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Abstract 
Objectives: Hypertension and uncontrolled high blood pressure (BP) are more prevalent among less-educated older adults than those with more 
schooling. However, these dichotomous indicators may fail to fully characterize educational disparities in BP, a continuous measure that predicts 
morbidity and mortality across much of its range. This study therefore focuses on the distribution of BP, assessing educational disparities across 
BP percentiles in addition to disparities in hypertension and uncontrolled BP.
Methods: Data are from the 2014–2016 Health and Retirement Study, a nationally representative survey of older U.S. adults (n = 14,498, ages 
51–89). To examine associations between education, hypertension, and uncontrolled BP, I estimate linear probability models. To assess relation-
ships between education and BP, I fit linear and unconditional quantile regression models.
Results: Less-educated older adults are not only more likely to have hypertension and uncontrolled BP than those with more schooling, they 
also have higher systolic BP across nearly the entire BP distribution. Educational disparities in systolic BP increase in magnitude across BP 
percentiles and are largest at the highest levels of BP. This pattern is observed for those with and without diagnosed hypertension, is robust to 
early-life confounders, and is only partially explained by socioeconomic and health-related circumstances in adulthood.
Discussion: Among older U.S. adults, the distribution of BP is compressed at lower, healthier levels for those with more education, and skewed 
toward the highest, most harmful levels among those with less education. Educational inequities in hypertension awareness and treatment 
efficacy may underlie these patterns. Implications for fundamental cause theory are discussed.
Keywords: Cardiovascular health, Education, Health disparities, Fundamental cause theory

Hypertension or high blood pressure (BP) is the number one 
risk factor for morbidity and mortality worldwide, elevating 
risk for heart disease, stroke, and other adverse cardiovascu-
lar events (Stanaway et al., 2018). Hypertension affects the 
majority of older U.S. adults, including 74.5% of those aged 
60 and older (Ostchega et al., 2020). Although hypertension 
is treatable and BP can be reduced to targeted levels or “con-
trolled” with lifestyle changes and medication, about half of 
hypertensive U.S. adults have uncontrolled high BP (Fryar et 
al., 2017; Whelton, 2015).

Prevalence of hypertension and uncontrolled BP is higher 
for U.S. adults of low socioeconomic status (SES), fueling SES 
disparities in morbidity and mortality (Dégano et al., 2017; 
Leng et al., 2015). In particular, the prevalence of hyperten-
sion and uncontrolled BP differ substantially by education 
(Gillespie & Hurvitz, 2013; Leng et al., 2015; Zacher et al., 
2021). Among U.S. adults with a high school education or 
less, 47.0% have hypertension, compared with 38.5% of 
those with a college degree (Ostchega et al., 2020). While the 
mechanisms underlying these patterns are not fully under-
stood, SES gradients in health, including disparities by edu-
cation, are generally thought to result from unequal access 

to a multitude of health-supporting social, economic, cogni-
tive, and behavioral resources (Cutler & Lleras-Muney, 2008; 
Link & Phelan, 1995; Zajacova & Lawrence, 2018). Early-
life conditions, such as childhood SES and health, may also 
contribute to educational disparities in adult health (Jackson, 
2009; Montez & Hayward, 2014). Whatever the causal pro-
cesses underlying educational disparities in hypertension may 
be, characterizing these disparities is crucial for informing tar-
geted interventions and monitoring progress toward health 
equity.

While the prevalence of both hypertension and uncon-
trolled BP is known to differ by education, less is known 
regarding whether and how the distribution of BP differs 
by education. This may be due in part to data limitations, 
as BP is less commonly collected in large social surveys than 
measures of diagnosed hypertension. It may also result from 
a commonly held view of health as the absence of disease 
versus its presence, with little in between. These barriers 
have lessened in recent years as large social surveys have 
begun to collect data on biomarkers, including BP (Harris 
& Schorpp, 2018). As continuous, objective, and dynamic 
measures of physiological function, biomarkers provide new 
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opportunities for characterizing and studying health, such as 
evaluating distributions.

Characterizing the distribution of BP by education may 
provide valuable insights into health inequities. Increasing BP 
is associated with elevated risk of morbidity and mortality 
across much of its range, both below and above diagnostic 
thresholds for hypertension (Ettehad et al., 2016; Lewington 
et al., 2002). Disparities in the prevalence of hypertension 
and uncontrolled BP will therefore understate disparities in 
BP-related health risk if BP differences are evident among 
those with the same hypertension diagnostic or BP control 
statuses. Moreover, associations between BP and risk of mor-
bidity and mortality vary across the BP distribution. A given 
increase in BP may have a larger impact on absolute risk of 
morbidity and mortality at BP’s higher levels than at its mean 
and lower levels (Flint et al., 2019; Lewington et al., 2002). 
Very low BP may also predict poor health (Mancia & Guido, 
2014). It is therefore crucial to understand the direction and 
magnitude of disparities across the BP distribution, including 
its two extremes. In sum, the distribution of BP matters for 
morbidity and mortality, and variation in its shape by edu-
cation cannot be discerned by examining hypertension and 
uncontrolled BP alone.

