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Introduction

Poorly controlled blood pressure (BP) is the leading modifi-
able risk factor for cardiovascular events like stroke and 
myocardial infarction.1 In 2018, about 60% of adults with 
hypertension (HTN) had uncontrolled BP.1 Some studies 
have shown that low income and adverse social determi-
nants of health (SDOH), such as food insecurity and unsta-
ble housing, are associated with HTN2,3 and cardiovascular 
disease events. A study of more than 25 000 adults over the 
age of 45 demonstrated that the presence of each additional 
adverse SDOH was associated with higher risk of stroke.4 A 
United Kingdom-based study with over 40 000 adult 

participants found higher incidence and prevalence of 12 
cardiovascular diseases in individuals experiencing home-
lessness.5 In the Jackson Heart Study, financial stress was 
associated with incident coronary heart disease in over 2000 
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Abstract
Background: Social determinants of health (SDOH) are associated with cardiovascular disease, but little is known 
about mechanisms underlying those relationships. We hypothesized that SDOH would be associated with uncontrolled 
hypertension (HTN) in adults with Medicaid. Methods: This was a retrospective analysis of adults in a Medicaid accountable 
care organization who had HTN diagnoses, received regular care at community health centers, and enrolled in a cohort 
study between December 2019 and December 2020. Baseline surveys collected demographics and SDOH, including food 
insecurity, unstable housing, cost-related medication underuse, and financial stress. Blood pressure (BP) measurements 
over 12 months after survey completion were obtained from the electronic health record. Participants were categorized as: 
uncontrolled HTN (mean systolic BP ≥ 140 mm Hg and/or mean diastolic BP ≥ 90 mm Hg), controlled HTN, or unknown 
HTN control (no BP documented). We examined the association of individual and cumulative (count, 0-4) SDOH with 
uncontrolled HTN and unknown HTN control using multivariable logistic regression adjusting for demographics, smoking, 
diabetes, and HTN medication. Results: Participants (n = 245) were mean (SD) age 51.3 (8.6) years, 66.1% female, 43.7% 
Hispanic, 34.3% White, and 18.0% Black. Overall, 58.0% had food insecurity, 38.0% had unstable housing, 29.4% had financial 
stress, and 20.0% reported cost-related medication underuse. BP was documented for 180 participants; 44 (24.4%) had 
uncontrolled HTN. In multivariable models, neither individual nor cumulative SDOH were associated with uncontrolled 
HTN or unknown HTN control. Conclusions: In a Medicaid-insured population receiving care at community health 
centers, adverse SDOH were prevalent but were not associated with HTN control.
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mostly Black, non-Hispanic adults after accounting for 
socioeconomic status.6

One potential pathway between adverse SDOH and car-
diovascular disease may be poorly controlled BP.4 Adverse 
SDOH are associated with psychological stress, poor 
dietary quality, and lack of time and resources for self-care.7 
To date, there have been few studies examining the relation-
ship between adverse SDOH and control of BP among peo-
ple with a diagnosis of HTN. Data from the National Health 
and Nutrition Examination Survey (NHANES) from 2011 
to 2018 showed that individuals without consistent access 
to a health care provider had higher rates of uncontrolled 
HTN,2 but a recent meta-analysis found no difference in the 
rates of antihypertensive medication underuse in partici-
pants with uncontrolled versus controlled HTN.8

Addressing SDOH could be especially important for 
lower-income populations with HTN, such as those covered 
by Medicaid. A number of Medicaid programs are imple-
menting accountable care organization (ACO) models that 
include substantial focus on addressing SDOH,9 so it could 
be particularly instructive to study the relationship between 
SDOH and HTN control among those with Medicaid. In 
previous studies, individuals with health insurance had 
lower cost-related medication underuse and lower uncon-
trolled HTN than those without health insurance.2,10 
However, the impact of SDOH on HTN control in lower-
income individuals who are insured and have access to care 
is unknown.

