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Abstract

Objective—Educational attainment is inversely associated with SBP level in young adulthood.
This association has not been studied in an older cohort, and confounding and mediating factors
are not well known.

Methods—The authors hypothesized that higher education is associated with lower levels of
SBP independent of many risk factors for hypertension. This prospective observational study

included a sample of 764 older community-living participants in the Maintenance of Balance,
Independent Living, Intellect and Zest in the Elderly (MOBILIZE) Boston Study.

Results—Compared to participants with more than college education, regression analyses
showed those with a high school education or less had a SBP value 6.33 mmHg higher [95%
confidence interval (Cl): 2.55-10.10], and those who had a college education had a SBP value
4.01 mmHg higher (95% CI: 0.77-7.25) independent of many hypothesized confounders and
mediators.

Discussion—Results of a path analysis confirmed that higher level of education was associated
with lower SBP even after adjustment for hypothesized mediators. Although slightly attenuated by
multivariable adjustment for hypertension risk factors, the significant inverse association between
educational attainment and SBP was not entirely mediated by these risk factors. These findings
indicate that education is inversely associated with SBP in a diverse cohort of community-living
older adults, independent of many known or suspected risk factors.

Conclusion—This study is the first to report the association between education and SBP in an
older sample, representing a population at the highest risk for hypertension-related morbidity and
mortality.
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INTRODUCTION

Cardiovascular disease is endemic worldwide and its burden is substantial [1,2].
Approximately, 54% of stroke, 47% of ischemic heart disease, 25% of other cardiovascular
disease and nearly 14% of all deaths are attributable to elevated blood pressure [2]. With the
rapid aging of the world population over the next two decades, the cardiovascular morbidity
associated with hypertension is likely to increase. This study focused on SBP rather than
DBP for a number of reasons. Systolic hypertension is the most common form of
hypertension among elderly people, present in approximately two-thirds of hypertensive
individuals over 60 years of age [3]. Moreover, the disease burden of hypertension is more
attributable to SBP than DBP [4], and SBP may be more responsive than DBP to changes in
modifiable risk factors [5,6].

Many risk factors for hypertension have been identified [7,8], although a thorough
understanding of the causes of hypertension and pathways through which some risk factors
leads to hypertension remain unclear. Socioeconomic factors such as education and income
have been shown to be inversely associated with blood pressure, although the mechanisms
involved are not adequately understood [9-12]. The association between SBP and level of
education has been studied cross-sectionally and longitudinally in younger and middle-aged
populations [6,9-12] but not in an older population in whom education is relatively stable,
hypertension is more prevalent and hypertensive morbidity and mortality are most common
[1,3].

The objective of this study was to examine the association between level of education and
SBP in a sample of older (mean age 78 years) community-living adults. Additionally, we
evaluated specific factors that could explain the association between education attainment
and SBP. We hypothesized that higher levels of education are significantly associated with
lower levels of SBP independent of many risk factors for hypertension, and that this
association might be attenuated by potential confounders or mediators.

METHODS

Study sample

Study samples were participants in the Maintenance of Balance, Independent Living,
Intellect and Zest in the Elderly (MOBILIZE) Boston Study (MBS). The MBS is a
prospective observational study of novel risk factors for falls among a large diverse sample
of older individuals living in the greater Boston area who were enrolled during 2005-2007.
The recruitment strategy targeted older persons living within a 5-mile radius of the Hebrew
SeniorL.ife using probability sampling from town lists and census information. A
comparison of the demographics of persons on the town lists with those in the US Census
2000 showed that the town lists have a comparable distribution by age and sex in the
population aged 70 and older.

Eligibility and recruitment

Eligibility criteria included age of 70 years or older, ability to speak and understand English,
ability to walk across a room, visual ability to read written material, no more than minimal
cognitive impairment [Mini-Mental State Examination (MMSE) [13] score =18] and the
expectation that participants will be living in the area for at least 3 years. Spouses or
companions living with a participant also were allowed to join the study if they were
eligible. A total of 118 (15%) participants lived with another study participant. Older adults
were recruited through door-to-door visits and subsequently contacted via telephone by
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research staff to confirm eligibility and schedule a baseline assessment, which included a 3-
h in-home interview and a 3-h in-clinic examination no more than 4 weeks later during
which blood pressure was measured. A total of 816 participants had a baseline home visit,
and 765 participants had a baseline clinical examination. Of these, 764 had information
about years of education completed and were included in this study. Details of the study
design have been previously published [14,15]. The Institutional Review Board of Hebrew
SeniorLife approved the MBS, as well as this specific study.

