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Abstract

Objectives—We assessed prevalence and determinants of high blood pressure, and barriers to
diagnosis and treatment, in Dar es Salaam, Tanzania.

Methods—We surveyed and screened 2,174 community-dwelling adults aged =40 years in 2014
and conducted a follow-up after one year.

Results—Median blood pressure was 131/81 mmHg and hypertension prevalence was 37%.
Mean adjusted difference in SBP was 4.0 mmHg for overweight, 6.3 mmHg for obese class I, and
10.5 mmHg for obese class I1/111 compared with normal weight participants. Those who were
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physically inactive had 4.8 mmHg higher SBP compared to those with more than 24 hours of
moderate or vigorous activity per week. Drinkers of at least 10 grams of alcohol per day had 4.5
mmHg higher SBP than did non-drinkers.

Among hypertensives, 48% were diagnosed, 22% were treated, and 10% were controlled.
Hypertensives without health insurance were 12% less likely to be diagnosed than insured
hypertensives. Of referred participants, 68% sought care, but only 27% were on treatment and 8%
had controlled blood pressure at follow-up. Reasons for not seeking care included lack of
symptoms, cost of visit, and lack of time. Reasons for not being on treatment included lack of
symptoms, not being prescribed treatment, and having finished one course of treatment.

Conclusions—Major risk factors for hypertension in Dar es Salaam are overweight, obesity,
inadequate physical activity, and limited access to quality medical care. Increased insurance
coverage and community-based screening, along with quality medical care and patient education,
may help control this burgeoning epidemic.
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Introduction

Cardiovascular diseases are a rising public health concern in sub-Saharan Africa (SSA). The
Global Burden of Disease Study estimates that age-standardized stroke incidence in
Tanzania has increased 21% from 1990 to 2010 [1]. The mean number of annual stroke
admissions at a tertiary hospital in Moshi, Tanzania has increased sevenfold from the 1980s
to the 2000s [2] and stroke death rates observed in Dar es Salaam between 2003 and 2006
were higher than those observed among African-Americans in Manhattan [3].

High blood pressure is the leading risk factor for stroke [4] and levels have been increasing
substantially in eastern SSA, mirroring the stroke epidemic. A global pooling analysis of
population surveys estimated that, from 1980 to 2008, mean age-standardized systolic blood
pressure (SBP) increased by 6 mmHg to 131 mmHg in men and by 8 mmHg to 134 mmHg
in women in this region, the largest regional increases worldwide in men and second largest
in women [5]. Hypertension prevalence and blood pressure levels have risen particularly
quickly in Tanzania, especially in urban areas. Two repeated cross-sectional population
surveys conducted in Dar es Salaam in 1987 and 1998 showed an increase in hypertension
prevalence from 33% to 63% in men and from 48% to 62% in women [6]. Other cross-
sectional surveys in the same city have found varying prevalences, from 29-30% in 1996 to
19-43% around 2010 [7-10].

Across SSA, medical care for hypertensive individuals has lagged behind the rise in
prevalence. A 2015 meta-analysis of hypertension studies in SSA found that slightly less
than one in three hypertensives were diagnosed, less than one in five were treated, and less
than one in ten had controlled blood pressure [11]. In Dar es Salaam, a one-year follow-up
study in 1999-2000 found that only 34% of hypertensive participants visited a health
professional, 29% took anti-hypertensives, and 5% were still taking drugs after one-year
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[12]. Reported barriers to care were lack of symptoms and the cost of healthcare and
treatment [12]. However, much is still unknown about barriers to hypertension care and
treatment. Previous studies have been underpowered and have not had the in-depth
questionnaires needed to elicit details on a wide variety of potential barriers in fully adjusted
regression models.

The aim of this study was to determine the current prevalence, risk factors, and barriers to
diagnosis and treatment for hypertension in Dar es Salaam, Tanzania. Few previous studies
in Tanzania have analyzed the modifiable determinants of high blood pressure as well as
barriers to diagnosis and treatment of hypertension.

Sampling design and study population

The Dar es Salaam Urban Cohort Hypertension Study (DUCS-HTN) is a cohort of adults
living in the Ukonga ward of Dar es Salaam who had been registered in the Dar es Salaam
Health and Demographic Surveillance System (HDSS) in 2011. The HDSS is in a peri-urban
area on the outskirts of Dar es Salaam. Due to the large size of Ukonga, we chose to
randomly sample two of the seven neighborhoods that compose Ukonga and then conducted
a census of these two randomly selected neighborhoods, Mwembe Madafu and Markazi. We
attempted to contact all 4,896 HDSS participants who were at least 40 years of age and lived
in one of two randomly selected neighborhoods (Figure 1). We excluded pregnant women
and physically or mentally disabled individuals. Trained interviewers conducted face-to-face
interviews and physical examinations in participants’ homes from March to June 2014.
Follow-up visits were conducted from April to June 2015.