The objective of this study was to examine whether food 
insecurity, unstable housing, cost-related medication under-
use, and financial stress were associated with HTN control 
in adults participating in a Medicaid ACO. We hypothesized 
that in this population of low-income adults with public 
health insurance, adverse SDOH would be associated with 
worse HTN control over 12 months.

Methods

This was a retrospective analysis of data from 
the LiveWell study, an observational cohort study evaluat-
ing the implementation and health impact of a new state 
Medicaid program that provides funding to ACOs to pay for 
and connect participants with food and housing resources. 
The LiveWell study was approved by the Mass General 
Brigham Institutional Review Board in 2019. A total of 
1056 participants provided informed consent and were 
enrolled from 5 community health centers near Boston, 
Massachusetts. To be eligible for the LiveWell study, par-
ticipants had to be between 21 and 62 years old, have had at 
least 1 visit at their primary care practice in the previous 
2 years, speak English or Spanish, and be participating in 
the Mass General Brigham Medicaid ACO or a commercial 
ACO insurance plan. The present study focused on the 846 
participants who were in the Medicaid ACO, of whom 245 

(28.9%) had a diagnosis of HTN documented in the elec-
tronic health record by an ICD-10 code or in the problem 
list during the 2 years before enrollment. The corresponding 
author had full access to all data in the study.

Survey Measures

Baseline survey data were collected in person, over the 
phone, and by email between December 2019 and December 
2020 and included questions about demographics and 
SDOH. Participants self-reported their age, sex, race, eth-
nicity, marital status, children at home, smoking status, and 
participation in food assistance programs. Self-reported 
educational attainment was dichotomized as high school or 
less versus more than high school.

Food security was measured with the 10-item United 
States Department of Agriculture’s Adult Food Security 
Survey Module 11; scores range from 0 to 10. We dichoto-
mized responses so that participants with scores 0 to 2 (ie, 
high or marginal food security) were considered food 
secure, and those with scores ≥3 were food insecure.

Housing stability was measured with a 3-item screening 
scale that included not renting or owning a house or apart-
ment, moving 2 or more times in the past 12 months, and 
worrying about having housing in next 2 months. 
Participants were considered to have housing instability if 
they answered yes to at least 1 item on the scale.

Cost-related medication underuse was measured with 2 
items that have been used in prior research10; the items 
assessed whether participants had delayed filling or reduced 
their use of a prescription medication because of financial 
concerns. Participants with an affirmative response to either 
item were categorized as positive for cost-related medica-
tion underuse.

Financial stress was measured with a subscale from the 
Weekly Stress Inventory that was previously shown to be 
associated with incident cardiovascular disease.6 
Participants were asked whether they had experienced any 
of 5 financial problems over the previous week. For any 
item endorsed, participants were prompted to rate its stress-
fulness on a 7-point Likert-type scale on which higher rat-
ings reflected higher stressfulness. A mean score greater 
than 4 indicated moderate to severe financial stress.

Measures from the Electronic Health Record 
(EHR)

Mean systolic and diastolic blood pressure (BP) were calcu-
lated for each participant who had at least 1 BP recorded in 
an outpatient setting (either a primary care or a specialty 
clinic) in the 12 months after enrollment. Blood pressure 
measures from hospitalizations or emergency department 
visits were excluded. To be conservative in our estimate of 
uncontrolled HTN, only the lowest recorded BP was 
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included if a participant had more than 1 BP recorded on a 
single day. Uncontrolled HTN was defined as mean systolic 
BP ≥ 140 mm Hg or mean diastolic BP ≥ 90 mm Hg. 
Participants with no BP recorded in the 12-month window 
were considered to have unknown HTN control.

Participants’ BMI during the study period was defined as 
the BMI recorded closest to the date of enrollment within 
3 months before or 3 months after the day of enrollment. A 
participant was considered to have a diagnosis of type 2 
diabetes if it was documented in the EHR by an ICD-10 
code or in the problem list during the 2 years prior to the 
date of enrollment. Hypertension medications were obtained 
from the EHR, and participants were dichotomized as hav-
ing any versus no HTN medication prescription on their 
records in the year after enrollment.

