse ≥college), (3) partici-
pant completed college but spouse did not (participant 
≥college and spouse <college) and (4) both spouses 
completed college (both ≥college).

Dementia diagnosis
Dementia cases between 1 January 1996 and 30 September 
2017 were identified using KPNC electronic medical 
records, consistent with prior studies in this popula-
tion.23–26 The following International Classification of 
Diseases, Ninth Revision (ICD-9) and Tenth Revision 
(ICD-10) diagnosis codes were used to identify dementia 
cases: Alzheimer’s disease (ICD-9: 331.0; ICD-10: G30.0, 
G30.1, G30.8, G30.9), vascular dementia (ICD-9: 290.4x; 
ICD-10: F01.5x) and other/non- specific dementia 
(ICD-9: 290.0, 290.1x, 290.2x, 290.3, 294.2x and 294.8; 
ICD-10: F03.9x). A similar set of ICD-9 codes has been 
shown to have a sensitivity of 77% and a specificity of 95% 
compared with a consensus diagnosis of dementia using 
medical records review, physical examination, structured 
interviews and a neuropsychiatric battery.27

Covariates
Demographics obtained from KPNC records include age, 
race/ethnicity (Asian, Black, Hispanic/Latino, White and 
other racial/ethnic group or missing) and gender. Health 
indicators from midlife and late- life were obtained from 
the MHC and KPNC medical records and may serve as 
mediators of the association between spousal education 
and dementia risk. The 1964–1973 MHC visit included 
clinical measures of blood pressure and self- reported 
current smoking status. Blood pressure thresholds were 
based on recommendations from the Seventh Report of 
the Joint National Committee on Prevention, Detection, 
Evaluation and Treatment of High Blood Pressure (JNC 
7).28 Individuals were classified as hypertensive if they 
had diastolic blood pressure ≥90 mm Hg or systolic blood 
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pressure ≥140 mm Hg. Midlife smoking status was clas-
sified as current, prior or never smoker. Late- life stroke 
or diabetes occurring before dementia (each coded as 
yes/no) were abstracted from electronic medical records 
between 1 January 1996 and 1 January 1997. Missing 
indicators were created for individuals who were missing 
information related to hypertension or smoking status.

Analyses
The distributions of demographics, participant educa-
tion, spousal education, education concordance and 
participant’s lifecourse health indicators were examined 
overall and by participant’s gender. To mitigate bias due 
to possible selective attrition between the MHC and the 
start of dementia follow- up in 1996, we implemented 
unstabilised inverse probability weights of participation 
truncated at the 98th percentile (online supplemental 
table 1) that were the product of weights for survival 
until 1996 and membership in KPNC in 1996. Possible 
predictors of survival and membership were obtained 
from participants’ MHC visit and included age (contin-
uous), participant’s education (≥college degree vs 
<college degree), spousal education (≥college degree 
vs <college degree), sex (female, male), race/ethnicity 
(Asian, black, Latino, white, other), midlife hyperten-
sion status (yes/no) and smoking status (never, prior, or 
current smoker or missing smoking status). To allow for 
the association between participant and spousal educa-
tion and survival until 1996 to vary by gender and race/
ethnicity, weights were estimated separately for combi-
nation of race/ethnicity and gender. There was insuffi-
cient variability among individuals who survived to 1996 
to model probability of KPNC membership in 1996 
by gender and race, thus those weights were estimated 
among a pooled sample. Assuming no unmeasured 
confounding, implementing these weights accounts for 
differential survival until 1996, and KPNC membership 
in 1996. We calculated the standardised mean differences 
of age at MHC, participant education (≥college degree vs 
<college degree), spousal education (≥college degree vs 
<college degree), sex, race/ethnicity, midlife hyperten-
sion and midlife smoking status. The standardised mean 
differences were well below the threshold of <0.25, which 
may be used to represent adequate covariate balance 
(see online supplemental table 2 for results and defini-
tion of standardised mean difference).29 We used sets of 
weighted Cox proportional hazards models with age as 
the timescale to examine the associations of participant’s 
educational attainment, spouse’s educational attainment 
and spousal educational concordance with dementia risk. 
Individuals were followed until the first of the following 
occurred: death, dementia diagnosis, a lapse in KPNC 
membership greater than 93 days or end of study period 
(30 September 2017). All models also adjusted for gender 
and race/ethnicity. First, we estimated the association 
between participant’s education as a four- categories and 
dementia risk. Second, we estimated the association of 
spousal education as a four- categories and dementia risk. 

