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Abstract
Chronic disease, more prevalent among the elderly, is influenced by body composition and cardio-metabolic
physiognomies.
Aim: In this study, body composition, cardiovascular, and metabolic function in sedentary but healthy Kenyan
individuals of ≥ 50 years was determined.
Methods: For 53 volunteers from Eldoret, Kenya, their biological, demographic characteristics, metabolic
functions, cardiovascular performance, and body composition measurements were done before they were subjected
to a Shuttle Run Test (SRT). Following SRT, their cardiovascular parameters were measured, and maximal oxygen
consumption estimated. Fasting blood sugars and lipid profiles were measured after a 12-hour fast.
Results: For males and females, respectively, the following parameters were recorded: average ages 55.5 ± 3.0
and 53.9 ± 3.0 years, BMI > 24.9 Kg/M2 in 67% and 88.5%, waist-to-height ratio ≥ 0.5 in 70% and 88.5%, waist–hip
ratio 78% ( ≥ 0.90 ) and 38.5% (≥ 0.85), and blood pressure >140/90 mmHg in 22.2% and 23.1%. Pre-diabetic to
diabetic values were found in 70.4% males and 88.5% females. The percent body fat was 22.3 ± 8.0 and 38.3 ± 4.69
in males and females, respectively. Lipid profile for males and females, respectively, showed high Total Cholesterol
(TC) in 48.1% and 42.3%, anomalous Low Density Lipoproteins (LDL) in 29.6% and 26.9%, lower than normal HDL
levels in 29.6% and 23.1%, elevated triglycerides in 22.2% and 7.7%, abnormal TC/HDL ratio in 44.4% and 38.5%
females, higher LDL/HDL in 33.3% and 34.6%, and critical Triglycerides/HDL levels in 7.4% and 3.8%. Overall,
51.9% of males and 53.8% of females showed features consistent with metabolic syndrome.
Conclusion: Majority of elderly sedentary Kenyans have body compositions and cardio-metabolic profiles below
that for good cardiopulmonary fitness.

Keywords: Elderly; Sedentary; Cardio-metabolic fitness; Lipid
profiles; Kenyan

Introduction
Physical inactivity can have an influence on population morbidity
and mortality. The World Health Organization (WHO) has identified
lack of physical activity as the fourth leading factor contributing to
global mortality, and it is expected that it will have more influence with
increasing levels of physical inactivity. Apart from contributing to
cardiovascular disease, physical inactivity is identified as the key
underlying factor in close to a third of all diabetes and ischaemic heart
disease events, and up to 25% of breast and colon cancers [1].
Sedentariness is becoming an underrated threat to health in modern
times. In Kenya, as economic prosperity increases, many people now
drive or ride to work, and sit for many hours at their desks. After work
at home, there is limited physical activity as many have house help to
do the chores. This lack of physical activity is also compounded by
watching TV or playing video games. Currently, preventable noncommunicable diseases account for one third of all mortality in Kenya.
In the country, cardiovascular disease is the leading noncommunicable cause of both morbidity and mortality, accounting for
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8% of deaths across all ages and gender, with diabetes directly
contributing for more than 1% [2]. With rising sedentariness, this may
rise in the near future.
The association and effect of lifestyle on body composition and
cardio-metabolic features is more evident amongst older individuals
[3]. With the current average life expectancy in Kenya at 58 years; the
maximal lifespans being 57 and 59 years for males and female
respectively, a 50 year old Kenyan may be considered elderly [4]. While
WHO puts the chronological age for elderly at 65 years for developed
countries, agreement that life-expectancy differences and regional
social-economic factors that affect mortality may affect this definition
for Africa allows for adoption of lower cut-offs for the Sub-Saharan
Africa (UN, 2012), a region belabored by lower life expectancies.
After 50 years of age, the link between higher body mass index and
increased mortality and morbidity outcomes has been demonstrated
[3,5]. Central obesity above 0.5, calculated by waist-to-hip ratio, also
positively correlates with increasing morbidity and mortality [6-11]. In
addition, waist to height cut-off points has also been shown to be
useful for assessing metabolic risks and complications [12]. Skin fold
measurements from specific body areas have been used to develop
equations for predicting body density for both men and women
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[13-15], which can then be used to estimate body fat percentage [16].
These simple and non-invasive approaches are suitable in resource
constrained areas where it is not possible to employ the complex and
expensive under-water-weighing, a gold standard for body
composition determination [17].

maintaining cadence with the sound signals. The SRT has been
validated to be completed on flat indoor surfaces using workloads
lasting approximately one minute in each of its levels [24]. It is an
accurate multi-stage test of cardiovascular fitness and VO2max
estimation, by exercise intensity applications.

