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Abstract

Adult hypertension prevalence in Uganda is 27%, but only 8% are aware of their diagnosis,
accordingly treatment and control levels are limited. The private sector provides at least half
of care nationwide, but little is known about its effectiveness in hypertension control. We
analyzed clinical data from 39 235 outpatient visits among 17 777 adult patients from July
2017 to August 2018 at Uganda’s largest private hospital. We calculated blood pressure
screening rate at every visit, and hypertension prevalence, medication treatment, and con-
trol rates among the 5 090 patients with two or more blood pressure checks who received
any medications from the hospital’s pharmacy. We defined hypertension in this group as 1)
an average of two blood pressure measurements at separate consecutive visits, higher than
140 mm Hg systolic or 90 mm Hg diastolic, 2) receipt of any antihypertensive medication, or
3) the use of a hypertension electronic medical record code. We deemed hypertension con-
trol as normotensive at the most recent check. 12 821 (72.1%) of patients received at least 1
blood pressure check. Among the 5 090 patients above, 2 121 (41.6%) had hypertension
(33.4% age-standardized to a world population standard): 1 915 (37.6%) with elevated
blood pressure, and 170 (3.3%) were normotensive but receiving medication. 838 (39.4%)
of patients with hypertension received medication at least once. Overall, 18.3% of patients
achieved control (27% of treated patients, and 15% of untreated patients). Hypertension is
common and incompletely controlled in this Ugandan private-sector population, suggesting
several avenues for novel interventions.
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Introduction

Hypertension is among the leading risk factors for human mortality worldwide and is both
more common and less well-controlled in many low-income countries, especially in sub-Saha-
ran Africa, than in more affluent ones. Uganda, with one of the most rapidly-growing popula-
tions in the world, is no exception. Its estimated adult hypertension prevalence is now 28.9%
in urban areas and 25.8% in rural areas, up from 14-18% as of 2005 [1]. Its rising prevalence is
multifactorial, but sedentary lifestyles, an increasingly “Western” diet of simple carbohydrates
and fats, and increasing use of alcohol and tobacco are key contributors [2, 3]. Hypertension
and other non-communicable diseases cause 33% of all mortality in Uganda, but only 8% of
persons with hypertension are aware of their diagnosis, and 3.6% achieve blood pressure con-
trol [4-6].

Fortunately, novel models for hypertension control in Uganda have begun to emerge.
Some, for instance, have leveraged novel HIV/AIDS universal test-and-treat programs to
screen patients for elevated blood pressure [7-9]. Others have leveraged nurses to screen for
and treat hypertension and other NCDs as a result of physician shortages, a strategy called
task-sharing [10, 11]. Years of experience have suggested how to prevent and remedy supply
and medication shortages as well as gaps in patient data-tracking [12]. The majority of this
work, however, has occurred in public-sector clinics, even though the private sector provides
the majority of outpatient care for many Ugandans [13]. Recent work suggests that private-sec-
tor hypertension patients struggle to educate themselves on blood pressure control, while the
physicians that treat them lack time or resources to aid their disease self-management, suggest-
ing that nurse-led behavior change interventions for hypertension may be impactful in private
as well as public contexts [10, 14]. However, little is known about the epidemiology of hyper-
tension in the Ugandan private sector—or its baseline level of treatment or control. To address
this gap, we analyzed clinical data from 39 235 outpatient visits among 17 777 patients at the
largest private hospital in the nation.

Methods
Ethics statement

The protocol and data analysis plan for this study were approved by the Program for the Pro-
tection of Human Subjects (PPHS) at the Icahn School of Medicine at Mount Sinai, the
Research Ethics Committee (REC) at the Clarke International University, and the Uganda
National Council for Science and Technology. Because all data were de-identified prior to
analysis, the requirement for informed consent of individuals in the data set was waived by
each of these oversight boards.