Third, we included participant’s education and spousal 
education, each as four categories, in the same model. 
Fourth, we included participant’s education and spousal 
education, each as four categories, in the same model 
with further adjustment for participant’s lifecourse health 
indicators (midlife hypertension, midlife smoking status, 
late- life stroke and late- life diabetes), which are concep-
tualised as possible mediators. These analyses were then 
replicated with the binary version of participant and 
spousal education. Finally, we evaluated associations 
between spousal education concordance and dementia 
risk, with and without adjusting for participant’s life-
course health indicators.

Possible differences in the association between partici-
pant educational attainment, spousal educational attain-
ment and dementia risk by gender and race/ethnicity 
were examined in weighted models stratified by gender 
or race/ethnicity. Possible effect modification by gender 
and race/ethnicity was also examined with interactions 
terms included in inverse probability weighted Cox 
proportional hazards models estimating the association 
between dementia risk and the exposure of interest, the 
possible modifier of interest and the interaction terms 
comprised of the exposure of interest and the modifier 
of interest (eg, four- category spousal education variable*-
gender). P values for interaction terms containing cate-
gorical versions of education variables or race/ethnicity 
were from joint tests and from χ2 tests for binary versions 
of education or gender.

Lastly, we replicated analyses examining the association 
between participant’s and spousal education as a four- 
categories and dementia risk, adjusting for demographics, 
in unweighted Cox proportional hazards models.

RESULTS
The sample was 54.4% women, 36.5% non- white, with 
a mean age of 47.8 years at the MHC and 12.7 years of 
follow- up between 1996 and 2017 (table 1). Overall 
30.6% of participants and 28.5% of spouses completed 
college. In midlife, 42.2% of the sample reported never 
smoking and 41.8% reported hypertension. In late- life, 
2.6% of the sample had a stroke and 11.4% had diabetes. 
Women were less likely than male participants to have at 
least a college degree (22.9% vs 39.8%, p value <0.0001), 
more likely to have a spouse with at least a college 
degree (28.7% vs 27.1%, p value=0.008) and less likely 
to be in a couple in which both members have at least 
a college degree (15.5% vs 20.4%, p value <0.0001). 
During follow- up (mean=12.7 years; range: 0.01–21.7 
years), 30.4% of members received a dementia diagnosis. 
Women and minorities other than Asians were more 
likely to receive a dementia diagnosis then men (33.2% 
women vs 27.1% men; χ2 p value <0.000) or Asians or 
Whites (27.9% Asians, 28.6 Whites, 32.7% Hispanics/
Latinos, 36.0% Blacks, 36.0% other racial/ethnic group; 
χ2 p value <0.0001). During follow- up, 34.8% died and 
15.7% were censored due to a laspse in membership; at 
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the end of the study period (30 September 2017), 19.1% 
of the members were alive, dementia- free and remained 
members of KPNC.

Participant and spousal education operationalised separately 
as four indicator variables each
In models separately examining participant and spousal 
educational attainment (each considered using the 
indictors for the following four levels: ≤high school, 
trade school or some college, college degree and 

postgraduate), there was evidence of dose–response 
associations such that more education for either the 
participant or the spouse predicted lower dementia risk 
for the participant (table 2, models 1 and 2). In models 
including both participant and spousal educational 
attainment (table 2, models 3 and 4), college degree 
and postgraduate education for participants were 
associated with lower risk of dementia compared with 
reporting high school education or less, but spousal 

Table 1 Baseline characteristics of sample overall and by participant gender

Women
n (%)

Men
n (%)

Overall
n (%)

n 4808 (54.4) 4027 (45.6) 8835 (100)

Race/ethnicity

  White 2970 (61.8) 2642 (65.6) 5612 (63.5)

  Black 987 (20.5) 728 (18.1) 1715 (19.4)

  Hispanic/Latino 247 (5.1) 200 (5.0) 447 (5.1)

  Asian 430 (8.9) 334 (8.3) 764 (8.7)

  Other or missing 174 (3.6) 123 (3.1) 297 (3.4)

Age at MHC (years; mean (SD)) 47.9 (4.2) 47.6 (4.3) 47.8 (4.2)

Participant education

  ≤High school 2201 (45.8) 1335 (33.2) 3536 (40.0)

