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Abstract: Kenya is experiencing a rising burden of non-communicable diseases (NCDs), yet data to
inform effective interventions are limited. We investigated the prevalence of elevated blood pressure,
elevated blood glucose and their determinants in a rapidly urbanizing area in Kenya. Data on
socio-demographics, dietary and behavioural risk factors, anthropometric measurements, blood pressure,
blood glucose, plasma lipids and urinary biomarkers were collected from 221 men and 372 women
(25–64 years). Multivariable logistic regression models assessed correlates of elevated blood pressure
(EBP) and elevated blood glucose (EBG). Participants’ mean age was 38.0. ± 11.1 years. The prevalence
rates of pre-hypertension and hypertension were 49.0% and 31.6% in men and 43.7% and 20.1% in
women, respectively, while those of pre-diabetes and diabetes were 8.4% and 8.0% in men and 11.6%
and 7.4% in women, respectively. The prevalence of Body Mass Index (BMI) ≥ 25 kg/m2 was higher
in women (60.2%) than in men (39.7%). However, both the risk of EBP and EBG were stronger among
men than among women. The high prevalence rates of EBP, EBG and overweight/obesity coupled
with low physical activity and low fruit and vegetable intake predispose this population to a higher
NCD risk. Interventions to mitigate this risk considering the sex differences are urgently required.

Keywords: prevalence; risk; pre-hypertension; hypertension; pre-diabetes; diabetes; sex; gender;
elevated; Kajiado

1. Introduction

Sub-Saharan Africa (SSA) is experiencing a growing burden of non-communicable diseases
(NCDs), which has been attributed mainly to economic transition, rapid urbanisation, demographic
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transition and lifestyle changes [1,2]. Along with the longstanding challenges from infectious diseases,
cardiovascular diseases (CVDs) and diabetes are among the NCDs rising rapidly in the SSA region [3].
It is projected that by 2030, NCD deaths will exceed the total deaths from communicable, maternal,
perinatal and nutritional diseases [4,5].

Kenya, like other SSA countries, is faced with an unprecedented increase in the burden of NCDs,
especially cancers and CVDs [6,7]. The prevalence of hypertension, one of the major risk factors of
CVDs, has increased over the last 20 years in Kenya [8] with varying levels being reported in several
communities. The prevalence of hypertension in adults was 21.4% in the adults of rural Kenya [9],
12.6% in Garissa County [10], 18% in Korogocho slums in Nairobi [11] and 50% in a population over
50 years old in Nakuru [12]. On the other hand, the prevalence of diabetes, another major risk factor of
CVDs, has been estimated to be 2.0% among adults in Kenya according to the International Diabetes
Federation 2017 report, amounting to almost 458,900 persons [13]. Future projections suggest that
if current policy directions and interventions that give more emphasis on communicable diseases
are sustained, deaths from communicable diseases may reduce by 48%, but deaths from NCDs will
increase by 55% by 2030 [14].

Urbanization has emerged as a key driver of NCDs in many low- and middle-income countries
(LMICs) and has been found to be associated with a higher prevalence of type 2 diabetes and higher
levels of blood pressure and cholesterol [15]. In Kenya, 22.3% of the population is urban, with an
annual urbanisation growth rate of 4.2%, which is almost double the national population growth rate
of 2.4% [16]. Therefore, to tackle NCDs epidemic in Kenya, it is important to investigate the situation
of NCDs risk factors, focusing on rapidly urbanizing areas. However, a majority of the NCD studies
in Kenya have covered only poor urban (slums) or rural areas, lacking the information from regions
in transition. Moreover, previous studies on NCDs in Kenya have mainly relied on self-reported
estimates of risk factors, lacking the information on biological factors. Thus, we aimed to determine
the prevalence of elevated blood pressure, elevated blood glucose and their determinants in Kajiado
county, a typical rapidly urbanising area bordering the capital of Kenya. Kajiado County lies on
soda volcanic bedrock resulting in salty water for domestic use, which may potentially expose the
population to a greater risk of high salt consumption.

Kajiado County, historically home to the Maasai people, is now highly cosmopolitan with almost
every ethnic community in Kenya represented in the major urban areas. The county has a total
urban population of 395,051 representing 35% of the total population [17]. Kajiado is one of the four
counties within the Nairobi Metropolitan area, making it a popular location for expanding settlements,
industries and businesses. The county boasts of several major manufacturing factories and natural
resources extractors, large-scale floriculture and horticulture, a vibrant real estate sector and thousands
of small and medium sized enterprises absorbing at least 36% of the population [17].

Despite the positive contribution of urbanisation to the socio-economic activities, studies on the
impact of urbanization on the livelihoods of the Maasai have found that unplanned land fragmentation
and sale, the spread of human and industrial settlements, and the shrinking pastureland have
implications for local communities whose major economic activity is pastoralism. This has further been
compounded by environmental pollution [18], human-wildlife conflict [19,20] and mushrooming of
informal settlements [16]. The urban population is projected to increase to 439,700 in 2020 and 489,399
in 2022 [17].

2. Materials and Methods

2.1. Study Setting

This study was conducted from November 2016 to August 2017 in Kajiado County, located in
the Rift Valley and bordered by Nairobi, the capital of Kenya, to the north. Kajiado is a large county
with a land area of 21,292.7 km2. It is home to 1,117,840 inhabitants [21]. Kajiado County is primarily
semi-arid with a diverse topography ranging from volcanic hills and valleys to expansive plains,
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which posed a great challenge in transportation during field visits. The Maasai people, popularly
known for their culture and tribal dress, make up the majority of the rural residents. Due to their
semi-nomadic lifestyle and the natural features of Kajiado such as the Amboseli National Park and
Nyiri desert, the Maasai are sparsely distributed in the study area. We used a caravan of strong vehicles
to cross seasonal rivers and forests with no proper road network to reach remote settlements.

2.2. Study Population

Male and female residents aged 25 to 64 years, who were Kenyan citizens and had been residing
in the county for at least 6 months and granted informed consent were included in the study. Pregnant
women and women who had given birth in the last 6 months were excluded because pregnancy may
modulate dietary habits, lifestyle, body weight and biomarkers.

2.3. Study Design and Sampling

The study is a population-based cross-sectional survey. Participants were selected using a stratified
multi-stage cluster sampling method. First, enumeration areas (EAs) were stratified into urban and
rural regions (EAs, 934 rural and 1021 urban) and within each stratum, 15 EAs were selected using
the probability proportional to size (PPS) method, with the number of households in each EA as the
measure of size. Second, from each selected EA, 25 households were selected by systematic sampling,
and the Kish method was used to select one eligible participant from each selected household [22–24].

The sample size was calculated for both descriptive and analytical purposes using elevated blood
pressure (pre-hypertension and hypertension) as the main outcome. For the descriptive purpose,
assuming 95% confidence level, 5% margin of error (e2) and the prevalence of elevated blood pressure
of 70% [25], the sample size was estimated to be 323 and inflated to 485 considering a design effect
of 1.5.

For the analytical purpose, assuming that prevalence of elevated blood pressure is 80% and 70%
in the population with and without unhealthy diet, respectively [8], α and β values of 0.05 and 0.2,
respectively, the sample was estimated to be 626. The larger of the two sample sizes was selected
for the study to ensure it was enough for the two purposes. The final sample size was decided to be
750 considering a possible response rate of 90% and the planned multivariable analysis.

2.4. Questionnaire

Data were collected using a structured questionnaire modelled along the WHO Stepwise survey
questionnaire and based on the previous studies in Kenya [26,27] and other African countries [6].
The questionnaire was prepared in both English and Kiswahili, the two national languages in Kenya.
In addition, two interviewers who were native Maasai language speakers interviewed the participants
who understood only Maasai language (n = 11). The questionnaire was piloted in October 2016 to
ensure face validity and test–retest reliability with one-week interval among 30 residents of Kajiado,
who were not included in the main study. Kappa coefficients were calculated for categorical variables
and intra-class correlation coefficients for continuous variables. The Kappa coefficients ranged between
0.44 and 1.00 and intra-class coefficients were 0.99–1.00, implying a moderate to excellent reliability of
the questionnaire [28]. The variables in the questionnaire were broadly grouped as socio-demographic
variables, behavioural risk factors, dietary risk factors, history of measurement of blood pressure and
blood glucose and the diagnosis for hypertension and diabetes.

(1) Socio-demographic variables were age, sex, ethnicity, place of residence, length of stay, marital
status, education, occupation and household size (9 items).

(2) The behavioural risk factors included variables such as ever measured blood pressure, ever
measured blood glucose, tobacco smoking, alcohol use, physical activity and concern about
developing hypertension or diabetes (7 items). Physical activity was assessed by the amount of
time and number of days one engaged in work-related, transport-related or sports activity that



Int. J. Environ. Res. Public Health 2020, 17, 6957 4 of 22

raised the breathing or heartbeat for more than 10 min [29]. Physical activity was classified as
adequate if the participant engaged in the activity for at least 30 min and for a minimum of three
days a week [30].

(3) Dietary risk factors included variables such as number of meals eaten at home, place where meals
are eaten outside home, number of times fruits and vegetables were consumed, use of cooking fat
or oil; sugar or sugary foods and salt intake (9 items).

Additional questions included whether they had previously measured blood pressure and/or
blood glucose, diagnosis for hypertension and diabetes, and the concern, knowledge, attitude and
perception about hypertension, diabetes and body weight (13 items).

