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Background: Hypertension is a major risk factor for cardiovascular morbidity and mortal-
ity. Increasingly, evidence suggests that 24-hour ambulatory blood pressure (BP) monitoring
(ABPM) is more accurate than clinic BP in predicting cardiovascular risk. However, this
association has not been widely studied in subSaharan Africa, especially in Tanzania.
Aim: To explore the relationship between 24-hour ABPM profiles and cardiovascular risk
factors in comparison with clinic BP among Muhimbili University of Health and Allied
Sciences (MUHAS) employees.

Methods: A descriptive cross-sectional study was conducted from October 2018 to
February 2019. Socio-demographic and cardiovascular risk information was gathered. We
used an automated ABPM device to record 24-hour ambulatory BP. Correlation between BP
profiles and cardiovascular risk factors was done using Pearson’s correlation coefficient, and
independent factors for hypertension were determined using logistic regression analysis.
P-value of <0.05 was considered statistically significant.

Results: In total, 390 employees participated. Their mean age was 40.5 + 8.9 years, and
53.6% were men. The mean office systolic and diastolic BP were 126+12 mmHg and 78+13
mmHg, respectively, while the corresponding values for mean 24-hour ABPM were 122+14
and 75410 mmHg. The prevalence of hypertension was 23.1%. The prevalence of white coat
hypertension was 16.2%, while masked hypertension and nocturnal non-dipping were present
in 11.5 and 66.7%, respectively. Overall, the mean 24-hour systolic BP showed the strongest
correlations with cardiovascular risk factors while mean office systolic BP showed least.
Independent associated factors of hypertension were male gender, age >40 years, family
history of hypertension, central obesity, raised cholesterol and uric acid levels, all p<0.01.
Conclusion: Compared to office BP, ABPM measurements had stronger correlations with
cardiovascular risk factors in this population, and therefore likely to reflect true BP. ABPM
has revealed high proportion of masked, white coat and nocturnal non-dipping, supporting
use of ABPM to detect these clinically important BP profiles.

Keywords: ambulatory blood pressure, cardiovascular risk factors, hypertension, white coat

hypertension, masked hypertension, nocturnal non-dipping, Tanzania, sub-Saharan Africa

Introduction

Hypertension is a major risk factor for cardiovascular morbidity and mortality
worldwide.' In sub Saharan Africa, recent data have shown hypertension to be
increasing at an alarming rate,” and on average the region already has a higher
prevalence of hypertension when compared to that seen in high income countries of

Europe and North America.* Hypertension has been considered one of the leading
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health challenges in sub Saharan Africa.” Understanding
hypertension in the local context is therefore critical for
proper prevention and management plans. Most of pre-
vious studies in sub Saharan Africa have been based on
screening or clinic single-setting blood pressure (BP) mea-
surements to determine the prevalence and associated fac-
tors of hypertension.” Although not yet the standard for
community hypertension screening, a substantial number
of current guidelines have emphasized the use of 24-hour
ambulatory BP monitoring (ABPM) to confirm hyperten-
sion, especially among new hypertensives.* '° This is
because as opposed to clinic BP, ABPM provides
a detailed understanding of one’s BP changes with daily
activities and during sleep, therefore ABPM is able to
identify individuals with high BP when measurements
are taken at the clinic, known as white coat hypertension
as well as identify individuals with normal BP measure-
ments at the clinic but raised while at home; known as
masked hypertension.'" Furthermore, ABPM can identify
individuals with persistent high BP during sleep (non-
dippers) - itself an independent predictor of stroke.'*'?
Experience from large longitudinal studies in Europe,
Asia and North America has shown that 24-hour ABPM
produces better correlations with cardiovascular risk fac-
tors and has proven to be more accurate than office BP in
predicting cardiovascular morbidity and mortality.'* !¢ In
sub Saharan Africa, interest is growing in ABPM, as
evidenced by several recent publications from the region,

both from hospital and in the

1722

settings general

population, and even cut-off points for ABPM have
been suggested for people in sub Saharan Africa.”
A recent meta-analysis found the prevalence of white
coat and masked hypertension to be high (11% and
14.8%, respectively), especially among urban dwellers
across Africa, and recommended the use of out-of-office
BP measurements to detect people with these conditions.?*
However, data on ABPM are still missing in Tanzania,
where only one previous study has been carried out among
79 elderly (>70 years) citizens in Northern Tanzania.?
There is therefore scarcity of information on ABPM in
Tanzania, and information is still limited on how well
ABPM relates to the traditional cardiovascular risk factors
when compared to clinic BP in our populations. We there-
fore sought to study the 24-hour ABPM profiles in
a sample of Muhimbili University of Health and Allied
Sciences (MUHAS) employees and to determine the rela-
tionship between ABPM profiles and cardiovascular risk
factors in comparison with clinic BP findings.