Among 4,896 potentially eligible participants from the HDSS baseline survey, 3,604 (74%)
were still living at the same address in 2014. Of these, 2,290 (64%) enrolled in the DUCS-
HTN study (Figure 1). Of the participants enrolled at baseline, 1,752 (77%) participated in
the follow-up study.

The Institutional Review Board of the Harvard T.H. Chan School of Public Health and the
Muhimbili University of Health and Allied Sciences Ethical Committee approved the study
protocol. Written informed consent was obtained from all participants (or, if the participant
was unable to sign, a witness signed on behalf of the participant).

Blood pressure measurements

Trained interviewers measured blood pressure with digital blood pressure monitors (15
Omron M2 and 5 Beurer BM 40 monitors) [13,14]. Standard, large, and extra-large cuff
sizes were used according to the size of a participant’s arm. Blood pressure was measured
three times with at least a 5-minute rest before the first measurement and 3-minute rests
between each subsequent measurement. Blood pressure was taken on the left arm with the
participant seated and the arm straight at heart level. Usual blood pressure values were
calculated as the mean of the second and third readings. If a second visit was conducted,
usual blood pressure values were defined as the mean of the second and third readings at
both the first and second visits.
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Hypertension was defined as SBP=140 mmHg or DBP=90 mmHg, or self-reported use of
anti-hypertensive medication. Grade | hypertension was defined as SBP of 140 to 159 or
DBP of 90 to 99 mmHg; grade 1l hypertension was defined as SBP of 160 to 179 or DBP of
100 to 109 mmHg; and grade 111 hypertension was defined as SBP=180 or DBP=110 mmHg
[15]. Hypertension control was defined as current antihypertensive use and blood pressure of
less than 140/90 mmHg. If a participant was found to have grade | or 1l hypertension, a
second visit was scheduled, at least three days later. Those with grade Il hypertension at the
last reading of the first visit or grade | or Il hypertension at the last reading of the second
visit were told that they had high blood pressure, advised to see a health professional and
were given a referral letter. In addition, a second visit and blood pressure reading was
scheduled for a random sample of one-fifth of participants, who were selected for additional
blood, urinary, and dietary measurements.

Assessment of covariates

All participants were administered a socio-demographic and lifestyle questionnaire and had
their height, weight, and waist and hip circumference measured. Some demographic
information (age, sex, neighborhood, religion, and assets used to create a household wealth
index) was previously recorded during the HDSS baseline. Information on household health
insurance coverage was collected in 2015 as part of routine HDSS updates.

Standard protocols were used to take anthropometric measurements. Participants were
weighed with minimal clothing using a digital scale (Seca, Germany) to the nearest 0.1kg
and height was measured, with participants not wearing shoes, to the nearest 1cm. Body
mass index (BMI) was calculated as the ratio of weight in kilograms to height in meters
squared (kg/m?) and categorized according to WHO categories [16].

The Global Physical Activity Questionnaire (GPAQ) was used to assess physical activity for
work, transportation, and leisure [17]. We defined physical inactivity according to WHO
guidelines [18]. Number of servings of alcoholic beverages consumed was reported over the
past 30 days. We assumed 14 grams of alcohol as a standard drink portion size [19]. A
household wealth index was created through a principal component analysis of household
characteristics and assets, and was categorized into quintiles (Table S1) [20]. In the follow-
up visit, participants were asked about their health over the past year and the reasons for
seeking (or not seeking) hypertension care.

Statistical analysis

Participants with missing data on baseline blood pressure or baseline covariates that were
missing in less than five percent of participants were excluded from baseline analyses,
leading to a baseline sample of 2,174 participants. A missing indicator was used for health
insurance status, which was missing in 16% of participants [21]. Mean differences and 95%
confidence intervals (Cls) of SBP by potential blood pressure determinants were estimated
with multivariable linear regression. Covariates in this regression were chosen based on a-
priori knowledge of lifestyle and socioeconomic determinants of high blood pressure.

This multivariable linear regression was repeated with diastolic blood pressure (DBP) as the
outcome. Poisson relative risk regression with an exchangeable correlation structure was
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used to estimate prevalence ratios (PRs) and 95% Cls for hypertension as well as prevalence
of hypertension awareness among hypertensives and treatment among those aware of their
hypertension [22].

We used inverse probability of censoring weighting (IPCW), with stabilized weights, to
adjust for potential selection bias due to non-random selection of participants into the study
[23]. This method weights individuals included in the analysis by the inverse of the
probability of being in the analysis according to measured covariates. We used logistic
regression to estimate the probability of being included in the analyses based on the
following covariates and their interaction with sex: age, sex, wealth index quintile, and
education. The numerator for the weights is the marginal probability of being included in the
analysis (among all those aged 40 years and older in the HDSS database). The denominator
for the stabilized weights is the probability of being included in the analyses conditional on
the covariates listed above.