2.5. Anthropometric and Biological Measurements

Body weight was measured to the nearest 0.1 kg using a portable weighing scale (Omron HBF-223-G,
OMRON Corporation, Kyoto, Japan) with participants dressed in lighter cloth and without shoes.
Height, waist circumference and hip circumference were measured to the nearest 0.1 cm using a
measuring tape [31]. Waist circumference was measured over a layer of light clothing. Participants
were asked to stand with their feet close together making sure their weight was equally distributed on
each leg and were breathing normally. Standing to the side of the participant, the last palpable rib
and the top of the hip bone were located. The measuring tape was wrapped around the body in a
horizontal position at the midpoint of the last palpable rib and the top of the hip bone making sure the
tape was snug but not tight enough to cause compression of the skin. Hip circumference was measured
as the maximal circumference over the buttocks [32]. Body mass index (BMI, kg/m2) was calculated as
body weight (kg) divided by height in metre squared (m2).

Blood pressure was measured using a digital automatic blood pressure monitor (Omron HEM-7130-HP
OMRON Corporation, Kyoto, Japan). Three blood pressure measurements were taken at 3-min intervals
in a seated position after 15 min of rest, and the mean value of the last two readings was used for
analysis. Systolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg
or being on antihypertensive medication was classified as hypertension, and SBP 120–139 mmHg or
DBP 80–89 mmHg was classified as pre-hypertension. SBP < 120 mmHg and DBP < 80 mmHg was
classified as normal blood pressure.

Biological tests were conducted among participants who had fasted. For those who had eaten
anything after 8 pm in the previous night, their appointments were rescheduled. Haemoglobin A1c
(HbA1c), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C) and triglycerides (TG) were measured using finger prick blood samples obtained
using medical finger-stick devices (Cobas ® b 101, Roche Diagnostics K.K., Tokyo, Japan). HbA1c
readings of below 6.0% were considered normal; 6.0–6.4% was considered pre-diabetes, and 6.5%
and higher or being on medication for diabetes was considered a diabetic state [33]. Abnormal
concentrations of blood lipids were defined as follows: TC ≥ 240 mg/dL, LDL-C ≥ 130 mg/dL,
HDL-C < 40 mg/dL, or TG ≥ 150 mg/dL [34].

Spot urine samples were collected from participants, and the sodium to potassium (Na/K)
ratio was measured using a handy-sized urinary sodium-potassium ratio monitor (HEU-001F,
Omron Corporation, Kyoto, Japan) and urinary sugar tested using a test strip. Although there
is no generally accepted guideline for the urinary Na/K ratio, the cut-off points of between 1.0 and 2.0
exhibited the lowest CVD risk [35]. The cut off 1.0 is generally recommended as a target level while
the cut-off point of 2.0 as a sub-optimal threshold. For the purpose of this study, the cut-off point of
urinary Na/K ratio was set at 1.0 [36].

2.6. Data Collection

Data were collected by trained research assistants. To ensure high quality data, the research
assistants were recruited based on completion of tertiary education and prior field survey experience.
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The research assistants underwent a two-day intensive training session to understand the objectives,
methods and interview procedures and were involved in the pilot study to gain practical experience.
Two of the research assistants had training in laboratory and biomedical science and were involved in
collecting biological samples. Participants were interviewed in their homes and they were informed
and reminded of the anthropometric and biological measurements the next day at a specified venue in
the community.

In total, 750 participants were interviewed. During the study, 12 participants who declined
to be interviewed were replaced, each of them by the next participant during systematic sampling.
The common reason for declining the interview was lack of time due to other commitments.

2.7. Study Outcomes

Elevated blood pressure (pre-hypertension and hypertension) and elevated blood glucose
(pre-diabetes and diabetes) were analysed as outcomes in this study to include all the participants who
were at risk of developing CVDs, considering that pre-hypertension and pre-diabetes are not mild
states but rather dangerous pre-clinical precursors [37].

A meta-analysis by Huang et al. (2013) indicated that pre-hypertension exists in up to 50 percent
of people studied worldwide with devastating consequences. The condition raised the risk of coronary
heart disease by 50%, risk of CVDs by 55% and risk of stroke by 71% [38]. Even pre-hypertension in the
“low” range, a systolic reading between 120–140 mmHg caused 46% higher rate of heart disease [39].
Pre-diabetes on the other hand has also been shown to increase the risk of developing type 2 diabetes,
heart disease, and stroke [40].

2.8. Statistical Analysis

Data were entered into EpiData software version 3.1 using the double entry method, validated and
exported to Stata 15 software (Stata Corp LLC, College Station, TX, USA for analysis. We calculated
the weights as the inverse probability of selecting a participant conditional on sex and place of
residence then adjusted our analyses for the complex survey design. We summarised participants’
socio-demographic characteristics, prevalence of the health conditions and prevalence of the NCD
risk factors using weighted descriptive statistics. We did not weight the data in the bivariate and
multivariable analyses.

We excluded 157 (20.9%) participants with missing data on any of the key variables (BMI, HbA1c
and blood pressure readings). Participants excluded and those included had a similar distribution of
background characteristics (Table S1), and thus, the exclusion is unlikely to have biased the results.
Missing data arose mainly because biological measurements were carried out in a fasting state in the
following morning of the interview day. Participants who participated in the interview but did not
turn up for the measurements were classified as having missing data.

We calculated age-standardised prevalence for elevated blood pressure and elevated blood glucose
using the direct standardisation method, with the 2009 national census data as the standard population.
We stratified the prevalence of anthropometric, behavioural, and dietary risk factors by sex. We used
bivariate and multivariable logistic regression models to obtain crude and adjusted odds ratios (AOR)
with 95% confidence intervals (CI) for the associations of potential risk factors with elevated blood
pressure and elevated blood glucose. We used the missing indicator method to account for missing
covariate data [41]. Variables with p < 0.1 in bivariate analysis (Tables S2 and S3) were mutually
adjusted for in multivariable analysis.

We found significant interactions between sex and factors such as age, BMI and physical activity
and thus stratified the results by sex. Indeed, previous studies show that women and men have
different levels of exposure and vulnerability to NCD risk factors [42]. Women are significantly more
likely to be obese than men, which leads to their increased vulnerability to NCDs [43]. Additionally,
social customs related to NCD risk have gender disparity [44,45], and women and men manifest certain
NCD symptoms and risks differently [46].
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2.9. Ethical Approval

The study protocol was approved by the Kyoto University Graduate School of Medicine
(Japan), Ethics Committee (Ref: R0798) and the Institutional Research and Ethics Committee at
Moi University College of Health Sciences (Ref: IREC/2016/214) (Kenya). Research permission
was obtained from The National Commission for Science, Technology and Innovation in Kenya
(Ref: NACOSTI/P/17/72838/13328) and the Kajiado County Ministry of Health office. All participants
provided a written informed consent to participate. Participants with hypertension or diabetes defined
by the study measurements or any other clinical conditions were referred to nearby health facilities.

3. Results

3.1. General Characteristics

Table 1 shows the background characteristics of the study participants. More than 80% of subjects
in both sexes were married and a majority were of the Maasai ethnic tribe (45.2% men and 40.6%
women), who resided mainly in the rural areas, followed by the Kikuyu tribe (15.1% in men and 24.5%
in women), who resided mainly in the urban areas. In total, about 38% of the participants were living
in urban areas, 53.8% were self-employed and 36.7% had attended at least secondary education with a
higher proportion in men (39.2%) than in women (33.9%). Slightly less than a half (48.4% in men and
44.9% in women) had never measured their blood pressure, and a majority (57.1 % in men and 64.2%
in women) had never measured their blood glucose.

Table 1. Socio-demographic characteristics of participants segregated by sex among the residents of
Kajiado County, Kenya. (n = 593).

Variables
Total Men Women

n (%) n (%) n (%)

Unweighted 593 221 372
Weighted 596 316 280

Age (years)
25–34 236 (39.6) 114 (36.1) 122 (43.6)
35–54 246 (41.2) 119 (37.7) 127 (45.2)
55–64 114 (19.1) 83 (26.2) 31 (11.2)

Marital status
Single (Never married/

divorced/widowed) 97 (16.3) 54 (17.2) 43 (15.2)

Married 499 (83.8) 262 (82.8) 237 (84.8)

Ethnicity
Maasai 257 (43.1) 143 (45.2) 114 (40.6)
Kikuyu 116 (19.5) 47 (15.1) 69 (24.5)
Other 223 (37.4) 126 (39.7) 97 (34.9)

Residence
Rural 370 (62.1) 196 (62.2) 174 (62.1)
Urban 226 (37.9) 120 (37.8) 106 (37.9)

Education
Basic 377 (63.3) 192 (60.8) 185 (66.1)

High school/higher 219 (36.7) 124 (39.2) 95 (33.9)
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Table 1. Cont.