Examining the distribution of BP by education may also 
enrich theoretical perspectives on the social determinants of 
health, including fundamental cause theory (Link & Phelan, 
1995). Fundamental cause theory posits that SES gradients 
in health stem from inequitable access to health-supporting 
resources. Consistent with this theory, studies suggest that 
health disparities depend on how advantageous SES-related 
resources are for a specific health outcome in a specific socio-
historical context, with the largest SES disparities observed 
when preventive methods or treatments exist, but are not 
universally utilized (Chang & Lauderdale, 2009; Clouston et 
al., 2016; Masters et al., 2015; Phelan & Link, 2005; Phelan 
et al., 2004). There are numerous evidence-based strategies 
for preventing and treating high BP, including maintaining 
a healthy weight, following a nutritious diet with reduced 
sodium and increased potassium, being physically active, lim-
iting alcohol consumption, and, if hypertension is detected, 
taking medications (Carey et al., 2018). SES-related resources 
may support preventive behaviors and BP monitoring, and, if 
hypertension develops, may be used to seek out and adhere 
to the most efficacious treatment regimens. Ultimately, the 
use of SES-related resources may compress the distribution of 
BP to lower, healthier levels for people of high SES, whereas 
the BP distribution may be skewed toward the highest levels 
of BP among those of low SES. This hypothesis is consistent 
with evidence that body mass index (BMI) is compressed at 
lower values (Bann et al., 2020) and that mortality is com-
pressed at older ages (Brown et al., 2012) for those of higher 
SES, while BMI is skewed toward higher levels and mortal-
ity is skewed toward younger ages for those of lower SES. 
Altogether, fundamental cause theory and prior research sug-
gest that SES disparities in continuous health metrics that, like 
BP, are somewhat preventable or treatable will be largest at 
their least healthy levels, which SES-related resources can be 
deployed to avoid.

The current study characterizes differences in the distribu-
tion of BP by education in a nationally representative sample 
of older U.S. adults. After calculating descriptive statistics, I 
examine educational disparities in hypertension and uncon-
trolled BP. I then evaluate differences by education in the 

distribution of BP, using linear regression to examine edu-
cational disparities in mean BP and unconditional quantile 
regression (UQR) to estimate associations between education 
and BP’s 10th through 90th percentiles. Subsequent analy-
ses examine patterns at very low and very high BP percen-
tiles, assess educational disparities in BP within hypertension 
diagnostic and BP control statuses, and begin to explore the 
extent to which patterns are confounded by early-life factors 
or explained by socioeconomic circumstances and health-re-
lated risk factors in adulthood. Finally, sensitivity analyses 
evaluate the robustness of results to alternative measures of 
BP and education and to selective mortality.

Method
Data and Sample
Data are from the Health and Retirement Study (HRS), a 
biennial panel survey of older U.S. adults that is funded by the 
National Institute on Aging (grant U01AG009740) and con-
ducted by the University of Michigan (Health and Retirement 
Study, 2019; RAND, 2019; Sonnega et al., 2014). The HRS 
began in 1992 and since 1998 has been nationally representa-
tive of the U.S. population aged 51 and older. To maintain its 
national representation of this age group, the HRS employs 
a steady-state design, replenishing the sample every 6 years 
with younger cohorts.

HRS personnel have collected BP and other physical mea-
surements as part of enhanced face-to-face interviews since 
2006 (Crimmins et al., 2008). Half of HRS households is 
eligible for enhanced face-to-face interviews each wave, and 
the other half is eligible in the following wave, such that 
physical measurements may be recorded every other wave. 
Physical measurements are not collected from those respond-
ing by proxy, residing in nursing homes, or interviewing by 
telephone.

Eligibility for the current study is limited to respondents 
who were invited to provide physical measurements in 2014 
or 2016 and were aged 51–89 at the time (n = 16,103). Using 
listwise deletion, I drop 1,201 respondents (7.5%) with miss-
ing BP measures, 103 (0.6%) with missing information on 
hypertension diagnosis or treatment, and 301 (1.9%) with 
missing weighting variables, education, age, sex/gender, or 
race/ethnicity. The final analytic sample includes 14,498 
respondents.

Measures
BP and related outcomes
BP was measured in millimeters of mercury (mmHg) three 
times at 45-s intervals by trained HRS personnel (Crimmins 
et al., 2008). To reduce error, I take the average of the three 
measurements. Main analyses focus on systolic BP, which is 
more strongly linked to morbidity and mortality than dia-
stolic BP (Flint et al., 2019). I evaluate patterns for diastolic 
BP in sensitivity analyses.

I also consider three binary (1 = yes; 0 = no) measures of 
hypertension: diagnosed hypertension; measured hyperten-
sion; and diagnosed or measured hypertension. Diagnosed 
hypertension was assessed in each survey wave with a ques-
tion asking, “Has a doctor ever told you that you have high 
blood pressure or hypertension?” Affirmative responses were 
carried through to subsequent waves. I determine measured 
hypertension status by comparing respondents’ BP to the 
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recommended diagnostic threshold in 2014–2016 (Chobanian 
et al., 2003), coding those with a systolic BP of 140 mmHg 
or higher or a diastolic BP of 90 mmHg or higher as having 
measured hypertension. The third measure indicates that the 
respondent had either diagnosed or measured hypertension 
versus neither.