  Trade or some college 1504 (31.3) 1088 (27.0) 2592 (29.3)

  College degree 486 (10.1) 646 (16.0) 1132 (12.8)

  Postgraduate 617 (12.8) 958 (23.8) 1575 (17.8)

Spousal education

  ≤High school 2151 (44.7) 1793 (44.5) 3944 (44.6)

  Trade or some college 1231 (25.6) 1143 (28.4) 2374 (26.9)

  College degree 672 (13.1) 582 (14.5) 1256 (14.2)

  Postgraduate 754 (15.7) 507 (12.6) 1261 (14.3)

Education concordance

  Both <college 3025 (62.9) 2153 (53.5) 5178 (58.6)

  Participant ≥college; Spouse <college 357 (7.4) 783 (19.4) 1140 (12.9)

  Participant <college; Spouse ≥college 680 (14.1) 270 (6.7) 950 (10.8)

  Both ≥college 746 (15.5) 821 (20.4) 1567 (17.7)

Diagnosed dementia 1594 (33.2) 1093 (27.1) 2687 (30.4)

Midlife smoking status

  Never smoker 2570 (53.5) 1156 (28.7) 3726 (42.2)

  Past smoker 1072 (22.3) 1602 (39.8) 2671 (30.3)

  Current smoker 1054 (21.9) 1157 (28.7) 2211 (25.0)

  Missing 112 (2.3) 112 (2.8) 224 (2.5)

Midlife hypertension

  Yes 1626 (33.9) 2063 (51.2) 3689 (41.8)

  Missing 5 (0.1) 1 (<0.1) 6 (0.1)

Late- life stroke 112 (2.3) 113 (2.8) 225 (2.6)

Late- life diabetes 476 (9.9) 529 (13.1) 1005 (11.4)

Percentages are column percentages.
MHC, Multiphasic Health Checkups.
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educational attainment was not associated with partic-
ipant dementia risk. There was no difference in the 
effect of participant or spousal educational attainment 
(operationalised separately as four indicator variables 
each) on dementia risk by participant gender (strat-
ified analyses in online supplemental table 3 models 
1–4; interaction term between participant education 
and participant gender p value=0.62; interaction term 
between spousal education and participant gender p 
value=0.41) or participant race/ethnicity (stratified 
analyses in online supplemental table 3 models 1–4; 
interaction term between participant education and 
participant race/ethnicity p value=0.95; interaction 
term between spousal education and participant race/
ethnicity p value=0.38). There also was no difference 
in the effect of participant education on dementia risk 
by spousal educational attainment (each operation-
alised four level categorical variables: interaction term 
between participant education and spousal education 
p value=0.25).

Participant and spousal education operationalised separately 
as binary variables
Examining participant and spousal high educational 
attainment (ie, ≥college degree) separately, partici-
pant high education (HR=0.75; 95% CI: 0.69 to 0.82) 
or spouse high education was associated with lower 
dementia risk in participants adjusting for demo-
graphics (HR=0.83; 95% CI: 0.76 to 0.90; figure 1; 
online supplemental table 4 models 1 and 2). Exam-
ined concurrently, participants obtaining high educa-
tion continued to be associated with lower dementia 
risk (HR=0.78; 95% CI: 0.71 to 0.86) but the esti-
mated effect of spousal high education was attenuated 
(HR=0.92; 95% CI: 0.83 to 1.01; online supplemental 
table 4 models 3). Effect estimates remained similar 

after further adjustment for midlife and late- life 
health indicators (online supplemental table 4 
model 4). Though effect estimates for the associa-
tion between participant and spousal college degree 
on dementia risk varied by gender and race/ethnicity 
(online supplemental table 4 models 1–4), these 
differences were not significant (interaction term 
between participant education and participant gender 
p value=0.62; interaction term between spousal educa-
tion and participant gender p value=0.41; interaction 
term between participant education and participant 
race/ethnicity p value=0.96; interaction term between 
spousal education and participant race/ethnicity p 
value=0.38). There also was no difference in the effect 
of participant education on dementia risk by spousal 
educational attainment (each operationalised as 
binary variables; interaction term between participant 
education and spousal education p value=0.25).

