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Hypertension control rates are low in sub-Saharan Africa.
Population-specific determinants of blood pressure (BP)
control have not been adequately described. The authors
measured BP and conducted interviews to determine
factors associated with BP control among adults attending
a hypertension clinic in Tanzania. Three hundred adults
were enrolled. BP was controlled in 47.7% of patients at
the study visit but only 28.3% over three consecutive visits.
Demographic and socioeconomic factors were not
associated with control. Obesity and higher medication
cost were associated with decreased control. Their effect
was mediated through adherence. Good knowledge of

(odds ratio [OR], 2.5; 95% confidence interval [CI], 1.0–6.1;
P=.047), attitudes towards (OR, 2.7; 95% CI, 1.0–7.1;
P=.04), and practices concerning (OR, 5.4; 95% CI, 2.3–
13.0; P<.001) hypertension were independently associated
with increased control, even after adjusting for mediation
through adherence. Good adherence had the strongest
association with control (OR, 14.6; 95% CI, 5.8–37.0;
P<.001). Strategies to reduce hypertension-related morbid-
ity and mortality in sub-Saharan Africa should target
these factors. Interventional studies of such strategies
are needed. J Clin Hypertens (Greenwich). 2016;18:207–216.
ª 2015Wiley Periodicals, Inc.

The prevalence of hypertension (HTN) has rapidly risen
in sub-Saharan Africa (SSA), likely related to the effects
of urbanization on lifestyle and diet. The estimated
prevalence of HTN among adults in SSA quadrupled
from 2005 to 2008 and is projected to affect 125.5
million African adults by 2025.1 The World Health
Organization estimates that the age-adjusted prevalence
of HTN in SSA is now the highest of any region in the
world.2 In our own region of Tanzania, HTN-related
diseases are the second most common cause of hospital
admission and mortality.3

Meanwhile, HTN control rates in SSA are low.4

Studies of HTN control in Africa have found that urban
and rural Tanzanians have some of the lowest rates of
control, ranging between 5% and 15% for all patients
who started treatment.4–6 In one community-based
study in Tanzania, only two of six adults with HTN
were aware of their diagnosis, one of six of those
diagnosed were on treatment, and only one of six who
were being treated were adequately controlled.5

Despite the high prevalence of HTN in Africa and the
low rates of control, factors associatedwithHTN control
in patients receiving treatment have not been described.
These factors may differ from those in developed nations.
Therefore, we conducted a cross-sectional study to

investigate factors associated with both blood pressure
(BP) control at a single clinic visit and BP control over
three consecutive clinic visits. We included demographic
and socioeconomic correlates as well as knowledge,
attitudes, practices, and adherence in order to determine
the best potential targets for interventions to improve BP
control in this population.

METHODS

Study Location and Population
This cross-sectional study was conducted at the HTN
clinic at Bugando Medical Centre (BMC), a regional
hospital in Mwanza that serves the Lake Zone of
northwestern Tanzania. In this study, we consecutively
screened all adults attending the HTN clinic during the
study period. Participants were 18 years and older,
previously diagnosed with HTN, had attended at least
two prior clinic encounters, and had been prescribed
antihypertensive medications. Individuals were
excluded from the study if they had cognitive impair-
ment that made it impossible to conduct a reliable and
private interview.

Study Procedures
After explaining the purpose of the study, written
informed consent was obtained from patients who
agreed to participate. A 15- to 20-minute face-to-face
interview was conducted in Swahili using a pretested,
structured questionnaire of mostly close-ended ques-
tions designed to assess knowledge, attitudes, practices,
and financial impact related to HTN. The questionnaire
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was written in English and translated to Swahili by the
principal investigator. To ensure translation accuracy,
the Swahili version was translated back to English by a
professional translator. A trained interviewer adminis-
tered the questionnaire using a standard script of
common words and phrases that could easily be
understood by all study participants.

Demographic factors of age, sex, educational back-
ground, marital status, occupational status, urban or
rural residence, and self-reported duration of HTN were
recorded. Medication adherence was assessed using the
four-point Morisky Medication-Taking Adherence Scale
(MMAS-4), as is frequently used in studies of HTN.7,8

The MMAS-4 questions are listed in Table S1. Ques-
tions were also asked to assess knowledge, attitudes,
and practices related to HTN, as described below.

For study participants who reported never taking
their medications as prescribed, the reason for nonad-
herence was recorded. The financial impact of HTN was
assessed by recording the number of antihypertensive
medications per participant, monthly cost for these
medications, and medication payment method. Cost
could not be ascertained for study participants with
health insurance or whose employers paid for medica-
tions.

BPs were obtained in two ways. During the study
visit, BP was measured manually after at least 5 minutes
of sitting using a mercury sphygmomanometer accord-
ing to the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC 7) guidelines.9

BP was measured three times (before, during, and after
the interview). An average of the last two readings was
recorded as the BP. BPs from the last two prior visits
were obtained through chart review. The interval
between each prior clinic visit was 1 to 2 months.
Patients with systolic BPs <140 mm Hg and diastolic BP
<90 mm Hg were considered controlled. BPs were
further staged according to JNC 7 guidelines.9 Weight
and height were measured and used to calculate body
mass index (BMI).

Scoring of HTN Knowledge, Attitudes, and Practices
The questions asked concerning knowledge, attitudes,
and practices related to HTN among study participants
are listed in Table S1.