All regression analyses accounted for clustering at the household level (39% of participants
came from households with two participants, and 8% came from households with three to
five participants). We adjusted for interviewer (n=21) in all analyses to account for
differences in measurement of subjective risk factors by interviewer [24,25]. Analyses were
performed using SAS software version 9.3 (SAS Institute Inc., Cary, North Carolina, USA).

We enrolled 47% (2,290/4,896) of potentially eligible participants in the HDSS 2011
database. The main reasons for not enrolling were that the participant had moved (23%) or
that the participant was not home when the interviewer came for a visit, despite at least three
attempts by the interviewer to visit the participant (18%) (Figure 1). Eligible participants
who were not included in baseline analyses were similar to those who were included with
respect to household wealth, health insurance coverage, and neighborhood. However, they
tended to be younger, male, Christian (versus Muslim), and more highly educated (Table
S2).

A slight majority of participants were female (56%) and the median age was 51 years (Table
1). Fifty-one percent of participants were self-employed, 17% were employed by
government or private companies, and 31% were retired or unemployed. Nearly 10% of
participants had no formal education. Median [interquartile range (IQR)] BMI was 24.8
[22.0, 27.9] kg/m? in men and 28.3 [24.3, 32.7] in women and prevalence of obesity was
14% in men and 41% in women. Twenty-three percent of participants had health insurance.
Seventy-five percent of men and 62% of women met the WHO physical activity guidelines.
Thirteen percent were former smokers and 6% were current smokers. Alcohol use was
relatively uncommon, with only 7% of participants reporting drinking at least one drink a
day. Compared to women, men were more likely to be married, employed, formally
educated, physically active, smokers, alcohol drinkers, and less likely to be overweight or
obese.
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Prevalence of hypertension was 37% overall, 39% in men and 35% in women. Median
[IQR] of SBP was 131 [119,143] and that of DBP was 81 [73, 88] mmHg. A sensitivity
analysis in which we used IPCW to adjust for selection bias found similar results (Table S3).
Similar to previous studies [26], we observed lower SBP in second and third measurements
in the first visit as well as lower measurements in the second visit compared with the first
visit especially among participants who had grade 111 hypertension or were on
antihypertensives (Figure S1).

Modifiable lifestyle factors associated independently with higher SBP were overweight or
obesity, inadequate physical activity, and alcohol use of at least 10 grams per day. After
adjustment for potential confounders, overweight participants had 4.0 (95% ClI: 1.9, 6.1)
mmHg higher SBP compared with those who had normal weight (i.e. BMI<25). Obese class
| participants (BMI between 30 and 35) had 6.3 (3.8, 8.8) mmHg higher SBP and obese
class Il or 111 participants (BMI=35) had 10.5 (7.2, 13.8) mmHg higher SBP than normal
weight participants. Those who were physically inactive had 4.8 (1.4, 8.1) mmHg higher
SBP compared to those with more than 24 hours of moderate or vigorous activity per week.
Those who drank at least 10 grams of alcohol per day had 4.5 (1.2, 7.8) mmHg higher SBP
than did non-drinkers.

Men, on average, had a higher SBP than women, as did older participants. Lack of formal
education and being unemployed or retired were also associated with higher SBP. Wealth
quintiles showed no independent association with SBP, but there was a qualitative
interaction (p=0.03) between wealth quintiles and gender. Increasing wealth was associated
with lower SBP in women but higher SBP in men, but neither of the sex-specific
relationships with wealth index quintile were statistically significant (not shown). No other
potential blood pressure determinants showed effect modification by gender. A sensitivity
analysis in which we used IPCW to adjust for selection bias found similar results (Table S4).
Risk factors for higher DBP (Table S5) and hypertension (Table 3) were similar to those for
higher SBP.

Slightly more than a third (36% (95% CI: 31%, 41%)) of hypertensive men and 58% (53%,
62%) of hypertensive women were aware of their hypertension (Figure 2). After adjustment
for other covariates, men were 33% less likely to be aware of their disease (prevalence ratio
(PR): 0.69 (0.56, 0.85)); as were participants without health insurance (PR: 0.88 (0.77,
1.01), those that were poorer (PR: 0.57 (0.43, 0.76) comparing the lowest wealth index
quintile to the highest), those with no formal education compared to those with secondary
education (PR: 0.69 (0.52, 0.93)), and those who drank alcohol (PRs ranging from 0.60 to
0.68 depending on amount of alcohol intake). Participants who were overweight or obese
were more likely to be aware that they were hypertensive (PRs ranging from 1.33 to 1.45
depending on level of overweight and obesity) (Table 4).