Design

We performed a retrospective observational study of electronic medical record (EMR) data
and pharmacy invoicing data at a large private hospital in central Kampala, Uganda’s capital.
This private hospital system consists of a cluster of multi-specialty and primary care clinics
located on site of a main hospital campus in Kampala which serves as the ‘hub’ of the health
system, which additionally serves rural Ugandans through a network of smaller, rural primary
care clinics. In this study, we evaluate the primary care-seeking population at the main hospital
campus, the largest site of this health system. The data set did not capture the racial or ethnic
background of participants, though the hospital serves a population that is chiefly African but
also comprises minority South Asian and non-Hispanic white populations among others. Sex-
specific results are as presented below.
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Study population and data set

The study population included all patients aged 18 or older seen at all outpatient primary care
visits from July 2017 to August 2018. We included only visits to the hospital’s general internal
medicine clinic and family medicine clinic, because each such provider (unlike, for instance,
an urgent care or surgical clinic) is expected to actively screen for, diagnose, and treat hyper-
tension over the course of longitudinal (not one-off) care. We excluded all inpatient data,
emergency department visits, as well as all other outpatient visits, including those at specialty
clinics that would require referral from a general clinic. At every visit to the included clinics,
hospital protocol requires blood pressure to be checked and recorded by a nurse in a sitting
position prior to being seen by a doctor. The hospital uses the automated Edan M3A vital
signs monitor for all blood pressure readings. By training protocol, blood pressure is checked
once per visit, in either arm, with the patient in the seated position and the arm supported and
at heart level. The hospital recorded all clinical data using the Navision EMR platform, a prod-
uct of Microsoft Dynamics 365 Business Central. We used blood pressure data as recorded by
that system, without direct observation of its measurement.

In addition to blood pressure values, we acquired visit characteristics (doctor type, insur-
ance status), patient characteristics (age, sex) and all items procured at the hospital pharmacy
(drugs and consumables). When documented, we also included diagnosis codes associated
with each clinical encounter. These were missing in only 15.8% of visits overall, and 13.2% of
persons with hypertension. All patients and doctor names were de-identified and represented
by codes. The data set comprised 39 235 unique visits and 17 777 unique patients (Fig 1). We
selected and cleaned the data for analysis via freely available Python packages [15].

Outcomes

Our four main outcomes were rates of hypertension screening, prevalence, treatment with
medication, and control. We defined a patient as screened for hypertension at a given visit if
both systolic and diastolic blood pressure were documented in the Navision EMR. We defined
the prevalence of hypertension via those who patients who met at least one of three criteria: 1)
a documented blood pressure value of greater than or equal to 140 mm Hg systolic or 90 mm
Hg diastolic on an average of any two consecutive checks (as per US Eighth Joint National
Committee, or JNC-8, guidelines); 2) a documented diagnosis of hypertension (regardless of
blood pressure value); or 3) documented procurement of one or more anti-hypertensive medi-
cations [see S1 Table] at the hospital pharmacy [16]. We did not include any upper or lower
bounds on the duration of time between two visits to include in this analysis. We defined a
patient as receiving treatment for hypertension who received any anti-hypertensive medication
at the hospital pharmacy. Of note, this definition of treatment does not include non-pharma-
cologic measures that are not captured in this data—namely diet and lifestyle modifications.
We defined a patient as achieving hypertension control whose most recent blood pressure
value was under both 140 mm Hg systolic and 90 mm Hg diastolic, also per JNC-8 guidelines.
We calculated the rate of blood pressure screening for all visits—and therefore all patients
—in the data set—a total of 39 235 visits among 17 777 patients. However, we calculated the
prevalence of hypertension; the proportion of hypertension under treatment; and the propor-
tion of hypertension under control only among patients who had 1) at least two separate blood
pressure measurements and 2) at least one drug of any kind dispensed from the hospital phar-
macy during the study period. The first prevalence criterion allowed us to focus only on
patients whose hypertension status could be properly ascertained per JNC-8 guidelines. The
second prevalence criterion allowed us to focus only on patients whose preferred pharmacy
was at the hospital (as opposed to an outside facility) to accurately gauge who did and did not
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e specialist or other physician type

Calculation of
screening rates

12 687 patients
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Fig 1. Inclusion and exclusion flowchart. All study members and their inclusion or exclusion from calculation of screening rates, as well as those included or

excluded from calculation of prevalence, treatment, and control rates.

https://doi.org/10.1371/journal.pgph.0000386.9001

receive medication for hypertension. While the hospital pharmacy represents one of the largest
pharmacies in the area, patients can also fill prescriptions at one of numerous local pharma-

cies. To our knowledge, many patients can and do pick up medications at both the hospital
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pharmacy and their local pharmacies, as a matter of cost and convenience. Of note, only 5%
(268) of patients with two BP measurements during the study period had not picked up a med-
ication from the hospital pharmacy. These two criteria-two BP measurements and hospital
pharmacy use—narrowed our sample size to 17 858 visits among 5 090 patients.

