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Abstract

Background: Despite of the recommendations to use population specific blood pressure (BP) references which
consider time, ethnicity and environmental factors, there is limited information regarding BP profile among
Tanzanians. This cross sectional study was done to determine casual BP profile among healthy volunteer
students of the Catholic University of Health and Allied Sciences in Mwanza, Tanzania.

Methods: Socio-demographic and lifestyle data were collected using questionnaires. Systolic BP (SBP) and
diastolic BP (DBP) were measured using aneroid sphygmomanometer.

Results: A total of 299 students (males=204; females=95) were involved in the study. Their mean age was 23.4 +
0.2 years. SBP ranged from 82-1sommHg (mean= 115.7 + 0.7mmHg) and DBP ranged from 44-100mmHg (mean=
71.920.6mmHg). Mean arterial pressure (MAP) was 86.5+t0.5mmHg. Males had significantly higher BP than
females; and BP was noticed to increase with increased age and body weight. Upper limits of the normal SBP
and DBP calculated as mean + 2SDs and 95 percentiles were 140.5mmHg and 138mmHg, respectively and for
DBP were 91.8 mmHg and 90 mmHg, respectively.

Conclusion: The observed upper limits of the distribution of normal BP for the age of the participants are
higher than the World Health Organization recommended values. We recommend a larger study to determine
BP among healthy Tanzanians to establish the normal values.
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Introduction

Blood pressure (BP) is the force of blood pushing against the walls of blood vessels. Arterial blood
pressure (ABP) is usually expressed as systolic blood pressure (SBP) over diastolic blood pressure
(DBP). Significant reduction of BP (hypotension) leads to hypoperfusion of organs. On the other
hand, high BP (hypertension) increases the work load to the heart and blood vessels, the effect
which can lead to cardiac failure, stroke, heart attack, renal failure and retinal damage (Luft et al.,
1999; Cuspidi et al., 2001). In adults, the BP normally ranges between 90/60 mmHg and 120/8omm
Hg. Therefore, the upper limits of BP which is considered normal for adults is 120/80 mmHg
(Robinson & Brucer, 1939; Chobanian et al., 2003; Cifkova et al., 2003), although in clinical practice,
hypertension is considered when a seated BP of 140/90 or higher is recorded with well-maintained
equipment three or more consecutive times (Chobanian et al., 2003; Cifkova et al., 2003). Individuals
with intervening levels (121/81-139/89mmHg) are considered pre-hypertensive. This is the group that
has increased health risks and from which definite hypertension is more likely to develop in near
future (Chobanian et al., 2003).

Current recommendations from World Health Organization (WHO), International Society of
Hypertension and European Society of Hypertension/European Society of Cardiology refer 120/80
mmHg as optimal, 120/80-129/84 as normal, 130/85 -139/89 as high normal BP and >140/90 mmHg as
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hypertension (Cifkova et al., 2003). These reference values were set more than seven decades ago
based on statistical and clinical as well as mortality rate studies which were done in developed
countries (Robinson & Brucer, 1939).

While it is customary to apply the same BP reference ranges to patients with diverse
ancestral origins or who are exposed to different environmental conditions, it is known that there
are differences, particularly between “normal” values obtained from different ethnic populations
(Williams, 1969; Liebman et al. 1986; Alpert & Fox, 1993; Manatunga et al., 1993; Muntner et al., 2004;
Brummett et al., 2012) or the same ethnic group under different environment (Elliott & Marmot,
1983; Poulter et al., 1984, 1990; Pauletto et al., 1996). These differences suggest that different
reference ranges need to be considered for each population. The use of population specific
reference values should be considered because choosing unrelated “normal ranges” may lead to
either overestimation of hypertension and unnecessary use of antihypertensive drugs or delayed
diagnosis of hypertension. Indeed, some countries have started establishing their own population
specific BP reference ranges based on the distribution of BP among their populations (Chiolero,
2014). Additionally, age specific blood pressure has been reported to vary over decades (Kesteloot et
al., 1980; de Gaudemaris et dl., 1994; Muntner et dal., 2004). For instance, studies in the United States
in 1999-2000 showed that, age specific BP were significantly higher compared to 1988-1994 levels
(Muntner et al., 2004).