Cardio-metabolic characteristics are also used to assess disease risk
across all ages. Reference cut-offs have been published for blood lipid
profiles and ratios for unfavorable health risks associated with poor
cardiorespiratory fitness and cardiovascular disease [18-20]. Other
physiognomies for estimation of metabolic risks and disease, for which
cut off points are known, include fasting blood sugar, blood pressure
(BP) and pulse rates (HR) [12,21]. From these parameters, it is possible
to classify the disease risk of an individual and plan or advice on
appropriate preventive and control measures.

Before the SRT, BP and HR were measured with an electronic
sphygmomanometer (Omron® M2 (HEM 7119E)) and then at
exhaustion from the SRT, and over the next 5 minutes rest to follow BP
normalization. The level of performance reached was used to estimate
VO2max [23]. The standard provided by the American College of Sports
Medicine (ACSM) and the Cooper Institute for Aerobics Research was
used for interpretation of the VO2max [25].

With chronic diseases now becoming a larger burden among elderly
Kenyans, and, further, with Kenyans adopting more sedentary
lifestyles, this study was undertaken to measure cardio-respiratory
function, lipid profiles and glucose levels in apparently healthy, elderly
Kenyans.

Materials and Methods
Fifty-three (27 males and 26 females) healthy sedentary participants
aged ≥ 50 years from Eldoret, Uasin Gishu County, Kenya, were
purposively recruited through local advertisement in the print media.
Sedentary individuals were identified as those not meeting the 600
metabolic equivalents (MET) minutes per week threshold using the
WHO Global Physical Activity Questionnaire (GPAQ) analysis.
Volunteers with cardio-respiratory, physical or other ailments and
those confirming recent use of β-blockers and related drugs were
excluded [22]. Further, a qualified first-aider was available during the
exertion stage of the protocol. Study approval was obtained from the
Moi Teaching and Referral Hospital /Moi University Institutional
Research Ethics Committee and reproducibility was enhanced by
having the same researcher conduct all measurements on the multiple
participants for consistency.
Upon signed consent from participants, a form detailing their biodemographic characteristics and exercise/physical activity patterns was
initially filled out. For each participant, height and weight without
shoes but on light clothing was measured using a stadiometer and a
mechanical scale (CAMRY Mechanical scale, BR9012, Shanghai,
China). Waist and hip circumference was measured with a tape
measure. Skin fold measures, using calipers (Harpenden Skinfold
Calipers, BATY International, England), were taken from three
different body sites: chest, abdomen, and thigh for males, and the
triceps, supra-iliac, and thigh for females. From these measurements,
BMI, waist-to-hip ratio, and waist-to-height ratio were calculated. The
sum of the 3 skin fold measurements were used to determine Body
Density (BD) using published generalized equations [13-15], while the
fat percentage was computed from body densities using Brozek
formulae [16].
The 20 M shuttle run test (SRT) was used for maximal oxygen
uptake (VO2max) estimation. It is a non-invasive, affordable yet more
practicable field test for energy expenditure assessment that could
estimate aerobic fitness in resource constrained environments. Its
scoring is based on the highest level attained in the 21-level protocol
that entails incremental running speeds by utilizing pre-recorded
sound signals [23]. This ensures a gradual increase in work rate and
thus the exercise intensity by having subjects run to exhaustion while
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Venous blood samples were collected after 12 hours of overnight
fasting and blood glucose determined using a glucometer (Freestyle
Optium™Abbottcentrifugation within an hour of collection, and the
serum was frozen at -12°C until lipid profile assays were done, usually
at the end of each week, by Academic Model Providing Access to
Health care (AMPATH) reference laboratories in Eldoret, Kenya. Basic
lipid profiles: Total Cholesterols (TC), High Density Lipoproteins
(HDL), Low Density Lipoproteins (LDL), and Triglycerides (TG) were
determined and the related ratios of TC/HDL, LDL/HDL and
TG/HDL calculated and compared with published cut-off points.
Data were analysed with STATA version 13. Summary statistics and
t-test functions were used, and means, standard deviations, and their
related ranges were the outputs. P value for significance of
comparisons was set at ≤ 0.05.