Because diagnosis strings appeared in the EMR via a free-text field (i.e. not a standardized
set of codes), the data set referred to a hypertension diagnosis in multiple ways, such as “hyper-
tension—essential”, “hypertension”, and “htn”. We defined documented hypertension diagno-
sis for a given patient as a coded string containing the phrase “hypertension” or “htn”,
excluding strings that represent prehypertension (“prehypertension”, “prehtn”, etc.), intracra-
nial hypertension, portal hypertension, and pulmonary hypertension appearing at any time
during the study period. “High blood pressure” was not documented as hypertension, as this
term was not found frequently in the data set and carries diagnostic ambiguity. Medications
dispensed for hypertension at the hospital pharmacy were not free-text but selected from a list,
so we used no such criteria—rather, we identified 48 medications for hypertension treatment
[see S1 Table] and defined a patient as under hypertension treatment (and therefore
experiencing hypertension) who received such a medication at the hospital pharmacy at any
time during the study period. To generate this list of medications, we classified all dispensed
agents in the dataset according to their Anatomical Therapeutic Chemical (ATC) category and
subcategory per World Health Organization criteria. This approach yielded 13 distinct catego-
ries and combinations of medications: calcium channel blockers (CCBs); beta blockers; thia-
zide diuretics; angiotensin-converting enzyme inhibitors (ACE-Is); angiotensin receptor
blockers (ARBs); potassium-sparing diuretics; loop diuretics; peripheral alpha-adrenoreceptor
antagonists; central alpha-adrenoceptor agonists; combination alpha-beta blockers, arteriolar
smooth muscle relaxants; combination ARB-thiazide diuretics; and ARB-CCB combination
agents. We presumed that the indication for any use of any such agent in the data set was the
treatment of hypertension. Lastly, we age-standardized any hypertension rate to the WHO
2000-2025 World standard population.

Statistical analysis

In order to compare both the study sample (17 777 patients) and the subset of this sample cho-
sen for evaluation of prevalence, treatment, and control (5 090), we performed a Cramer’s V-
test (derived from the y statistic but more suitable for large sample sizes) on the distribution
of ages among selected ranges (18-30, 30-45, 45-65, and 65+), sex, and insurance status.

We examined potential associated factors via multiple logistic regression of each of the four
main outcome variables: screening (at visit level), prevalence (at patient level); treatment (at
patient level); and blood pressure control (at patient level). Age, sex, and the total number of
outpatient generalist visits during the study period were included as independent variables.
We also included payment type as an independent variable: because all hospital patients lack-
ing insurance must pay in cash (self-pay), we treated payment type as a binary variable com-
prising either cash or insurance. Patients who used both methods of payment during the study
period were assigned the payment type they used most frequently. For the regression examin-
ing blood pressure control as an outcome variable, we additionally included blood pressure
treatment as an independent variable.

We generated odds ratios and 95% confidence intervals for each analysis, holding a p
value < 0.05 to be statistically significant. All regressions and statistical tests were performed
in Python by utilizing the statsmodels package, an econometric and statistical modeling toolkit,
as well as other freely available packages such as pandas, a general-purpose data management
library [17, 18].
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Results
Baseline characteristics

The screening sample consisted of 39 235 visits and 17 777 patients ranging from 18 to 97
years old (mean: 36.8), whereas the subset of these patients chosen to analyze prevalence, treat-
ment, and control consisted of 17 858 visits and 5 090 patients ranging from 18 to 88 years old
(mean: 37.7). More than half the original screening sample are described by diagnosis field as
“general checkup” of which the leading diagnoses were diabetes, heart failure, angina, and
hypertension. Among these 5 090 patients, the mean number of visits during the study period
was 4.25 (minimum 2, median 3, 25t percentile 2, 75t percentile 5, maximum 32). The
median interval between consecutive visits was 29 days (mean 59 days, 25th percentile 6, 7
percentile 91 days, max 399 days-the duration of the study period). The distribution of sex,
age bins, and insurance status are not significantly different between the original study popula-
tion and sample (Cramer’s V test, p = 0.99 [age], 0.87 [sex], 0.62 [insurance status]), as can be
seen in Table 1 and Fig 2. See S1 Fig for a Venn diagram comparing the different hyperten-
sion criteria included in the evaluation of prevalence.