Despite of documented variations in BP by ethnicity and environmental factors, as well as by
time, there is limited information regarding the BP profile among Tanzanians. In diagnosing
hypertension or hypotension, physicians use reference values which were established more than
seven decades ago based on studies done in developed countries. Applicability of these reference
values to Africans particularly Tanzanians is not clearly known. Therefore, this study aimed to
determine the casual BP pressure profile of undergraduate students of Catholic University of Health
and Allied Sciences (CUHAS) in Tanzania.

Materials and Methods

Study subjects

The cross-sectional descriptive and analytical study was carried out at CUHAS in Mwanza, north-
western Tanzania. C Tanzanian healthy volunteers from among undergraduate students of CUHAS
were enrolled in this study. Non-Tanzanian students and/or those who were known to be suffering
from any cardiovascular disease such as hypertension and heart failure were excluded. Additionally,
a checklist was used to exclude students with symptoms and/or signs of cardiovascular diseases.
Female students who declared to be pregnant were also excluded. This population was selected
because it has representation of various Tanzanians ethnic groups, as the University enrols students
from different parts of the country.

Data collection

Structured self-administered questionnaires were used to collect socio-demographic and lifestyle
data as well as providing their recently measured body weight and height. Self-reported body
weight and height were used to estimate body mass index (BMI). Casual ABP was measured using
adult sized cuff aneroid sphygmomanometer (Wuxi Medical Instrument Factory, China) and a
Littmann Classic 1l S.E. stethoscope (3M Health Care, USA). The accuracy of the aneroid
sphygmomanometer was verified by comparing its readings with table mercury
sphygmomanometer’s readings for ten subjects who were recruited during their routine learning
activities. BP was measured by auscultatory technique following the procedures described by
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Chobian et al. (2003). In brief, subjects were required to seat quietly for at least 5 minutes in a chair
with the arm flexed and rested on a table. Subjects who reported to have smoked or used caffeine or
doing exercise were given at least 30 minutes resting before taking their BP. SBP was estimated as
the point in the gauge at which the first Korotkoff sound was heard, and the disappearance of
Korotkoff sounds was used to define DBP. SBP and DBP measurements were repeated twice for
each subject and the average recorded.

Data analysis

SBP and DBP were used to derive mean arterial blood pressure (MAP), which was calculated as DBP
+ 1/3(SBP — DBP). Statistical analyses were done using SPSS software version 17. Categorical data
were cleaned, edited, coded and entered into Microsoft Excel together with continuous data. Data
were then exported to SPSS for analysis. To determine the BP profile, the SBP, DBP and MAP are
expressed in ranges and mean * standard error of the mean (SEM). Means of various intervals of
SBP, DBP and MAP calculated using SPSS were used to draw frequency and percentage cumulative
curves for general description. Upper limits of normal BP distribution, which may be used as
operational threshold between normotension and hypertension, were determined as mean +2
standard deviations (SDs) and the 95™ percentile. Comparison of mean SBP, DBP and MAP by
various independent variables was done by repeated measures analysis of variance (ANOVA). When
significant ANOVAs were obtained, post-hoc analysis was performed using Tukey's Multiple
Comparison Testing. Statistical significance levels were fixed at two-tailed p-value of 0.05.

Ethical considerations

Ethical clearance was sought and provided by the joint CUHAS and Bugando Medical Centre
Research Ethics and Review Committee. Subjects voluntarily participated in the study and they
signed written informed consents.

Results

Characteristics of study participants

A total of 299 university students, aged 19-43 years (mean= 23.4 + 0.2 years) participated in this
study. Out of 299 participants, 204 (68.2%) were males and 95 (31.8%) were females. The participants
were from different parts of the country with majority of them (48.5%) being from Lake Zone
regions, namely Mwanza, Geita, Kagera, Shinyanga and Mara. Most of participants (58.9%) did not
have family history of hypertension. About three quarters (75.9%) of the participants reported to be
using moderate amount of salt in their diet while only 4 (1.3%) reported to use large amount of salt
and the rest using small amount. Most students (82.3%) were using fat diets while only 17.7% were
avoiding use of fat diets. About half participants were performing regular exercises on daily basis.
More than 98% participants were non-smokers and more than 82% were non-alcohol users.