Results
The mean age of the males (n=27) was 55.52 ± 3.02 years and 53.88
± 3.0 years for the females (n=26). Tertiary level of education was
achieved by 88.4% of males and 70.4% of females, the rest had
secondary level education. Their ethnicities and occupations were
diverse, and they were either in white collar jobs (9.4%) or retired
(90.6%) from white collar jobs.
In 66.7% of males and 88.5% of females, BMI was above 24.9
Kg/M2. Waist-to-height cut-off ratios above 0.5 were seen in 70.4% of
males (0.54 ± 0.07) and 88.5% of females (0.58 ± 0.75). Waist-hip ratios
of males and female averaged 0.94 ± 0.06 cm and 0.82 ± 0.11 cm,
respectively, with 78% and 38.5% of male and female having ratios ≥
0.90 and ≥ 0.85 respectively.
Pre-SRT test blood pressure ≥ 140/90 mmHg was measured in
22.2% males and 23.1% females. In addition, those with systolic
pressure above 140 mmHg and diastolic pressure below 90 mmHg
were 14.8% and 15.4% for males and female, respectively. Only one
each of the males and females had diastolic pressure above 90 mmHg
and systolic pressure below 140 mmHg. The pre- and 5 minutes post
SRT blood pressures were not statistically significant (systolic pressure:
p=0.12 and p=0.26; diastolic pressure: p=0.83 and p=032 for males and
females, respectively).
The baseline mean fasting blood glucose levels was 5.92 ± 1.4
mmol/l for males and 6.23 ± 0.74 mmol/l for females. Glucose levels
above 5.5 mmol/l indicative of pre-diabetic to diabetic levels, were
found in 70.4% males and 88.5% females.
Using the generalized equations for prediction of body density (BD)
for men (BD = 1.10938 - (0.0008267 x sum of chest, abdomen, and
thigh skinfolds in mm) + (0.0000016 x square of the sum of chest,
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abdomen and thigh) - (0.0002574 x age)) and women (BD = 1.0994921
- (0.0009929 x sum of triceps, thigh, and supra iliac skinfolds) +
(0.0000023 x square of the sum of triceps, thigh and supra iliac
skinfolds) - (0.0001392 x age) [13-15], the male body density was 1.05
± 0.19 and, for females, it was 1.01 ± 0.1. The calculated percent body
fat from body density, using Brozek formula: body fat = (4.57/ρ −
4.142) × 100, was 22.26 ± 7.95% (males) and 38.33 ± 4.69% (females).

Pre-exertion Systolic BP (mmHg)

139.81 ± 19.42

135.12 ± 19.83

Pre-exertion Diastolic BP (mmHg)

82.93 ± 9.9

83.77 ± 9.53

Pre-exertion heart rate (b/m)

75.3 ± 8.64

75.77 ± 10.93

Exhaustion Systolic BP (mmHg)

194.04 ± 18.75

189.73 ±2 5.4

Exhaustion Diastolic BP (mmHg)

83.52 ± 9.48

84.42 ± 10.18

Exhaustion heart rate (b/m)

126.44 ± 13.86

124.12 ± 15.38

5 min post-exertion Systolic BP (mmHg)

135.44 ± 15.09

127.73 ± 14.48

5 min post-exertion Diastolic BP (mmHg)

77.37 ± 9.34

75.08 ± 10.49

5 min post-exertion heart rate (b/m)

90.81 ± 10

88.27 ± 9.85

VO2max (ml/kg/min)

25.39 ± 4.44

20.36 ± 1.93

Time in SRT (Seconds)

176.04 ±80.33

85.08 ±32.96

Fasting blood glucose (mmol/l)

5.92 ± 1.4

6.23 ± 0.74

Total Cholesterol (TC) (mmol/l)

5.19 ± 1.52

5.26 ± 1.94

High density lipoproteins (HDL) (mmol/l)

1.18 ± 0.41

1.19 ± 0.34

Low density lipoproteins (LDL) (mmol/l)

3.15 ± 1.05

3.14 ± 1.03

Discussion

Triglycerides (TG) (mmol/l)

1.81 ± 1.09

1.25 ± 0.76

In this study, we found that males were overweight while females
were in the obese class I, which has long been associated with
unfavorable health outcomes [26-28]. The high BMI of the participants
in the study suggests that they are at an increased risk for
cardiovascular disease and associated metabolic syndrome. A few
meta-analyses and cohort studies, however, have proposed the very low
and high values outside the 23-33 kg/m2 range as increasing the
mortality risks among the elderly, so that higher BMI values as
observed in the current study may actually be associated with better
cardiovascular disease epidemiology in this cohort [29-32].