5th

Screening rates

Among 39 235 eligible visits, 25 352 (65%) recorded both a systolic and diastolic blood pres-
sure. Among 17 777 eligible patients, 12,821 (72.1%) of patients received at least 1 complete
blood pressure measurement during the study period (Table 2). In a multiple logistic regres-
sion predicting screening with age, gender, number of visits, and insurance status, the male
gender was associated with decreased odds of screening (OR 0.86, 95% CI 0.80-0.92,

p < 0.001). Number of visits (OR 1.78, 95% CI 1.71-1.86, p < 0.001) and insurance status (OR
2.73,95% CI 2.54-2.92, p < 0.001), were associated with increased odds of screening, as
shown in Fig 3.

Prevalence

Among 5 090 patients in the prevalence and treatment sample (who had at least 2 blood pres-
sure measurements and at least 1 hospital pharmacy record during the study period), 2 121
(42%) had hypertension per EMR code, receipt of antihypertensive therapy, or by blood

Table 1. Baseline characteristics of study population and sample.

Age Quartile
18-30

30-45

45-65

65+

Sex

Male

Female
Insurance Status
Self-Pay

Insured

Screening Cohort Prevalence & Treatment Cohort
(n=17777) (n=5090) p (Cramer’s V test)
0.99
6453 | (36%) 1648 | (32%)
7548 | (42%) 2172 | (43%)
3295 | (19%) 1139 | (22%)
481 | (3%) 131 | (3%)
0.87
8610 | (48%) 2351 | (46%)
9167 | (52%) 2739 | (54%)
0.62
7126 | (40%) 955 | (19%)
10 651 | (60%) 4135 | (81%)

All p-values resulted from Cramer’s V test performed on Age Quartile, Sex, and Insurance Status distributions between the two cohorts.

https://doi.org/10.1371/journal.pgph.0000386.t001

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000386 May 10, 2022 6/15


https://doi.org/10.1371/journal.pgph.0000386.t001
https://doi.org/10.1371/journal.pgph.0000386

PLOS GLOBAL PUBLIC HEALTH

Hypertension care cascade at a large Ugandan hospital

20,000
18,000
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14,000
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2,000

17 777
44.4%
7 899
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\ 5090
2126 30.4%
- S 038 50.3% 422
Il
Adult outpatient At least 2 visits in study At least 2 BP Meets criteria for Treated for Hypertension controlled
population period measurements hypertension hypertension

Fig 2. Cascade of care. Bars in graph depict extent of correct, and imperfect, treatment and control across steps of care cascade.

https://doi.org/10.1371/journal.pgph.0000386.9002

pressure measurements (Table 2). The age-standardized prevalence of hypertension in this
sample was 33.4%. Among 2 121 patients, 1 915 met hypertension criteria by blood pressure
measurements, 838 by receipt of antihypertensive therapy, and 668 by EMR code. See S1 Fig
for a Venn diagram comparing the different hypertension criteria included in the evaluation
of prevalence. Of the 2 085 patients who had hypertension by blood pressure or receipt of anti-
hypertensive medications, 632 (30%) were diagnosed as hypertensive by EMR code. 36 patients
had a ‘hypertension’ EMR code alone.

Overall, older patients had higher rates of hypertension prevalence than younger patients
(79% in 66+, as compared to 23% among ages 18-30), as did male patients (46%) when com-
pared to female patients (38%). In a multiple logistic regression describing hypertension preva-
lence and its correlates, older age (OR 1.06, 95% CI 1.05-1.06, p < 0.001), male gender (OR
1.15,95% CI 1.04-1.28, p = 0.007), number of visits (OR 1.13,95% CI 1.11-1.14, p < 0.001),

Table 2. Overview of screening, prevalence, and treatment.