Baseline SBP was calculated using a Baum (W.A. Baum Co., Copiague, New York, USA)
calibrated sphygmomano-meter. The clinical examiners (nurses) were trained and certified
in a standardized postural blood pressure protocol. They were trained in techniques to
minimize measurement error and bias including use of correct cuff size and cuff positioning
on a bare arm, using a pillow under the arm during supine measures if needed to bring the
arm to heart level and recognition of auscultatory gaps. A dual-headed stethoscope was used
for training and certification to identify and minimize expectation bias and terminal digit
preference. The standardized postural blood pressure protocol included assessment for
comfort prior to the start of the protocol including asking the participant if he/she needed to
use the bathroom and assessing the comfort of room temperature. The participant was asked
to rest supine for at least 5 min in a quiet room, to refrain from talking during the
measurement procedure and to avoid crossing legs while resting supine.

Baseline education level was self-reported as the highest completed grade or year of college.
General Education Development, trade, vocational and technical school, representing only
1% of the sample, were considered equivalent to a 12th grade education. Education was
analyzed both as a continuous variable and as a categorical variable using three a priori
ordinal groups: high school or less (less than 12 years; lowest group), college (13-16 years;
middle group) and graduate school (=17 years; highest group) [10]. Indicator variables were
created using graduate school education as the referent.

Potential confounders, mediators and adjustment variables were identified based on a
literature review and clinical experience. We considered age, sex and race as potential
confounders of the association of education and SBP; Trails-B adjusted, MMSE score,
alcohol use, income and self-rated health as mediators; and marital status and gait speed as
adjustment variables.

Demographic variables included age, sex, race (white versus non-white), marital status
(married or living with a partner versus never married, widowed, divorced or separated) and
current household income (less than US$ 5000, 5000-$9999, 10 000-14 999, 15 000-24,99,
25 000- 34 999, 35 000-44 999, =45 000). Categories for household income were response
options in the study questionnaire.

Health-related variables included DBP, self-reported history of diabetes, stroke, kidney
disease, self-rated health, antihypertensive medication use (described below), medication
adherence (described below), BMI (kg/m2), supine heart rate counted by a trained researcher
using the dominant arm, minor depression based on the CESD-R [16], current smoking
status, past-month frequency of alcohol intake, high-density lipoprotein (HDL) and low-
density lipoprotein (LDL) cholesterol. Antihypertensive medication use was a binary
variable that was coded positive if any medications were taken for blood pressure control.
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Medication adherence was defined by a sum of four questions about medication use and
adherence; higher numbers indicate better adherence.

Physical function and cognitive variables included gait speed measured using a four meter
walk; the Physical Activity Scale for the Elderly, a summary measure of physical activity
level in the previous 7 days [17]; MMSE and the Trail-Making Test (TMT)-B [18,19]. The
TMT part A is a timed neuropsychological test that measures simple visual search speed and
planning, and part B measures those abilities in addition to executive functions such as task
switching, planning and attention flexibility. Trails A score were subtracted from trails B to
represent executive functions adjusted for psychomotor speed [18,19].

Statistical analyses

Means and percentages were used to describe participant characteristics for continuous and
categorical variables, respectively. One-way analysis of variance and Xz-tests were used to
test for statistical differences between education groups. The primary dependent variable in
the study was SBP and the primary independent variables were two binary indicators for
education representing high school or less and college. Graduate-level education served as
the reference group. Bivariable linear regressions were used to examine the association
between all predictors and SBP. We excluded DBP from regression analyses because it was
too highly correlated with SBP and not associated with education. Education was also
included as a continuous variable, although only the education group variables were
included in the multivariate model. Significant predictors were included together in a
multivariable model. Regression assumptions, including multivariable linearity between the
outcome and predictors, distribution of residual errors and collinearity were evaluated using
graphical displays. To test for differences in the association of education and SBP by sex,
age and race, interaction between education and these variables was examined in regression
models.