Finally, I create binary (1 = yes; 0 = no) measures of 
untreated BP and uncontrolled BP. Untreated BP is assessed 
in each survey wave by asking, “In order to lower your 
blood pressure, are you now taking any medication?” 
Those responding “No” are coded as having untreated BP. 
Uncontrolled BP is defined as having measured hypertension 
(i.e., BP 140/90 mmHg or higher). Analyses of untreated BP 
are restricted to respondents with diagnosed hypertension, 
and analyses of uncontrolled BP are restricted to those with 
diagnosed, treated hypertension.

Education
I measure education with highest degree attained in four cat-
egories: less than high school (the reference); high school or 
GED; associate’s or some college; and bachelor’s or higher. 
Sensitivity analyses draw on years of schooling as an alterna-
tive measure of education, expressed as a continuous variable 
ranging from 8 or fewer years to 17 years or more.

Covariates
To disentangle educational disparities in BP-related outcomes 
from disparities across other demographic characteristics, 
all regression analyses adjust for a small set of covariates. 
These include linear and squared terms for age, self-reported 
sex/gender (female; male), and self-reported race/ethnicity 
(non-Hispanic White; non-Hispanic Black; Hispanic; and 
Other). Each of these characteristics is known to be associ-
ated with both education and hypertension (Whelton, 2015).

Some analyses include additional covariates. Measures 
of potential early-life confounders include perceived child-
hood SES (poor; about average; pretty well off financially), 
maternal education (up to 8 years; 9–11 years; 12 years; 
more than 12 years; unknown), childhood health (poor/fair; 
good; very good; excellent), and region of birth (Northeast; 
Midwest; South; West; Outside the United States). Measures 
of socioeconomic circumstances and health-related risk fac-
tors in adulthood include marital status (married/partnered; 
divorced/separated; widowed; never married), total wealth 
quintile, BMI from measured height and weight where avail-
able (94.5%) or self-reports, frequency of vigorous physical 
activity (never; monthly or weekly; more than once per week), 
number of alcoholic drinks per week, smoking history (never 
smoked; formerly smoked; currently smokes), three binary 
diagnosis variables (ever diagnosed with diabetes, heart dis-
ease, stroke), health insurance type (private; public; none), 
and number of doctor visits in the past 2 years (0; 1–5; 6–11; 
12–23; 24 or more).

Analysis
I begin by calculating descriptive statistics. I then estimate 
linear probability models of diagnosed or measured hyper-
tension and uncontrolled BP on education, adjusting for 
demographic covariates including age, age-squared, sex/
gender, and race/ethnicity. Next, I characterize demograph-
ics-adjusted differences in the distribution of BP by education, 
estimating associations between education and mean systolic 
BP using ordinary least squares (OLS) linear regression, and 

assessing relationships between education and the 10th, 25th, 
50th, 75th, and 90th percentiles of systolic BP using UQR.

UQR models are designed to estimate associations between 
independent variables and unconditional distributional sta-
tistics of the dependent variable, such as quantiles (Firpo et 
al., 2009; Killewald & Bearak, 2014; Rios-Avila, 2020). UQR 
models are estimated in two steps. First, the dependent vari-
able is transformed for the distributional statistic of interest—
here, a particular quantile of systolic BP—using Equation 1, 
which estimates the recentered influence function (RIF). In the 
current study, qτ is the value of systolic BP at quantile τ ; FBP 
is the cumulative distribution function of systolic BP; 1 is a 
function that equals 1 if systolic BP is less than or equal to qτ 
and 0 otherwise; and fBP(qτ ) is the density of systolic BP at 
qτ. The second step in the estimation of a UQR model is to fit 
a linear OLS regression model with the estimated RIF as the 
dependent variable. The statistical package used to estimate 
UQR models for the current study carries out both steps, 
transforming the dependent variable and estimating an OLS 
regression model of the resulting RIF (Rios-Avila, 2020).

RIF(BP; qτ , FBP) = qτ +
(τ − 1{BP ≤ qτ})

fBP(qτ ) (1)

After examining patterns by education at the mean and 10th 
through 90th percentiles of systolic BP, I assess patterns at 
very low and very high levels of BP, specifically its 1st through 
5th and 95th through 99th percentiles. Then, I examine 
whether relationships between education and systolic BP 
differ by hypertension diagnostic and BP control statuses by 
fitting stratified OLS and UQR models. Finally, in OLS and 
UQR models of systolic BP that incorporate additional sets 
of covariates, I examine the extent to which patterns by edu-
cation are confounded by early-life factors or explained by 
adult socioeconomic circumstances and health-related risk 
factors. These analyses are restricted to the 13,965 respon-
dents with full covariate data.

I also reestimate the main OLS and UQR models for three 
sets of sensitivity analyses. First, I examine whether patterns 
observed for systolic BP extend to diastolic BP. Second, I 
assess patterns when measuring education with years of 
schooling rather than highest degree attained. Third, to gauge 
the impact of selective mortality, I estimate models of systolic 
BP restricted to those aged 51–69.