Participants’ knowledge of HTN was assessed with
eight questions. Seven questions asked participants to
identify risk factors and interpret a BP value using
multiple choice format. Each correct answer was given
one point. Zero points were given if the participant did
not know the answer or answered incorrectly. The
eighth question was open-ended and asked participants
to name three complications of HTN. Each correct
complication named was given one point. Knowledge
was scored from zero to 10 points with higher scores
indicating better knowledge. Participants were catego-
rized as having good (≥8 points), moderate (5–7 points),
or poor (<5 points) knowledge.

Participants’ attitudes regarding HTN were assessed
by asking whether they agreed, did not know, or
disagreed with eight statements. For positive attitude
statements such as “You are ready to change your eating
habits when you are advised,” two points were given if
they answered “agree,” one for “don’t know,” and zero
for “disagree.” For the one negative attitude statement
“alternative (traditional) medicines treat high BP,” zero
points were allotted if they answered “agree,” one for
“don’t know,” and two for “disagree.” Attitudes were
scored from zero to 16 points with higher scores
indicating a more positive attitude. Participants were
categorized as having good (16 points), moderate
(14–15 points), or poor (<14 points) attitudes.

Participants’ practices were assessed by asking the
degree to which they engaged in eight positive or
negative behaviors. For behaviors indicating patient
engagement in HTN management such as medication
adherence and keeping appointments, two points were
given if they reported “always,” one for “rarely,” and
zero for “never” engaging in these behaviors. Scoring
was reversed for negative behaviors such as smoking,
drinking alcohol, and adding salt to food. Practices were
scored from zero to 16 points with higher scores
indicating engagement in positive behaviors. Partici-
pants were categorized as having good (15–16 points),
moderate (12–14 points), or poor (<12 points) practices.

Statistical Analysis
The primary study outcome was BP control at the
enrollment visit. Secondary outcomes include BP control
over three consecutive visits (the study visit plus two
prior visits), medication adherence, and knowledge,
attitudes, and practices related to HTN. Possible
explanatory variables for BP control included demo-
graphic factors, BMI, knowledge, attitude, practice and
adherence index scores, individual questions in the
knowledge, attitudes, practices and MMAS-4 question-
naires, number of medications, cost of medications, and
insurance status.

We structured our conceptual framework such that
the determinants of BP control were organized in a
hierarchical relationship by their proximity to the
outcome. The most distal variables in our study were
demographic factors such as age and sex. These could
influence socioeconomic factors (level of education,
employment, urban residence), which, in turn, could
influence a participant’s knowledge, attitudes, and
practices regarding HTN. These variables ultimately
impact medication adherence, the most proximal deter-
minant in our study, as it has the most direct effect on
BP control.

All data were double-entered, and analysis was
conducted using Stata version 13 (StataCorp LP, San
Antonio, TX). Continuous variables were reported as
medians and interquartile ranges (IQRs). Categorical
variables were reported as proportions and percentages.
Fisher’s exact test and the Wilcoxon rank-sum test
were used to compare differences between sexes for
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categorical and continuous variables, respectively. Uni-
variable and multivariable logistic regression was used
to analyze the relationship between each explanatory
variable and HTN control at the study visit.
In addition, univariable and multivariable ordinal

logistic regression was used to analyze the relationship
between the explanatory variables and HTN control
trends over three consecutive clinic visits, described as
being controlled at zero of three visits, one or two of
three visits, or three of three visits. This ordinal logistic
regression analysis was performed to confirm that the
factors associated with BP control at the study visit were
the same as the factors associated with BP control over
time. We tested for proportional odds assumption using
the Brant test. A priori, we had decided that all
multivariable analyses would be adjusted for age, sex,
education, insurance status, and place of residence, as
we thought that these would be the most likely
confounders. We also performed multilevel analysis in
which knowledge, attitude and practice index scores,
cost, and BMI were adjusted for adherence, and in
which adherence was adjusted for knowledge, attitudes,
and practices. The significance threshold for all tests was
a two-sided P<.05. Because this was an exploratory
analysis, we chose not to correct for multiple compar-
isons.

Ethics
The research proposal was approved by the ethical
committees of both BMC and Weill Cornell Medical
College. Written informed consent in Swahili was
obtained from all participants. All clinic attendees,
regardless of study participation, received equal services
including HTN education and counseling after the
interview visit.

RESULTS

Study Enrollment
Three hundred thirty-nine consecutive clinic patients
were invited to participate in the study between June
and August 2013. Twenty-seven were excluded because
of cognitive impairment (prior stroke, dementia, or
mental retardation), and 12 did not give consent. A total
of 300 participants were enrolled.

TABLE I. Baseline Characteristics of 300 Adults
With HTN Attending the Bugando Medical Centre
Hypertension Clinic

Characteristics

No. (%) or

Median (IQR)

Age, y 54 (50–61)

Sex

Male 104 (34.7)

Female 196 (65.3)

Education level

Never went to school 28 (9.3)

Primary school 192 (64.0)

Secondary/university/college 80 (26.7)

Marital status

Married 244 (81.3)

Widow 34 (11.3)

Single 11 (3.7)

Divorced 7 (2.3)

Separated 4 (1.3)

Occupation

Public sector employee 77 (25.7)

Self-employed 64 (21.3)

Student/volunteer/homemaker 57 (19.0)

Agricultural worker 37 (12.3)

Retired 36 (12.0)

Private sector employee 24 (8.0)

Unemployed 5 (1.7)

Place of residence

Urban area 218 (72.7)

Rural area 82 (27.3)

Duration of HTN diagnosis, y

<1 40 (13.3)

1–5 122 (40.7)

>5 138 (46.0)

Body mass index, kg/m2

Underweight (<18.9) 1 (0.3)

Normal (19–24.9) 70 (23.3)

Overweight (25–29.9) 123 (41.0)

Obese (30–34.9) 69 (23.0)

Severe obesity (35–39.9) 26 (8.7)

Morbid obesity (≥40) 11 (3.7)

Medications, No.