Screened Prevalence Treatment Control, Treated Control, Untreated
n= 17 777 5090 2121 838 1288

Overall 12 821 | (72%) 2121 | (42%) 838 | (39%) 223 | (27%) 199 | (15%)
Age

18-30 6453 4605 | (71%) 381 | (23%) 47 | (12%) 14 | (30%) 44 | (13%)
31-45 7548 5513 | (73%) 869 | (40%) 290 | (33%) 83 | (29%) 93 | (16%)
46-65 3295 2391 | (73%) 767 | (68%) 433 | (56%) 107 | (25%) 53 | (16%)
66+ 481 312 | (65%) 104 | (79%) 68 | (65%) 19 | (28%) 9 | (25%)
Sex

Male 8610 6051 | (70%) 1075 | (46%) 432 | (40%) 99 | (23%) 103 | (15%)
Female 9167 6770 | (74%) 1046 | (38%) 406 | (39%) 124 | (31%) 96 | (16%)
Payment Type

Insurance 10 651 8491 | (80%) 1830 | (42%) 729 | (40%) 190 | (26%) 154 | (14%)
Cash 7126 4330 | (61%) 291 | (40%) 109 | (34%) 33 | (30%) 45 | (22%)

https://doi.org/10.1371/journal.pgph.0000386.t002
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Screening

Age

Male Gender
Number of Visits

Insured Status

Prevalence

Age

Male Gender
Number of Visits

Insured Status

Treatment

Age

Male Gender
Number of Visits

Insured Status

Control
Treatment

Age

Male Gender
Number of Visits

Insured Status

-2.7 -1.7

OR (95% CI)
1.00 (1.00, 1.00)
0.86 (0.80, 0.92)
1.78 (1.71, 1.86)
2.73 (2.54, 2.92)

1.06 (1.05, 1.06)
1.15 (1.04, 1.28)
1.13 (1.11, 1.14)
1.21 (1.05, 1.39)

1.05 (1.04, 1.06)
0.96 (0.81, 1.14)
1.05 (1.04, 1.06)
1.60 (1.25, 2.06)

2.02 (1.60, 2.55)
1.00 (0.99, 1.01)
0.82 (0.66, 1.02)
0.97 (0.96, 0.98)
0.98 (0.76, 1.23)

-0.7

p
0.008 4

<0.001 &
< 0.001 L 4
< 0.001

< 0.001
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Fig 3. Multiple logistic regressions. Each multivariate logistic regression model predicts the likelihood of an individual being screened for hypertension,
having hypertension, treated for hypertension, or controlled.

https://doi.org/10.1371/journal.pgph.0000386.g003

and insured status (OR 1.21, 95% CI 1.05-1.39, p = 0.007) were associated with increased like-
lihood of hypertension, as shown in Fig 3.

Treatment (Medication)

Of 2 121 patients with hypertension per study criteria, 838 (39.5%) received antihypertensive
medication from the hospital pharmacy during the study period (Table 2). The 646 hyperten-
sive patients identified by diagnosis code had a higher rate of medication treatment (83.4%)
than those meeting criteria for hypertensive but without a diagnosis code (37.9%). Overall, 838
patients received 4 776 itemized prescriptions throughout the study period. Calcium-channel
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Table 3. Prescription data.

Antihypertensive Category

CCB

ARB + Thiazide Diuretic

Beta Blockers

ARB

Loop Diuretic

Thiazide Diuretic

Alpha + Beta Blockers

ARB + CCB

ACE Inhibitor

K- sparing Diuretic

Arteriolar smooth muscle relaxants
Alpha- and Beta Blockers

Central Alpha-adrenoceptor agonist
Peripheral

https://doi.org/10.1371/journal.pgph.0000386.t003

Number of prescriptions Most common drug in category

1916 | (40%) amlodipine 10mg
1465 | (31%) losartan 50mg + hydrochlorothiazide 12.5mg
552 | (12%) bisprolol 5mg
339 | (7%) losartan 50mg
95 | (2%) furosemide 40mg
94 | (2%) bendrofluazide 5mg
79 | (1.6%) carvedilol 6.25mg
78 | (1.6%) losartan 50mg + amlodipine 5mg
57 | (1.2%) enalapril 5mg
47 | (1.0%) spironolactone 25mg
41 | (0.9%) hydralazine 25mg
9 | (0.2%) labetolol 100mg
2 | (0.04%) clonidine 10mcg
2 | (0.04%) alfuzosine 10mg

blockers (1 916 prescriptions, 40%) and angiotensin-receptor blocker / thiazide diuretic com-
bination pills (1 465 prescriptions, 31%) comprised the majority of medications prescribed
(Table 3). In a multiple logistic regression describing medication treatment of hypertension,
older age (OR 1.05, 95% CI 1.04-1.06, p < 0.0001), number of visits (OR 1.05, 95% CI 1.04-
1.06, p < 0.0001), and insured status (OR 1.60, 95% CI 1.25-2.06, p < 0.0001) were associated
with increased likelihood of hypertension treatment (Fig 3).