Statistical Analysis

Differences in characteristics of participants with con-
trolled, uncontrolled, and unknown HTN control were 
examined using t-tests or chi-squared tests. We analyzed 

associations of individual SDOH (food insecurity, unstable 
housing, cost-related medication underuse, and financial 
stress) with HTN control in logistic regression models that 
assessed the odds of uncontrolled vs. controlled HTN and 
of unknown control vs. controlled HTN. Both models 
adjusted for age, gender, race/ethnicity, diabetes diagnosis, 
smoking status, time of study enrollment (by quarter of 
year), and use of any HTN medication. In a secondary anal-
ysis, we examined the association of total measured number 
of adverse SDOH (0, 1, 2, or 3+) with HTN control. All 
outcomes were considered statistically significant at 
P ≤ .05. Analyses were performed using STATA (version 
16, 2019, StataCorp, College Station, TX, USA).

Results

Among 245 participants with a diagnosis of HTN, 180 
(73.5%) had at least 1 BP measurement documented in the 
EHR in the 12 months following enrollment; 66.5% of BP 
measurements were documented at primary care visits and 
33.5% at specialty visits. Only 4 participants had multiple 

Table 1. Participant Characteristics for Those with Controlled Hypertension, Uncontrolled Hypertension, and Unknown 
Hypertension Control.

Controlled HTN 
(N = 136)

Uncontrolled 
HTN (N = 44)

Unknown HTN 
control (N = 65)

Age, mean [SD] 51.7 [8.6] 50.8 [8.4] 50.7 [8.7]
Female sex, N (%) 96 (70.6) 32 (72.7) 34 (52.3)**

Race/ethnicity, N (%)
 Hispanic 61 (44.9) 22 (50.0) 24 (36.9)
 White, non-Hispanic 44 (32.4) 13 (29.6) 27 (41.5)
 Black 25 (18.4) 7 (15.9) 12 (18.5)
 Other races, non-Hispanic† 6 (4.4) 2 (4.6) 2 (3.1)
 Married/living with significant other, N (%) 49 (36.0) 11 (25.0) 23 (35.4)
 Children <18 years old in household, N (%) 58 (42.7) 17 (38.6) 20 (30.8)
 Employed full/part-time, N (%) 40 (29.4) 12 (27.3) 15 (23.1)
Education, N (%)
 High school degree or less 75 (55.2) 28 (63.6) 37 (56.9)
 Some education past high school 60 (44.1) 16 (36.4) 28 (43.1)
 Household income <$30 000, N (%) 101 (74.3) 38 (86.4) 51 (78.5)
 Language preference: Spanish 50 (36.8) 11 (25.0) 11 (16.9)**

 Enrolled in SNAP, N (%) 95 (69.9) 30 (68.2) 44 (67.7)
 Current smoking, N (%) 33 (24.3) 13 (29.6) 23 (35.4)
 BMI, kg/m2, mean [SD] 32.3 [7.3] 33.7 [7.1] 34.3 [8.7]
 Diabetes, N (%) 59 (43.4) 16 (36.4) 16 (24.6)*

 Any HTN medications before enrollment 116 (85.3) 39 (88.6) 44 (67.7)**

 Days with BP measurement over 12 months, mean [SD]#  3.0 [2.6]  2.5 [2.4] 0

Abbreviations: BMI, body mass index; BP, blood pressure; HTN, hypertension; SNAP, supplemental nutrition assistance program.
*P < .05 for comparison with controlled HTN group.
**P < .01 for comparison with controlled HTN group. All other comparisons between uncontrolled HTN group or unknown HTN group and the 
controlled HTN group were P > .05.
†Other races, non-Hispanic includes Asian/Native American and Mixed/Alaskan Native.
‡By definition, participants in the unknown HTN control group had 0 day with a BP measurement in the year after enrollment.
#4 participants had 2 or more BP readings in 1 day; only the lowest BP was included.
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BP readings in 1 day. Of the 180 with a BP measurement, 44 
(24.4%) had uncontrolled HTN. Overall, 109 (44.5%) par-
ticipants had either uncontrolled HTN or unknown HTN 
control. Table 1 shows participant characteristics by cate-
gory of HTN control.The mean (SD) age of all participants 
was 51.3 (8.6) years; 66.1% were female; 43.7% were 
Hispanic, non-Black; 34.3% were White, non-Hispanic; 
and 18.0% were Black. The education level of most partici-
pants (57.1%) was high school or less.