Variables
Total Men Women

n (%) n (%) n (%)

Occupation
Unemployed 135 (22.6) 48 (15.1) 87 (31.0)

Employed 141 (23.7) 95 (30.1) 46 (16.4)
Self-employed 320 (53.8) 173 (54.8) 147 (52.6)

Ever measured blood pressure
Yes 308 (51.6) 161 (50.8) 147 (52.5)
No 278 (46.7) 153 (48.4) 125 (44.9)

Missing data 10 (1.7) 3 (0.8) 7 (2.6)

Ever measured blood glucose
Yes 229 (38.4) 134 (42.3) 95 (34.0)
No 360 (60.4) 180 (57.1) 180 (64.2)

Missing data 7 (1.2) 2 (0.7) 5 (1.7)

3.2. Prevalence of the Clinical and Biological Indicators

As shown in Table 2, the prevalence of both pre-hypertension and hypertension was higher in
men (49.0% and 31.6%, respectively) than in women (43.7% and 20.1%, respectively), while that of
pre-diabetes and diabetes were similar between the sexes (8.4% and 8.0%, respectively in men and
11.6% and 7.4% in women). In overall, the age-standardised prevalence of hypertension (95% CI) was
26.2 % (21.5, 31.4) while the age-standardised prevalence of diabetes (95% CI) was 7.7% (5.1, 11.6).
The lipids profile measurement indicated that only a small percentage of the participants had high
concentration of TC (4.6%) and low concentration of HDL-C (2.4%), while around 10–20% had high
concentration of LDL-C and TG. However, there was no significant difference between the men and
the women. The median urinary Na/K ratio was 3.02, with 70% of the participants having a urinary
Na/K ratio above the recommended level of 2.0 [36] and only 6% having the ratio of 1.0, which is the
optimum level.
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Table 2. Prevalence of cardio-metabolic risk factors of non-communicable diseases (NCDs **) by sex among the residents of Kajiado County, Kenya (n = 593).

Variable
Total Men Women

n % (95% CI) n % (95% CI) n % (95% CI) p-Value *

Unweighted 593 221 372
Weighted 596 316 280

Blood pressure (mmHg) <0.01
Normal (<120 and <80) 163 27.3 (21.9, 33.5) 61 19.4 (13.9, 26.4) 102 36.2 (29.2, 44.0)

Pre-hypertension (120–139/80–89) 277 46.5 (41.9, 51.2) 155 49.0 (42.6, 55.5) 122 43.7 (38.4, 49.1)
Hypertension (≥140 and ≥90) 156 26.2 (21.5, 31.4) 100 31.6 (24.0, 40.3) 56 20.1 (15.5, 25.5)

HbA1c (%) 0.59
Normal (<6.0) 491 82.4 (76.5, 87.0) 264 83.6 (75.9, 89.1) 227 81.1 (73.8, 86.6)

Pre-diabetes (6.0–6.4) 59 9.9 (7.0, 14.0) 27 8.4 (4.76, 14.7) 32 11.6 (8.2, 16.1)
Diabetes (≥6.5) 46 7.7 (5.1, 11.6) 25 8.0 (4.6, 13.4) 21 7.4 (4.1, 13.0)

Total cholesterol (mg/dl) 0.14
Optimal (≤239) 568 95.4 (92.4, 97.2) 297 93.9 (88.3, 96.2) 271 97.0 (94.2, 98.5)

High (≥240) 28 4.6 (2.8, 7.6) 19 6.1 (3.1, 11.7) 9 3.0 (1.5, 5.8)

Low density lipoprotein (mg/dL) 0.12
Optimal (≤129) 487 81.7 (77.0, 85.7) 254 80.4 (73.2, 86.1) 233 83.2 (78.0, 87.4)

High (≥130) 82 13.7 (10.2, 18.3) 52 16.4 (11.1, 23.7) 30 10.7 (7.0, 16.0)
Missing data 27 4.5 (2.9, 7.1) 10 3.2 (1.3, 7.3) 17 6.1 (3.6, 10.1)

High density lipoprotein (mg/dL) 0.35
Low (<40) 15 2.4 (1.2, 5.1) 8 2.5 (0.8, 7.3) 7 2.3 (1.1,4.9)

Optimal (≥40) 554 93.1 (89.2, 95.6) 298 94.4 (88.6, 97.3) 256 91.6 (86.4, 94.9)
Missing data 27 4.5 (2.9, 7.1) 10 3.1 (1.3, 7.3) 17 6.1 (3.6, 10.1)

Triglycerides 0.44
Optimal (≤199) 484 81.2 (75.5, 85.9) 262 82.9 (73.8, 89.3) 222 79.4 (73.2, 84.5)

High (≥200) 112 18.8 (14.1, 24.5) 54 17.1 (10.7, 26.2) 58 20.6 (15.5, 26.8)

Sodium-potassium ratio 0.22
Lower (<1.0) 41 6.7 (4.1, 10.9) 16 5.0 (2.1, 11.1) 25 8.7 (5.1, 14.5)
Higher (>1.0) 555 93.3 (89.2, 95.9) 300 95.0 (88.9, 97.9) 255 91.3 (85.5, 95.0)

CI: Confidence Interval. * p-values are from χ2 tests adjusted for the study design comparing men and women. ** NCDs refer to hypertension and diabetes in this study. HbA1c:
Haemoglobin A1c.
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3.3. Prevalence of NCD Risk Factors

As illustrated in Table 3, the prevalence of both overweight and obesity was higher in women
(31.6% and 28.6%, respectively) than in men (26.4% and 13.3%, respectively). Higher waist–hip ratio
was also more prevalent in women (59.2%) than in men (45.9%). Current smokers comprised of 9.1%
of the participants, with a much higher proportion among men (15.6%) than among women (1.7%).
Similarly, alcohol consumption was much higher among men (25.5%) than among women (3.9%).
The prevalence of adequate physical activity was 39.5%; being higher in men (45.0%) than in women
(33.2%). Daily intake of fruits and vegetables was low for both men and women; with around 85%
of the participants not having adequate intake. Consumption of high sugary foods and drinks was
relatively low, with less than 15% consuming them daily in both sexes. Around 37% of men and 25.6%
of women reported using fat rather than oil for cooking.
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Table 3. Anthropometric, behavioural and dietary risk factors for non-communicable diseases (NCDs **) by sex among the residents of Kajiado County, Kenya (n = 593).

Variable
Total Men Women

n % (95% CI) n % (95% CI) n % (95% CI) p-Value *

Unweighted 593 221 372
Weighted 596 316 280

Anthropometric

Body mass index (kg/m2) <0.01
Normal (<25.0) 302 50.7 (41.4, 59.9) 190 60.3 (47.8, 71.6) 111 39.8 (31.8, 48.4)

Overweight (25.0–29.9) 172 28.8 (23.7, 34.6) 84 26.4 (18.3, 36.5) 89 31.6 (27.4, 36.2)
Obese (30.0 and above) 122 20.5 (15.5, 26.7) 42 13.3 (8.8, 19.7) 80 28.6 (22.1, 36.1)

Waist–hip ratio 0.04
Normal (<0.9/men and

<0.85/women) 274 46.0 (37.6, 54.7) 164 51.9 (39.4, 64.1) 110 39.4 (32.3, 47.0)

High (≥0.9/men and
≥0.85/women) 311 52.2 (43.7, 60.5) 145 45.9 (34.2, 58.1) 166 59.2 (51.5, 66.5)

Missing data 11 1.8 (0.6, 5.7) 7 2.2 (0.6, 8.1) 4 1.4 (0.5, 4.0)

Behavioural
Smoking <0.01

Not smoking 542 90.9 (8.6, 94.3) 267 84.4 (75.5, 90.5) 275 98.3 (94.5, 99.5)
Currently smoking 54 9.1(5.7. 14.1) 49 15.6 (9.5, 24.5) 5 1.7 (0.5, 5.5)

Alcohol consumption <0.01
Not drinking 505 84.6 (77.9, 89.6) 236 74.5(64.2, 82.6) 269 96.1(91.9, 98.2)

Currently drinking 91 15.4 (10.4, 22.1) 80 25.5 (17.4, 35.8) 11 3.9 (1.8, 8.1)

Adequate physical activity 0.07
Yes 235 39.5 (33.0, 46.4) 142 45.0 (34.5, 56.0) 93 33.2 (26.8, 40.4)
No 346 58.1 (51.1, 64.7) 166 52.6 (41.6, 63.4) 180 64.2 (56.9, 70.8)

Missing data 15 2.5 (1.2, 5.1) 8 2.4 (0.9, 6.4) 7 2.6 (1.4, 4.7)

Dietary
Fruits and veg daily intake 0.51

Yes 91 15.3 (10.5, 21.6) 48 15.2 (9.3, 23.7) 43 15.3 (10.5, 21.9)
No 501 84.1 (77.5, 88.9) 267 84.5 (76.0, 90.4) 234 83.7 (76.6, 88.6)

Missing data 4 0.7 (0.3, 2.1) 1 0.3 (N/A) 3 1.0 (0.4, 3.9)

High sugary foods and drinks 0.25
Daily 78 13.0 (9.2, 18.2) 38 12.0 (6.7, 20.8) 40 14.2 (9.9, 19.8)

Weekly 216 36.2 (30.1, 42.8) 115 36.3 (27.3, 46.3) 101 36.2 (29.8, 43.0)
Occasionally 295 49.4 (44.7, 54.2) 163 51.4 (44.4, 58.3) 132 47.2 (41.6, 52.8)
Missing data 8 1.3 (0.6, 3.1) 1 0.3 (N/A) 7 2.5 (1.0, 6.0)

Use cooking fat/oil 0.02
Mainly use cooking oil 395 66.4 (52.4, 77.9) 193 61.0 (44.9, 75.0) 202 72.4 (59.5, 82.4)
Mainly use cooking fat 188 31.5 (19.9, 46.0) 116 36.7 (22.5, 53.7) 72 25.6 (15.8, 38.5)

Missing data 13 2.2 (1.0, 4.7) 7 2.3 (0.9, 6.0) 6 2.0 (0.9, 4.6)

CI: Confidence Interval. N/A: The number with missing data was very small; thus, the confidence interval could not be computed. * p-values are from χ2 tests adjusted for the study design
comparing men and women. ** NCDs refer to hypertension and diabetes in this study.
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3.4. Factors Associated with Elevated Blood Pressure and Elevated Blood Glucose

Table 4 shows the factors associated with elevated blood pressure in multivariable analysis
(results of bivariate analysis are presented as supplementary Tables S2 and S3). Association of age with
elevated blood pressure was dose-dependent in both sexes as AORs increased from 0.72 (0.31, 1.70)
to 2.08 (0.56, 7.70) in men and from 1.81 (1.08, 3.04) to 4.89 (1.62, 14.79) in women for 35–54 and
55–64 years, respectively, which was, however, statistically significant only in women. Similarly,
being of non-Maasai ethnicity was significantly associated with elevated blood pressure with AOR
2.62 (1.22, 5.62) for Kikuyu and 2.48 (1.18, 5.21) for others among only women. Self-employed men
were significantly more likely to have elevated blood pressure compared with the unemployed men
with AOR 3.72 (1.13, 12.22). BMI was associated with elevated blood pressure in a dose-dependent
manner in both sexes but more strongly in men, with AORs of 3.23 and 17.13 in men and 1.47 and 2.30
in women for BMI 25–29 and BMI ≥ 30, respectively, with reference to BMI < 25.