Materials and Methods
Study Design and Duration

This was a descriptive cross-sectional study conducted
over a period of 5 months from October 2018 to
February 2019.

Study Area and Population

The study was conducted at MUHAS - the oldest and
largest Public University for Health Sciences in
Tanzania, located in the commercial city of Dar es
Salaam. During the time of this data collection, MUHAS
had two campuses; Muhimbili Campus and Mloganzila
Campus (which incorporated the MUHAS Academic
Medical Center) with a total of 648 staff (306 academic,
and 342 administrative and technical staff), of whom
40.7% were females. All active MUHAS employees at

the time of data collection were invited to participate.

Sample Size

The sample size was calculated using the Kish-Leslie
formula and a total of 351 subjects was enough to deter-
mine the prevalence of hypertension at a power of 80%,
using the previous known hypertension prevalence of
25.9% in the Tanzanian adult population.”> The sampling
frame included all MUHAS employees, and a convenience
sample of employees who responded to the request to
participate in the study formed the study population.

Data Collection Methods

A structured questionnaire was used to collect information
on socio-demographic characteristics of the participants,
previous and family history of cardiovascular disease, as
well as information on smoking and alcohol consumption.

Anthropometric Measurements

Height was measured using a stadiometer and was
recorded to the nearest 1 cm. Body weight was measured
using a weighing scale (Momert®, China), with partici-
pants wearing light clothing and without shoes. It was
measured in kilograms (kg) and averaged to the nearest
tenth of a kilogram. Body mass index (BMI) was calcu-
lated by dividing the participants’ weight in kg by the
participants’ height in meter squared (m?). BMI levels
were used to categorize participants as normal weight
(£24.9 kg/m?), overweight (25.0-29.9 kg/m?) and obese
(>30 kg/m?).*® Waist circumference was measured using
a tape measure at the level of the umbilicus and was
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recorded to the nearest centimeter. Abdominal obesity was
considered present when the waist circumference was
>102 cm and 88 cm in men and women respectively.?’

Blood Pressure Measurements

Office BP was measured on the participant’s left arm using
a mercury sphygmomanometer. Measurements were taken
in a quiet room after the participant had a 5 minute rest,
seated comfortably in a chair with the back and left arm
supported, legs uncrossed and the upper arm at the level of
the right atrium. A proper cuff size was used, and readings
were rounded to the nearest 2 mmHg. Three measurements
were taken and the average of the last two was recorded as
the participant’s office BP.

Ambulatory BP measurement was initiated immedi-
ately after recording of office BP. Measurements were
done using an automated ABPM device (Jawon Medical
FA48", Korea) which has been clinically validated,”® and
currently in use at the MUHAS Academic Medical Center.
BP recordings were done every 15 minutes between 07:00
and 22:00 hours, and every 30 minutes between 22:00 and
7:00 hours, and followed the criteria for ABPM according
to the European Society of Hypertension guidelines.''
Participants were given a diary to record the time they
went to sleep at night and the time they woke up in the
morning, and were asked to avoid vigorous physical activ-
ities on the day of the test. A minimum number of 20
daytime, and 7 nighttime ABPM recordings was set as
sufficient recordings for inclusion in the analysis."'