Among hypertensive men, 16% (12%, 20%) were on treatment and 7% (4%, 10%) were
controlled; among hypertensive women, 28% (24%, 33%) were on treatment and 14% (11%,
18%) were controlled (Figure 2). After adjustment for other covariates, men were 72%
(52%, 98%) as likely to be treated as women (Table 4). We did not have sufficient power to
detect other determinants of receiving treatment among hypertensives.
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Of the 1,752 participants in the follow-up study, 238 reported that they had been told to visit
a health professional for high blood pressure at baseline (Figure 3). Of these, 68% reported
having sought care, but only 27% were on treatment and 8% were controlled after one year.
Forty-three percent sought care from a private clinic and 57% from a public clinic. About
one in four patients (24%) reported also taking traditional or alternative treatment for high
blood pressure. The most common reasons for not seeking care were lack of symptoms
(39% of participants), the (perceived high) cost of visit (25%), and lack of time (16%). Of
those who visited a health professional for hypertension care, 65% reported that they had to
pay for the visit, 13% had a free visit, and 22% had a visit that was fully covered by health
insurance. Major reasons for not taking medication were lack of symptoms (23%), that the
health professional said participant did not need drugs (22%), that participant had finished
drugs (13%), concerns about side effects (10%), and the cost of the drugs (9%).

Discussion

We observed that 37% of adults in Ukonga were hypertensive, comparable to what has been
found by other older studies in Dar es Salaam [6-8,27]. Major modifiable determinants of
hypertension were overweight and obesity, inadequate physical activity, and alcohol use. At
the one-year follow-up, a large fraction of hypertensives (68%) reported having visited a
health professional, however, 73% remained untreated and 92% remained uncontrolled
indicating that referral through a screening program is not enough to lead to substantial
changes in medication use and blood pressure control. We found that lack of symptoms is a
major why patients do not seek care and either do not start or discontinue treatment in this
population.

The proportion of participants in DUCS-HTN that sought care, took treatment, and had their
hypertension controlled, although low, is higher than what previous studies had found in Dar
es Salaam [7,9,10] and other sub-Saharan African cities [11]. This may be because
awareness has increased over time in Africa: from 17% in 1990 to 34% in 2010 [28]. The
proportions of participants that sought medical care and took treatment in our study was
much higher than those found in a similar study in Dar es Salaam in 1999-2000[12], but
similar to a 2012 study in rural Uganda, perhaps indicating an improvement in hypertension
understanding, care, and treatment over time [29]. The DUCS-HTN and other studies on
hypertension in SSA use self-reported data, which could potentially lead to overestimates of
hypertension care treatment due to social desirability bias. We instructed interviewers to be
non-judgmental to limit this bias, but we acknowledge that we most likely did not eliminate
it. Therefore, our estimates for visits to a health professional and use of antihypertensive
drugs should be considered as upper bounds of the true proportions.

Strengths of our study include the large sample size, our standard measurement protocols,
especially for blood pressure, and a detailed and culturally sensitive questionnaire that was
piloted and tested in the same community. However, our study also had several limitations.
The cross-sectional nature of the majority of the analyses opens the possibility of ‘reverse
causation bias’ where knowledge of high blood pressure could have impacted participants’
behavior. However, in sensitivity analyses in which we restricted data to patients unaware of
their hypertension, the risk factors for high blood pressure and barriers to care and treatment

J Hypertens. Author manuscript; available in PMC 2017 November 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

ZACK et al.

Page 8

did not materially change (results not shown). Another limitation is that, although we
attempted to contact all eligible participants three times and on evenings and weekends, we
were only able to enroll 47% of those in the HDSS 2011 database. However, a sensitivity
analysis in which we attempted to adjust for selection bias produced results that were similar
to the main analysis (Tables S3-S4). We only collected dietary data on a subset of
participants (n=441) and were unable to adjust for diet as a confounder of the association
between obesity and hypertension or to examine diet as a determinant of high blood
pressure. We attempted to collect a 24-hour urine sample in the same 441 participants, but
measurements of total urinary creatinine showed that about two-thirds of the samples were
incomplete. Among the one-third that seemed to be complete, there was no relationship
between urinary sodium and SBP (P value 0.84), which is similar to findings of a previous
study in Dar es Salaam [30].

Considering the predicted rise in prevalence of overweight and obesity in this region [31],
and the strong associations between overweight/obesity and blood pressure reported here, it
is expected that the burden of hypertension will substantially increase. Unfortunately, efforts
to curb the obesity epidemic globally, including physician advice to change diet and lifestyle
have so far shown limited success at the population level and increasing urbanization and
caloric consumption, especially from sugar-sweetened beverages [32] may only aggravate
these trends. Therefore, in the absence of a long-term solution for preventing weight gain, a
first priority for low-income countries such as Tanzania may be to improve diagnosis and
management of hypertension, especially among overweight and obese individuals, through
increasing access to quality healthcare.