1 33 (11.0)

2 119 (39.7)

3 99 (33.0)

≥4 49 (16.3)

Median cost of medications (TZS in 10,000s)a 2.8 (2.0–4.2)

Cost of medications by category (TZS in 10,000s)a

<2.5 50 (33.1)

2.5–3.5 53 (35.1)

>3.5 48 (31.8)

Insurance status

Uninsured 189 (63.0)

Insured 111 (37.0)

Medication payment method

Self-pay 122 (40.7)

Health insurance 111 (37.0)

Relatives 48 (16.0)

TABLE I. (Continued)

Characteristics

No. (%) or

Median (IQR)

Other 19 (6.3)

Abbreviations: HTN, hypertension; IQR, interquartile range; TZS,

Tanzanian shillings. aAvailable for 151 study participants who self-

paid for medications, had relatives pay, or used other payment

methods.
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Baseline Characteristics
Sociodemographic information for participants is sum-
marized in Table I. The median age was 54 (IQR, 50–
61) years and a majority were female (196 of 300,
65.3%). One quarter (80 of 300, 26.7%) had academic
achievement beyond primary level education. A major-
ity (244 of 300, 81.3%) were married, employed (202 of
300, 67.3%), and lived in an urban area (218 of 300,
72.7%).

Almost half of participants (138 of 300, 46%) had
HTN for more than 5 years, and 229 of 300 (76.3%)
were overweight or obese. Those living in urban areas
were more likely to be obese (88 of 218, 40.4%) than
those living in rural areas (18 of 82, 22.0%). Many
patients reported taking two antihypertensive medica-
tions (119 of 300, 39.7%), and 49 of 300 (16.3%)
reported taking four or more medications. The average
monthly cost of medications was 28,000 Tanzanian
shillings (TZS) per month (IQR, 20,000–42,000)
equivalent to $17 US dollars (USD) per month (IQR,
12–25.5). A majority of patients (189 of 300, 63.0%)
were uninsured.

Outcomes
Nearly half of patients (143 of 300, 47.7%) had
controlled HTN at the study visit (Table II). Control
was not significantly different between men and women.
Of those who were uncontrolled at the time of
interview, equal proportions had stage 1 (85 of 157,
54%) and stage 2 (72 of 157, 46%) HTN. Over the last
three clinic visits, 85 of 300 (28.3%) were controlled at
all three visits, compared with 114 of 300 (38.0%) who
were uncontrolled at all three visits. A majority of
patients (168 of 300, 56.0%) had high adherence to
medication on the MMAS-4. Most patients had mod-
erate scores for knowledge (123 of 300, 41.0%),
attitudes (136 of 300, 45.3%) and practices (148 of
300, 49.3%). Only the knowledge index score (P=.03)
was significantly different between men and women.
Men were more likely to have good knowledge than
women (38 of 104 [36.5%] vs 44 of 196 [22.5%]).

Factors Associated With HTN Control
The factors associated with BP control at the study visit
by univariable and multivariable logistic regression are

TABLE II. Total and Sex-Specific Outcomes of 300 Adults With HTN Attending the Bugando Medical Centre
Hypertension Clinic

Outcome Total (N=300), No. (%) Male (n=104), No. (%) Female (n=196), No. (%) P Value

HTN at time of interview

Controlleda 143 (47.7) 52 (50.0) 91 (46.4) .63

Uncontrolled 157 (52.3) 52 (50.0) 105 (53.6)

HTN stage at interview

Controlleda 143 (47.7) 52 (50.0) 91 (46.4) .23

Stage 1b 85 (28.3) 33 (31.7) 52 (26.5)

Stage 2c 72 (24.0) 19 (18.3) 53 (27.0)

HTN control over time

HTN controlled at 3/3 visits 85 (28.3) 26 (25.0) 59 (30.1) .35

HTN controlled at 2/3 visits 52 (17.3) 21 (20.2) 31 (15.8)

HTN controlled at 1/3 visits 49 (16.3) 21 (20.2) 28 (14.3)

HTN controlled at 0/3 visits 114 (38.0) 36 (34.6) 78 (39.8)

Knowledge index score

Poor 95 (31.7) 26 (25.0) 69 (35.2) .03

Moderate 123 (41.0) 40 (38.5) 83 (42.4)

Good 82 (27.3) 38 (36.5) 44 (22.5)

Attitudes index score

Poor 38 (12.7) 8 (7.7) 30 (15.3) .1

Moderate 136 (45.3) 46 (44.2) 90 (45.9)

Good 126 (42.0) 50 (48.1) 76 (38.8)

Practices index score

Poor 75 (25.0) 28 (26.9) 47 (23.9) .29

Moderate 148 (49.3) 45 (43.3) 103 (52.6)

Good 77 (25.7) 31 (29.8) 46 (23.5)