In all analyses, two-sided p values below .05 are considered 
statistically significant. To ensure that the sample is nation-
ally representative of older U.S. adults, I apply HRS-provided 
wave-specific, respondent-level weights for the physical mea-
surement subsample throughout. Standard errors account for 
complex survey design and clustering with HRS-provided 
primary sampling unit and strata variables. Analyses are con-
ducted in Stata 16.0 (StataCorp, 2019).

Results
Descriptive Statistics
Table 1 presents weighted descriptive statistics for variables 
in the main analysis. Additional descriptive statistics are pro-
vided in Supplementary Table 1. Respondents are, on average, 
65.3 years old (standard deviation [SD] = 9.2) and 53.1% 
are female. Three in four (75.4%) identify as non-Hispanic 
White, 10.3% non-Hispanic Black, 9.7% Hispanic, and 
4.6% another race/ethnicity. About 12.2% did not complete 
high school, 31.4% completed high school or earned a GED, 

http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
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26.8% have an associate’s or some college education, and 
29.6% have a bachelor’s or higher.

More than half of respondents (56.2%) have diagnosed 
hypertension, 27.4% have measured hypertension, and 
64.2% have either diagnosed or measured hypertension. 
Among those with diagnosed hypertension, 12.5% are 
untreated while the large majority (87.5%) are currently 
taking BP-lowering medications. Among those diagnosed 
with hypertension and on treatment, 33.2% have uncon-
trolled BP. Mean systolic and diastolic BP are 127.8 (SD 
= 19.0) and 78.6 (SD = 11.2) mmHg, respectively, below 
diagnostic thresholds for hypertension when respondents 
were surveyed (140/90 mmHg; Chobanian et al., 2003), but 
approaching current guidelines (130/80 mmHg; Whelton et 
al., 2018).

Hypertension is dramatically more prevalent among 
respondents with less education. For example, the percentage 
with diagnosed or measured hypertension among those who 
did not complete high school (75.7%) is more than 20 points 
higher than that among college graduates (53.8%). Among 
those with diagnosed hypertension, the percentage who are 
untreated is similar across levels of education. However, 
among those diagnosed and on treatment, the percentage 
with uncontrolled BP is higher for the less-educated, reaching 

38.6% among those who did not finish high school versus 
30.8% of college graduates.

Mean systolic BP is highest among those who did not com-
plete high school (132.6, SD = 24.4) and lowest among col-
lege graduates (125.0, SD = 15.9). Differences in the 10th 
through 90th percentiles of BP by education reveal three 
additional patterns. First, all evaluated percentiles of systolic 
BP are higher for the less-educated, such that the entire BP 
distribution is shifted upwards relative to those with more 
schooling. Second, the distribution of systolic BP is wider for 
those with less schooling, with 51.3 mmHg between the 10th 
(109.0) and 90th (160.3) percentiles of BP in the least-edu-
cated group, versus 43.3 mmHg (10th percentile: 104.3; 90th 
percentile: 147.7) in the most-educated group. Third, the dis-
tribution of systolic BP demonstrates a stronger positive skew 
for those with less schooling, with the largest educational 
disparity observed at BP’s 90th percentile. The difference 
between the least- and most-educated groups in the 10th per-
centile of systolic BP is just 4.7 mmHg, whereas the difference 
in the 50th percentile is 6.7, and the difference in the 90th 
is 12.7. In sum, the distribution of systolic BP among older 
U.S. adults is shifted upwards, more dispersed, and skewed 
toward the highest levels for those with less schooling, while 
it is compressed at lower, healthier levels for those with more 

Table 1. Weighted Descriptive Statistics

 Overall By education

Mean (SD) 
or %

Less than high 
school 

High school 
or GED 

Associate’s or 
some college 

Bachelor’s or 
higher 

Systolic BP, mmHg 127.80 (18.97) 132.58 (24.40) 129.35 (20.06) 126.91 (18.03) 125.01 (15.85)

Systolic BP percentiles, mmHg

 � 10th percentile 105.33 109.00 106.00 104.67 104.33

 � 25th percentile 114.67 118.00 116.00 114.33 112.67

 � 50th percentile 126.33 130.33 127.67 126.00 123.67

 � 75th percentile 138.67 145.33 140.33 137.67 136.00

 � 90th percentile 152.33 160.33 154.00 150.67 147.67

Diastolic BP, mmHg 78.57 (11.15) 78.69 (13.96) 78.79 (11.80) 79.06 (11.01) 77.84 (9.36)

Diagnosed hypertension 56.18 68.19 61.51 55.73 46.00

Measured hypertension 27.36 34.62 29.65 26.47 22.74

Diagnosed or measured hypertension 64.16 75.73 69.73 63.77 53.84

Untreated BP, among N = 8,917 with 
diagnosed hypertension

12.50 12.41 11.03 14.39 12.58

Uncontrolled BP, among N = 7,911 
with diagnosed, treated hypertension

33.19 38.64 33.62 31.76 30.78

Education

 � Less than high school 12.19 — — — —

 � High school or GED 31.36 — — — —

 � Associate’s or some college 26.82 — — — —

 � Bachelor’s or higher 29.62 — — — —

Age 65.32 (9.21) 67.68 (11.86) 66.18 (9.83) 64.17 (8.55) 64.47 (7.76)