Almost a quarter of hypertensive participants visited during follow-up indicated that their
healthcare provider said they did not need to take antihypertensive medication, signifying a
need for improved training of healthcare providers. A recent study of health facilities in
Tanzania found that only 10% of healthcare professionals reported feeling very comfortable
with hypertension management [33]. Developing national guidelines for hypertension
diagnosis and management would be a major step in increasing knowledge and preparedness
of healthcare professionals. A division of tasks between nurses, non-physician clinicians and
physicians, which has recently been proposed by the WHO[34], can be clarified in such
guidelines. The Pan-African Society of Cardiology is developing hypertension treatment
guidelines for Africa, which could be used as a template for Tanzanian guidelines [35].

Finally, discontinuation of antihypertensive medication due to the belief that the medications
must only be taken only for a short period of time must be addressed. This belief leads to
expensive and inadequate care for hypertension. An 18-month community intervention in
Kenya to improve hypertension control cost a hefty US$ 3,205 per participant with
controlled blood pressure [36,37], partly because only 27% of those who started treatment
remained treated 18 months later. Patients need to be educated on the importance of taking
anti-hypertensive medications regularly and continuously. Studies in SSA on methods to
improve hypertension treatment are scarce [37,38], so programs to improve adherence to
antihypertensives could learn lessons from approaches developed for other long-term drug
regimens such as antiretrovirals. Randomized trials could be designed to determine whether
successful interventions to improve antiretroviral adherence, such as using mobile text
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messages [39] and financial incentives [40,41], would also improve adherence to
antihypertensives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Individuals aged =40 years living in Ukonga
according to the HDSS 2011-2012 database
N=15,152

v

Living in Mwembe Madafu or Markazi
according to the HDSS 2011-2012 database
N=4,896 (32%)

3| 1,128 (23%) outmigrated
164 (3%) died

v

Individuals living in

Mwembe Madafu or Markazi in 2014 -
N=3,604 (74%) 872 (24%) not home

134 (4%) refused

61 (2%) physically/mentally incapable

¥ 11 (<1%) pregnant

226 (6%) status unknown

Participants in the DUCS-HTN baseline study 10 (<1%) incorrectly recorded data
N=2,290 (64%)

—I > 116 (5%) missing data on blood pressure
y and/or covariates
Participants in the DUCS-HTN
baseline analysis 250 (11%) not home
N=2,174 (95%) 168 (7%) outmigrated

50 (2%) refused
* 36 (2%) died
14 (<1%) physically/mentally incapable
Participants in the DUCS-HTN follow-up study 4 (<1%) pregnant
N=1,752 (77%) 16 (<1%) status unknown

Figure 1.
Process for selecting participants into the Dar es Salaam Urban Cohort Hypertension Studly.
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Figure 2.
Hypertension awareness, treatment, and control by sex and age group among participants in

the Dar es Salaam Urban Cohort Hypertension Study (n=796).*
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762 participants had high blood
pressure at baseline

)

574 (75%) participated in the
one-year follow-up

L 4

237 (41%) had high blood
pressure at baseline and
reported at one-year follow-up
that they were told at baseline
to visit a health professional
for high blood pressure

>

Lost to follow-up: 188 (25%)

161 (68%)
Visited formal health
professional for high blood

Didn’t visit health professional during follow-up: 76 (32%)

Major reasons for not visiting a health professional:
e No symptoms of high blood pressure: 39%

e Cost of visit is too high: 25%

e Did not have time to go: 16%

pressure
Not on antihypertensive drugs at follow-up: 97 (60%)
> Major reasons why not on antihypertensive drugs:
e No symptoms of high blood pressure: 23%
e Health professional said participant does not need
d drugs: 22%
Finished drugs: 13%
64 (40%) Concerned about side effects: 10%
On antihypertensive drugs e Drugs cost too much: 9%
at follow-up
> Uncontrolled*: 45 (70%)
L 3
19 (30%)

Controlled at follow-upt

Figure 3.

One-year follow-up of Dar es Salaam Urban Cohort Hypertension Study participants who
had high blood pressure at baseline (n=764).
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Baseline characteristics of the Dar es Salaam Urban Cohort Hypertension Study participants, 2014 (n=2,174)