Adherence index score

Low (MMAS-4: 3–4) 55 (18.3) 24 (23.1) 31 (15.8) .32

Medium (MMAS-4: 1–2) 77 (25.7) 25 (24.0) 52 (26.5)

High (MMAS-4: 0) 168 (56.0) 55 (52.9) 113 (57.7)

Abbreviations: HTN, hypertension; MMAS, Moriksy Medication-Taking Adherence Scale. aControlled HTN: SBP <140 mm Hg and DBP <90 mm Hg.
bStage 1: 140–159 mm Hg or 90–99 mm Hg. cStage 2: ≥160 mm Hg or ≥100 mm Hg. Bold values indicate significance.
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TABLE III. Univariable and Multivariable Logistic Regression Analyses of Determinants of Blood Pressure Control
at Study Visit Among 300 Adults With HTN Attending the Bugando Medical Centre Hypertension Clinic

HTN Controlled at Study Visit

Univariable

Adjusted for Age, Sex, Education,

Residence, and Insurance

StatusNo. (%) or Median (IQR)

Yes (n=143) No (n=157) OR (95% CI) P Value OR (95% CI) P Value

Age, y 54 (51–60) 54 (49–61) 1.0 (.98–1.02) .97 1.0 (0.98–1.02) .91

Sex

Male 52 (50.0) 52 (50.0) 1 1

Female 91 (46.4) 105 (53.6) 0.9 (0.5–1.4) .56 0.9 (0.6–1.5) .75

Education level

No school/primary school 104 (47.3) 116 (52.7) 1 1

Secondary/above 39 (48.8) 41 (51.2) 1.1 (0.6–1.8) .82 1.1 (0.6–1.9) .84

Marital status

Non-married 23 (41.1) 33 (58.9) 1 1

Married 120 (49.2) 124 (50.8) 1.4 (0.8–2.5) .27 1.3 (0.7–2.4) .45

Occupation

Unemployeda 43 (43.9) 55 (56.1) 1 1

Self-employedb 47 (46.5) 54 (53.5) 1.1 (0.6–1.9) .71 1.2 (0.6–2.3) .66

Employedc 53 (52.5) 48 (47.5) 1.4 (0.8–2.5) .23 1.5 (0.7–3.2) .26

Place of residence

Urban area 98 (45.0) 120 (55.0) 1 1

Rural area 45 (54.9) 37 (45.1) 1.5 (0.9–2.5) .13 1.5 (0.9–2.5) .15

Duration of HTN diagnosis, y

<1 15 (37.5) 25 (62.5) 1 1

1–5 62 (50.8) 60 (49.2) 1.7 (0.8–3.6) .15 1.7 (0.8–3.7) .15

>5 66 (47.8) 72 (52.2) 1.5 (0.7–3.1) .25 1.6 (0.7–3.6) .26

Body mass index, kg/m2

Normal/underweight (<25) 42 (59.2) 29 (40.9) 1 1

Overweight (25–29.9) 65 (52.9) 58 (47.2) 0.8 (0.4–1.4) .4 0.7 (0.4–1.3) .31

Obese (≥30) 36 (34.0) 70 (66.0) 0.4 (0.2–0.7) .001 0.3 (0.2–0.6) .001

Medications, No.

1 16 (48.5) 17 (51.5) 1 1

2–3 97 (44.5) 121 (55.5) 0.9 (0.4–1.8) .67 0.8 (0.4–1.8) .65

≥4 30 (61.2) 19 (38.8) 1.7 (0.7–4.1) .26 1.6 (0.6–4.0) .31

Median cost of medications

(TZS in 10,000s)d
2.5 (1.8–3.7) 3.0 (2.2–5.0) 0.8 (0.7–0.98) .03 0.8 (0.7–0.95) .01

Cost of medications by category (TZS in 10,000s)d

<2.5 29 (58.0) 21 (42.0) 1 1

2.5–3.5 25 (47.2) 28 (52.8) 0.6 (0.3–1.4) .27 0.7 (0.3–1.6) .38

>3.5 19 (39.6) 29 (60.4) 0.5 (0.2–1.1) .07 0.4 (0.2–1.0) .06

Insurance status

Uninsured 88 (46.6) 101 (53.4) 1 1

Insured 55 (49.5) 56 (50.5) 1.1 (0.7–1.8) .62 1.1 (0.6–1.8) .82

Knowledge index score

Poor 37 (39.0) 58 (61.1) 1 1

Moderate 63 (51.2) 60 (48.8) 1.6 (0.96–2.8) .07 1.8 (1.01–3.2) .046

Good 43 (52.4) 39 (47.6) 1.7 (0.95–3.1) .07 2.1 (1.00–4.5) .049

Attitudes index score

Poor 10 (26.3) 28 (73.7) 1 1

Moderate 68 (50.0) 68 (50.0) 2.8 (1.3–6.2) .01 2.8 (1.2–6.4) .02

Good 65 (51.6) 61 (48.4) 3.0 (1.3–6.7) .01 3.0 (1.3–7.0) .01

Practices index score

Poor 14 (18.7) 61 (81.3) 1 1

Moderate 76 (51.3) 72 (48.7) 4.6 (2.4–8.9) <.001 4.8 (2.4–9.4) <.001

Good 53 (68.8) 24 (31.2) 9.6 (4.5–20.5) <.001 11.0 (5.0–24.2) <.001

Adherence index score

Low (MMAS-4: 3–4) 7 (12.7) 48 (87.3) 1 1
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listed in Table III. Results for multivariable analysis are
described here. No sociodemographic factors were
associated with BP control. Both obesity and higher
cost of medication were associated with decreased odds
of BP control at the study visit. Individuals with a BMI
of ≥30 and those who had higher cost of medications
had respective odds ratios (ORs) of 0.3 (95% confidence
interval [CI], 0.2–0.6; P=.001) and 0.8 (95% CI, 0.7–
0.95; P=.01). Odds of control decreased by 20% for
every 10,000 TZS spent on medication (OR, 0.8; 95%
CI, 0.7–0.95; P=.01).