Female 53.11 54.07 54.92 54.65 49.40

Race/ethnicity

 � Non-Hispanic White 75.41 43.42 77.52 77.54 84.42

 � Non-Hispanic Black 10.27 18.12 10.61 10.94 6.07

 � Hispanic 9.69 33.76 8.41 7.13 3.47

 � Other 4.62 4.70 3.47 4.39 6.04

Notes: N = 14,498 unless stated otherwise. BP = blood pressure, measured in millimeters of mercury (mmHg); SD = standard deviation.



Journals of Gerontology: SOCIAL SCIENCES, 2023, Vol. 78, No. 9 1539

schooling. Kernel density plots of systolic BP by education are 
presented in Supplementary Figure 1.

Demographics-Adjusted Associations Between 
Education and BP-Related Outcomes
Results from linear probability models of diagnosed or mea-
sured hypertension and uncontrolled BP in Table 2 demon-
strate significant inverse associations with education when 
adjusting for demographic covariates. The adjusted probabil-
ity of hypertension is 15.9 percentage points lower for those 
with a bachelor’s or higher compared to those who did not 
complete high school. Similarly, among diagnosed and treated 
hypertensive adults, the adjusted probability of uncontrolled 
BP is 7.1 percentage points lower for those with a bachelor’s 
or higher relative those with less than a high school education.

Table 3 and Figure 1 present results from demographics-ad-
justed OLS and UQR models of systolic BP’s mean and 10th 
through 90th percentiles on education. There are significant 
inverse associations between education and systolic BP at all 
evaluated points in the BP distribution, and the magnitude of 
this association increases across percentiles. For example, mean 
systolic BP is estimated to differ between the least- and most-ed-
ucated groups by 5.9 mmHg, and the 10th, 25th, 50th, 75th, and 
90th percentiles of systolic BP are estimated to differ between 
the least- and most-educated groups by 3.8, 4.9, 4.6, 6.8, and 
10.7 mmHg, respectively. The estimated difference between the 
least- and most-educated groups in the 90th percentile of sys-
tolic BP is significantly larger in magnitude than the estimated 
difference at any lower percentile (all p < .05). Relatedly, the 
estimated relationship between each level of education, relative 
to less than high school, and the 90th percentile of systolic BP is 
significantly larger in magnitude than its estimated relationship 
with mean systolic BP (all p < .05). Again, results are indicative 
of a differential compression process, whereby the distribution 
of systolic BP is compressed at lower, healthier levels for more 
educated older adults, while it is shifted upwards and more dis-
persed with a stronger positive skew toward the highest, most 
harmful levels among those with less education.

Patterns at Very Low and Very High BP Percentiles
Supplementary Table 2 presents results from UQR models of 
systolic BP’s 1st through 5th percentiles. Significant inverse 
associations between education and systolic BP emerge at the 
3rd percentile. As shown in Supplementary Table 3, there are 
also significant inverse associations between education and the 
95th through 99th percentiles of systolic BP, similar to or larger 
in magnitude than those estimated at the 90th percentile.

Patterns by Hypertension Diagnostic and BP 
Control Statuses
Figure 2 presents select results from stratified OLS and UQR 
models of systolic BP, with panels showing associations esti-
mated for bachelor’s or higher, relative to less than high 
school, within subsamples defined by hypertension diagnostic 
and BP control statuses. Full numeric results are presented in 
Supplementary Tables 4 through 7. Both for those with and 
without diagnosed hypertension, there is a significant inverse 
relationship between education and systolic BP that increases 
in magnitude across the BP distribution, likely reflecting edu-
cational disparities in the prevalence of uncontrolled BP and 
undiagnosed hypertension. A similar pattern is observed among 
diagnosed, treated hypertensive adults with uncontrolled BP, 
signifying variation by education in the severity of uncon-
trolled BP. In contrast, among diagnosed, treated hypertensive 
adults with controlled BP, there are virtually no educational 
disparities in systolic BP at any point in the BP distribution.

Adjusting for Potential Early-Life Confounders 
and Adult Socioeconomic and Health-Related 
Covariates
Supplementary Table 8 presents results from OLS and UQR 
models of systolic BP that incorporate potential early-life con-
founders as covariates. While estimated associations between 
education and systolic BP are occasionally reduced in mag-
nitude relative to those estimated in models adjusting for 
basic demographic covariates only, no education coefficient is 

Table 2. Coefficients and Standard Errors From Linear Probability Models of Diagnosed or Measured Hypertension and Uncontrolled BP

 Diagnosed or measured hypertension Uncontrolled BP 

Education

 � Less than high school Ref. Ref.