Definitions for Blood Pressure Findings

Office hypertension was defined as BP of more than or
equal to 140 mmHg systolic and/or 90 mmHg diastolic.*
Ambulatory hypertension was defined as average daytime
ABPM of >135 mmHg systolic and/or 85 mmHg diastolic.
White coat hypertension was defined as office BP of >140/
90 mmHg with average daytime ABPM of <135/85
mmHg. Masked hypertension was defined as clinic BP of
<140/90 mmHg with average daytime ABPM >135/85
mmHg, while we defined nocturnal non-dipping as a less
than 10% decrease in systolic and/or diastolic BP from day
to night."" We further defined 24-hour hypertension as
average 24-hour ABPM of >130 mmHg systolic and/or
>80 mmHg diastolic, nocturnal hypertension as average
nighttime ABPM of >120 mmHg systolic and/or >70
mmHg diastolic, and isolated nocturnal hypertension as
presence of nocturnal hypertension with normal average
daytime ABPM.''® Extreme nocturnal dipping was

defined as average day-to-night BP reduction of >20%,
while reserve dipping was defined as average day-to-
night BP reductions of <0%.''® Participants were cate-
gorized as true normotensives when they had normal BP
readings by both office and ABPM, and as sustained
hypertensives when they had elevated BP readings by
both clinic and ABPM."!

Laboratory Investigations

All participants underwent blood tests. The tests included
serum glucose levels, serum lipid profile (total cholesterol,
low-density lipoprotein cholesterol, high-density lipopro-
tein cholesterol and triglycerides levels), serum creatinine
and serum uric acid levels. Participants were asked to fast
overnight before blood collection the next morning. Four
milliliters of blood were collected and all blood tests,
except fasting blood glucose, were analyzed at MUHAS
Academic Medical Centre laboratory using the Architect
Plus ci410®analyzer. Fasting blood glucose was analyzed
(Accucheck
Performa®, Roche). Diabetes was defined as fasting

on-spot using a portable glucometer
blood glucose of 7.0 mmol/l or previous diagnosis of
diabetes with

Hypercholesterolemia was defined as total cholesterol

mellitus use of medications.®'
level > 5.2 mmol/l, while elevated low density lipoprotein
cholesterol was defined as serum low density lipoprotein

cholesterol >3.4 mmol/1.3?

High density lipoprotein cho-
lesterol was considered low when it was < 1 mmol/l.
Serum creatinine was used to calculate estimated glomer-
ular filtration rate (¢GFR), using the Modification of Diet
in the Renal Disease (MDRD) equa‘cion,33 and the eGFR
was considered low when it is <60 mL/min/1.73 m”.
Serum uric acid level was considered elevated when it is

>7.0 mg/dl.>*

Data Handling and Analysis

Data obtained from the questionnaires were entered elec-
tronically in the computerized software program, statistical
package of social sciences (SPSS) version 20 for Windows
for data analysis. There was cross checking of filled ques-
tionnaires after data collection for quality control of data.
The main outcome variable was ambulatory BP findings.
Continuous variables were expressed as mean = SD or as
median and interquartile ranges. Comparisons of categori-
cal variables between groups were performed using chi-
squared test or Fisher’s exact test, while comparisons
between means were determined using Student’s #-test.
Bivariate linear correlations

were assessed using
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Pearson’s correlation coefficient to determine the associa-
tion between ABPM profiles, office measurements, and
continuous demographic and cardiovascular risk factor
variables. Multivariate logistic regression analysis was
used to determine independent associations between the
presence of hypertension and binary variables. All tests
were two sided and a p-value of less than 0.05 was
considered statistically significant.

Ethical Considerations

The study was conducted in accordance with the Helsinki
Declaration on studies involving human subjects. Ethical
clearance was obtained from the Directorate of Research
and Publication at Muhimbili University of Health and
Allied Sciences (MUHAS) and permission to conduct the
study was obtained from MUHAS administration. All
participants signed an informed consent form after they
fully understood the information and agreed to participate
in the study. Confidentiality and privacy were assured.

Results
Socio-Demographic and Clinical

Characteristics
In total, 390 MUHAS employees were studied, 78.2%
were from Muhimbili campus and 53.6% were men. The
mean + SD age of the total study population was 40.5+8.9
years (range 24-59 years). Positive family history of
hypertension was found in 35.4% of the participants
while 15.6% and 2.1% were known hypertensives and
diabetics, respectively. Alcohol intake (self-reported regu-
lar intake) was present in 44.1% of the total population,
with men being a larger proportion of alcohol drinkers
(66%) when compared to women (18.8%), p <0.0001.
Only 13 (3.3%) participants (all men) reported to have
ever smoked cigarettes. Table 1 summarizes demographic
and clinical characteristics in the total population.
Laboratory findings are presented in Table 2. In the
total population, the mean fasting blood glucose, total
cholesterol, triglycerides and uric acid levels were all in
the normal range. However, there were 13 (3.3%) partici-
pants with raised fasting blood glucose, 92 (23.6%) parti-
cipants with hypercholesterolemia, and 53 (13.6%) with
hyperuricemia, Table 2. Likewise, the mean serum creati-
nine of the total population was normal (86.3 pmol/l), but
17 (4.4%) of participants had lower estimated glomerular
filtration rate (all women) indicating impaired renal func-
tion, Table 2.