Control

Among 2 121 patients with hypertension, 422 (19.5%) were controlled (normotensive at their last
visit). Rates of control were similar across age and gender, but higher in the medication-treated
group (27%) than in the untreated group (15%) (Table 2). Of 1 915 patients meeting criteria by
clinical measurements alone, those who had a baseline SBP of >160mm Hg systolic had a lower
rate of control (8.4%) than those with a baseline SBP 140-160mm Hg (12.4%). In a multiple logis-
tic regression describing control of hypertension, antihypertensive treatment (OR 2.02, 95% CI
1.60-2.55, p < 0.001) was associated with increased likelihood of treatment control, whereas
number of visits (OR 0.97, 95% CI 0.96-0.98, p = 0.01) and insured status (OR 0.68, 95% CI 0.51-
0.91, p = 0.01) were associated with decreased likelihood of treatment control.

Discussion

Our analysis of one year of blood pressure data in this large private health system sample—in
an under-studied and low-resource setting—reveals a high prevalence of hypertension (42%,
age-standardized to 33%) relative to those reported in high-income countries (25.3-31.6%),
low-middle income countries (age-standardized 31.2-31.7%), and prior estimates in urban
Uganda (28.9%) [5, 19]. Rates of treatment with medication (39.4%) and control (20% overall;
27% if medicines and 15% without) were also significantly less than in high-resource settings
such as the US or OECD countries [19, 20]. Compared to low- and middle-income countries
overall, treatment rate in this cohort was significantly greater (39.4%) than reported averages
(29.0%) [19]. However, control rates were lower (19.5%) than comparable populations in sub-
Saharan Africa (22.6%)—yet greater than documented in previous work in Uganda (9.4%) [21,
22]. These outcomes were particularly favorable relative to rural Uganda, where over 90% of
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hypertension is undiagnosed and under 5% of those diagnosed achieve control [5, 7]. In any
case, insofar as the “cascade” of hypertension care causes cumulative attrition at each stage,
there exist significant opportunities for this private hospital setting to improve its hypertension
management strategy at a population level [9]. If those 4 956 patients unscreened for hyperten-
sion (no blood pressure measurements at visit) have the same 42% prevalence rate as the study
sample (screened twice, picked up medications at hospital pharmacy), some 2 081 persons
may have undiagnosed hypertension undetected by our approach.

This private Ugandan hospital, in which approximately 60% of patients have access to
health insurance and others pay in cash, likely serves a significantly higher socioeconomic sta-
tus population than the Ugandan public sector, yet concurrently a lower-income population
than most US hospitals (given the income disparity between even the highest-income Ugandan
households and the lowest-income US ones). Its control outcomes for hypertension control
between the Ugandan and US population averages may therefore reflect how starkly resource
access disparities drive health outcomes: an intermediate level of patient and health system
affluence between those two poles yields intermediate clinical results [23, 24]. A prior study of
the relationship between individual income level and hypertension control found that, in
urban clinics among lower-income Sub-Saharan countries, lower individual wealth was associ-
ated with both lower likelihood of control and higher grade of hypertension [22]. In the US,
those with insurance have nearly twice the rate of hypertension control (43-54%) than those
without (24%) [25].

Relative to other hypertension control studies in Uganda and the East African region, our
facility-level findings demonstrate higher levels of blood pressure treatment and control than
in the general population, yet also offer insight into how routine primary care operates—outside
of a pilot study or other research setting. For example, the Sustainable East African Research in
Community Health (SEARCH) study achieved 75% medication treatment and 46% blood
pressure control among 3,380 persons linked to hypertension care in Uganda and Kenya-sig-
nificantly greater than observed in this population-but in a program not yet integrated within
routine care [8]. Similarly, the Linkage And Retention to hypertension care in rural Kenya
(LARK) achieved a mean 13 mm systolic blood pressure decrease in persons with hypertension
treated with smartphone behavior counseling and medication, with 26% control rate, in an
intervention now being scaled and integrated with microfinance support, but not yet a part of
routine care in western Kenya [9, 26, 27]. Given that the private sector provides more than half
of health care in Uganda, and given than hypertension care cascade analyses in both private
and public sector clinics in East Africa are uncommon, our work provides novel insights into
both the baseline state of usual care in a higher-resource Ugandan clinic, and thereby opportu-
nities to strengthen it through improvements in medication treatment and adherence-work
now underway at this site [13, 14, 28-31].