Study participants with moderate and good knowl-
edge of HTN had increased odds of control (OR, 1.8;
95% CI, 1.01–3.2; P=.046, and OR, 2.1; 95% CI, 1.00–
4.5; P=.049, respectively). Those with moderate and
good attitudes had increased odds of control (OR, 2.8;
95% CI, 1.2–6.4; P=.02, and OR, 3.0; 95% CI, 1.3–7.0;
P=.01, respectively). Those who had moderate and good
practices also had increased odds of control (OR, 4.8;
95% CI, 2.4–9.4; P<.001, and OR, 11.0; 95% CI, 5.0–
24.2; P<.001, respectively). Patients with high medica-
tion adherence by the MMAS-4 had increased odds of
control relative to those with low adherence at the study
visit (OR, 18.8; 95% CI, 7.8–45.4; P<.001). This benefit
was not shown for those with medium adherence (OR,
1.7; 95% CI, 0.6–4.5; P=.31).

In multilevel logistic regression analysis, knowledge,
attitudes, and practices remained significantly associ-
ated with increased HTN control even after adjusting
for medication adherence, indicating that the effect of
knowledge, attitudes, and practices on HTN control is
only partially mediated by the effect of adherence:
good knowledge had an OR of 2.5 (95% CI, 1.0–6.1;
P=.047), good attitudes had an OR of 2.7 (95% CI,
1.0–7.1; P=.04), and good practices had an OR of 5.4
(95% CI, 2.3–13.0; P<.001). In addition, when
association between adherence and BP control was
adjusted for knowledge, attitudes, and practices
indices, the OR decreased only slightly to 14.6
(95% CI, 5.8–37.0; P<.001). When the multivariable
logistic regression models for the association of cost
and BMI with BP control were adjusted for adher-
ence, the association was no longer significant,
suggesting that the effect of cost and BMI on control
is mediated through adherence (OR, 0.9; 95% CI,

0.7–1.1; P=.38, and OR, 0.5; 95% CI, 0.2–1.1;
P=.10, respectively).

Factors Associated With HTN Control Over Three
Consecutive Visits
The factors associated with BP control over three
consecutive study visits are listed in Table IV. Results
for multivariable analysis are described. This ordinal
logistic regression confirmed that the determinants of BP
control over three consecutive clinic visits were similar to
the factors associatedwithHTNcontrol at the study visit.
All P values for Brant’s test were >.05, indicating that the
proportional odds assumption was not violated.

No sociodemographic variables were significantly
associated with BP control over time. Being overweight
(BMI 25–29.9) and being obese (BMI ≥30) were
associated with decreased odds of control over three
consecutive clinic visits (OR, 0.5; 95% CI, �0.3 to 0.9;
P=.01, and OR, 0.2; 95% CI, 0.1–0.4; P<.001, respec-
tively). Higher cost of medications was also associated
with decreased odds of control over three visits (OR,
0.8; 95% CI, 0.6–0.9; P=.001). Paying more than
35,000 TZS per month was associated with a 70%
decrease in odds of control compared with those who
paid <25,000 TZS per month (OR, 0.3; 95% CI, 0.2–
0.7; P=.006). However, when cost was adjusted for
adherence, we found that the effect of cost on control
was again mediated through adherence (OR, 0.8; 95%
CI, 0.7–1.0; P=.06). Good knowledge (OR, 2.8; 95%
CI, 1.4–5.7; P=.003) increased odds of control. Moder-
ate and good attitudes (OR, 2.7; 95% CI, 1.3–5.7;
P=.01, and OR, 2.2; 95% CI, 1.02–4.6; P=.045,
respectively) and moderate and good practices (OR,
4.2; 95% CI, 2.4–7.5; P<.001, and OR, 8.9; 95% CI,
4.6–17.4; P<.001, respectively) also increased odds of
HTN control over three visits. Lastly, medium and high
adherence increased odds of control over three visits
(OR, 2.2; 95% CI, 1.1–4.6; P=.04, and OR, 14.3; 95%
CI,1.1–28.7; P<.001, respectively).