Concordance between participant and spousal education
In demographic- adjusted models examining education 
concordance, with participants in couples where neither 
spouse completed college as the reference, participants 
in couples where both spouses completed college had 
30% lower risk of dementia (HR=0.70; 95% CI: 0.62 to 
0.78; online supplemental table 5 model 1). Participants 
in couples where the participant had completed college 
but the spouse had not had 17% lower risk of dementia 
(HR=0.83; 95% CI: 0.73 to 0.94), while participants in 
couples in which the participant had not completed 
college but the spouse had did not have any protection 
from dementia (HR=0.97; 95% CI: 0.86 to 1.09). Among 
participants who had completed college, participants with 
spouses who also had completed college were at lower risk 
of dementia (HR=0.84; 95% CI: 0.72 to 0.99). Effect esti-
mates were slightly attenuated after further adjustment 

Table 2 Risk of dementia associated with participant education (four categories) and spousal education (four categories) 
among people married during 1964–1973 MHC

Model 1 Model 2 Model 3 Model 4

Participant education

  ≤High school Ref – Ref Ref

  Trade school/some college 0.94 (0.86–1.03) – 0.95 (0.86–1.05) 0.95 (0.86–1.05)

  College degree 0.78 (0.68–0.88) – 0.80 (0.69–0.92) 0.82 (0.71–0.94)

  Postgraduate 0.70 (0.62–0.79) – 0.73 (0.63–0.84) 0.75 (0.65–0.87)

Spousal education

  ≤High school – Ref Ref Ref

  Trade school/some college – 0.95 (0.87–1.04) 1.01 (0.91–1.12) 1.03 (0.93–1.14)

  College degree – 0.85 (0.75–0.95) 0.94 (0.82–1.06) 0.95 (0.83–1.08)

  Postgraduate – 0.77 (0.68–0.88) 0.93 (0.80–1.08) 0.96 (0.83–1.12)

HRs estimate by Cox proportional hazards model weighted by the inverse of the probability of being in the final analytic sample. All models 
adjust for age (as timescale), gender and race/ethnicity. Model 4 further adjusts for midlife hypertension, midlife smoking, late- life stroke and 
late- life diabetes.
MHC, Multiphasic Health Checkups.
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for midlife and late- life health indicators (online supple-
mental table 3 model 2) and there was no additional 
benefit of spousal college degree among participants 
who completed college (HR=0.86; 95% CI: 0.73 to 1.00). 
Though effect estimates for the different categories of 
education concordance varied by participant gender and 
race/ethnicity (online supplemental table 5 stratified 
analyses models 1–2), the differences in effect by gender 
or race/ethnicity were not significant (interaction term 
between education concordance and participant gender 
p value=0.75; interaction term between education concor-
dance and participant race/ethnicity p value=0.71).

Unweighted models: participant and spousal education 
operationalised separately as four indicator variables each
As in weighted models, in unweighted models separately 
examining participant and spousal educational attain-
ment, there was an inverse dose–response association 
between both participant and spousal education and 
dementia risk (online supplemental table 6 models 1 and 
2). In unweighted models including both participant and 
spousal educational attainment (online supplemental 
table 6 models 3), participants college degree and post-
graduate education was associated with lower participant 
dementia risk, but spousal educational attainment was 
not associated with participant dementia risk.

DISCUSSION
In a large, diverse, longitudinal study, we found that higher 
levels of participant’s own education were associated with 
lower dementia risk regardless of spousal education, 
demographics and health indicators. An inverse associ-
ation between spousal education and dementia risk was 
also present independent of participant demographics, 

however, the effects became non- significant after 
adjusting for participant education.

Contrary to our hypotheses based on the resource 
substitution, we did not find evidence that the effect of 
spousal education was modified by participant’s educa-
tion, gender or race/ethnicity. Though effect estimates 
varied somewhat by gender and race/ethnicity, none 
of the differences in estimated effects were statistically 
significantly.

Though prior research has not examined the association 
between education concordance and dementia risk, our 
findings are consistent with a prior study demonstrating 
a protective effect of spousal education on late- life cogni-
tive outcomes.11 A study using data from 5846 men and 
women participating in the Health and Retirement Study, 
a nationally representative study of non- institutionalised 
US adults at least age 50 and their spouses, found that 
greater years of spousal education were associated with 
higher respondent cognitive level at age 65 as well as a 
slower rate of cognitive decline over an 18- year period.11 
The association between spousal education and respon-
dent cognitive decline persisted after adjustment for 
markers of adult socioeconomic status (ie, household 
wealth and income), but the association between cogni-
tive level at age 65 and spousal education was attenuated 
after adjustment for these potential mediators. There was 
no evidence of effect modification of the relationship 
between spousal education and late- life cognitive outcome 
by gender. On the other hand, in a study of 19 319 female 
nurses at least 70 years old, husband’s education was not 
associated with participant’s risk of being in the bottom 
10th percentile of baseline global cognition adjusting for 
women’s age and own education.12 Similarly, husband’s 
education was not associated with whether a woman 