BP Profiles and Correlation with

Cardiovascular Risk Factors

Table 3 shows office and ambulatory BP findings in men and
women separately, and in the total population. All (100%)
participants had successful ABPM recordings as per defined
criteria for inclusion, and were analyzed. Men had signifi-
cantly higher mean values for all systolic and diastolic BP
measurements. In the total population, 82 (21%) participants
were found to have office hypertension (i.e., office BP >140
systolic and/or >90 mmHg diastolic). Sixty-four (16.4%)
participants were found to have hypertension by ambulatory
daytime BP (i.e., mean ambulatory day-time BP >135 mmHg
systolic and/or >85 mmHg diastolic). Ambulatory day-time
hypertension was significantly more prevalent in men (22%)
than in women (9.9%), p = 0.001, Table 3. Other ABPM
findings were as seen in Table 3.

In the total population (excluding those on treatment
for hypertension, n = 55), an analysis of the different
hypertension phenotypes showed 242 (72.2%) participants
were true normotensive, 13 (3.9%) had sustained hyper-
tension, 58 (17.3%) had white coat hypertension and the
remaining 22 (6.6%) had masked hypertension.

Univariate correlations of mean systolic and diastolic
BP with continuous variables are shown in Table 4 and in
Figure 1A and B. There were significant correlations
between most of the tested known risk factors for hyper-
tension and mean ambulatory daytime systolic and diasto-
lic BP measurements.

Figure 1A and B compare the strengths of correlations
between continuous variables age, body mass index, waist
circumference, fasting blood sugar, total cholesterol, trigly-
cerides, uric acid, serum creatinine and estimated GFR, with
mean systolic (Figure 1A) and diastolic (Figure 1B) BP for
office and ambulatory BP profiles. By comparison, the mean
24-hour ambulatory systolic BP performed best when com-
pared to other ambulatory and office systolic BP findings in
terms of best overall correlations with the variables tested,
while office systolic BP performed least. Considering diasto-
lic BP, the mean ambulatory sleep time diastolic BP had the
overall strongest correlation with the tested variables, and
again office diastolic BP performed least.

Prevalence and Associated Factors of

Hypertension
In this study, overall hypertension was defined as raised
ambulatory daytime BP of >135 mmHg systolic and/or

>85 mmHg diastolic or known hypertensive on
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Table | Demographic and Clinical Characteristic of Study  Table 2 Laboratory Findings of Study Participants
Participants -
Laboratory Findings n (%) or Mean

Characteristics n (%) or Mean xSD sD

Age (years) 40.5 + 89 Fasting blood glucose (mmol/l) 4.5+ 0.6

Proportions with diabetes mellitus n (%) 13 (3.3)
Age groups (years); n (%) Total serum cholesterol (mmol/l) 45+ 09
<30 67 (17.2) ) o
Proportions with raised total cholesterol n (%) 92 (23.6)
3140 138 (354) Serum HDL-Cholesterol (mmol/l) 1.19£0.13
1;)50 |5296((|352.'|3)) Serum LDL-Cholesterol (mmol/l) 24 +04
Proportion with raised LDL-Cholesterol, n (%) 18 (4.6)

Work station; n (%) Serum Triglycerides (mmol/l) 1.53 £ 0.27
Mloganzila campus 85 (21.8) Proportion with raised Triglycerides, n (%) 87 (22.3)
Muhimbili campus 305 (78.2) Serum Uric acid (mmol/l) 0.36 £ 0.12

Proportions with hyperuricemia, n (%) 53 (13.6)

Education level; n (%) Serum Blood Urea Nitrogen (mmol/l) 3.96 + 0.93
Primary 15(38) Serum Creatinine (umol/l) 86.3 + 17.4
Secondary 59 (151) Estimated GFR (mL /min /1.73 m2) 94.9 + 233
College/University 316 @1) Proportions with eGFR <60, n (%) 17 (4.4%)

Staff category; n (%) Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein;
Academic staff and Doctors 66 (16.9) eGFR, estimated glomerular filtration rate.