To model associations between education and SBP in a multivariable framework with
multiple dependent variables, a path model was estimated to model hypothesized
confounding and mediating relationships [20]. Education was treated as a continuously
distributed variable to simplify the presentation of results.

The MBS included a follow-up assessment (median: 511 days) after the baseline assessment.
In a sensitivity analysis to accommodate measurement error, the regression models
described above with a random intercept model of SBP on predictors with a random slope
for measurement occasion were re-estimated [21]. In another sensitivity analysis,
correlations between SBP among household members were accounted for by including
random effects for person and household.

Another sensitivity analysis was performed to assess the potential impact of unmeasured
confounding due to parental and childhood socioeconomic status (SES) by estimating the
amount of unmeasured confounding required to explain the observed difference in SBP by
educational attainment [22]. The authors assumed a dichotomous unmeasured confounder, a
binary indicator for low parental and childhood SES, was present with a different prevalence
between the high school educated (exposed) and highest education group (unexposed)
within the strata of measured confounders.

Analyses were performed using SAS (v9.2; SAS Institute Inc, Cary, North Carolina, USA)
and Stata software (v12.1; Stata Corporation, College Station, Texas, USA). Path analyses
were performed using Mplus software (v6.11; Muthén & Muthén, Los Angeles, California,
USA). No variable was missing in more than 9% of the sample. To account for the small
amount of missing data, we used iterative chained equation methods with 11 random draws
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per missing observation. [23] An a level of 0.05 was used to determine statistical
significance and two-sided P values used.

Participants with greater education were younger, more likely to be white, men, married, had
a higher income, had lower SBP, had a lower prevalence of diabetes or stroke, had better
self-reported health, smoked less, drank alcohol more frequently, had a faster gait speed and
had better cognitive and executive function (Table 1). Other covariates in Table 1 did not
differ significantly by level of education. The overall average SBP (mmHg) was 130.4+18.2
SD (median 128) and the average level of education was 14.2+3.1 years (median 14). The
majority (69.5%) of participants were on antihypertensive treatment, which is similar to
other samples of older adults. [24]

Table 2 presents the coefficients and 95% confidence intervals (Cls) from bivariable linear
regressions. The SBP of participants in the lowest education group was 8.46 mmHg higher
on average than participants in the highest education group (95% ClI: 5.31-11.60). The SBP
of participants in the middle education group was on average 5.09 mmHg higher than
participants in the highest education group (95% CI: 1.96-8.22). When education was
examined as a continuously distributed variable, each year of education was associated with
a significant decrease (=0.97 mmHg) in mean SBP (95% CI: —1.38 to —0.56). Older age,
lower income, worse self-reported health, kidney disease and higher LDL cholesterol were
associated with higher average SBP (Table 2). Lower executive function (trails B adjusted)
and cognitive status ability (MMSE), slower gait speed and less frequent alcohol use were
associated with higher mean SBP. Whites, men and married participants had lower SBP on
average.

Table 3 presents the coefficients and 95% CI from multivariable (adjusted) linear
regressions of SBP on predictors that were statistically significant in bivariable models.
After adjusting for age, race, sex, marital status, household income, kidney disease, self-
rated health, alcohol drinking frequency, LDL cholesterol, gait speed, executive function
and cognitive ability, level of education remained inversely associated with SBP.
Participants in the lowest education group had a 6.41 mmHg higher SBP compared to the
participants in the highest education group (95% ClI: 2.67-10.15). Participants in the middle
education group had 4.04 mmHg higher SBP compared to participants in the highest
education group (95% CI: 0.82—7.26). The association between education and SBP was not
modified by sex, age or race. Additionally, we ran all analyses among participants who were
not on antihypertensive treatment. Although the association was somewhat attenuated, there
was still a significant association [e.g. <high school (referent: graduate) p=7.1 95% CI (1.5~
9.4)] in the subsample.