Figure 1 Risk of dementia associated with a spouse having at least college degree among people married during 1964–1973 
MHC. Model 1 shows the HR associated with a spouse having at least a college degree adjusting for participant age, race/
ethnicity and gender. Model 2 further adjusts for the individual’s own educational attainment (at least college degree vs less than 
college). MHC, Multiphasic Health Checkups.
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experienced substantial cognitive decline (ie, top 10th 
percentile in decline) during the 2- year follow- up period.

If causal, higher spousal education may reduce 
dementia risk through higher levels of household 
resources (eg, income), cognitive stimulation derived 
from spouse’s education or better health behaviours 
related to cardiometabolic health. For example, having 
a more educated spouse has been associated with higher 
levels of physical activity30 and inversely associated with 
smoking.7 Both low income31 and poor cardiometabolic 
health indicators24 25 32–34 have been associated with 
greater dementia risk. However, adjusting for midlife 
blood pressure and smoking, and late- life diabetes and 
stroke did not change the relationship between spousal 
education concordance and dementia risk.

Overall, these findings show that one’s own education 
is more relevant than one’s spouse’s education for lower 
dementia risk. This is consistent with education primarily 
protecting against dementia risk through physiological 
changes in the brain that protect against dementia onset 
(ie, increased brain or cognitive reserve) such as increased 
number of synapses, brain size and redundant neuronal 
networks.35 Individuals with high educational attainment 
would have greater cognitive reserve and therefore would 
present with fewer clinical signs of dementia than their 
counterparts with low cognitive reserve with the same 
amount of pathology.36 For example, among individuals 
with similar severity of clinical symptoms of Alzheimer’s 
disease, those participants with high levels of education 
had more severe reductions in regional cerebral blood 
flow, reflecting greater Alzheimer’s disease pathology, 
than those with lower levels of education.37

To our knowledge this is the first study to investigate 
the association between spousal education, spousal 
education concordance and dementia risk. These anal-
yses accounted for differential selection into our analytic 
sample by implementing inverse probably weights esti-
mated within sex and race/ethnicity specific groups. 
However, the possibility of residual selection bias remains 
if there are additional predictors of survival and KPNC 
membership in 1996 that are associated with dementia 
risk. High membership stability in this diverse cohort 
allows us to adjust for a range of covariates prospectively 
during midlife to late- life. Some limitations include being 
unable to control for duration of marriage and quality 
of education, which has been shown to better predict 
cognitive decline than years of formal education.38 This 
may be particularly pertinent for gender differences in 
college education, if men and women in these genera-
tions systematically pursued different training in college. 
We were unable to identify spousal pairs in which both 
spouses are included as participants in this study and 
therefore cannot account for interdependence of these 
observations. Lack of imaging data restricted our ability 
to examine the association between participant’s educa-
tion, spousal education and education concordance with 
markers of cognitive reserve. Unmeasured confounding 
(eg, by childhood socioeconomic status) could contribute 

to observed associations. We may have been underpow-
ered to detect differences by race/ethnicity and gender, 
thus confirming our results in large, diverse, indepen-
dent data sets is critical. There may be undiagnosed cases 
of dementia. Assuming spousal education is inversely 
associated with participant dementia risk, the associations 
between spousal education and participant dementia 
risk would be underestimated if undiagnosed dementia 
were more common among participants with married 
to spouses with lower levels of education. It is unclear 
whether these results are generalisable to individuals who 
were born during a different time periods since there are 
secular trends in education obtainment and quality.

Our findings build on prior work examining the asso-
ciation between one’s own education and dementia risk 
by including spousal education and allowing the effect of 
spousal education to vary by one’s own education, gender 
or race/ethnicity. Our findings suggest that one’s own 
educational attainment is more relevant to dementia risk 
than spousal educational attainment. Additional research 
is needed examining the association between spousal 
education and one’s own dementia risk and, if causal, 
should consider possible physiological, behavioural and 
socioeconomic mediators of the relationship.
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