Normal casual blood pressure

The SBP ranged from 82-150 mmHg with a mean of 115.7x0.7mmHg. The SBP values were normally
distributed with males’ curve being relatively higher compared to females’ curve (Figure 1A). Most
male and female participants had SBP of 110-120 mmHg. Upper limit of the SBP calculated as Mean +
2SDs was 140.5 mmHg (141.4 mmHg for males and 133.5 mmHg for females). The SBP covering 95
percentile was 138mmHg with the central 95™ percentile range of 9o-140mmHg as read off the
cumulative percent curve (Figure 1C). There was significant difference (p = 0.000) in mean SBP



between males and females with males having higher SBP (118.7+ 0.8 mmHg) than females (109.3%1.2

mmHg).
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Figure 1: Distribution of casual SBP among undergraduate students. A: frequency distribution curves; B:
cumulative frequency curves; C: cumulative percent curves

The DBP ranged from 44-100ommHg with a mean of 71.9x0.6mmHg. Most frequently measured DBP
was 61-70mmHg (71-8ommHg for males and 61-7ommHg for females) (Figure 2A). The DBP was also
normally distributed with the males’ graph being higher than females’ graph (Figure 2A). Upper limit
of DBP calculated as Mean+2SDs was 91.8mmHg (92.5mmHg for males and 89.smmHg for females).
The DBP covering 95™ percentile was gommHg with the central 95 percentile range of 50-9ommHg
as read off the cumulative curves (Figure 2C). DBP was significantly (p = 0.002) higher among males
(73.2 £ 0.7 mmHg) than among females (69.3 + 1.0 mmHg).
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Figure 2: Distribution of casual DBP among undergraduate students. A: frequency distribution curves; B:

cumulative frequency curves; C: cumulative percent curves
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MAP ranged from 63 — 113 mmHg with a mean of 86.5 + 0.5 mmHg. Most participants (both
males and females) had MAP of 81 - 9o mmHg (Figure 3A). The MAP was also normally distributed
with the males’ graph being higher than females’ graph (Figure 3A). Upper limit for MAP calculated
as Mean + 2SDs was found to be 105.1 mmHg (106.1 mmHg for males and 100.5 mmHg for females).
The 95 percentile of the MAP was 102 mmHg with the central 95 percentile range of 68 - 105
mmHg as read off the cumulative curves (Figure 3C). MAP significantly (p = 0.000) differed between
males and females, with males having higher MAP (88.3 * 0.6 mmHg) than females (82.6 * 0.9
mmHg).

SBP, DBP and MAP were all higher among older students than younger ones (Figure 4). SBP
for <21 years, 21-30 years and >30 years old participants were 113 + 1.9 mmHg, 115.9 + 0.8 mmHg and
127.6 + 4.5 mmHg respectively (p = 0.014). DBP were 69.2 + 1.6 mmHg, 72.2 + 0.6 mmHg and 79.9 + 2.3
mmHg for participants aged <21 years, 21 — 30 years and >30 years, respectively (p = 0.018). MAP was
83.8 + 1.3 mmHg for students aged <21 years, 86.7 £ 0.6 mmHg for students aged 21-30 years and
95.9 * 3.0 mmHg for >30 years old students (p = 0.004). However, a post-hoc analysis showed no
significant difference in SBP, DBP and MAP between subject aged <21 years and those aged 21-30
years.

Mean differences in SBP, DBP and MAP between subject aged <21 years and those aged 21 -
30 years were -2.84 (p = 0.331, 95% Cl -7.53, 1.85), -3.01 (p = 0.148, 95% Cl -6.79, 0.77) and -2.89 (p =
0.130, 95% Cl -6.40, 0.62), respectively. SBP mean difference between subjects >30 years and <21
years old was 14.55 (p = 0.010, 95% Cl 2.87, 26.22) and with those aged 21 — 30 years was 11.71 (p =
0.034, 95% Cl 0.71, 22.71). DBP significantly differed (mean difference 10.68, p = 0.021, 95% Cl 1.28,
20.07) between subjects aged <21 years and subjects aged >30 years but there was no significant
difference (mean difference 7.66, p = 0.105, 95% Cl -1.19, 16.51) between 21-30 years old subjects and
those aged >30 years. MAP like SBP significantly differed between subjects aged <21 years and
subjects aged >30 years and between 21 - 30 years’ subjects and those aged >30 years. MAP mean
difference between subjects >30 years and <21 years was 12.02 (p = 0.004, 95% Cl 3.29, 20.74) and
with those aged 21— 30 years was 9.12 (p = 0.025, 95% Cl 0.90, 17.34).
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Figure 3: Distribution of MAP among undergraduate students. A: frequency distribution curves; B: cumulative
frequency curves; C: cumulative percent curves