As illustrated in Table 5, age was also significantly associated with elevated blood glucose in a
dose-dependent manner in both sexes, with AOR increasing from 2.32 (0.82, 6.56) to 3.94 (1.15, 13.48)
in men and from 1.20 to 3.96 in women for 35–54 years and 55–64 years, respectively, with reference to
25–34 years. BMI was also significantly associated with elevated blood glucose in a dose-dependent
manner in both sexes but more strongly in men, with AOR increasing from 2.49 (0.89, 6.91) to 5.33
(1.78, 16.00) in men and from 0.74 (0.33, 1.68) to 2.43 (1.16, 5.06) in women of BMI 25–29 and BMI ≥ 30,
respectively, with reference to BMI < 25. Higher waist–hip ratio was significantly associated with
elevated blood glucose only in women (AOR = 3.18).
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Table 4. Results of multivariate logistic regression analysis with elevated blood pressure as outcome among the residents of Kajiado County, Kenya (n = 593).

Variable
Total (n = 593) Men (n = 221) Women (n = 372)

AOR (95% CI) p-Value AOR (95% CI) p-Value AOR (95% CI) p-Value

Age (Years)
25–34 1 (Ref.) 1 (Ref.) 1 (Ref.)
35–54 1.36 (0.88–2.08) 0.16 0.72 (0.31–1.70) 0.46 1.81 (1.08–3.04) 0.03
55–64 3.54 (1.56–8.00) <0.01 2.08 (0.56–7.70) 0.28 4.89 (1.62–14.79) 0.01

Sex
Women 1 (Ref.)

Men 2.37 (1.48–3.80) <0.01 a a a a

Ethnicity
Maasai 1 (Ref.) 1 (Ref.) 1 (Ref.)
Kikuyu 2.05 (1.09–3.82) 0.03 1.60 (0.45–5.62) 0.47 2.62 (1.22–5.62) 0.01
Other 1.92 (1.08–3.42) 0.03 1.59 (0.57–4.42) 0.38 2.48 (1.18–5.21) 0.02

Residence
Rural 1 (Ref.) 1 (Ref.) 1 (Ref.)
Urban 1.14 (0.68–1.91) 0.61 0.93 (0.36–2.39) 0.89 1.17 (0.62–2.22) 0.63

Occupation
Unemployed 1 (Ref.) 1 (Ref.) 1 (Ref.)

Employed 1.07 (0.60–1.91) 0.82 2.69 (0.78–9.27) 0.12 0.79 (0.39–1.59) 0.51
Self employed 1.72 (1.06–2.80) 0.03 3.72 (1.13–12.22) 0.03 1.57 (0.91–2.70) 0.10

Smoking
Not smoking 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

Currently smoking 1.09 (0.42–2.82) 0.87 1.14 (0.38–3.44) 0.81 N/A *

Alcohol consumption
Not drinking 1 (Ref.) 1 (Ref.) 1 (Ref.)

Currently drinking 1.47 (0.72–3.02) 0.29 2.33 (0.90–6.07) 0.08 1.08 (0.34–3.50) 0.89

BMI (Kg/m2)
Normal (<25.0) 1 (Ref.) 1 (Ref.) 1 (Ref.)

Overweight (25.0–29.9) 1.87 (1.20–2.94) 0.01 3.23 (1.20–8.68) 0.02 1.47 (0.86–2.51) 0.16
Obese (30.0 and above) 2.97 (1.68–5.24) <0.01 17.13 (1.85–158.46) 0.01 2.30 (1.23–4.33) 0.01

Waist–hip ratio
Normal (<0.9/men and <0.85/women) 1 (Ref.) 1 (Ref.) 1 (Ref.)

High (≥0.9/men and ≥0.85/women) 1.11 (0.73–1.69) 0.62 1.31 (0.56–3.06) 0.54 1.01 (0.61–1.68) 0.95
Missing data 1.63 (0.31–8.56) 0.56 N/A * 0.74 (0.11–4.81) 0.76

HbA1c (%)
Normal (<6.0) 1 (Ref.) 1 (Ref.) 1 (Ref.)

Pre-diabetes (6.0-6.4) 1.00 (0.52–1.95) 0.10 1.97 (0.40–9.76) 0.41 0.86 (0.40–1.84) 0.69
Diabetes (≥6.5) 2.37 (0.75–7.50) 0.14 0.86 (0.82–9.07) 0.90 2.56 (0.66–9.83) 0.17

CI: Confidence Interval; AOR: Adjusted Odds Ratio (all the variables in the table were mutually adjusted for each other in the multivariable analysis). Ref: Reference group; BMI: Body
Mass Index; N/A: The number with missing data was very small; thus, the confidence interval could not be computed. * The number with missing data was very small; hence the p-value
could not be computed. a Data has already been segregated by sex (No values to input).
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Table 5. Results of multivariate logistic regression analysis with elevated blood glucose as outcome among the residents of Kajiado County, Kenya (n = 593).

Variable
Total (n = 593) Men (n = 221) Women (n = 372)

AOR (95% CI) p-Value AOR (95% CI) p-Value AOR (95% CI) p-Value

Age (Years)
25–34 1 (Ref.) 1 (Ref.) 1 (Ref.)
35–54 1.51 (0.86–2.65) 0.15 2.32 (0.82–6.56) 0.11 1.20 (0.60–2.42) 0.61
55–64 3.59 (1.78–7.25) <0.01 3.94 (1.15–13.48) 0.03 3.96 (1.58–9.95) <0.01

Education
Basic 1 (Ref.) 1 (Ref.) 1 (Ref.)

High school/higher 0.98 (0.58–1.66) 0.95 1.19 (0.50–2.84) 0.70 0.87 (0.43–1.75) 0.69

Occupation
Unemployed 1 (Ref.) 1 (Ref.) 1 (Ref.)

Employed 0.43 (0.20–0.91) 0.03 0.41 (0.09–1.87) 0.25 0.58 (0.21–1.57) 0.28
Self-employed 0.57 (0.33–1.00) 0.05 0.91 (0.24–3.38) 0.89 0.50 (0.26–1.00) 0.05

BMI (Kg/m2)
Normal (<25.0) 1 (Ref.) 1 (Ref.) 1 (Ref.)

Overweight (25.0–29.9) 1.10 (0.59–2.05) 0.76 2.49 (0.89–6.91) 0.08 0.74 (0.33–1.68) 0.48
Obese (30.0 and above) 3.01 (1.67–5.42) <0.01 5.33 (1.78–16.00) <0.01 2.43 (1.16–5.06) 0.02

Waist–hip ratio
Normal (<0.9/men and <0.85/women) 1 (Ref.) 1 (Ref.) 1 (Ref.)

High (≥0.9/men and ≥0.85/women) 2.52 (1.43–4.43) <0.01 1.73 (0.65–4.56) 0.27 3.18 (1.52–6.64) <0.01
Missing data 1.40 (0.24–8.27) 0.71 8.66 (0.80–93.97) 0.08 N/A *

Blood pressure(mmHg)
Normal (<120 and <80) 1 (Ref.) 1 (Ref.) 1 (Ref.)

Pre-hypertension (120–139/80–89) 1.06 (0.57–1.98) 0.84 1.71 (0.42–6.90) 0.45 0.89 (0.42–1.88) 0.76
Hypertension (≥140 and ≥90) 1.52 (0.78–2.95) 0.22 1.70 (0.40–7.26) 0.47 1.52 (0.68–3.38) 0.31

Low density lipoprotein (mg/dl)
Optimal (<100) 1 (Ref.) 1 (Ref.) 1 (Ref.)

High (≥130) 1.11 (0.57–2.13) 0.76 0.64 (0.21–1.99) 0.44 1.41 (0.60–3.33) 0.44
Missing data 1.28 (0.52–3.17) 0.59 0.71 (0.07–7.57) 0.77 1.66 (0.60–4.56) 0.33

CI: Confidence Interval; AOR: adjusted odds ratio (all the variables in the table were mutually adjusted for each other in the multivariable analysis). N/A: The number with missing data
was very small; thus, the confidence interval could not be computed. * The number with missing data was very small; hence, the p-value could not be computed.
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4. Discussion

We quantified the distribution of the levels of blood pressure and blood glucose and other NCD
risk factors and investigated the correlates of elevated blood pressure and elevated blood glucose in
Kajiado County. This is the first study in Kenya that investigates the urbanizing local community
in terms of NCD risk factors, incorporating the measurement of blood pressure and blood glucose,
plasma lipids and urinary Na/K ratio. Overall, we found that a substantial proportion of participants
had elevated blood pressure or elevated blood glucose, which were associated with only a limited
number of factors, including age and BMI. Moreover, although the prevalence of dyslipidaemia was
still low, unhealthy behaviours, especially low physical activity and low vegetable/fruit intake were
prevalent in both sexes, with smoking and drinking habits being prevalent only in men.