TC/HDL ratio

4.84 ± 2

4.41 ± 0.97

LDL/HDL ratio

2.96 ± 1.34

2.67 ± 0.69

TG/HDL ratio

1.91 ± 1.69

1.1 ± 0.62

For blood chemistry, 48.1% of males and 42.3% of females had
baseline TC levels above the cut-off of 5.2 and 5.3 mmol/l, respectively.
In 29.6% of males and 26.9% of females, LDL values were outside the
1.3-3.9 mmol/l range. A similar percentage (29.6%) of males and 23.1%
of females had HDL levels <0.9 mmol/l while 22.2% of males and 7.7%
of females had TG levels above 2.3 mmol/l.
TC/HDL ratios above 5.0 and 4.5 were found in 44.4% of males and
38.5% of females, respectively. The mean TC/HDL ratio for males
above cut-off was 6.61 ± 1.19 (range 5.23-8.97) and for females it was
5.40 ± 0.73 (range 4.64-6.96). Thirty three percent of males had
LDL/HDL values above 3.5 (4.47 ± 0.87) and 34.6% of females had
LDL/HDL values above 3 (3.46 ± 0.32). Males and female with
TG/HDL above 3.5 and 2.5 were 7.4% and 3.8%, respectively, with
means of 4.07 ± 2.01, and 2.78 ± 0. The rest of the demographic and
clinical characteristics of the participants are shown in Table 1.

Recent studies have advanced the argument that waist-to-height
ratio is an important anthropometric measure for health, and is
superior to traditional measures such as BMI, in assessing
cardiovascular and metabolic risk among different races and ages
[6-8,10,33,34]. All participants in the current study had mean waist-toheight ratios above the 0.5 cut-off, which has been shown to pose
higher health risks [6,8-10]. In fact, considering the argument that this
ratio is superior to BMI in assessing health risks and outcomes
amongst apparently healthy populations as it particularly considers fat
distribution [7,33,35], the participants in this study are at a higher risk
of metabolic syndrome.
Male (n=27)

Female (n=26)

Age (years)

55.52 ± 3.02

53.88 ± 3

(kg/m2)

27.13 ± 4.55

32.32 ± 5.07

Waist/Height Ratio

0.54 ± 0.07

0.58 ± 0.75

Waist/Hip Ratio

0.94 ± 0.06

0.82 ± 0.11

Sum of 3 skinfolds (mm)

68.76 ± 30.85

113.81 ± 23.31

Body density

1.05 ± 0.19

1.01 ± 0.1

Fat%

22.26 ± 7.95

38.33 ± 4.69

BMI
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Note: Data presented as means ± standard deviation.