The significant care disparities between insured (those with better access to healthcare) and
uninsured patients within the hospital cohort further supports this hypothesis. Among persons
meeting study criteria for hypertension, 34% percent of the uninsured received medication
treatment, compared to 40% percent of the insured. After correcting for medication treatment
status, insurance status was no longer correlated with hypertension control, suggesting that
differential receipt of medications between these two groups explains the observed control dis-
parity. Because of limitations in our study approach (which documented as treated only those
who picked up a medicine at the hospital pharmacy, regardless of what was prescribed), we
cannot establish to what extent insured persons were more likely to be offered medicine by
their physician, as opposed to more likely (and more financially able) to access it. It is sugges-
tive, however, that in the population with enough BP measurements and hospital pharmacy
records, 81% were insured versus 60% in the general screening population. Further research
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should seek to better understand the barriers to medication treatment for patients with hyper-
tension at this and similar hospitals in low-income countries, be it inability to afford medica-
tion, therapeutic inertia, reluctance to take medication, or other causes.

Regardless of treatment disparities, however, 27% of those treated for hypertension with
medication achieved blood pressure control. This result, which also compares negatively with
high-resource settings (in the US, 59.5%), reinforces prior data from high-income settings that
access to hypertensive medication (widely known to be an essential therapy but nonetheless
widely unavailable in Uganda)- is nonetheless insufficient to achieve blood pressure control on
its own [32, 33]. The gap in control rates between treated patients in this cohort and treated
patients in high-income settings suggests further disparities: in access to the support required
to adhere to antihypertensive medicines, as well as in access to counseling treatment around
lifestyle and diet that complements antihypertensive pharmacotherapy treatment.

This finding suggests a separate opportunity for further research: into the extent, barriers,
and potential solutions that address medication adherence for hypertension and other non-
communicable diseases in Uganda and similar settings. Although medication nonadherence
for chronic disease is under extensive study in the United States, data are more sparse in
Uganda [7, 9, 34, 35]. Previous work on hypertension control barriers in Uganda details fre-
quent and unpredictable medication stockouts, and limited evidence suggests that inconsistent
access to medications may drive loss to follow-up [12, 36]. Nonetheless, it remains unclear
whether inconsistent medication access impairs medication adherence relative to an uninter-
rupted medication supply, as most prior work on medication adherence in Uganda has
occurred only in the setting of inconsistent medication access.

Hypertension medication adherence research in hospital cohorts such as this—where a
patient’s receipt or non-receipt of medicine at the hospital pharmacy can be confirmed, and
where a sizable cohort of patients already access medicine consistently—could address this
question. Previous work in this hospital system has demonstrated that a hypertension “adher-
ence club” resulted in significant blood pressure control relative to baseline and relative to the
results above, but this study lacked a control group and the effect of medication adherence
counseling (as opposed to behavior counseling of other types) remains unclear [10]. Qualita-
tive studies in this setting further reinforced patient and provider interest in hypertension edu-
cation and adherence counseling [14, 28]. Work in this setting of relative medication
abundance could inform hypertension behavior counseling in the Ugandan public sector,
where adherence research remains hampered by frequent stockouts but hypertension remains
common and public education limited [14, 24, 28, 37, 38].