4.1. Prevalence of the Elevated Blood Pressure and Elevated Blood Glucose

The overall crude prevalence of elevated blood pressure was 72.7% (80.6% in men and 63.8% in
women). The age-standardized prevalence of hypertension was 26.2%, which is slightly higher than
the national average of 24.5% [47]. On the other hand, the crude prevalence of elevated blood glucose
was 17.6% (16.4% in men and 19.0% in women). When standardized for age, the prevalence of diabetes
of 7.7% was higher than the national average of 2.4% [48], suggesting that our study area had relatively
higher levels of cardio-metabolic risk factors for NCDs.

Despite such high prevalence of elevated blood pressure and glucose, a worryingly high proportion
(46.7%) of participants had never measured their blood pressure, and over half (60.4%) had never
measured their blood glucose. Even worse, only 34.7% of participants having hypertension and 23.7%
of those having diabetes were aware of their condition, meaning that most of the patients with elevated
blood pressure and elevated blood glucose were left untreated. The national stepwise survey found
a similar pattern whereby 56% and 88% of the respondents had never had their blood pressure and
blood glucose measured, respectively [49]. Other subpopulation studies in Kenya have also reported
on poor awareness, control and treatment for blood pressure and blood glucose [47]. In view of the
increasing burden of hypertension and diabetes and the potentially devastating consequences of these
health conditions, prevention programs are urgently needed to sensitize the population and screen
individuals at risk of NCDs. Since it has been observed that rapid urbanisation is causing an upsurge
in ischaemic heart disease and metabolic disorders [50], programs in rapid urbanizing areas such as
our study area should be a priority.

4.2. Prevalence of other NCD Risk Factors

Overweight/obesity prevalence was high in both men (39.7%) and women (60.2%). Similar prevalence
of overweight and obesity, with a sex disparity, have been reported consistently in Kenya and in many
countries in Africa [51].

Expectedly, the proportion of alcohol consumers or tobacco smokers was higher (Table 3) in men
(25.5% and 15.6%) than in women (3.9% and 1.7%). However, of greater concern is that half of current
drinkers were younger than 35 years (results not shown), which is contrary to what was found in rural
areas of western Kenya where drinking habit was more prevalent among older (45–54 years) men [52].
If this pattern is a consequence of urbanisation, it is possible that the prevalence of alcohol drinking
would continue to increase over time, highlighting the need for prevention programs particularly
targeting young people.

Although over 90% of our participants were involved in physical activity (work, walking, cycling),
only 39% engaged in adequate physical activity. More men were physically active than women even
though in Kenya physical activity has generally been viewed as a means to have work completed and
is not linked to health [53]. In view of the previous studies in Kenya that showed sedentary lifestyles
prevailing among Kenyan children and adolescents and the lack of national policy for promotion of
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physical activity in Kenya [54,55], interventions to promote physical activity in this study population
are needed.

Our evaluation of quality of diet by examining four key elements (fruit and vegetable consumption,
salt intake, intake of sugary foods and beverages and the use of cooking oil/fat) revealed a pattern
similar to that reported in the national NCD survey [49]. Of importance among them would be the
low fruit and vegetable intake. Although WHO recommends fruit and vegetable intake of at least five
servings (400 g) daily for the prevention of chronic diseases [31], over half of the participants in our
study population did not consume vegetables daily and over 70% did not consume fruits daily.

Although we are unable to compare our results on the complete profile of plasma lipids with
those of other studies in Kenya, the proportion of subjects with high TC or low HDL-C concentrations
in this study is lower than the national estimates [49]. About 5% of our study participants had high TC
concentration compared to about 10% of adults nationally. In addition, whereas 50% of men and 60%
of women had low HDL-C concentration at the national level, over 90% of the subjects in our study
had optimal HDL-C concentration. The reason for this substantial difference is not clear and deserves
further investigation.

We introduced measurement of urinary Na/K ratio out of the concern that salt intake by the
inhabitants of our study area might be high given that the water used for domestic purposes in
the area is salty due to the underlying soda volcanic rock. Our study revealed that the median of
urinary Na/K ratio was only an average of international standard, but still 70% of the participants
had urinary Na/K ratio above the recommended value of 2.0 [36]. This important finding could
be considered in designing intervention strategies. According to the INTERSALT study—a large
multicentre international collaborative study on salt and blood pressure—a reduction of urinary
Na/K ratio from 3.09 to 1.00 reduces the population average of SBP by about 3.36 mmHg [56,57].
Although assessment of urinary Na/K ratio is convenient and simple, studies that have included this
measurement remain remarkably scarce in Kenya. Therefore, it is important to consider the inclusion
of urinary Na/K since it is key for future prevention programs. In addition, assessment of urinary Na/K
ratio can overcome under-reporting of sodium intake, which is one of the major difficulties observed
in dietary surveys [58].

4.3. Correlates of Elevated Blood Pressure and Elevated Blood Glucose

BMI was directly associated with both elevated blood pressure and elevated blood glucose in
both sexes. The association of BMI with hypertension and diabetes has been previously reported in the
literature from both developing and developed settings [6,59]. In Africa, an ecological study on the
trends of obesity and diabetes from 1980 to 2014 found a strong positive association between mean
BMI level and the prevalence of diabetes in both men and women [60], and other studies have shown
associations between BMI and hypertension [61,62]. In Kenya, Olack et al. (2015) found that overweight
and obesity were associated with hypertension with odds ratios of 1.7 and 2.0, respectively, among
respondents living in the Kibera slum in Nairobi [27]. In view of the high prevalence of overweight
and obesity in our study population and the report by the International Food Policy Research Institute
(IFPRI) [63] that indicated a rapid rise in peoples’ BMI especially in urban Kenya, there is need to
address the problem of overweight/obesity.

Association of BMI with elevated blood pressure and elevated blood glucose was stronger in
men than in women in our study, which is consistent with previous studies in Kenya [25,47] and in
other African countries [64]. This was because the proportion of overweight and obese participants
with normal blood pressure or with normal blood glucose was much higher in women than in men,
while their proportions among elevated blood pressure group or elevated blood glucose group do not
differ as much between sexes (Table S4).

Regarding the relationship between blood pressure and BMI, another interesting finding from our
study is that 52% of participants with normal BMI had pre-hypertension (Table S4). This finding is
consistent with previous studies in Kenya [25] and developed countries [65], suggesting the mechanism
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of blood pressure elevation that is independent of increased body weight. Although the exact
mechanism is unknown, it has been argued that it may be due to some environmental or genetic
factors [66].

From these observations, it is suggested that, though a weight reduction approach is essential in
the prevention and management of elevated blood pressure and elevated blood glucose, screening of
hypertension should not solely focus on individuals with a high BMI (overweight and obese) but also
on those with normal or lower BMI.

In our study, men and women aged 55–64 years had the highest prevalence rates of both elevated
blood pressure and elevated blood glucose. In a recent study covering four different regions of
Kenya, Ogola and others noted that the prevalence of pre-hypertension increased with age, peaking at
50–69 years (49.9%) followed by a decline. The decline coincides with an increase in hypertension,
most likely reflecting a transition to hypertension [67]. In this view, there is urgent need to promote
prevention, early detection and management of the chronic conditions to avoid further complications.

Ethnicity-wise, the Kikuyu and other ethnic groups were at higher odds of elevated blood pressure
compared to the Maasai in women. Although the exact reasons of this ethnic difference are not clear
from our study, it might be that, although the lifestyle of the residents of Kajiado is changing due to
urbanisation, the Maasai women may still be keeping some of their traditional ways of life that are
preventive of elevated blood pressure.

Finally, our study indicated potential association between self-employment and elevated blood
pressure in men. Although some subpopulation studies in Kenya [68], Saudi Arabia [69] and Turkey [70]
reported an association between employment status and dyslipidaemia, another risk factor for CVDs,
other larger studies found no significant association between occupation and dyslipidaemia [71],
arguing that this association would be a result of confounding by unknown factors.

Our study found several factors that could be targeted to improve the NCD situation and overall
health in Kajiado County. First, the unhealthy dietary and lifestyle behaviours should be addressed.
Most (90%) study participants were engaged in physical activity, but only 39.5% were having adequate
physical activity. There is need for sensitization programs to increase awareness on the adequate level
physical activity for desired health benefits. The Maasai people are known for their intense physical
activity due to pastoralism. However, as we observed, the situation seems to be changing due to
urbanisation, and sensitization programs will need to address this.

Secondly, the low intake of fruits and vegetables, which is partly due to the semi-arid nature of the
climate in Kajiado, can be addressed by the county government through both incentives and measures
that can ensure availability on the local markets. For example, the agricultural companies producing
fruit and vegetables in green houses could be required to make a portion of them available to the local
market. The sensitization programs mentioned above could also encourage consumption of the fruits
and vegetables.

Thirdly, young men below 35 years were found to be the group mostly engaged in alcohol consumption
in the county. Given that the population is projected to increase rapidly due to urbanisation, this habit
especially among young people needs to be addressed urgently by the county government.