DBP and MAP increased with increase in BMI although no significant variation in SBP by BMI was
observed. SBP among underweight, normal, overweight and obese subjects were 106.9 * 3.7 mmHg,
115.9 + 0.7 mmHg, 115.4 + 2.3 mmHg and 122.8 + 6.4 mmHg respectively (p = 0.064). DBP among
underweight, normal, overweight and obese subjects were 67.7 £ 3.5 mmHg, 71.7 £ 0.6 mmHg, 72.2 +
1.5 mmHg and 82.8 + 2.8 mmHg respectively (p = 0.010). DBP mean difference between underweight
and obese subjects was -15.08 (p = 0.008, 95% Cl -27.33, -2.84) and between subjects with normal BMI
and obese ones was -11.07 (p = 0.009, 95% Cl -20.13, -2.01). DBP mean difference between overweight
and obese subjects was -10.57 (p = 0.026, 95% Cl -20.24, -0.90). However, there was no significant
difference in DBP between underweight and normal subjects (p = 0.624) as well as between
underweight and overweight subjects (p = 0.589).
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Figure 4: Increase in blood pressure with age

MAP among underweight, normal, overweight and obese subjects were 80.8+3.3mmHg,
86.4+0.6mmHg, 86.6+1.5mmHg and 96.1+3.6mmHg, respectively (p = 0.007). MAP mean difference
between underweight and obese subjects was -15.35 (p=0.003, 95% Cl -26.77, -3.93) while between
normal BMI and obese subjects was -9.72 (p = 0.016, 95% Cl -18.17, -1.27) and between overweight and
obese subjects was -9.55 (p = 0.033, 95% Cl -18.56, -0.53). There was no significant difference in MAP
between other group categories.

Table 1: Summary of the upper limits of the distribution of normal casual blood pressure
Upper Limits of the Distribution

Blood Pressure Mean + SEM
Mean + 2SDs 95" Percentile
Systolic Blood Pressure (mmHg) 115.7+ 0.7 140.5 138.0
Diastolic Blood Pressure (mmHg) 71.9 £ 0.6 91.8 90.0
Mean Arterial Pressure (mmHg) 86.5% 0.5 105.1 102.0

Upper limits of the distribution of casual blood pressure
The upper limits of BP distribution which can be used as an operational threshold between normal
blood pressure and hypertension among Tanzanian undergraduate students are summarized in table



1. The upper limits were determined by calculating the Mean+2 SDs and the 95 percentile of the BP
distributions.

Discussion

The present study is the first to describe blood pressure profile among selectively and subjectively
healthy Tanzanians. The study has determined reference values of casual BP among Tanzanian
undergraduate students, a group of young adults. The study has also established the upper limits of
BP distribution which can be used as the operational thresholds between normotension and
hypertension by calculating the mean two standard deviation and the 95™ percentile of the BP
distribution in subjectively healthy subjects. The approach based on the mean+2SDs is a parametric
method that assumes normally distributed data and the approach based on the 95 percentile limit
is a nonparametric and distribution-free method. The 95 percentile application is therefore not
limited by the characteristics of the underlying distribution.

Empirical ranges of SBP, DBP and MAP observed in the our study are not comparable with
the ranges among undergraduate students in Uganda who were noted to have SBP, DBP and MAP
ranging 100-179mmHg, 60-139 mmHg and 80-159 mmHg, respectively (Bimenya et al., 2005).
Likewise, the ranges covering the central 95 percentile in our study differ from those observed in
the Uganda study (Bimenya et al., 2005). In our study, both the empirical and central 95 percentile
ranges appear to be down displaced. The likely reason for these deviations is the differences in the
characteristics of the subjects. We excluded subjects who were known to be hypertensive and those
with symptoms of hypertension while the Uganda study, included the subjects indiscriminately.
Genetic differences between subjects enrolled in Uganda and those in our studies as well as
differences in environmental factors may also be contributing factors.