Characteristic Al (n=2,174)  Men™ (n=961)  Women™ (n=1,213)
Age, years 51 [44, 59] 52 [45, 61] 50 [44, 57]
40-44 570 (26%) 225 (24%) 345 (28%)
45-49 419 (19%) 165 (17%) 254 (21%)
50-54 384 (18%) 157 (16%) 227 (19%)
55-59 318 (15%) 158 (16%) 160 (13%)
60-64 198 (9%) 104 (11%) 94 (8%)
65-69 128 (6%) 78 (8%) 49 (4%)
>70 157 (7%) 74 (8%) 83 (7%)
Male 961 (44%)
Neighborhood
Mwembe Madafu 1723 (79%) 756 (79%) 967 (80%)
Markazi 448 (21%) 205 (21%) 246 (20%)
Religion
Muslim 1084 (50%) 489 (51%) 595 (49%)
Christian 1090 (50%) 472 (49%) 618 (51%)
Marital status
Married 1587 (73%) 826 (86%) 761 (63%)
Single 89 (4%) 29 (3%) 60 (5%)
Separated or divorced 155 (7%) 45 (5%) 110 (9%)
Widowed 343 (16%) 61 (6%) 282 (23%)
Employment
Retired or unemployed 679 (31%) 213 (22%) 466 (38%)
Self-employed 1115 (51%) 488 (51%) 627 (52%)
Employed 380 (17%) 260 (27%) 120 (10%)
Household wealth index quintile t
Richest 430 (20%) 188 (20%) 242 (20%)
Richer 432 (20%) 173 (18%) 259 (21%)
Average 439 (20%) 203 (21%) 236 (19%)
Poorer 419 (19%) 194 (20%) 225 (19%)
Poorest 454 (21%) 203 (21%) 251 (21%)
Education
None 197 (9%) 39 (4%) 158 (13%)
At least some primary 1313 (60%) 564 (59%) 749 (62%)
At least some secondary 663 (31%) 358 (37%) 306 (25%)

MET-hours per week

Physical activity quintile

18.8 [4.5, 81.0]

Highest (144.0-1008.0 MET-hrsiwk) 439 (20%)

Higher (47.0-141.3)
Average (14.7-46.7)

430 (20%)
411 (19%)

J Hypertens. Author manuscript; available in PMC 2017 November 08.
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Characteristic A" (n=2,174)  Men” (n=961)  Women™ (n=1,213)
Lower (4.4-14.0) 425 (20%) 178 (19%) 247 (20%)
Lowest (0.0-4.0) 469 (22%) 146 (15%) 323 (27%)

Television watching, hours per day
0 523 (24%) 203 (17%) 320 (26%)
>0 - <2 1000 (46%) 469 (49%) 531 (44%)
>2 651 (30%) 289 (30%) 362 (30%)

Smoking status
Never 1747 (80%) 578 (60%) 1169 (96%)
Former 279 (13%) 247 (26%) 32 (3%)
Current, 0-9 cigarettes per day 118 (5%) 106 (11%) 12 (1%)
Current, 210 cigarettes per day 30 (1%) 30 (3%) 0 (0%)

Alcohol use?

0 grams/day 1752 (81%) 685 (71%) 1067 (88%)
>0-<10 grams/day 280 (13%) 163 (17%) 117 (10%)
=10 grams/day 142 (7%) 113 (12%) 29 (2%)

BMI, kg/m? 26.3[22.9,30.9] 24.8[22.0,27.9] 28.3[24.3,32.7]
Underweight (<18.5) 93 (4%) 53 (5%) 40 (3%)
Normal weight (18.5-<25) 764 (35%) 447 (47%) 317 (26%)
Overweight (25-<30) 689 (32%) 329 (34%) 360 (30%)
Obese, class | (30-<35) 407 (19%) 97 (10%) 310 (25%)
Obese, class Il or 11 (=35) 221 (10%) 35 (4%) 186 (16%)

Household health insurance$

Uninsured 1419 (77%) 630 (78%) 788 (77%)
Insured 340 (23%) 176 (22%) 239 (23%)
Systolic blood pressure, mmHg 131119, 143] 134 [122, 145] 128 [116, 142]
Diastolic blood pressure, mmHg 81 [73, 88] 81 [74, 89] 80 [73, 87]
Hypertensive/ 803 (37%) 377 (39%) 426 (35%)
Aware 382 (48%) 137 (36%) 245 (58%)
Using antihypertensive drugs 180 (22%) 59 (16%) 121 (28%)
Controlled 84 (10%) 25 (7%) 59 (14%)
High cholesterol history 78 (4%) 27 (3%) 51 (4%)
Using lipid-lowering drugs 29 (17%) 6 (22%) 22 (20%)
Diabetes histow# 136 (6%) 64 (7%) 72 (6%)
Using oral hypoglycemic agents 54 (40%) 21 (33%) 33 (46%)
Using insulin 20 (15%) 9 (14%) 11 (15%)
Coronary heart disease history > 99 (5%) 31 (3%) 68 (6%)
Stroke history A 28 (1%) 11 (1%) 17 (1%)

*
N (%) for binary/categorical variables and median [IQR] for continuous variables.
fHousehoId wealth index created by principal component analysis of household characteristics and household asset ownership

’tDefined based on number of days consumed alcohol over the past 30 days and the average number of drinks per drinking session
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§n:1,834, missing 340

//SBP2140 or DBP=90 or on antihypertensive medication

#n=2,145, missing 29
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n=2,170, missing 4
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n=2,159, missing 15
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Linear regression of SBP in the Dar es Salaam Urban Cohort Hypertension Study, 2014 (n=2,174)

Table 2

Interviewer-Adj usted”™

Fully AdjustedT, R2=0.18

Characteristic

Mean Difference (95% CI) P Value

Mean Difference (95% CI) P Value

Intercept
Age, years
40-44
45-49
50-54
54-59
60-64
64-69
270
Male
Mwembe Madafu neighborhood
Muslim
Marital status