Fourthly, the high prevalence of overweight and obesity in both men and women could
be addressed through community-based interventions to promote a healthy lifestyle and dietary
behaviours such as increasing physical activity and the consumption foods low in energy and fat
and high in fibre. Poor awareness of NCDs should also be addressed through community-based
interventions, and screening, early diagnosis, treatment and rehabilitation services for hypertension and
diabetes should be made available. The community should be sensitized to the risk of pre-hypertension
even among those with normal BMI. The NCD control strategy in Kajiado needs to address the health
challenges that are associated with rapid urbanisation and socio-economic development.

Given that Kajiado is located in a salty water zone and the observation that over 70% of the
participants had a urinary Na/K ratio of over 2.0, there is need for further research on the effect of the
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salty water on the health of the people, practical ways to desalinate the water for domestic use and
closer observation on the salt consumption in order to curb future health problems.

4.4. Strengths and Limitations

The study has the following strengths. Firstly, this is among the first NCD survey reports to
cover an entire county. Secondly, unlike previous studies on NCDs in Kenya, which mainly relied
on self-reported risk factor measurements, this study collected data on anthropometric and cardio
metabolic markers together with self-reported data. The availability of biomarker measurements
provides additional information that has largely been lacking. Thirdly, this study covered both rural
and urban residents and both the natives (Maasai) and non-natives, which improves generalizability
of the findings. As it was noted in the previous studies on hypertension and diabetes in Africa,
it is essential for studies to capture both rural and urban populations to address disparities in risk
factors [72]. Fourthly, analysing the data by sex, our study identified the sex disparity regarding the
distribution of NCD risk factors and their associations with elevated blood pressure and elevated blood
glucose, providing useful information for designing sex and gender-matched prevention programs
in future.

The study has the following limitations. Firstly, data on fruit and vegetable consumption, cooking
oil and cooking fat use, salt use, tobacco use, alcohol use and physical activity were self-reported and
hence prone to information bias. These factors are known to be associated with elevated blood pressure
or elevated blood glucose; however, we did not replicate such associations in this study probably partly
due to this bias. Secondly, we excluded 20.9% of the participants in the data analysis due to missing
information. Even though we observed no statistically significant difference between the participants
included and those excluded from the analysis based on the variables in the questionnaire (Table S1),
the two groups might have differed by other unmeasured variables. Thirdly, although excessive
sodium intake is an established risk factor for hypertension and diabetes [73,74], the question on salt
intake was poorly answered, resulting in a lot of missing values, and was thus not used in the analysis.
Fourthly, in clinical practice, a diagnosis of hypertension requires multiple measurements on several
occasions, but we took measurements on a single day. However, this potential bias was minimized by
using the mean of the last two of the three blood pressure measurements.

Finally, data from a cross-sectional study design prohibits causal interpretation. Our findings
may have been affected by reverse causality, where participants with diabetes or hypertension prior
to the study might have modified their diet and lifestyle. To mitigate this study design limitation,
we recommend setting up large-scale cohort studies to investigate NCD risk factors in Kenya. Currently,
such studies are based mainly in high income countries.

5. Conclusions

Our study revealed that over two-thirds of the participants had elevated blood pressure and about
one fifth had elevated blood glucose. Overall, our results indicate that a substantial proportion of
participants, in Kajiado County are at risk of developing NCDs. There is need for urgent introduction
of intervention programs for NCDs, especially in the areas experiencing rapid lifestyle changes due to
urbanisation. The intervention programs should be sensitive to sex differences in risk factors, such as
the high prevalence of overweight and obesity among women with normal blood pressure and high
prevalence of elevated blood pressure among men with normal BMI.

Supplementary Materials: All data generated or analysed during this study are included in this published article
(and its supplementary information files). The following are available online at http://www.mdpi.com/1660-4601/
17/19/6957/s1, Table S1. Comparison between participants with complete data and those with missing data based
on background characteristics, Kajiado County, Kenya. Table S2. Bivariate analysis of risk factors of elevated
blood pressure among the residents of Kajiado County, Kenya (n = 593). Table S3. Bivariate analysis of risk factors
of elevated blood glucose among the residents of Kajiado County, Kenya (n = 593). Table S4. Summary of the
distribution levels of elevated blood pressure and elevated blood glucose by age and body mass index among the
residents of Kajiado County, Kenya (n = 593). NCD Data File: Includes the raw data generated during the study.

http://www.mdpi.com/1660-4601/17/19/6957/s1
http://www.mdpi.com/1660-4601/17/19/6957/s1


Int. J. Environ. Res. Public Health 2020, 17, 6957 18 of 22

Author Contributions: All authors contributed substantially to the work reported. conceptualization; A.N.O.,
C.W., P.M.M., T.T., C.-W.W., M.O.-K., C.S. and M.K.; data curation, A.N.O., C.W., P.M.M., T.T., C.-W.W. and M.K.;
formal analysis, A.N.O., C.W., P.M.M., T.T., C.-W.W. and M.K.; funding acquisition, M.K.; investigation, A.N.O.;
methodology, A.N.O., C.W., P.M.M., T.T., C.-W.W., M.O.-K., C.S., M.K. and T.N.; project administration, A.N.O.
and M.K.; resources, M.O.-K., C.S., M.K. and T.N.; software, A.N.O. and C.W., supervision, M.O.-K., C.S., M.K. and
T.N.; validation, A.N.O., C.W., P.M.M., T.T., C.-W.W. and M.K; visualization, A.N.O., C.W., P.M.M., T.T., C.-W.W.
and M.K; writing—original draft, A.N.O.; writing—review and editing, A.N.O., C.W., P.M.M., T.T., C.-W.W.,
M.O.-K., C.S., M.K. and T.N. All authors have read and agreed to the final version of the manuscript.

Funding: This study was funded by the Kyoto University, Inter-graduate School program for sustainable
development and survivable societies. Anita Nyaboke Ongosi was also supported by the 2017 Kyoto University
School of public Health—Super Global Course’s travel scholarship to Kenya through the Top Global University
Project “Japan Gateway: Kyoto University Top Global program”, sponsored by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT), Japan. The funders had no role in study design, data collection
and analysis, decision to publish or preparation of the manuscript.

Acknowledgments: We sincerely acknowledge the study participants and the survey research team. We thank
the staff of the Kenya National Bureau of Statistics in the National office and Kajiado County office for
assistance with mapping of the study area, household identification and communicating with the village
leaders beforehand. We acknowledge all the staff and students of the Department of global health and social
epidemiology, Kyoto University, for their input at various stages of the study, we also thank the staff and students
of the Department of Consumer science, University of Eldoret, for their support during preparation for data
collection and the staff of Siloam Medical Centres for support during fieldwork and for allowing us to dispose of
medical waste.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References

1. Goryakin, Y.; Rocco, L.; Suhrcke, M. The contribution of urbanization to non-communicable diseases:
Evidence from 173 countries from 1980 to 2008. Econ. Hum. Biol. 2017, 26, 151–163. [CrossRef] [PubMed]

2. Lozano, R.; Naghavi, M.; Foreman, K.; Lim, S.; Shibuya, K.; Aboyans, V.; Abraham, J.; Adair, T.; Aggarwal, R.;
Ahn, S.Y.; et al. Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010:
A systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012. [CrossRef] [PubMed]

3. Aikins, A.d.-G.; Unwin, N.; Agyemang, C.; Allotey, P.; Campbell, C.; Arhinful, D. Tackling Africa’s chronic
disease burden: From the local to the global. Glob. Health 2010, 6, 5. [CrossRef] [PubMed]

4. Alwan, A. Global Status Report on Noncommunicable Diseases 2010; World Health Organization Press: Geneva,
Switzerland, 2011.

5. Mathers, C.D.; Loncar, D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med.
2006. [CrossRef] [PubMed]

6. Dalal, S.; Beunza, J.J.; Volmink, J.; Adebamowo, C.; Bajunirwe, F.; Njelekela, M.; Mozaffarian, D.; Fawzi, W.;
Willett, W.; Adami, H.-O.; et al. Non-communicable diseases in sub-Saharan Africa: What we know now.
Int. J. Epidemiol. 2011. [CrossRef] [PubMed]

7. World Health Organisation. Non-Communicable Diseases and Mental Health Fact sheet [Internet] World
Health Organisation December 2009.7. Available online: https://www.who.int/nmh/newsletter_december_
20091211_en.pdf (accessed on 4 February 2015).

8. World Health Organisation. Noncommunicable Diseases (NCD) Country Profiles-Kenya [Internet]. 2014.
Available online: https://www.who.int/nmh/countries/2018/ken_en.pdf?ua=1 (accessed on 21 January 2017).

9. Hendriks, M.E.; Wit, F.W.; Roos, M.T.; Brewster, L.M.; Akande, T.M.; De Beer, I.H.; Mfinanga, S.G.;
Kahwa, A.M.; Gatongi, P.; Van Rooy, G.; et al. Hypertension in Sub-Saharan Africa: Cross-sectional surveys
in four rural and urban communities. PLoS ONE 2012, 7. [CrossRef] [PubMed]

10. Hassan, A. Prevalence of Cardiovascular Disease Risk Factors in Urban Garissa Residents. Master’s
Thesis, College of Health Sciences, University of Nairobi, Nairobi, Kenya, 2012. Available online:
http://erepository.uonbi.ac.ke/handle/11295/6910 (accessed on 12 June 2018).