Results of path analyses that modeled potential confounding and mediating effects of the
variables in Table 3 are showed in Fig. 1. Findings are consistent with results from
regression analysis. Education had a direct inverse effect on SBP (p=—0.60 mmHg per year
of education, 95% CI: —1.15 to —0.06). Older age and LDL cholesterol were the only other
significant predictors of SBP. Male sex, younger age and white race were associated with
higher educational attainment. Although higher education was associated with better TMT-B
adjusted, higher MMSE, greater alcohol use, higher income and better self-rated health, the
sum of the indirect associations of education and SBP through these mediators was not
significant (nonstandardized indirect effect =—0.19 mmHg per year of education, 95% ClI:
-0.59 to 0.20; not shown in Fig. 1). The sum of direct and indirect effects of education on
SBP, the total effect, was statistically significant (nonstandardized total effect=—0.80 mmHg
per year of education, 5% CI: —1.28 to —0.32; between not shown in Fig. 1). Relationships
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education and marital status, gait speed and LDL cholesterol were not specified because
direct associations between these variables were not hypothesized.

In a sensitivity analysis, SBP measurement error was examined for by taking into account a
second SBP measurement using random effects models with a random intercept for
participant. This approach yielded similar results to the main analyses presented (high
school versus graduate school: f=3.73 mmHg, 95% CI: 1.48-5.98; college versus graduate
school: =3.19 mmHg, 95% CI: 0.30-6.10) because although the average correlation
between SBP within a person was 0.46 (intraclass correlation), the average number of
observations per group was small (1.8). To accommodate correlations among members of
the same household, another random effects model on baseline data with a random intercept
for household was estimated. The average correlation between SBP among participants
sharing a household was 0, and relationships between education and SBP were mostly
unchanged (high school versus graduate school: p=8.52 mmHg, 95% ClI: 5.36-11.70;
college versus graduate school: $=5.02 mmHg, 95% CI: 1.86-8.17).

In sensitivity analysis, controlling for varying degrees of unmeasured confounding due to
parental and childhood SES, the corrected estimated differences in SBP by education group
were attenuated toward the null. However, the amount of unmeasured confounding
necessary to explain away the entire difference in SBP between low and high education
groups was implausible. When the effect of low parental and childhood SES (versus high)
on SBP was 6 mmHg, as previously reported, [25] low SES had to be 40% more prevalent in
low education group than in high education group in order to explain away all the observed
effect of low education on SBP. This result suggests robustness of our findings against
unmeasured confounding (results available upon request).

DISCUSSION

Study results indicate that level of education is inversely associated with SBP in a diverse
cohort of community-living older adults, independent of numerous risk factors for
hypertension. Multivariable regression and path analysis results show that risk factors
attenuated the association between educational attainment and SBP but did not nullify the
significant association. This study replicates finding from similar studies involving younger
participants and additionally offers new findings of importance. First, this study is the first
to report the association between education and SBP in an older sample, representing a
population at the highest risk for hypertension-related morbidity and mortality. Second, in
cross-sectional studies involving younger adults, it is difficult to identify the temporality of
the relationship between education and SBP. However, in the current study most participants
were in their seventh decade, suggesting a distant effect of education on SBP, as education
was likely completed decades before the SBP assessment. Thus, level of education could
have influenced SBP.

A third important finding of the present study is because older individuals are at the highest
risk of hypertension-related morbidity and mortality, it is possible to apply findings from
studies involving older individuals at risk for hypertension-related cardiovascular disease.
For example, higher SBP is associated with an elevated risk of heart disease. Published
multivariable-adjusted proportional-hazards regression analyses using Framingham Heart
Study participants aged 60 years and older indicate that a 10 mmHg increase in SBP is
associated with a 17% increased risk of developing coronary heart disease (CHD) [26].
Applying this information to our findings with education and SBP, MBS participants with
less than or equal to a high school education would have approximately a 11% increased risk
of developing CHD relative to those with higher than a college education, independent of
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many known risk factors. The difference between a college degree and graduate school
represents approximately a 7% increase in CHD risk.

The findings of this study of older adults are consistent with published cross-sectional and
longitudinal studies of younger adults. Using a nationally representative sample of 14 000
young adults (mean age 29 years), Brummett ef a/. [6] assessed the association of SES and
SBP and examined the role of potential mediators. They reported that higher income and
education were significantly associated with lower SBP in the age-adjusted, sex-adjusted
and medication-adjusted analyses but the education association statistically lost significance
after further adjustment for BMI, waist circumference and heart rate. In contrast, the present
study and another [27] reported income and education were associated with SBP or
hypertension in unadjusted analyses, but only education was associated with SBP or
hypertension after multivariable adjustment. Differences in findings may be partially
explained by age differences of study participants and meanings of income and education in
these samples. In younger populations, income can fluctuate over time and is thus
susceptible to misclassification. In contrast, income in an older population, wherein persons
may have accumulated wealth and are earning social security and pension, may have a
different relationship with health-related behaviors than in a younger population that is
actively working [27]. Moreover, education is likely more static in an older population
relative to a younger population, making it a more influential predictor of behaviors than
other known risk factors associated with hypertension.