Nurses 54 (13.8)
Administrative and Technical staff 270 (69.2)
indicating uncontrolled hypertension in this group.

Marital status; n (%) .. . .

Single 94 (24.1) Compared to participants without hypertension, those

Married 280 (71.8) with hypertension were more likely to be men, were

Divorced/Widowed 16 (4.1) older and were more likely to be from Muhimbili campus,

] all p < 0.05, Table 5. Furthermore, hypertensive partici-
Weight (kg) 689 £ 113 . .

pants were more likely to have smoked cigarettes as well

Height (m) .60 £ 0.06 as more likely to have positive family history of hyperten-

Body Mass Index (kg/m?) 27.1 £ 4.6 sion, Table 5.

Obesity status; n (%) Socm—dem.ogr.aphlc, chmc.t:ll .and la‘?oratow parameters
Normal 125 (32.0) that showed significant associations with being hyperten-
Overweight 140 (35.9) sive among MUHAS employees were entered in
Obese 125 (32.1) a multivariable logistic regression analysis model. After

Positive family history of hypertension; n (%) 138 (35.4) removal of correlated parameters (e.g., weight and BMI),

the final best fitting model included gender, age, family

Known hypertensive; n (%) o1 (156 history of hypertension, central adiposity, hypercholester-

Known diabetic; n (%) 8 (2.1) olemia and hyperuricemia. In this multivariate logistic

Consuming alcohol; n (%) 172 (44.1) regression analysis, the independent associated factors for

- the diagnosis of hypertension were male gender, age >40

Ever smoked; n (%) 13 33) years, positive family history of hypertension, central obe-

medications. In the total population, 90 (23.1%) partici-
pants fulfilled the definition of having hypertension while
the remaining 300 (76.9%) did not have hypertension. Of
the 90 participants with hypertension 61 (67.8%) were
known to have hypertension while 29 (32.2%) were
newly diagnosed during this screening. Furthermore, out
of the 61 previously known hypertensives, 35 (57.4%)
were found to have raised BP on mean daytime ABPM,

sity, as well as high serum total cholesterol and elevated
uric acid levels, p < 0.05 for all, Table 6.

Discussion
Blood pressure of an individual increases with age and is
closely related to other cardiovascular risk factors namely
overweight and obesity, dyslipidemia, insulin resistance
and other of metabolic

components syndrome.*’

Therefore how close the person’s blood pressure is to
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Table 3 Office and 24-Hour Ambulatory Blood Pressure Findings of Study Participants
BP Findings Men (n = 209) Women (n = 181) Total (N = 390) *p-value
Office Systolic BP (mmHg) 128 £ 12 124 £ 13 126 £ 12 0.001
Office Diastolic BP (mmHg) 80+ 14 76 =11 78 £13 0.004
Daytime Systolic BP (mmHg) 129 £12 123 £11 126 £ 12 <0.001
Daytime Diastolic BP (mmHg) 79+ 10 75+ 10 77 £ 10 <0.001
Sleep time Systolic BP (mmHg) 121 £ 17 16 £ 17 118 £ 18 0.006
Sleep time Diastolic BP (mmHg) 74+ 11 70 £ 13 72+ 12 0.002
24-hour Systolic BP (mmHg) 125 £ 13 119 £ 14 122 + 14 <0.001
24-hour Diastolic BP (mmHg) 77+ 10 7211 75+ 10 <0.001
Participants with Office hypertension, n (%) 49 (23.4) 33 (18.2) 82 (21.0) 0.208
Participants with Ambulatory Daytime hypertension, n (%) 46 (22.0) 18 (9.9) 64 (16.4) 0.001
Participants with 24-hr hypertension, n (%) 101 (48.3) 53 (29.3) 154 (39.5) <0.001
Participants with nocturnal hypertension, n (%) 136 (65.1) 78 (43.1) 214 (54.9) <0.001
Participants with isolated nocturnal hypertension, n (%) 91 (43.5) 66 (36.5) 157 (40.3) 0.155
Participants with white coat hypertension, n (%) 30 (14.4) 33 (18.2) 63 (16.2) 0.299
Participants with masked hypertension, n (%) 27 (12.9) 18 (9.9) 45 (11.5) 0.359
Participants with nocturnal non-dipping, n (%) 133 (63.6) 127 (70.2) 260 (66.7) 0.173
Participants with extreme dipping, n (%) 23 (11.0) 20 (11.0) 43 (11.0) 0.989
Participants with reverse dipping, n (%) 55 (26.3) 39 (21.5) 94 (24.1) 0.272
Participants with normal dipping, n (%) 52 (24.9) 28 (15.5) 80 (20.5) 0.022