11. Ettarh, R.; Van de Vijver, S.; Oti, S.; Kyobutungi, C. Overweight, Obesity, and Perception of Body Image
Among Slum Residents in Nairobi, Kenya, 2008–2009. Prev. Chronic Dis. 2013, 10. [CrossRef] [PubMed]

12. Mathenge, W.; Foster, A.; Kuper, H. Urbanization, ethnicity and cardiovascular risk in a population in
transition in Nakuru, Kenya: A population-based survey. BMC Public Health 2010, 10, 569. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.ehb.2017.03.004
http://www.ncbi.nlm.nih.gov/pubmed/28410489
http://dx.doi.org/10.1016/S0140-6736(12)61728-0
http://www.ncbi.nlm.nih.gov/pubmed/23245604
http://dx.doi.org/10.1186/1744-8603-6-5
http://www.ncbi.nlm.nih.gov/pubmed/20403167
http://dx.doi.org/10.1371/journal.pmed.0030442
http://www.ncbi.nlm.nih.gov/pubmed/17132052
http://dx.doi.org/10.1093/ije/dyr050
http://www.ncbi.nlm.nih.gov/pubmed/21527446
https://www.who.int/nmh/newsletter_december_20091211_en.pdf
https://www.who.int/nmh/newsletter_december_20091211_en.pdf
https://www.who.int/nmh/countries/2018/ken_en.pdf?ua=1
http://dx.doi.org/10.1371/journal.pone.0032638
http://www.ncbi.nlm.nih.gov/pubmed/22427857
http://erepository.uonbi.ac.ke/handle/11295/6910
http://erepository.uonbi.ac.ke/handle/11295/6910
http://dx.doi.org/10.5888/pcd10.130198
http://www.ncbi.nlm.nih.gov/pubmed/24355105
http://dx.doi.org/10.1186/1471-2458-10-569
http://www.ncbi.nlm.nih.gov/pubmed/24355105


Int. J. Environ. Res. Public Health 2020, 17, 6957 19 of 22

13. International Diabetes Federation. Diabetes Atlas 8th Edition [Internet] IDF Atlas. 2017. Available online: https:
//reports.instantatlas.com/report/view/704ee0e6475b4af885051bcec15f0e2c/KEN (accessed on 11 August 2018).

14. Ministry of Health Kenya. Kenya Health Policy 2014 to 2030. ID UH2030-78. Available online: http:
//publications.universalhealth2030.org/ref/d6e32af10e5c515876d34f801774aa9a (accessed on 3 November 2016).

15. Diabetes, T.L. Endocrinology. Urbanisation, inequality, and non-communicable disease risk. Lancet Diabetes
Endocrinol. 2017, 5, 313. [CrossRef] [PubMed]

16. Kenya National Bureau of Statistics. Population Distribution by Age, Sex and Administrative Units-Volume
1C 2009 Census. 2010. Available online: https://www.knbs.or.ke/download/volume-1c-population-distribut
ion-by-age-sex-and-administrative-units/ (accessed on 9 October 2016).

17. Kajiado County Integrated Development Plan 2018–2022. Available online: https://www.cog.go.ke/downlo
ads/category/106-county-integrated-development-plans-2018--2022 (accessed on 28 August 2020).

18. Kaptuya, S.P. The Impact of Urbanization on The Livelihoods of The Maasai Community: A Case Study
of Ngong Ward, Kajiado County. Master’s Thesis, Department of Geography and Environmental Studies,
University of Nairobi, Nairobi, Kenya, 2013. Available online: https://pdfs.semanticscholar.org/1bd1/75f2084c
131bab576c155975fd03e6a07b93.pdf?_ga=2.97687839.1817865337.1600762596-632785914.1599062260 (accessed on
2 September 2020).

19. Kabubo-Mariara, J. Climate change adaptation and livestock activity choices in Kenya: An economic analysis.
Nat. Resour. Forum. 2008, 32, 131–141. [CrossRef]

20. Leal Filho, W.; Osano, P.M.; Said, M.Y.; de Leeuw, J.; Moiko, S.S.; Kaelo, D.O.; Birner, R.; Ogutu, J.O.
Pastoralism and ecosystem-based adaptation in Kenyan Masailand. Int. J. Clim. Chang. Str. 2013. [CrossRef]

21. Kajiado County Office of the Controller of Budget Report. 2016. Available online: http://cob.go.ke/counties
/kajiado-county/ (accessed on 8 May 2016).

22. Lavrakas, P.J. Within-Household Respondent Selection: How Best to Reduce Total Survey Error. Media
Rating Council Respondent Selection Report. 2008. Available online: http://mediaratingcouncil.org/MRC
%20Point%20of%20View%20-%20Within%20HH%20Respondent%20Selection%20Methods.pdf (accessed on
9 October 2016).

23. United Nations Educational, Scientific and Cultural Organization. Guide to the Analysis and Use of Household.
UNESCO Institute of Statistics. 2004. Available online: http://uis.unesco.org/sites/default/files/documents/guide-t
o-the-analysis-and-use-of-household-survey-and-census-education-data-en_0.pdf (accessed on 10 October 2016).

24. Wiegand, H.; Kish, L. Survey Sampling; John Wiley & Sons Inc.: New York, NY, USA; London, UK, 1965;
pp. 88–89. [CrossRef]

25. Joshi, M.D.; Ayah, R.; Njau, E.K.; Wanjiru, R.; Kayima, J.K.; Njeru, E.K.; Mutai, K.K. Prevalence of hypertension
and associated cardiovascular risk factors in an urban slum in Nairobi, Kenya: A population-based survey.
BMC Public Health 2014, 14, 1177. [CrossRef] [PubMed]

26. Ogola, E.N. Healthy Heart Africa Report: The Kenyan Experience. Astra Zeneca. 2015. Available online:
http://www.pascar.org/uploads/files/HEALTHY_HEART_AFRICA_Elijah_Ogola.pdf (accessed on 4 July 2017).

27. Olack, B.; Wabwire-Mangen, F.; Smeeth, L.; Montgomery, J.M.; Kiwanuka, N.; Breiman, R.F. Risk factors of
hypertension among adults aged 35-64 years living in an urban slum Nairobi, Kenya. BMC Public Health
2015, 15, 1–9. [CrossRef] [PubMed]

28. Landis, J.R.; Koch, G.G. The measurement of observer agreement for categorical data. Biometrics 1977,
159–174. [CrossRef]

29. World Health Organization. World Health Organisation STEPwise Approach to NCD Risk Factor Surveillance.
2003. Available online: https://www.who.int/ncd_surveillance/en/steps_framework_dec03.pdf (accessed on
12 April 2016).

30. World Health Organisation. Global Recommendations on Physical Activity for Health. 2010. Available
online: https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf (accessed on 8 June 2016).

31. World Health Organisation. World Health Organisation NCDs | STEPwise Approach to Chronic Disease
Risk Factor Surveillance. 2017. Available online: https://www.who.int/ncds/surveillance/steps/kenya/en/

(accessed on 2 September 2018).
32. Tolonen, H.; Koponen, P.; Aromaa, A.; Conti, S.; Graff-Iversen, S.; Grøtvedt, L.; Kanieff, M.; Mindell, J.;

Natunen, S.; Primatesta, P. Recommendations for the Health Examination Surveys in Europe. 2008. Available
online: https://discovery.ucl.ac.uk/id/eprint/13758/1/13758.pdf (accessed on 11 June 2016).

https://reports.instantatlas.com/report/view/704ee0e6475b4af885051bcec15f0e2c/KEN
https://reports.instantatlas.com/report/view/704ee0e6475b4af885051bcec15f0e2c/KEN
http://publications.universalhealth2030.org/ref/d6e32af10e5c515876d34f801774aa9a
http://publications.universalhealth2030.org/ref/d6e32af10e5c515876d34f801774aa9a
http://dx.doi.org/10.1016/S2213-8587(17)30116-X
http://www.ncbi.nlm.nih.gov/pubmed/28395876
https://www.knbs.or.ke/download/volume-1c-population-distribution-by-age-sex-and-administrative-units/
https://www.knbs.or.ke/download/volume-1c-population-distribution-by-age-sex-and-administrative-units/
https://www.cog.go.ke/downloads/category/106-county-integrated-development-plans-2018--2022
https://www.cog.go.ke/downloads/category/106-county-integrated-development-plans-2018--2022
https://pdfs.semanticscholar.org/1bd1/75f2084c131bab576c155975fd03e6a07b93.pdf?_ga=2.97687839.1817865337.1600762596-632785914.1599062260
https://pdfs.semanticscholar.org/1bd1/75f2084c131bab576c155975fd03e6a07b93.pdf?_ga=2.97687839.1817865337.1600762596-632785914.1599062260
http://dx.doi.org/10.1111/j.1477-8947.2008.00178.x
http://dx.doi.org/10.1108/17568691311327596
http://cob.go.ke/counties/kajiado-county/
http://cob.go.ke/counties/kajiado-county/
http://mediaratingcouncil.org/MRC%20Point%20of%20View%20-%20Within%20HH%20Respondent%20Selection%20Methods.pdf
http://mediaratingcouncil.org/MRC%20Point%20of%20View%20-%20Within%20HH%20Respondent%20Selection%20Methods.pdf
http://uis.unesco.org/sites/default/files/documents/guide-to-the-analysis-and-use-of-household-survey-and-census-education-data-en_0.pdf
http://uis.unesco.org/sites/default/files/documents/guide-to-the-analysis-and-use-of-household-survey-and-census-education-data-en_0.pdf
http://dx.doi.org/10.1002/bimj.19680100122
http://dx.doi.org/10.1186/1471-2458-14-1177
http://www.ncbi.nlm.nih.gov/pubmed/25407513
http://www.pascar.org/uploads/files/HEALTHY_HEART_AFRICA_Elijah_Ogola.pdf
http://www.pascar.org/uploads/files/HEALTHY_HEART_AFRICA_Elijah_Ogola.pdf
http://dx.doi.org/10.1186/s12889-015-2610-8
http://www.ncbi.nlm.nih.gov/pubmed/26679701
http://dx.doi.org/10.2307/2529310
https://www.who.int/ncd_surveillance/en/steps_framework_dec03.pdf
https://www.who.int/dietphysicalactivity/global-PA-recs-2010.pdf
https://www.who.int/ncds/surveillance/steps/kenya/en/
https://discovery.ucl.ac.uk/id/eprint/13758/1/13758.pdf


Int. J. Environ. Res. Public Health 2020, 17, 6957 20 of 22

33. World Health Organisation. Use of Glycated Haemoglobin (HbA1c) in the Diagnosis of Diabetes. Mellitus.
2011. Available online: https://www.who.int/diabetes/publications/report-hba1c_2011.pdf (accessed on
3 November 2016).