Loucks et al. [10] examined the association between SBP and education level among 3890
participants of the Framingham Offspring Study (mean age 37 years). Using multiple
longitudinal assessments, multivariable-adjusted mixed linear models revealed that
education level was inversely associated with SBP. However, this study did not adjust for
income, which has been shown to be associated with education and SBP in the current study
as well as other studies [6,27].

Conen et al. [27] prospectively examined the association between education and blood
pressure progression and incident hypertension among 27 207 female health professionals
(mean age 54 years). After multivariable adjustment, lower educational level was
significantly associated with increased risk of blood pressure progression and incident
hypertension.

Diez Roux et al. [9] studied 8555 participants (mean age 53 years) longitudinally over 9
years. Proportional hazards regressions revealed that lower education level was associated
with a higher likelihood of being hypertensive after adjustment for age and sex. These
associations were only marginally significant when further adjusted for baseline blood
pressure.

Strand and Tverdal [11] studied the effects of educational inequalities in cardiovascular risk
factors longitudinally in 48 422 Norwegian residents (age range 35-49 years). Based on sex-
stratified mixed effects linear age-adjusted models, they found that higher education level
was associated with lower SBP.

Among 2913 participants aged 18-30 years, Yan et a/. [12] found that those with less than a
high school education had an average 15-year mean increase in SBP of 8.2 mmHg, whereas
participants with greater than a college degree education had an average 15-year mean
increase in SBP of only 0.7 mmHg. Although this longitudinal difference was not adjusted
for potential confounders, it was statistically significant.

A limitation of this study is that its cross-sectional design limits causal inferences. However,
given the average age (78 years) of the participants, it is very likely that their level of
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education was completed many decades before the SBP assessment, suggesting that
education was attained long before the SBP assessment. Another limitation is that we were
unable to account for some factors that might influence the association between education
and SBP, such as family history of hypertension, genetic profiles, diet, waist circumference,
stress and occupation. An additional limitation is that persons with cognitive impairment
(MMSE <18) were excluded from the study. Older adults living with dementia tend to have
lower blood pressures [28,29] and less education [30], which would weaken associations
found in our study. Thus, our findings may not generalize to more cognitively impaired
populations. Finally, MBS participants were older, community-living and predominately
white; accordingly the findings may not generalize to individuals of different races or
residences.

Other possible mechanisms should be considered in future research. Family history of
hypertension may partially account for the association between education and SBP. Genetic
heritability of intelligence is about 50% [31]. Parental blood pressure was reported as a
strong determinant of the natural history of blood pressure in their offspring from childhood
into young adulthood [32]. Genetic profiles may also influence the association between
education and SBP [33]. Diet is known to be associated with hypertension and education. A
diet rich in fruits, vegetables and low-fat dairy products, and reduced saturated and total fat
intake, was associated with reduced blood pressure [34]. Sodium intake was reported to
decrease as educational level increased [35]. Intake of energy from fat and dietary
cholesterol has been shown to decrease [36], and intake of fruits and vegetables increase by
increasing level of education [36,37]. Lower educational attainment has been associated
with stressful jobs involving high demands and low job control, which have been associated
with hypertension [38,39].

The findings of this study strongly suggest that educational attainment is inversely
associated with SBP in a community-living cohort of older individuals, independent of many
risk factors for hypertension. The results are consistent with previous studies of younger
individuals and suggest that a considerable proportion of CHD may be attributable to the
influence of low education on hyper-tension. Given the relatively low amount of total
variance in SBP that is explained by education, other factors not examined in this study are
likely involved in this association. Future studies should examine genetic, nutritional and
other factors that might further help to explain the complex association between educational
attainment and SBP in elderly people.
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MOBILIZE Maintenance of Balance Independent Living Intellect and Zest in the
Elderly
PASE Physical Activity Scale for the Elderly
SES socioeconomic status
T™MT trail-making test
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FIGURE 1.