 � High school or GED −0.021 (0.016) −0.043 (0.021)*

 � Associate’s or some college −0.062 (0.018)** −0.061 (0.024)*

 � Bachelor’s or higher −0.159 (0.016)*** −0.071 (0.025)**

Age 0.016 (0.002)*** −0.010 (0.003)**

Age-squared −0.000 (0.000)** 0.000 (0.000)***

Female −0.070 (0.010)*** −0.053 (0.012)***

Race/ethnicity

 � Non-Hispanic White Ref. Ref.

 � Non-Hispanic Black 0.203 (0.011)*** 0.081 (0.018)***

 � Hispanic 0.036 (0.020) −0.013 (0.020)

 � Other 0.042 (0.023) 0.124 (0.034)***

Constant 0.544 (0.025)*** 0.443 (0.034)***

N 14,498 7,911

Notes: Standard errors in parentheses. Age is centered at 51 years. Uncontrolled BP is evaluated among those with diagnosed, treated hypertension. BP = 
blood pressure; Ref = reference.
Two-sided significance tests: ***P < .001. **P < .01. *P < .05.

http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
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reduced by more than 15%. Furthermore, estimated associa-
tions between education and systolic BP remain significant at 
all points in the BP distribution, and continue to be largest in 
magnitude at the 90th percentile of systolic BP. Results sug-
gest that measured early-life factors play a limited role in the 
differential distribution of systolic BP by education.

Results from models incorporating covariates reflecting 
socioeconomic circumstances and health-related risk fac-
tors in adulthood are presented in Supplementary Table 9. 
Education remains significantly inversely associated with 
systolic BP at all points in the BP distribution, and the mag-
nitude of these associations remains largest at BP’s 90th per-
centile. However, associations between education and higher 
percentiles of systolic BP are reduced substantially compared 
to those estimated in models adjusting for demographics and 
early-life confounders only. Estimated associations between 
education and mean systolic BP are reduced by approximately 
one-quarter and those between education and systolic BP’s 
75th and 90th percentiles are reduced by about one-third, 
whereas associations at lower BP percentiles are reduced by 
less than 10%. These findings implicate socioeconomic and 
health-related mechanisms in the shaping of the systolic BP 
distribution by education, including the extended tail toward 
the highest BP levels among the less-educated and its absence 
among those with more schooling.

Sensitivity Analyses
All three sets of sensitivity analyses reveal patterns that are 
consistent with the main results. First, analyses of diastolic BP 
return similar, albeit weaker, patterns as those observed for 
systolic BP (Supplementary Table 10). Second, consistent with 
results for highest degree attained, the estimated relationship 
between years of schooling and systolic BP is significant at 
all evaluated points in the BP distribution and increases in 
magnitude across BP percentiles (Supplementary Table 11). 
Third, results from analyses restricted to those aged 51–69 

are substantively the same as those for the full sample, sug-
gesting that selective mortality does not explain the study’s 
findings (Supplementary Table 12).

Discussion
In a nationally representative sample of older U.S. adults, I 
find that those with less education are more likely to experi-
ence hypertension and uncontrolled BP than those with more 
schooling, consistent with prior work (Gillespie & Hurvitz, 
2013; Ostchega et al., 2020; Zacher et al., 2021). Weighted 
descriptive statistics indicate that 75.7% of older adults 
who did not complete high school have either diagnosed 
or measured hypertension compared with 53.8% of college 
graduates. Among the diagnosed, use of BP-lowering medi-
cation is widespread across education levels, with less than 
15% untreated. However, uncontrolled BP remains common 
among those on treatment and varies by education, affect-
ing 38.6% of those without a high school education versus 
30.8% of college graduates. While educational disparities in 
these dichotomous measures are striking, this study builds on 
prior research by also documenting differences in the shape of 
the BP distribution by education, differences with meaningful 
consequences for morbidity and mortality and with implica-
tions for theoretical perspectives on the social determinants of 
health. Four findings warrant mention.

First, those with less education have significantly higher 
systolic BP than those with more schooling across nearly the 
entire range of BP, such that the distribution of systolic BP is 
shifted upwards toward higher, more harmful levels among 
those with less schooling. Significant disparities between the 
least- and most-educated groups emerge at the 3rd percentile 
of systolic BP and persist through the 99th. This is important 
because increasing BP elevates risk of morbidity and mortal-
ity both below and above diagnostic thresholds for hyperten-
sion (Ettehad et al., 2016; Lewington et al., 2002).

Table 3. Coefficients and Standard Errors From OLS Linear Regression and UQR Models of Systolic BP

 OLS UQR     

Mean 10th percentile 25th percentile 50th percentile 75th percentile 90th percentile

Education

 � Less than high school Ref. Ref. Ref. Ref. Ref. Ref.