Notes: Results are mean * SD unless stated otherwise; *p-value, comparing differences between men and women.

these factors, is related to the true blood pressure of that  hypercholesterolemia,  hyperuricemia and  obesity,

individual. We found in this study that BP profiles
obtained from ABPM measurements were more strongly
related to other cardiovascular risk factors when compared
to office BP measurements. Our findings are in keeping
with previous studies that have shown ABPM to be super-
ior to office BP in determining an individual’s cardiovas-
cular risk as well as the cardiovascular risk outcome.***” It
is however important to note that the superiority of ABPM
over conventional office BP in the follow-up of hyperten-
sive patients is still controversial, and is an area of active
research.’® Furthermore, the cost of ABPM may be
a limiting factor in Tanzania and many other sub Saharan
African countries, as most of patients still depend on out-
of-pocket financing to cover their medical bills.>**° In this
study the mean 24-hour systolic BP out-performed other
ABPM profiles as well as office BP in terms of the
strength of correlation with CV risk factors. This finding
is similar to that found by investigators in Brazil as well as
in a large population-based study that included subjects
from Europe, Asia and South America.*'*? In the study by
Yang et al,** mean 24-hour systolic BP had the strongest
hazard ratio of predicting cardiovascular events when
compared to other ABPM profiles.

The fact that mean ambulatory BP showed stronger
with the modifiable like

correlations risk factors

suggests that most of the BP increase in this population
is related to lifestyle, and that control measures should
target lifestyle modification. Furthermore, estimated GFR
as a measure of renal function is strongly related to one’s
BP and may indicate the effect of sustained high BP on the
kidneys. Our results show that sleep time BP was more
strongly related to one’s levels of estimated GFR in this
population, and the higher the mean night-time BP, the
lower the estimated GFR. Previous studies have found
nocturnal high BP to predict development of chronic kid-
ney disease (CKD) in the general population.*> On the
other hand, patients with CKD have been found to have
less BP fall during sleep,** indicating that the relationship
between nighttime BP and renal function is two-way. As
the present study was cross-sectional, the observed asso-
ciation can be a result or an underlying factor for future
kidney dysfunction, therefore follow-up studies are needed
to further understand the association between ABPM pro-
files and development of CKD in our African populations.

We found 16% of our study participants had white coat
hypertension, which is within the range of white coat
hypertension reported in documented literature of
9-23%.* This proportion is also similar to that found by
investigators in South Africa where white coat hyperten-

sion was present in 18% of all participants in that study.*®
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Table 4 Correlates of Ambulatory Day-Time Mean Systolic and Diastolic Blood Pressure

Factors Mean Daytime SBP Mean Daytime DBP
r p-value r p-value

Age (years) 0.323 <0.001 0.247 <0.001
Weight (kg) 0.256 <0.001 0.206 <0.001
Height (m) —0.094 0.065 —0.078 0.126
BMI (kg/m?) 0.286 <0.001 0.219 <0.001
Waist circumference 0.139 0.006 0.088 0.081
Fasting Blood Sugar (mmol/l) 0.446 <0.001 0316 <0.001
Total Cholesterol (mmol/l) 0.707 <0.001 0.49 <0.001
HDL-Cholesterol (mmol/l) 0.733 <0.001 0.306 <0.001
LDL-Cholesterol (mmol/l) 0.439 <0.001 0.351 <0.001
Triglyceride (mmol/l) 0.49 <0.001 0.285 <0.001
Uric acid (mmol/l) 0.652 <0.001 0.496 <0.001
Serum Creatinine (umol/l) 0.67 <0.001 0.439 <0.001
eGFR (mL /min /1.73m2) —0.362 <0.001 —0.208 <0.001
Urea Nitrogen (umol/l) 0.465 <0.001 0.284 <0.001

Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein; eGFR, estimated glomerular filtration rate.