Individual Questionnaire Items Associated With HTN
Control
Analysis of the individual questions on the knowledge
component of the study showed that not knowing that
parental history of HTN increases personal risk of

TABLE III. (Continued)

HTN Controlled at Study Visit

Univariable

Adjusted for Age, Sex, Education,

Residence, and Insurance

StatusNo. (%) or Median (IQR)

Yes (n=143) No (n=157) OR (95% CI) P Value OR (95% CI) P Value

Medium (MMAS-4: 1–2) 15 (19.5) 62 (80.5) 1.7 (0.6–4.4) .31 1.7 (0.6–4.5) .31

High (MMAS-4: 0) 121 (72.0) 47 (28.0) 17 (7.5–41.8) <.001 18.8 (7.8–45.4) <.001

Abbreviations: CI, confidence interval; HTN, hypertension; IQR, interquartile range; MMAS, Moriksy Medication-Taking Adherence Scale; OR, odds ratio;

TZS, Tanzanian shillings. aStudent/volunteer/homemaker, retired, and unemployed (unable to work). bSelf-employed and agricultural worker. cPublic

sector employee and private sector employee. dAvailable for 151 study participants who self-paid for medications, had relatives pay, or used other

payment methods. Bold values indicate significance.
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TABLE IV. Univariable and Multivariable Ordinal Logistic Regression Analyses of Determinants of HTN Control Over
Three Consecutive Clinic Visits Among 300 Adults With HTN Attending the Bugando Medical Centre Hypertension
Clinic

HTN Control Over Time

Univariable

Adjusted for Age, Sex,

Education, Residence, and

Insurance StatusNo. (%) or Median (IQR)

0 of 3 Visits 1 or 2 of 3 Visits 3 of 3 Visits OR (95% CI) P Value OR (95% CI) P Value

Age, y 55 (49–62) 54 (50–61) 54 (51–61) 1.0 (0.97–1.01) .53 1.0 (0.97–1.01) .43

Sex

Male 36 (34.6) 42 (40.4) 26 (25.0) 1 1

Female 78 (39.8) 59 (30.1) 59 (30.1) 0.98 (0.6–1.5) .93 1.0 (0.7–1.6) .84

Education level

No school/primary school 83 (37.7) 75 (34.1) 62 (28.2) 1 1

Secondary/above 31 (38.8) 26 (32.5) 23 (28.9) 0.99 (0.6–1.6) .96 1.2 (0.7–2.0) .59

Marital status

Non-married 24 (42.9) 17 (30.4) 15 (26.8) 1

Married 90 (36.9) 84 (34.4) 70 (28.7) 1.2 (0.7–2.1) .49 1.2 (0.7–2.1) .61

Occupation

Unemployeda 41 (41.8) 31 (31.6) 26 (26.5) 1 1

Self-employedb 35 (34.7) 35 (34.7) 31 (30.7) 1.3 (0.8–2.2) .32 1.2 (0.6–2.2) .61

Employedc 38 (37.6) 35 (34.7) 28 (27.7) 1.1 (0.7–1.9) .62 1.1 (0.6–2.1) .84

Place of residence

Urban area 26 (31.7) 30 (36.6) 26 (31.7) 1 1

Rural area 88 (40.4) 71 (32.6) 59 (27.1) 1.4 (0.9–2.2) .2 1.5 (0.9–2.4) .13

Duration of HTN diagnosis, y

<1 14 (35.0) 17 (42.5) 9 (22.5) 1 1

1–5 45 (36.9) 37 (30.3) 40 (32.8) 1.2 (0.6–2.3) .6 1.1 (0.6–2.2) .70

>5 55 (39.9) 47 (34.1) 36 (26.1) 0.96 (0.5–1.8) .89 1.0 (0.5–2.0) .97

Body mass index, kg/m2

Normal/underweight (<25) 15 (21.1) 27 (38.0) 29 (40.9) 1 1

Overweight (25–29.9) 43 (35.0) 45 (36.6) 35 (20.5) 0.6 (0.3–0.9) .03 0.5 (0.3–0.9) .01

Obese (≥30) 56 (52.8) 29 (27.4) 21 (19.8) 0.3 (0.2–0.5) <.001 0.2 (0.1–0.4) <.001

Medications, No.

1 12 (36.4) 10 (30.3) 11 (33.3) 1 1

2–3 86 (39.5) 72 (33.0) 60 (27.5) 0.8 (0.4–1.6) .56 0.8 (0.4–1.6) .55

≥4 16 (32.7) 19 (38.8) 14 (28.6) 1.0 (0.4–2.2) .96 1.0 (0.4–2.2) .95

Median cost of medications

(TZS in 10,000s)d
3.5 (2.5–5.6) 2.5 (1.8–3.7) 2.6 (2.0–3.3) 0.8 (0.7–0.9) .002 0.8 (0.6–0.9) .001