Figure 1 shows the prevalence of having each adverse 
SDOH and having any adverse SDOH by HTN group. 
Overall, 72.2% of participants experienced at least 1 
adverse SDOH; 58.0% of participants had food insecurity, 
38.0% had housing instability, 29.4% had moderate-severe 
financial stress, and 20.0% reported cost-related medication 
underuse. The mean (SD) number of adverse SDOH for 
each participant was 1.5 (1.2), and the mean (SD) number 
of SDOH was similar for each category of HTN control: 1.5 
(1.2) for controlled HTN, 1.4 (1.3) for uncontrolled HTN, 
and 1.4 (1.1) for unknown HTN control.

In multivariable analyses, there were no differences in 
the odds of having uncontrolled HTN over 12 months for 
participants reporting food insecurity, unstable housing, 
cost-related medication underuse, or financial stress com-
pared to those who did not report those SDOH (Table 2). 

Participants who reported cost-related medication underuse 
had lower odds of having unknown HTN control over 
12 months.

We conducted secondary analyses to assess whether par-
ticipants’ total number of SDOH was associated with HTN 
control (Table 3). There were no significant associations 
between the number of SDOH reported by a participant and 
having uncontrolled HTN or unknown HTN.

Discussion

In this sample of adults with HTN participating in a 
Medicaid ACO, adverse SDOH were prevalent, with almost 
three quarters of study participants experiencing at least 1. 
Contrary to our hypothesis, we found no evidence that par-
ticipants reporting food insecurity, unstable housing, finan-
cial stress, or cost-related medication underuse were more 
likely to have uncontrolled HTN than participants who did 
not report these SDOH.

Unlike previous studies that included participants with a 
range of income levels and health insurance coverage,6,12 
our study only included adults with low income who had 
Medicaid health insurance and were connected to a primary 
care clinic. More than 75% of our study participants 
reported annual household incomes below $30 000. There is 

Figure 1. Prevalence of select social determinants of health among those with controlled and uncontrolled hypertension and 
unknown hypertension control. Abbreviations: SDOH, social determinants of health. All differences in rates of SDOH among 
hypertension groups were not statistically significant.
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some evidence that US trends in HTN control might differ 
by income level. From 1999 to 2014, the mean systolic 
blood pressure of both high- and middle-income American 
adults dropped by more than 3 mm Hg, while no significant 
difference was observed among low-income adults.13

Prior research has not demonstrated a clear association 
between SDOH and HTN control; a recent systematic review 
found that food insecurity was linked to higher rates of self-
reported HTN diagnosis but not to worse HTN control.12 
Despite having low income, 55.5% of all participants in our 
study and 75.6% of participants with a documented BP were 
categorized as having controlled HTN. These estimates are 
higher than national estimates from 2017 in which only 
43.7% of US adults with HTN had controlled HTN.1 Other 
research has shown that people with health insurance have 
lower rates of uncontrolled blood pressure.2 All participants 
in our study belonged to the Medicaid ACO and were con-
nected to primary care providers; those factors might have 
contributed to better HTN control, despite experiencing 
many adverse SDOH. However, it is possible that among 
individuals who are uninsured or disconnected from health 
care, adverse SDOH may negatively affect HTN control.

In this study, over a quarter of the study sample had no 
outpatient health care visit with a documented BP during 
the 12-month follow-up period and were considered to have 
unknown HTN control. The most recent American College 
of Cardiology/American Heart Association guidelines for 
HTN management recommend that patients with HTN have 
their BP checked professionally every 3 to 6 months.14 

Although it is possible that some of the participants with 
unknown HTN control either received care outside the ACO 
or did not come in for a visit because their BP was con-
trolled and they were monitoring it at home, it is likely that 
many in this group delayed necessary health care due to the 
COVID-19 pandemic or other factors. While rates of 
adverse SDOH did not differ much among this study’s 3 
HTN groups, the unknown HTN control group was less 
likely to have any antihypertensive medications recorded in 
the EHR, which might have contributed to this group hav-
ing lower cost-related medication underuse.