Table 1: Demographic and clinical characteristics of the elderly (≥ 50
years) Kenyans.
A comparison of the waist-hip ratio against WHO cut-off guidelines
of ≥ 0.90 (male) and ≥ 0.85 (female) [12], associated with substantially
increased metabolic complications [12], showed that around 80% of
the male participants had central/abdominal obesity with mean value
above the WHO cut-off, as compared to less than 40% of the females.
This indicates that males in this study have a relatively higher risk for
metabolic syndrome and other health issues [28]. Females have half the
risk of their male counterparts.
Determination of the basic lipid profiles is one approach to assess
cardiorespiratory fitness amongst apparently healthy individuals and
those with metabolic syndrome diagnoses. However, the use of the
different lipid ratios is now more common. These ratios are now
recognized to be independently associated with cardiovascular disease
risks [18,19]. When published cut-offs for unfavorable risk categories
associated with poor cardiorespiratory fitness and cardiovascular
disease were considered [18-20], 44% of the males and 39% of the
females had values above the cut-offs for TC/HDL baseline ratios
(above 5.0 and 4.5, respectively) suggesting that these individuals are at
substantial metabolic risks. Similarly, with 3.5 and 3.0 cut-offs for
LDL/HDL for males and females respectively, 33% of males and 35% of
females in this study had higher values, and with the absolute means
far above the cut-offs. While this alone also shows high health risks,
combination of these two ratios suggests enhanced metabolic
syndrome risk for this elderly population. Separately, taking TG/HDL
cut-offs of 3.5 and 2.5 for males and females, respectively, 7% of the
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males and 4% of the females in this study showed higher risk of cardiometabolic disorder. However, the available TG/HDL cut-offs have only
been proposed for European populations [20]. There are no
comparable studies for black populations to assess if racial differences
might exist.
Assessment of the basic lipid profiles showed that nearly half of the
participants had total cholesterol (TC) levels above the reference cutoff for their respective gender, namely 5.2 and 5.3 mmol/l for males
and females, respectively. Nearly half the participants are at a high risk
of cardiovascular disease, since absolute TC level is independently
associated with this disorder, unless they undertake interventions to
reduce their TC levels. For LDL values, close to one third of the
participants had unfavorable values, and similarly, negative values for
HDL levels, below the standard reference of <0.9 mmol/l. Furthermore,
with a large percentage of participants having high triglyceride levels,
all this points to a population with health risks. In particular, using
lipid profiles alone suggests that more Kenyan elderly males as
opposed to elderly females are at risk, which is in agreement with a
previous study from a Kenyan rural setting [36].
Body composition reference data for the elderly African population
is unavailable. While data abounds elsewhere, it is based on nonAfrican populations, and cause comparison difficulties where racial
differences may be present. For instance, while males in the current
study had fat mass of 22% and their female counterparts a fat mass of
38%, an Indian population had percentages of 25 and 30, respectively,
though this covered a wider age-range [37]. A 15-year bi-annual crosssectional study to determine cut-offs for a US population found higher
percentages for women, but the categorization was based on the
various BMI subsets used for analysis, and therefore not entirely
comparable with the current study [38]. The high percentage body fat
for the female in the current study, making well over one third of their
body mass, and with a concurrent lower body density, is consistent
with the blood chemistry findings where the females had higher total
cholesterol values. Based on Jackson and Pollock equations [11-13],
males in this study have average body fat but their female counterparts
are obese.
In this study, participants showed impaired fasting blood glucose
levels. Both genders had pre-diabetic mean glucose values, a finding
which is consistent with other studies that reported elevated fasting
levels of plasma glucose with age in other African populations [39,40].
However, in this study females had higher means than their agematched males. Results from studies of urban Nigerians and rural
Kenyans differ [36,41], and part of the difference may be due to the
relatively younger populations used in the two studies.
The mean pre-exertion systolic and diastolic BP was within the
normal ranges, i.e., below 140 and 90 mmHg, respectively. Further, the
systolic BP (SBP) rise and associated diastolic BP (DBP) decay
observed at exhaustion from the SRT, and the return to normal ranges
within the following five minutes of rest was within the expected
published values [42]. The 5-minutes post SRT blood pressure was
similar to the pressure before the run test portraying good
normalization. However, as nearly a quarter of the participants had
pre-exertion BP above 140/90, this indicates that a significant
proportion of the participants have hypertensive tendency.
Based on reference VO2max values provided by the American
College of Sports Medicine [25], the mean values for the males and
females in this study were below values expected for their ages. Both
males and female spent much less time in the SRT than expected for
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their age, which translated to lower VO2max. These showed reduced
cardiorespiratory health consistent with their sedentary life style.
Using Alberti criterion for metabolic syndrome diagnosis, where at
least three of the following criterion have to present: waist
circumference above 102 and 88 cm for males and females,
respectively. HDL <1.0 and <1.3 mmol/l in males and females,
respectively, TG ≥ 1.7 mmol/l, SBP ≥ 130 mmHg or DBP ≥ 85 mmHg,
and fasting blood glucose >5.6 mmol/l [12,21], a high percentage of
participants in this study showed unfavorable health characteristics.
Well above half the males and females showed at least three of the
criterions for a positive metabolic syndrome diagnosis and appear to
have some form or grade of this syndrome. The current findings
indicate a potentially poor future health outcomes for this cohort as it
is likely that the measured clinical features will get worse with their
advancing age and associated sedentariness [43,44]. The findings of
this study are consistent with other studies done in the East African
region, which showed increasing prevalence of risk factors for
cardiovascular disease and metabolic syndrome [45].

Limitations
The current study used 3-point skin fold measures’ method of body
fat composition estimation, whose accuracy is subjective by being
dependent on the observer. This may affect reproducibility of results
[46]. In the current study, this was overcome by having the same
researcher conduct all measurements on the multiple participants for
consistency.

Conclusion
In this study, the bio-demographic and clinical characteristics of
participants were found to be associated with reduced
cardiopulmonary fitness, an issue that needs to be addressed to
improve the future health outcomes of this elderly and sedentary
population.
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