 � High school or GED −2.02 (0.66)** −1.95 (0.67)** −1.58 (0.62)* −0.79 (0.69) −2.43 (0.98)* −4.93 (1.55)**

 � Associate’s or some college −3.87 (0.63)*** −2.63 (0.73)**  −2.68 (0.69)*** −2.28 (0.70)** −4.86 (1.00)*** −7.32 (1.53)***

 � Bachelor’s or higher −5.92 (0.70)*** −3.80 (0.81) *** −4.88 (0.84)*** −4.64 (0.83)*** −6.84 (0.99)*** −10.74 (1.28)***

Age 0.34 (0.07)*** 0.50 (0.11)*** 0.42 (0.10)*** 0.39 (0.09)*** 0.36 (0.10)*** 0.17 (0.17)

Age-squared −0.00 (0.00) −0.01 (0.00)** −0.01 (0.00) −0.00 (0.00) 0.00 (0.00) 0.01 (0.00)

Female −5.92 (0.33)*** −6.91 (0.54)*** −6.94 (0.45)*** −6.39 (0.39)*** −6.06 (0.51)*** −3.57 (0.83)***

Race/ethnicity

 � Non-Hispanic White Ref. Ref. Ref. Ref. Ref. Ref.

 � Non-Hispanic Black 5.28 (0.63)*** 3.14 (0.66)*** 3.61 (0.63)*** 3.93 (0.74)*** 6.89 (1.00)*** 9.52 (1.31)***

 � Hispanic 1.14 (0.59) −0.21 (0.90) 0.80 (0.65) 0.71 (0.62) 1.17 (0.79) 2.71 (1.46)

 � Other 1.96 (0.97)* −0.64 (1.67) 1.11 (1.08) 1.97 (1.00) 3.08 (1.39)* 4.97 (1.98)*

Constant 129.04 (0.81)*** 106.83 (0.95)*** 116.20 (1.04)*** 126.70 (1.14)*** 139.85 (1.16)*** 154.67 (1.98)***

Systolic BP at percentile 105.33 114.67 126.33 138.67 152.33

Notes: N = 14,498. Standard errors in parentheses. Age is centered at 51 years. BP = blood pressure, measured in millimeters of mercury (mmHg); OLS = 
ordinary least squares; Ref = reference; UQR = unconditional quantile regression.
Two-sided significance tests: ***P < .001. **P < .01. *P < .05.

http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
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http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data


Journals of Gerontology: SOCIAL SCIENCES, 2023, Vol. 78, No. 9 1541

Second, the distribution of systolic BP is more dispersed 
and positively skewed among those with less education, with 
educational disparities increasing in magnitude across BP 
percentiles. The estimated difference in systolic BP between 
those with a bachelor’s or higher relative to those who did not 
complete high school, adjusting for demographic covariates, 
increases in magnitude from 3.8 mmHg at BP’s 10th percen-
tile to 5.9 at its mean and 10.7 at its 90th percentile. This is 
cause for concern, as disparities may matter more for absolute 
risk of morbidity and mortality at higher levels of BP (Flint et 
al., 2019; Lewington et al., 2002).

Third, stratified models demonstrate that patterns observed 
in the full sample—higher systolic BP among the less-edu-
cated, with educational disparities increasing in magnitude 
across BP percentiles—are present for those with and without 
diagnosed hypertension and among diagnosed, treated hyper-
tensive adults with uncontrolled BP. Among those diagnosed 
with hypertension, this pattern partially reflects differential 
progress toward BP control by education. Patterns for those 
without a hypertension diagnosis, on the other hand, likely 
reflect differential prevalence of undiagnosed hypertension 
by education, as well as educational disparities in BP among 
those with undiagnosed hypertension. This is consistent 
with prior work showing that undiagnosed hypertension is 
more common among those with less education (Zacher et 
al., 2021), precluding the use of BP-lowering medications 
for many who could benefit. For hypertensive adults with 
uncontrolled BP, results suggest that the extent to which BP 
is uncontrolled is more severe among the less-educated, per-
haps due to differences in treatment assignment or adherence. 
Importantly, among hypertensive adults with controlled BP, 
there are virtually no educational disparities in systolic BP at 
any point in the BP distribution. Thus, when hypertension is 
clinically recognized and BP control is achieved, educational 
disparities are eliminated across the BP continuum. Reducing 
educational disparities in BP-related health risk will likely 
require expanding access to and utilization of routine pre-
ventive healthcare, where hypertension can be diagnosed and 
treatment plans formulated and revised as needed (Carey et 
al., 2018).

Finally, while this study does not identify the mechanisms 
responsible for the inverse relationship between education 
and BP, suggestive evidence can be discerned from models 
incorporating covariates reflecting potential early-life con-
founders and adult socioeconomic and health-related factors. 
Results do not change substantively when incorporating mea-
sures of childhood SES and health as covariates, suggesting 
that early-life factors play at most a limited role in shaping 
differences in the distribution of systolic BP by education. 
Adjusting for measures reflecting socioeconomic circum-
stances and health-related risk factors in adulthood also does 
not eliminate the robust relationship between education and 
systolic BP, although these measures do partially explain pat-
terns at high BP percentiles. This suggests they may under-
lie the extended positive skew of the systolic BP distribution 
among the less-educated and the more compressed distribu-
tion among those with more schooling.