Married

Single

Separated or divorced
Widowed

Employment

Retired or unemployed
Self-employed
Employed
Household wealth index quintile®

Richest

Richer

Average

Poorer

Poorest

Education

None

At least some primary

At least some secondary
Physical activity quintile

Highest (144-1008 MET-hrs/wk)

Higher (47.0-141.3)

Average (14.7-46.7)

Lower (4.4-14.0)

<0.00017%

Reference

3.0 (0.5,5.3)
8.0 (5.5, 10.5)
11.3 (8.4, 14.1)
15.8 (12.6, 19.0)
16.1 (11.8, 20.4)
17.3 (13.1, 21.5)
4.9(3.0,6.7)

3.3 (-1.4,8.0) 0178
2.8(1.0,4.6) 0.003%

<0.00017
Reference
-6.4 (-10.4, -2.5)
-3.4(-7.2,05)
45(1.9,7.2)
<0.00017
Reference
-7.0(-9.1, -5.0)
-6.5(-9.2, -3.8)
0.96"
Reference
0.8 (-2.0, 3.6)
0.6 (-2.2, 3.4)
1.1(-1.8,4.0)
0.5(-2.2,3.3)
0.0002/
Reference
-6.7 (-10.1, -3.2)
-75(-11.1, -3.9)

<0.0001%

Reference

1.8 (-1.1,4.7)
45(1.4,7.5)
5.3(2.2,8.3)

<0.00018

125.4 (117.3, 133.5) <0.00018

<0.00017
Reference
3.2(0.9, 5.6)
7.1(4.7,9.5)
9.0 (6.1, 11.9)
12.9 (9.5, 16.3)
11.8 (7.2, 16.4)
13.5 (9.0, 18.0)

7.1(4.8,9.4) <0.0001%

28(-1.7,7.3) 0.24§

1.9 (0.0, 3.8) 0.05%

0.56"
Reference
-0.9(-4.8,3.0)
-15(-5.2,2.1)
1.4 (-13,4.2)
0.047
Reference
-2.4(-4.8,-0.1)
-3.6 (-6.5, -0.8)
076/
Reference
1.4 (-1.4,4.2)
0.9 (-1.9, 3.6)
1.0 (-2.1, 4.0)
-0.2(-3.4,2.9)
0.02/
Reference
-4.3(-7.7,-0.8)
-5.4(-9.3, -1.5)
0.0057
Reference
1.7 (-1.0, 4.5)
3.1(0.3,5.9)
3.6 (0.6, 6.6)
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Interviewer-Adj usted™

Fully Adjustedt, R2=0.18

Characteristic Mean Difference (95% CI) P Value Mean Difference (95% CI) P Value
Lowest (0.0-4.0) 8.2 (5.0,11.5) 4.8 (1.4,8.1)

Television watching, hours per day 0.06" 0.157
0 Reference Reference
>0-<2 -2.4 (-4.8,-0.0) -1.6 (-4.1,0.8)
22 -3.2(-6.0, -0.5) -2.7(-5.3,0.0)

Smoking 0.0002/ 037/
Never Reference Reference
Former 6.4 (3.3,9.5) 1.8(-1.2,5.0)
Current, 0-9 cigarettes per day 0.5 (-4.0,5.0) -0.4 (4.7, 3.8)
Current, 210 cigarettes per day 7.1(-0.3,14.6) 54 (-2.4,13.1)

Alcohol use ™ 0.03/ 0.03/
0 grams/day Reference Reference
>0-<10 grams/day -1.0 (-3.6, 1.5) 0.3(-2.3,2.8)
=10 grams/day 4.2(0.8,7.6) 45(1.2,7.8)

BMI, kg/m? <0.00017 <0.00017
Normal weight (18.5-<25) Reference Reference
Underweight (<18.5) -6.4 (-11.5, -1.4) -9.4 (-14.2, -4.5)
Overweight (25-<30) 2.9 (0.7, 5.0) 4.0 (1.9, 6.1)
Obese, class I (30-<35) 3.1(0.7,5.5) 6.3(3.8,8.8)
Obese, class I or 111 (=35) 6.6 (3.3,9.9) 10.5 (7.2, 13.8)

*
Adjusted for interviewer (n=21)

7‘Adjusted for covariates included in the table and interviewer

’tTest of trend based on median value within each category

§T—test

1
F-test

Household wealth index was created by principal component analysis of household characteristics and household asset ownership.