Path diagram estimating direct and indirect effects from education to SBP (Maintenance of
Balance, Independent Living, Intellect, and Zest in the Elderly Boston Study). Regression
coefficients are interpretable as the average difference in the outcome per unit difference in
the predictor. The direct effect between education and SBP [B = —0.60 mmHg per year of
education, 95% confidence interval (Cl): —1.15 to —0.06] is shown in the Figure. Indirect
effects are associations between education and blood pressure (BP) that occur through
mediating variables and were not statistically significant (nonstandardized indirect effect=
-0.19 mmHg per year of education, 95% CI: —0.59 to 0.20; not shown in Figure). The sum
of direct and indirect effects is the total effect (nonstandardized total effect= —0.80 mmHg
per year of education, 95% CI: —1.28 to —0.32; not shown in Figure). Values shown on lines
are raw (standardized) regression coefficients. *£ < 0.05. BP, blood pressure; HTN,
hypertension; LDL, Low-density lipoprotein cholesterol; MMSE, Mini-Mental State
Examination.
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TABLE 2

Separate (unadjusted) linear regressions of SBP on predictors (Maintenance of Balance, Independent Living,
Intellect, and Zest in the Elderly Boston Study, 7= 764)

B (95% ClI)
Education (categorical)
High school (<12 years) 8.46~ (5.31-11.60)
College 509" (1.96-8.22)
Graduate REF -
Education (years) -097" (-1.38t0-0.56)
Demographic
Age 048~ (0.25-0.72)
Race (white) -487° (-7.94t0 -1.80)
Sex (male) —274%  (-5.4210 -0.06)
Married _338% (-5.981t0-0.78)
Household income -110% (-1.79t0-0.41)
Health-related
Diabetes 2.46 (-0.8510 5.76)
Stroke 2.14 (-2.17 to 6.45)
Kidney disease 6.97 " (1.62 t0 12.32)
Self-rated health 208" (-3.39t0-0.76)
Hypertension medication 1.74 (-1.06 to 4.55)
Medication adherence -0.69 (-2.09t0 0.71)
BMI 0.08 (-0.18 t0 0.33)
Heart rate (pulse) 0.00 (-0.15 t0 0.15)
CESD-R minor depression -1.99 (-7.16 t0 3.18)
Current smoker 4.45 (-1.56 to 10.45)
Alcohol drinking frequency -059%  (-1.19 t0 0.00)
High-density lipoprotein cholesterol  0.03 (-0.051t0 0.11)
Low-density lipoprotein cholesterol .06~ (0.03-0.10)
Physical and cognitive function
Gait speed (m/s) -6.96~ (-11.94t0-1.97)
Physical activity (PASE) 0.00 (-0.02 t0 0.01)
Trails B Adjusted 0.04™ (0.02-0.06)
Mini-Mental State Examination -0.91% (-1.40to -0.40)

CESD-R, Center for Epidemiologic Studies Depression Scale-Revised; Cl, confidence interval; PASE, Physical Activity Scale for the Elderly
(higher numbers indicate more activity). Regression coefficients are interpretable as the average difference in the outcome per unit difference in the
predictor.

*
P<0.05
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Multivariable (adjusted) linear regression of SBP on predictors (Maintenance of Balance, Independent Living,
Intellect, and Zest in the Elderly Boston Study, 7= 764)

B

Education

High school (<12 years) 6.41"

College 4.04™

Graduate REF
Demographic

Age 0477

Race (White) -3.52

Sex (Male) -1.49

Married -1.36

Household income 0.49
Health-related

Kidney disease 677"

Self-rated health -1.29

Alcohol drinking frequency 0.19

Low-density lipoprotein

cholesterol .06

Physical and cognitive function

Gait speed (m/s) 1.65
Trails B adjusted 0.01
Mini-Mental State Examination -0.07

(95% CI)

(2.67-10.15)

(0.82-7.26)

(0.21-0.73)
(~7.04 0 -0.01)
(~4.43 10 1.46)
(~4.35 10 1.64)
(-0.43 t0 1.42)

(1.17-12.36)
(-2.76 10 0.19)
(~0.50 t0 0.89)

(0.02-0.10)

(-4.32 10 7.62)
(-0.02 t0 0.03)
(-0.71 t0 0.57)

Cl, confidence interval.

*
F<0.05.
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