Our work has several notable limitations, many of which stem from our use of routine care
data in this study. Although we used one year of retrospective cohort data, we analyzed the key
outcomes of screening, prevalence, and medication treatment cross-sectionally, i.e., we consid-
ered a subject to meet these three criteria for the entire study period if they achieved it at any
point during the year. We therefore do not make causal inferences regarding how and why
these variables correlate. For example, insurance status may correlate with hypertension status
due to underlying greater prevalence of hypertension in the insured; or conversely a greater
proclivity for those with hypertension to seek insurance. Moreover, these data rely on infer-
ence and may not fully reflect underlying behaviors or outcomes: for instance, hypertension
may not be less common in the uninsured but merely less often recorded by the physician—
due to less frequent blood pressure checks, but perhaps also less diagnostic documentation or
medication treatment. Similarly, the uninsured may not in fact be less often prescribed medi-
cation for hypertension than the insured, but merely more likely to purchase hypertension
medication at a non-hospital pharmacy (and therefore be labeled as ‘untreated’ in our analy-
sis). We worked to mitigate these limitations, however, by adjusting for measured confounders
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(i.e. treatment as a confounder of the relationship between insurance and control) and also
limiting our analyses to those known to use the hospital pharmacy.

Another limitation stems from not placing upper or lower bounds on the interval between
consecutive blood pressure measurements considered for hypertension prevalence-visits too
closely spaced may limit the accuracy of our approach. Fortunately, visits only one or two days
apart were uncommon (median interval 29 days, 25™ percentile 6 days), and likely had a mini-
mal effect on study findings. The short study duration (just over 1 year) is also another poten-
tial limitation in this study-given the large proportion of patients who were screened for
hypertension but only visited the clinic once during the study period, extending the study
period may well have captured cases of hypertension missed during the current period. Limit-
ing our analysis to those known use to the hospital pharmacy may limit the external validity of
this study, as it is not well known what causes a patient to seek medications at the hospital
pharmacy versus elsewhere. Additionally, should a patient who otherwise picked up medica-
tions at the hospital pharmacy choose to fill a prescription at a local pharmacy, this would have
not been captured in our data and led to an underestimate of treatment.

Treatment of hypertension had a narrow definition in this study-namely, pharmacologic
treatment by one of the 48 antihypertensive agents. Notably, this does not include the many
non-pharmacologic approaches to hypertension management, including myriad diet and life-
style interventions. This may additionally explain the relatively weak association between treat-
ment and control (OR close to 2), Separately, any of these antihypertensive agents carry
secondary indications for non-hypertensive disorders—for example, spironolactone functions
not only as an antihypertensive but also as a mainstay of treatment in some cirrhosis and heart
failure patients. Our conservative approach in this setting-including all medications with any
indication in hypertension-may result in an overestimate of treatment for hypertension. In
describing prevalence, treatment, and control, we utilized age and number of visits as continu-
ous variables in our logistic regression models—one potential limitation of this approach is that
the effects of these variables may not be linear.

We measured hypertension control, unlike the other variables above, based only on the
most recent blood pressure check conducted. This approach, common to hypertension
research, allowed us to some extent to use a retrospective cohort approach, as patients typically
underwent hypertension treatment, or obtained multiple visits for hypertension, before that
blood pressure check at the end of the study period. However, it remains unclear whether the
number of blood pressure visits correlates negatively with control due to (1) prior lack of con-
trol prompting more visits or (2) the frequent visits negatively influencing the control out-
come. The natural physiologic variability in blood pressure is a further limitation: the most
recent single documented blood pressure is not always reflective of underlying hypertensive
control, just as the two or more documented blood pressures meeting our criteria for hyper-
tension over the study year may overlook those who met such criteria during years prior but
not documented or treated. Furthermore, we were unable to confirm whether the patient was
correctly positioned or the cuff properly sized and applied to optimally measure blood pres-
sure. Nonetheless, even after setting the hypertension threshold at a conservatively high level
of 140 mm Hg systolic or 90 mm diastolic to improve specificity in our prevalence and control
data, we found both a high hypertension prevalence and a large fraction of those whose pres-
sure remained elevated despite treatment with medication.

Conclusions

This study provides novel data on hypertension screening, prevalence, and pharmacotherapy
treatment in a leading private-sector Ugandan hospital with a large on-site pharmacy. Little
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data has been reported on hypertension in the private sector in sub-Saharan Africa, and here
we report high hypertension prevalence with medication treatment and control rates worse
than in high-income countries but superior to rural Ugandan districts. Our findings suggest
significant barriers to hypertension control in Uganda even in a setting where pharmacother-
apy is nominally universally available. Further avenues for research include identifying and
addressing barriers to medication adherence (if not access) and behavior change. Successful
care models could benefit the Ugandan public sector and other low-resource settings that face
similar challenges.
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