This study has limitations. There was a relatively small 
sample size with SDOH measured at one time point, and 
this may have affected the power to detect statistical differ-
ences. The study was a secondary analysis of baseline data 
collected for the larger LiveWell study. However, the rates 
of adverse SDOH were not meaningfully different between 
the groups with uncontrolled and controlled HTN (Figure 
1). Participants in this study were enrolled from December 
2019 to December 2020, which included the early months 
of the COVID-19 pandemic when people may have had 
changes in their health behaviors, health care utilization, 
and social needs, such as food insecurity.15,16 It is possible 
that the prevalence of SDOH among study participants may 
have been higher at the time of enrollment than before the 
pandemic, and it is likely that participants had fewer BP 
measurements than usual due to reduced in-person health 
care visits because of pandemic-related restrictions. 
Although we assessed 4 important adverse SDOH in this 

Table 2. Social Determinants of Health and Odds of Uncontrolled Hypertension Over 12 months.

SDOH
Uncontrolled vs controlled 

HTN OR (95% CI)*
Unknown control vs controlled 

HTN OR (95% CI)*

Food insecurity 0.92 (0.41, 3.60) 1.82 (0.82, 4.00)
Housing insecurity 1.45 (0.61, 3.46) 0.87 (0.39, 1.91)
Cost-related medication underuse 1.28 (0.47, 3.52) 0.33 (0.12, 0.93)**

Moderate/severe financial stress 0.47 (0.18, 1.27) 0.82 (0.35, 1.88)

Abbreviations: HTN, hypertension; SDOH, social determinants of health.
*Odds ratio adjusted for age, gender, race/ethnicity, diabetes, smoking, education, quarter of enrollment, and any hypertension medication.
**P = .04.

Table 3. Adjusted Odds Ratios for Uncontrolled and Unknown Versus Controlled Hypertension as a Function of Total Number of 
Adverse Social Determinants of Health.

Number of SDOH*
Uncontrolled vs controlled 

HTN OR (95% CI)**
Unknown control vs controlled 

HTN OR (95% CI)**

0 Reference Reference
1 0.62 (0.24, 1.60) 0.75 (0.30, 1.87)
2 0.79 (0.29, 2.19) 1.57 (0.64, 3.86)
3 or more 0.52 (0.18, 1.54) 0.45 (0.15, 1.33)

Abbreviations: HTN, hypertension; SDOH, social determinants of health.
*The individual SDOH were food insecurity, housing instability, cost-related medication underuse, and moderate to severe financial stress.
**Odds ratio adjusted for age, gender, race/ethnicity, diabetes, smoking, quarter of enrollment, and any (versus no) HTN medication.
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study, other SDOH that were not included, such as transpor-
tation and community-level factors, could have been asso-
ciated with HTN control. We evaluated cost-related 
medication underuse, but we did not measure other factors 
associated with medication nonadherence, such as side 
effects and risk perception, that may have influenced HTN 
control.17 All participants in this study had Medicaid insur-
ance, were younger than 64 years old, and resided in eastern 
Massachusetts; results may not generalize to non-Medicaid 
and older populations or to individuals living in other states.

In conclusion, adverse SDOH were prevalent in this 
sample of community health center patients with Medicaid 
insurance and a diagnosis of HTN, and approximately 1 in 
4 participants did not have a BP measured within the health 
care system over the course of a year. Neither individual nor 
cumulative SDOH were associated with uncontrolled HTN. 
Future research should continue to explore mechanisms of 
how SDOH may contribute to cardiovascular disease, 
including how SDOH influence health behaviors, psycho-
logical stress, and other cardiometabolic risk factors.
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