Ak
Defined based on number of days consumed alcohol over the past 30 days and the average number of drinks per drinking session
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Table 3

Prevalence ratios (PR) for hypertension “in the Dar es Salaam Urban Cohort Hypertension Study, 2014

(n=2,174)
Interviewer-Adjusted Adjusted®
Variable PR (95% CI) PValue§ PR (95% CI) P Value8
Age, years <0.0001 <0.0001
4044 1 1
45-49 1.13 (0.91, 1.41) 1.11 (0.90, 1.38)
50-54 1.65 (1.36, 2.00) 1.53 (1.26, 1.85)
54-59 1.98 (1.64, 2.39) 1.73 (1.43, 2.10)
60-64 2.30 (1.91, 2.78) 1.90 (1.56, 2.31)
64-69 2.31(1.87, 2.85) 1.73(1.38,2.17)
>70 2.25 (1.83, 2.77) 1.72 (1.36, 2.18)
Sex 0.05 <0.0001
Female 1 1
Male 1.12 (1.00, 1.25) 1.33 (1.15, 1.53)
Neighborhood 0.97 0.67
Markazi 1 1
Mwembe Madafu 0.99 (0.77, 1.29) 0.95 (0.74,1.22)
Religion 0.08 0.43
Christian 1 1
Muslim 1.10 (0.99, 1.23) 1.05 (0.93, 1.18)
Marital status <0.0001 0.08
Married 1 1
Single 0.73 (0.50, 1.06) 1.01 (0.70, 1.45)
Separated or divorced 0.97 (0.78, 1.21) 1.08 (0.87, 1.34)
Widowed 1.41 (1.25, 1.60) 1.21 (1.05, 1.39)
Employment <0.0001 0.001
Retired or unemployed 1 1
Self-employed 0.63 (0.56, 0.70) 0.78 (0.69, 0.89)
Employed 0.70 (0.60, 0.82) 0.81 (0.69, 0.96)
Household wealth index quintile// 0.29 0.10
Richest 1 1
Richer 1.14 (0.96, 1.36) 1.16 (0.98, 1.38)
Average 1.07 (0.90, 1.27) 1.08 (0.90, 1.28)
Poorer 1.04 (0.87, 1.25) 1.06 (0.87, 1.29)
Poorest 0.95 (0.79, 1.14) 0.92 (0.74, 1.13)
Education 0.001 0.01
None 1 1

At least some primary

At least some secondary

0.70 (0.60, 0.82)
0.70 (0.59, 0.84)

0.77 (0.65, 0.91)
0.74 (0.59, 0.92)
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Normal weight (18.5-<25)
Underweight (<18.5)
Overweight (25-<30)
Obese, class | (30-<35)
Obese, class Il or 111 (=35)

1
0.69 (0.47, 1.01)
1.15 (1.00, 1.32)
1.25 (1.08, 1.45)
1.42 (1.20, 1.68)

1
0.59 (0.41, 0.85)
1.19 (1.04, 1.36)
1.41 (1.21, 1.65)
1.59 (1.33, 1.89)

ZACK et al. Page 21
Interviewer-Adjusted Adjusted®
Variable PR (95% CI) PValue§ PR (95% CI) P Value8
Physical activity quintile <0.0001% 0.18%
Highest (144.0-1008.0 MET-hrs/wk) 1 1
Higher (47.0-141.3) 1.10 (0.92, 1.32) 1.03 (0.86, 1.24)
Average (14.7-46.7) 1.28 (1.06, 1.54) 1.09 (0.90, 1.30)
Lower (4.4-14.0) 1.37 (1.14, 1.65) 1.12 (0.93, 1.35)
Lowest (0.0-4.0) 1.58 (1.31, 1.90) 1.16 (0.95, 1.42)
Television watching, hours per day 0.48 0.60
0 1 1
>0-<2 0.92 (0.81, 1.05) 0.93 (0.82, 1.07)
22 0.95 (0.82, 1.10) 0.94 (0.81, 1.09)
Smoking 0.0002 0.18
Never 1 1
Former 1.28 (1.12, 1.47) 1.10 (0.95, 1.27)
Current, 0-9 cigarettes per day 0.80 (0.60, 1.08) 0.83(0.62, 1.11)
Current, 210 cigarettes per day 1.16 (0.73, 1.85) 1.27 (0.79, 2.03)
Alcohol use ™™ 0.09 0.27
0 grams/day 1 1
>0-<10 grams/day 0.84 (0.71, 1.00) 0.92 (0.77, 1.10)
210 grams/day 1.05 (0.86, 1.29) 1.13 (0.92, 1.39)
BMI, kg/m? <0.00017 <0.00017#

1duosnuey Joyiny

1duosnuen Joyiny

*
Hypertension defined as SBP 2140 mmHg, DBP =90 mmHg, and/or self-reported anti-hypertensive drug use
fAdjusted for interviewer (n=21)
'tAdjusted for covariates included in the table and interviewer
§ 2 . .
X < test unless otherwise specified
A household wealth index was created by principal component analysis of household characteristics and household asset ownership.
#Test of trend based on median value within each category

*K
Defined based on number of days consumed alcohol over the past 30 days and the average number of drinks per drinking session
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