However, our findings contrast those obtained in a sample
of rural individuals from Kenya'® as well as from a cohort

of elderly participants in Tanzania,*

most likely due to
differences in the studied populations. The implication for
this finding is that up to 16% of individuals in our study
population could have been subjected to unnecessary use
of antihypertensive medications if only office BP was used
to diagnose hypertension.

We found in this study that the proportion of partici-
pants with masked hypertension was 11.5%, meaning
these participants would have been considered normoten-
sive if only office BP measurements were used to screen
for hypertension. This figure lies within the world average
prevalence of 6.7-20%,* as well as within the prevalence
reported from studies in sub Saharan Africa
(5.1-16.1%)."%2*?? The slight differences from ours and
the studies from the region are likely due to the differences
in the studied population in terms of age and urban-rural
settings between the studies. Masked hypertension has
been considered harmful and it requires treatment, as
several large population studies have shown that the con-
dition carries an increased risk of all-cause as well as
cardiovascular mortality.*”** In the Japanese general
population cohort for example, masked hypertension was
associated with a 2-fold increased risk of first stroke.*’
Given the high and increasing rate of cardiovascular dis-
eases and stroke in our African populations,*’ there is

a need to actively look for masked hypertension,

especially in individuals with overall increased cardiovas-
cular risk profile, in order to detect this otherwise non-
benign condition.

Lack of normal BP circadian rhythm of 10-15%
decreased BP during sleep is known as nocturnal non-
dipping and is associated with increased development of
target organ damage such as left ventricular hypertrophy
and sub-clinical systolic dysfunction,*® as well as occur-
rence of cardiovascular and more importantly cerebrovas-
cular events.'*** We found that a high proportion (66.7%)
of participants in our sample had nocturnal non-dipping.
These findings are similar to the finding in a sample of an
elderly cohort in Tanzania where non-dipping was present
in 69.6%.%° The anxiety of having a BP device during
sleep could explain some of the reasons for high preva-
lence of non-dipping in our sample, as suggested by other
investigators.m’5 ' However, linked to stroke, this trend
warrants further investigations as in Tanzania stroke is
very prevalent,”® and it is possible that the phenomenon
partly explains the high stroke rate in the country.

Our study has revealed that among known hyperten-
sives on medications, more than half (57.4%) had their BP
uncontrolled in this otherwise educated middle class popu-
lation. This is similar to a finding from a systematic review
of literature in sub Saharan African countries® and calls
for more aggressive BP control measures. In an interesting
observation recently published by Nsutebu et al, use of
ABPM clinical

improved decision-making  for
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antihypertensive therapy review and therefore improved
BP control in a cohort of hypertensive adults attending
a cardiac clinic in Kumasi, Ghana,* adding to the impor-
tance of ABPM in our settings.

The overall prevalence of hypertension found in this study
(23.1%) is almost similar to the Tanzania’s hypertension pre-
valence of 25.9% obtained in the WHO STEPS survey.** This
finding is also similar to a similar population of nurses and
teachers from a study by Guwatudde et al including data from
four SSA countries, including Tanzania.>* Furthermore, the
independent associations of hypertension found in this study
reflect the known traditional risk factors for hypertension pre-

> and elsewhere.’® Male

viously documented in the region’
gender was strongly associated with the diagnosis of hyperten-
sion at an 8-fold increased likelihood in our cohort. This gender

disparity has been reported by others and especially among

younger adults.”” Of note, our population was also young, with
mean age of 40 years, likely explaining the great disparity in
hypertension prevalence. On the other hand, increasing age,
higher waist circumference, hyperlipidemia and hyperuricemia
were all independently associated with the diagnosis of hyper-
tension in this cohort. These factors reflect the general knowl-
edge that although termed “essential”, hypertension is always
associated with inherent genetic risk (positive family
history),”™ normal aging physiology (increasing age)™ and
superimposed with lifestyle risks (obesity, hyperlipidemia,
hyperuricemia).*’