These findings are consistent with fundamental cause the-
ory, which posits that SES gradients in health exist because 
those of higher SES can draw on their larger collection of 
resources to promote health through a variety of mechanisms 
(Link & Phelan, 1995). Another central tenet of fundamen-
tal cause theory is that SES is most strongly associated with 
health outcomes when preventive methods or treatments 
exist, but uptake of such methods or treatments is not yet 
universal, as it is in these cases that SES-related resources 
are most advantageous for health promotion (Chang & 
Lauderdale, 2009; Clouston et al., 2016; Masters et al., 2015; 
Phelan & Link, 2005; Phelan et al., 2004). This logic implies 
that SES disparities in continuous health metrics that, like 
BP, are affected by individual behavior (i.e., preventable) and 
modifiable with behavior change or medication (i.e., treat-
able) will be largest at the least healthy levels. SES-related 
resources may be deployed to support BP-lowering behaviors, 

Figure 1. Estimated associations between education (reference: less 
than high school) and systolic BP. Figure shows estimated coefficients 
and 95% confidence intervals on education variables (reference: less 
than high school) from OLS and UQR models of systolic BP that include 
age, age-squared, sex/gender, and race/ethnicity as covariates. Full 
numeric results are provided in Table 3. BP = blood pressure, measured 
in millimeters of mercury (mmHg); OLS = ordinary least squares; UQR = 
unconditional quantile regression.
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such as maintaining a healthy weight and diet, engaging in 
physical activity, and reducing alcohol consumption (Carey 
et al., 2018). Resources may also promote access to and utili-
zation of quality health care, facilitating earlier hypertension 
diagnosis and treatment initiation. Similarly, if hyperten-
sion is detected, SES-related resources may influence recom-
mended treatments, adherence to recommendations, and how 
often treatment plans are revisited and refined. Ultimately, 
fundamental cause theory predicts precisely those patterns 
observed in the current study. Education-related resources 
can preclude the worst levels of BP from occurring, compress-
ing the distribution of BP to lower, healthier levels for those 
with higher education, and leaving an extended positive skew 
toward the highest levels of BP among those with less school-
ing. Similar compression patterns by SES have been observed 
in prior work on the distribution of BMI (Bann et al., 2020) 
and longevity (Brown et al., 2012).

This study has several limitations. While I define measured 
hypertension and uncontrolled BP using BP measurements 
from a single HRS interview, clinical guidelines recommend 
multiple office visits to diagnose hypertension and to estab-
lish whether BP is controlled (Chobanian et al., 2003). That 
said, estimates of hypertension prevalence from the HRS are 
comparable to those from the National Health and Nutrition 
Examination Study, a major resource for monitoring 

hypertension in the United States (Fryar et al., 2017; Whelton, 
2015).

Also, the current study is restricted to middle-aged and 
older U.S. adults. Selective mortality may affect results, pos-
sibly reducing estimated disparities in BP-related outcomes 
by education. However, results from sensitivity analyses 
limited to respondents aged 51–69 are consistent with those 
of the main analysis. Also, by characterizing the distribu-
tion of BP—a major risk factor for morbidity and mortal-
ity (Stanaway et al., 2018)—among middle-aged and older 
adults, this study generates important insights for anticipating 
future population health patterns. While BP-related outcomes 
have improved in recent decades (Whelton, 2015), high BP 
remains prevalent among middle-aged and older U.S. adults, 
and the most worrying levels of BP continue to be observed 
most often among those with less education. These findings 
are concerning in light of mounting evidence that U.S. mid-
life mortality is rising, that reductions in cardiovascular dis-
ease mortality have stalled, and that educational disparities 
in health are growing (Case & Deaton, 2021; Mehta et al., 
2020).

Among this study’s strengths is its use of a biomarker—a 
continuous, objective, and dynamic measure of physiological 
function—to characterize differences by education in the dis-
tribution of a key health metric in a nationally representative 

Figure 2. Estimated associations between bachelor’s or higher (reference: less than high school) and systolic BP, stratified by hypertension diagnostic 
and BP control statuses. Figure shows estimated coefficients and 95% confidence intervals on bachelor’s or higher (reference: less than high school) 
from stratified OLS and UQR models of systolic BP that include age, age-squared, sex/gender, and race/ethnicity as covariates. Full numeric results 
are provided in Supplementary Tables 4–7. BP = blood pressure, measured in millimeters of mercury (mmHg); OLS = ordinary least squares; UQR = 
unconditional quantile regression.

http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad084#supplementary-data
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sample of older U.S. adults. Results demonstrate that edu-
cational disparities in BP are pervasive across the BP distri-
bution and are largest at its highest percentiles. As a result, 
the distribution of BP is shifted upwards, more dispersed, and 
skewed toward the highest, most harmful levels for those with 
less education, while it is compressed at lower, healthier levels 
for those with more schooling. Similar patterns may be found 
for other health outcomes that are amenable to prevention or 
treatment (e.g., blood sugar), and for other sociodemographic 
characteristics associated with access to health-supporting 
resources (e.g., race/ethnicity). To reduce educational dispar-
ities in BP and related morbidity and mortality among older 
U.S. adults, interventions are needed to enhance hypertension 
awareness and to promote progress toward BP control, as 
well as to support broad, sustained, and universal access to 
health-supporting resources more generally.

Supplementary Material
Supplementary data are available at The Journals of 
Gerontology, Series B: Psychological Sciences and Social 
Sciences online.
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