Cost of medications by category (TZS in 10,000s)d

<2.5 13 (26.0) 18 (36.0) 19 (38.0) 1 1

2.5–3.5 14 (26.4) 20 (37.7) 19 (35.9) 0.9 (0.5–1.9) .87 1.0 (0.5–2.1) .96

>3.5 25 (52.1) 13 (27.1) 10 (20.8) 0.4 (0.2–0.8) .007 0.3 (0.2–0.7) .006

Insurance status

Uninsured 71 (37.6) 60 (31.8) 58 (30.7) 1 1

Insured 43 (38.7) 41 (36.9) 27 (24.3) 0.9 (0.6–1.3) .46 0.8 (0.5–1.2) .28

Knowledge index score

Poor 43 (45.3) 31 (32.6) 21 (22.2) 1 1

Moderate 46 (37.4) 40 (32.5) 37 (30.1) 1.4 (0.9–2.4) .15 1.7 (0.99–2.8) .05

Good 25 (30.5) 30 (36.6) 27 (32.9) 1.8 (1.04–3.1) .04 2.8 (1.4–5.7) .003

Attitudes index score

Poor 22 (57.9) 9 (23.7) 7 (18.4) 1 1

Moderate 44 (32.4) 47 (34.6) 45 (33.1) 2.7 (1.3–5.5) .01 2.7 (1.3–5.7) .01

Good 48 (38.1) 45 (35.7) 33 (26.2) 2.0 (1.003–4.1) .049 2.2 (1.02–4.6) .045

Practices index score

Poor 48 (64.0) 21 (20.0) 6 (8.0) 1 1

Moderate 51 (34.5) 51 (34.5) 46 (31.1) 3.7 (2.1–6.5) <.001 4.2 (2.4–7.5) <.001

Good 15 (19.5) 29 (37.7) 33 (42.9) 7.0 (3.7–13.1) <.001 8.9 (4.6–17.4) <.001
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HTN (OR, 0.5; 95% CI, 0.3–0.9; P=.01) or that
HTN is a chronic lifelong condition (OR, 0.3; 95%
CI, 0.2–0.5; P<.001) were associated with decreased
HTN control at the study visit using multivariable
analysis (Table S1). Among questions asked on the
attitude questionnaire, disagreeing with the statement
“I can enjoy my life with a healthy lifestyle modifi-
cation” (OR, 0.3; 95% CI, 0.2–0.8; P=.01) was
associated with decreased HTN control using multi-
variable analysis. Regarding specific practices, drink-
ing alcohol (OR, 0.3; 95% CI, 0.1–0.7; P=.006),
adding salt to meals (OR, 0.4; 95% CI, 0.2–0.6;
P=.001), rarely or never adhering to normal weight
advice (OR, 0.4; 95% CI, 0.2–0.6; P<.001), and
rarely or never taking medications as prescribed (OR,
0.1; 95% CI, 0.5–0.2; P<.001) were associated with
decreased HTN control at the study visit using
multivariable logistic analysis. For the individual
questions on the MMAS-4, a response of “yes” to
any question was associated with decreased HTN
control using multivariable analysis (P<.001).

Reasons for Nonadherence
Among those who reported never taking prescribed
antihypertensive medication, the most common reasons
cited for nonadherence were not taking medications
when feeling well (28.0%), being unable to afford
medication (24.0%), and forgetting to take medication

(22.7%). Men were more likely than women to list not
taking medications when feeling well as the reason for
nonadherence (P=.02) (Table V).

DISCUSSION
At the study visit, approximately half of patients had
controlled BPs (47.7%), while rates of control over time
were much less, with 28.3% of patients demonstrating
consistent BP control over three consecutive clinic visits.
These rates of control among hypertensive adults on
treatment are similar to those described in the United
States (29–53%) and European (30%–50%) popula-
tions,10,11 and much higher compared with prior studies
in Tanzania (5%–14.9%).5,6 The significantly higher
rates of control in our study population are likely the
result of patients having regular checkups at a tertiary
referral hospital with a dedicated HTN clinic. Our rates
were comparable to a study performed at a tertiary
teaching hospital in Ethiopia in which 46.6% of 384
hypertensive patients had controlled HTN.12

Surprisingly, no demographic or socioeconomic fac-
tors were associated with BP control. There was no
difference in rates of control between men and women,
in comparison to other studies that show women in
African countries have better rates of control and that
Tanzanian women are 50% less likely to have HTN.4,13

In addition, while living in an urban area significantly
increases risk of HTN, in our study there was no

TABLE IV. (Continued)

HTN Control Over Time

Univariable

Adjusted for Age, Sex,

Education, Residence, and

Insurance StatusNo. (%) or Median (IQR)

0 of 3 Visits 1 or 2 of 3 Visits 3 of 3 Visits OR (95% CI) P Value OR (95% CI) P Value

Adherence index score

Low (MMAS-4: 3–4) 40 (72.2) 14 (25.5) 1 (1.8) 1 1

Medium (MMAS-4: 1–2) 43 (55.8) 25 (32.5) 9 (11.7) 2.2 (1.1–4.6) .03 2.2 (1.1–4.6) .04

High (MMAS-4: 0) 31 (18.5) 62 (36.9) 75 (44.6) 13.3 (6.7–26.4) <.001 14.3 (1.1–28.7) <.001

Abbreviations: CI, confidence interval; HTN, hypertension; IQR, interquartile range; MMAS, Moriksy Medication-Taking Adherence Scale; OR, odds ratio;

TZS, Tanzanian shillings. aStudent/volunteer/homemaker, retired, and unemployed (unable to work). bSelf-employed and agricultural worker. cPublic

sector employee and private sector employee. dAvailable for 151 study participants who self-paid for medications, had relatives pay, or used other

payment methods. Bold values indicate significance.

TABLE V. Total and Sex-Specific Reasons Cited for Nonadherence Among 75 Adults With Hypertension Attending
the Bugando Medical Centre Hypertension Clinic Who Reported Never Taking Prescribed Antihypertensive
Medications