Our relatively larger study population compared to the
previous study from Tanzania is one of the strengths of this
study. The limitations of this study include its cross-sectional
nature and therefore we could not establish a causal relation-
ship between the presence of hypertension and the risk factors
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Table 5 Socio-Demographic, Clinical and Laboratory Findings in Study Participants with and without Hypertension

Characteristics Non-Hypertensive (n = 300) Hypertensive (n = 90) p-value
Women, n (%) 150 (50) 31 (344) 0.009
Age (years) 385+ 86 472 + 6.1 <0.001
Staff category, n (%)

Nurses 47 (15.7) 7 (7.8) 0.02

Academic staff and Doctors 56 (18.7) 10 (11.1)

Administrative and Technical staff 197 (65.7) 73 (81.1)
Marital status, n (%)

Single 82 (27.3) 12 (13.3) <0.001

Married 214 (71.3) 66 (73.3)

Divorced/widowed 4 (1.3) 12 (13.3)
Family history of hypertension, n (%) 79 (26.3) 59 (65.6) <0.001
Ever smoked, n (%) 5(1.7) 8 (8.9) 0.001
Consuming alcohol, n (%) 127 (42.3) 45 (50.0) 0.199
Body Mass Index (kg/m?) 26 + 42 31 +38 <0.001
Obesity class, n (%)

Normal weight 125 (41.7) 0 (0.0) <0.001

Overweight 114 (38.0) 26 (28.9)

Obese 61 (20.3) 64 (71.1)
Waist circumference (cm) 88 +8 92+7 <0.001
Raised waist circumference, n (%) 51 (17.0) 27 (30.0) 0.007
Fasting Blood Glucose (mmol/l) 44+03 49+1.0 <0.001
Raised glucose, n (%) 0 (0.0 13 (14.4) <0.001
Total Cholesterol (mmol/l) 43 +0.5 54 1.1 <0.001
Raised Total Cholesterol, n (%) 31 (10.3) 61 (67.8) <0.001
Triglycerides (mmol/l) 1.46 (0.17) 1.76 (0.37) <0.001
Raised Triglycerides level, n (%) 43 (14.3) 44 (48.9) <0.001
Uric Acid level (mmol/l) 0.32 + 0.08 048 £ 0.16 <0.001
Raised Uric Acid, n (%) 12 (4.0) 41 (45.6) <0.001
Serum Creatinine (umol/l) 82+ 12 102 + 23 <0.001
eGFR (mL /min /1.73m2) 99 + 21 80 + 26 <0.001
Proportion with eGFR <60, n (%) 6 (2.0) 11 (12.2) <0.001

Note: Results are mean * SD, unless stated otherwise.
Abbreviation: eGFR, estimated glomerular filtration rate.

detected. Furthermore, because participants were enrolled as
a convenience sample of those that responded to the request to
participate, the findings may not be generalizable to all
MUHAS employees. The studied population is unique since
it was mainly people from middle class educated population,

and therefore comparisons can only be done with similar study

populations. Also, the collected data were not comprehensive
to calculate individual participants’ cardiovascular risk scores.
However, the main objective was to determine how well
(compared to office BP) ABPM measurements are related to
the person’s cardiovascular risk profile as well as to determine

the rate of occurrences of white coat, masked and nocturnal
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Table 6 Independent Associations of Hypertension Among MUHAS Employees Obtained in Multivariate Logistic

Regression Analysis

Variables Odds Ratio 95% CI p-value
Male gender 7.96 2.50-25.30 <0.001
Age 240 years 3.94 1.66-9.33 0.002
Positive family history of hypertension 5.60 2.61-12.04 <0.001
Central obesity 8.98 2.72-29.70 <0.001
Ever smoked 0.42 0.08-2.20 0.301
Elevated total cholesterol 3.84 1.56-9.50 0.004
Elevated uric acid 7.90 2.55-24.43 <0.001

oo

non-dipping profiles in our setting, and we feel this has been
reasonably achieved.

Conclusion
Compared to office BP, ABPM measurements had stronger
correlations with cardiovascular risk factors in this popula-

O

tion of University employees, and therefore likely to reflect
their true BP. Furthermore, use of ABPM has revealed a high
proportion of masked hypertension, white coat hypertension
and nocturnal non-dipping, supporting use of ABPM to

10.
detect these clinically important BP findings.
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