Subjects with diverse ancestral origin have varied BP (Williams, 1969; Liebman et al., 1986;
Alpert & Fox, 1993; Manatunga et al., 1993; Brummett et al., 2012; Muntner et al., 2004). Effects of
environmental factors such as diet and altitude on PB have been widely described (Marticorena et
al., 1969; Gleibermann, 1973; Oliver et al., 1975; Elliott & Marmot, 1983; Carvalho et al., 1989; Poulter et
al., 1984, 1990). A study examining mixed effects of ethnicity and environmental factors on BP
among 52 populations across the world reported that Yanomamo and Xingu Indians of Brazil and
rural populations in Kenya and Papua New Guinea had significantly lower BP than the rest of
populations studied (Carvalho et al., 1989). Other studies have shown that when people from rural
communities with low mean BP migrate to urban areas, their BP levels increase significantly, thereby
emphasising the influence of environmental factors on BP (Cruz-Coke et al., 1964; Shaper et al., 1969;
Sever et al., 1980; Poulter et al., 1990).

Observed mean SBP and DBP in the current study are comparable with the means calculated
by Thijs and colleagues (1998). The means SBP and DBP in our study are closer to means obtained
among adults of 25 - 34 years and lower than values among subjects who were above 35 years as
reported by a study in Dar es Salaam (Bovet et al., 2002). However, unlike in our study, Bovet et al.
(1998) in Dar es Salaam included hypertensive patients who were on medications.

The mean SBP determined in the current study is lower than SBP among fish consuming
population near Lake Nyasa (Pauletto et al., 1996). The observed mean DBP in our study is
comparable to the DBP of residents of the shores of Lake Nyasa but lower than that of individuals
living in the hills around Lake Nyasa (Pauletto et al., 1996). The mean BP levels observed in our study
are also lower compared to mean values obtained among healthy Caucasians in France (Rigat et al.,
1990). This is contrary to previous knowledge that Caucasians have lower mean BP than Blacks
(Liebman et al., 1986; Rigat et al., 1990; Manatunga et al., 1993; Alpert & Fox, 1993; Muntner et dl.,
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2004; Brummett et al., 2012;). The observed mean SBP and DBP in the present study are slightly lower
than values documented in various British, French and Germany literature which shows that the
normotensive subjects (Staessen et al., 1994). The SBP and DBP in our current study are also lower
than BP levels of Japanese as reported by studies done during the 1990s (Imai et al., 1993a,b; De
Gaudemaris et al., 1994). Like in our findings, studies elsewhere in the world have reported higher
casual PB among males than females (Kesteloot et al., 1980; Imai et al., 19933, b; De Gaudemaris et
al., 1994; Ohkubo et al., 1998). Increase in BP with increasing BMI noted in our study is in agreement
with observations made in previous studies (Stamler et al., 1978; MacMahon et al., 1987; Dyer &
Elliott, 1989; Cassano et al., 1990; Tesfaye et al., 2007).

Upper limits of SBP and DBP by parametric method in our study were higher than the limits
reported by Robinson & Brucer (1939) using a similar approach. The smaller sample size in our study
could explain this difference. Genetic differences and time factor between the participants in these
two studies may also be another reason accounting for higher upper limits in our study. We studied
mainly black Tanzanians, while analysis done by Robinson & Brucer (1939) was based mainly on
Caucasian subjects. Several previous studies have reported higher BP among black subjects than
Caucasians (Liebman et al., 1986; Alpert & Fox, 1993; Manatunga et al., 1993; Muntner et al., 2004).
Age specific BP levels are known to increase over decades. For instance, comparison of adolescents’
BP measured in 1988-1994 and 1999-2000 demonstrated that both systolic and diastolic blood
pressure levels were significantly higher in 1999-2000 than in 1988-1994 (Muntner et al., 2004). The
upper limits of normal SBP and DBP determined in this study were also higher than the reference
values for the self-recorded blood pressure determined by Thijs et al (1998). Thijs and colleagues
relied on self-measured pressures which are usually lower than clinic or hospital measured pressures
(Mgller et al., 2003).

In conclusion, compared to the current WHO recommended reference values for diagnosis
and treatment of hypertension in adults, the upper limits of the distribution of BP observed in our
study are higher for the mean age of the participants. This indirectly signifies that, higher upper limits
of BP for healthy Tanzanians aging 30 years and above should be expected. Because the present
reference values were derived from a population-based study in a University population,
applicability of the findings to the whole Tanzanian population should be considered with
caution. We recommend a larger study to determine BP among healthy Tanzanians to
establish the normal values.
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