Reason Total (N=75), No. (%) Men (n=23), No. (%) Women (n=52), No. (%) P Value

I don’t take my medication when I feel well 21 (28.0) 11 (47.8) 10 (19.2) .02

I can’t afford my medications 18 (24.0) 6 (26.1) 12 (23.1) .78

I forget to take my medication 17 (22.7) 3 (13.0) 14 (26.9) .24

I am afraid of side effects 5 (6.7) 1 (4.4) 4 (7.7) 1.0

I dislike taking medications 4 (5.3) 1 (4.4) 3 (5.8) 1.0

I am prescribed too many medications 2 (2.7) 0 (0.0) 2 (3.9) 1.0

I prefer to use alternative therapy 1 (1.3) 0 (0.0) 1 (1.9) 1.0

Other 7 (9.3) 1 (4.4) 6 (11.5) .43
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difference in control between those who lived in urban
and rural settings.14,15 We also expected that having
health insurance would increase rates of control. Studies
in the United States have shown that among patients
receiving treatment for HTN, uninsured individuals are
at a lower odds of continued medication use16 and
adequate BP control17 than privately insured individu-
als. However, in our study, insurance status did not
have a significant association with BP control. Prospec-
tive studies are needed to describe the relationship
between socioeconomic factors and BP control in other
rural and urban regions of African and to determine
whether providing insurance could improve medication
use and BP control in uninsured Africans.
We found that good knowledge, attitudes, and

practices were strongly associated with HTN control
and remained significantly associated even when
adjusted for adherence. Similar studies have been
conducted in SSA populations, but with mixed
results.18–22 In our study, we specifically found that
not knowing that HTN is a heritable condition, not
knowing that it is a chronic condition, and not agreeing
that it is possible to enjoy life while making healthy
lifestyle modifications were the three knowledge and
attitudes questionnaire items associated with poor
control. This suggests an opportunity for directed
intervention by clinicians to educate patients on the
chronicity and hereditability of HTN. As education level
did not have an effect on control rates, all patients,
including well-educated ones, should receive targeted
education. Further research is needed to understand
how to effectively improve attitude towards lifestyle
change in hypertensive patients.
Any current alcohol use, adding salt to meals, failing

to adhere to normal weight advice, and not taking
medications as prescribed were associated with
decreased HTN control. These factors are also associ-
ated with decreased control in developed countries, but
the interventions that are used in those settings may not
necessarily work in SSA populations.23,24 In particular,
there is a lower rate of tobacco and alcohol use in our
study population compared with developed nations and
even other SSA populations.25 However, in urban
Tanzania, the prevalence of obesity is >13% in men
and >35% in women.1,13,26 Therefore, while interven-
tions should promote reduction of all HTN risk factors,
particular emphasis must be placed on decreasing
obesity rates and researching interventions that target
obese patients with HTN, as this group is especially
vulnerable to poor HTN control. Interventions will need
to address cultural context; for example, in Tanzania, as
in many other developing countries, a heavier body is
preferred and many are unaware that they are obese.26

In addition, since African populations may be more salt-
sensitive than other populations, more focus may be
needed on reducing salt intake.27

A perfect adherence score of zero on the MMAS-4
was associated with a nearly 20-fold increased odds of
BP control at the study visit as well as over the three

consecutive visits. Antihypertensive medication adher-
ence is a well-documented factor associated with BP
control in other populations and the foundation for
medical treatment of HTN.12 In addition, each indi-
vidual question on the MMAS-4 was associated with
decreased control: forgetting to take medication, being
careless about taking medications, stopping medica-
tions when feeling well, and not taking medications
when feeling poorly because of medication, all
decreased the odds of control by 80% to 90%. Thus,
strategies to improve adherence in this population
should involve patient education that antihypertensive
medications should be taken daily and consistently
even when feeling well. Prior studies also support this
approach, as a systemic review of interventions to
improve antihypertensive medication adherence found
that improving patient knowledge of medications
posed the greatest clinical value.28 Interventions to
improve adherence should also aim to lower the out-
of-pocket cost of medications for patients by prescrib-
ing generic brands and less-expensive regimens. Fur-
thermore, studies have shown that medication
adherence is associated with lower rates of hospital-
ization and healthcare costs and emphasizes the need
to create and test targeted interventions to increase
adherence.29

Cost was also a significant predictor of BP control.
The odds of control over time decreased by 20% for
every 10,000 TZS increase ($6 USD) and decreased by
70% when costs exceeded 35,000 TZS compared with
<25,000 TZS. The negative impact of cost on medica-
tion adherence has been previously described in other
populations.30 The effect of cost on control seems to be
mediated through adherence, with lower cost leading to
increased adherence and increased BP control. Providers
should consider and assess the financial impact of
prescriptions and tailor regimens that are cost-effective
and feasible for the patient. On a systemic level,
governments and health organizations should negotiate
for better prices, and further randomized control trials
are needed to compare the efficacy of different cost-
effective drug regimens in SSA.

STUDY LIMITATIONS
One limitation of our study is that it was a single-center,
hospital-based study. Still, our results may be general-
izable to many sites in SSA, since our prior research has
demonstrated that the majority of HTN care in Tanza-
nia occurs in hospital clinics and that very little HTN
management currently occurs in health centers or
clinics.31 We also did not record whether prescribed
drugs were generic or brand name. This important
variable should be included in future studies.

CONCLUSIONS
In this study of hypertensive adults in Tanzania, BP was
controlled in almost half the study population at one
time point but in less than a third throughout three
consecutive clinic visits, with no difference between men
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and women. Good knowledge, attitudes, and practices
increased control, while high BMI and high medication
cost decreased control. Of all factors analyzed, high
medication adherence was associated with the greatest
odds of control. This study demonstrates that it is
possible to achieve high rates of HTN control in a
resource-limited setting if medication costs are low and
adherence is high. At our own hospital, we are now
trying to improve BP control by implementing standard
treatment protocols of low-cost, generic antihyperten-
sive drugs. Prospective studies are needed to determine
the best interventions for improving knowledge, atti-
tudes, and practices and achieving normal body weight
in hypertensive SSA populations.
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