34. Expert Panel on Detection, Evaluation. Executive summary of the third report of the National Cholesterol
Education Program (NCEP) expert panel on detection, evaluation, and treatment of high blood cholesterol in
adults (Adult Treatment Panel III). JAMA 2001, 285, 2486. [CrossRef] [PubMed]

35. Cook, N.R.; Obarzanek, E.; Cutler, J.A.; Buring, J.E.; Rexrode, K.M.; Kumanyika, S.K.; Appel, L.J.; Whelton, P.K.;
Trials of Hypertension Prevention Collaborative Research Group. Joint Effects of Sodium and Potassium
Intake on Subsequent Cardiovascular Disease: The Trials of Hypertension Prevention Follow-up Study.
Arch Intern Med. 2009, 169, 32–40. [CrossRef] [PubMed]

36. Iwahori, T.; Miura, K.; Ueshima, H. Time to consider use of the sodium-to-potassium ratio for practical
sodium reduction and potassium increase. Nutrients 2017, 9, 700. [CrossRef] [PubMed]

37. Gupta, A.K.; Brashear, M.M.; Johnson, W.D. Coexisting prehypertension and prediabetes in healthy adults:
A pathway for accelerated cardiovascular events. Hypertens Res. 2011, 34, 456–461. [CrossRef] [PubMed]

38. Huang, Y.; Wang, S.; Cai, X.; Mai, W.; Hu, Y.; Tang, H.; Xu, D. Prehypertension and incidence of cardiovascular
disease:a meta-analysis. BMC Med. 2013, 11, 177. [CrossRef] [PubMed]

39. Meier, P.; Messerli, F.H.; Baumbach, A.; Lansky, A.J. Pre-hypertension:another ‘pseudodisease?’. BMC Med.
2013, 46, 2–4. [CrossRef] [PubMed]

40. CDC. The Surprising Truth About Prediabetes Features. The National Center for Chronic Disease Prevention
and Health Promotion. 2018. Available online: https://www.cdc.gov/features/diabetesprevention/index.html
(accessed on 25 May 2019).

41. Groenwold, R.H.H.; White, I.R.; Donders, A.R.T.; Carpenter, J.R.; Altman, D.G.; Moons, K.G.M. Missing
covariate data in clinical research: When and when not to use the missing-indicator method for analysis.
CMAJ 2012, 184, 1265–1269. [CrossRef] [PubMed]

42. Organization PAHO. Non-Communicable Diseases and Gender Success in NCD Prevention and Control
Depends on Attention to Gender Roles. PAHO Fact Sheet 2011. Available online: https://www.paho.org/hq/

dmdocuments/2011/gdr-ncd-gender-factsheet-final.pdf (accessed on 13 July 2018).
43. World Health Organisation. Women and Health Today’s Evidence Tomorrow’s Agenda. 2009. Available online:

https://www.who.int/gender-equity-rights/knowledge/9789241563857/en/ (accessed on 13 August 2017).
44. World Health Organisation, Gender, Health, Tobacco and Equity FCTC Report. 2011. Available online:

https://www.who.int/tobacco/publications/gender/gender_tobacco_2010.pdf (accessed on 10 February 2017).
45. Pathania, V.S. Women and the smoking epidemic: Turning the tide. Bull World Health Organ. 2011, 89, 162.

[CrossRef] [PubMed]
46. DeVon, H.A.; Ryan, C.J.; Ochs, A.L.; Shapiro, M. Symptoms across the continuum of acute coronary

syndromes: Differences between women and men. Am. J. Crit. Care 2008, 17, 14–24. [CrossRef] [PubMed]
47. Mohamed, S.F.; Mutua, M.K.; Wamai, R.; Wekesah, F.; Haregu, T.; Juma, P.; Nyanjau, L.; Kyobutungi, C.;

Ogola, E. Prevalence, awareness, treatment and control of hypertension and their determinants: Results
from a national survey in Kenya. BMC Public Health 2018, 18, 1219. [CrossRef] [PubMed]

48. Mohamed, S.F.; Mwangi, M.; Mutua, M.K.; Kibachio, J.; Hussein, A.; Ndegwa, Z.; Asiki, G.; Kyobutungi, C.
Prevalence and factors associated with pre-diabetes and diabetes mellitus in Kenya: Results from a national
survey. BMC Public health 2018, 18, 1215. [CrossRef] [PubMed]

49. Ministry of Health, Kenya. Division of Non-Communicable diseases. Kenya STEPwise Survey for
Non-Communicable Diseases Risk Factors 2015 Report. Available online: http://aphrc.org/wp-content/upl
oads/2016/04/Steps-Report-NCD-2015.pdf (accessed on 10 December 2016).

50. Cappuccio, F.P.; Miller, M.A. Cardiovascular disease and hypertension in sub-Saharan Africa: Burden, risk
and interventions. Intern. Emerg. Med. 2016, 11, 299–305. [CrossRef] [PubMed]

51. BeLue, R.; Okoror, T.A.; Iwelunmor, J.; Taylor, K.D.; Degboe, A.N.; Agyemang, C.; Ogedegbe, G. An
overview of cardiovascular risk factor burden in sub-Saharan African countries: A socio-cultural perspective.
Global Health 2009, 5, 10. [CrossRef] [PubMed]

52. Bloomfield, G.S.; Mwangi, A.; Chege, P.; Simiyu, C.J.; Aswa, D.F.; Odhiambo, D.; Obala, A.A.; Ayuo, P.;
Khwa-Otsyula, B.O. Multiple cardiovascular risk factors in Kenya: Evidence from a health and demographic
surveillance system using the WHO STEPwise approach to chronic disease risk factor surveillance. Heart 2013,
99, 1323–1329. [CrossRef] [PubMed]

https://www.who.int/diabetes/publications/report-hba1c_2011.pdf
http://dx.doi.org/10.1001/jama.285.19.2486
http://www.ncbi.nlm.nih.gov/pubmed/11368702
http://dx.doi.org/10.1001/archinternmed.2008.523
http://www.ncbi.nlm.nih.gov/pubmed/19139321
http://dx.doi.org/10.3390/nu9070700
http://www.ncbi.nlm.nih.gov/pubmed/28678188
http://dx.doi.org/10.1038/hr.2010.267
http://www.ncbi.nlm.nih.gov/pubmed/21228791
http://dx.doi.org/10.1186/1741-7015-11-177
http://www.ncbi.nlm.nih.gov/pubmed/23915102
http://dx.doi.org/10.1186/1741-7015-11-211
http://www.ncbi.nlm.nih.gov/pubmed/24229371
https://www.cdc.gov/features/diabetesprevention/index.html
http://dx.doi.org/10.1503/cmaj.110977
http://www.ncbi.nlm.nih.gov/pubmed/22371511
https://www.paho.org/hq/dmdocuments/2011/gdr-ncd-gender-factsheet-final.pdf
https://www.paho.org/hq/dmdocuments/2011/gdr-ncd-gender-factsheet-final.pdf
https://www.who.int/gender-equity-rights/knowledge/9789241563857/en/
https://www.who.int/tobacco/publications/gender/gender_tobacco_2010.pdf
https://www.who.int/tobacco/publications/gender/gender_tobacco_2010.pdf
http://dx.doi.org/10.2471/BLT.11.086389
http://www.ncbi.nlm.nih.gov/pubmed/21379407PMCID: PMC3044260. 
http://dx.doi.org/10.4037/ajcc2008.17.1.14
http://www.ncbi.nlm.nih.gov/pubmed/18158385
http://dx.doi.org/10.1186/s12889-018-6052-y
http://www.ncbi.nlm.nih.gov/pubmed/30400858
http://dx.doi.org/10.1186/s12889-018-6053-x
http://www.ncbi.nlm.nih.gov/pubmed/30400865
http://aphrc.org/wp-content/uploads/2016/04/Steps-Report-NCD-2015.pdf
http://aphrc.org/wp-content/uploads/2016/04/Steps-Report-NCD-2015.pdf
http://dx.doi.org/10.1007/s11739-016-1423-9
http://www.ncbi.nlm.nih.gov/pubmed/27001886
http://dx.doi.org/10.1186/1744-8603-5-10
http://www.ncbi.nlm.nih.gov/pubmed/19772644
http://dx.doi.org/10.1136/heartjnl-2013-303913
http://www.ncbi.nlm.nih.gov/pubmed/23872588


Int. J. Environ. Res. Public Health 2020, 17, 6957 21 of 22

53. Gichu, M.; Asiki, G.; Juma, P.; Kibachio, J.; Kyobutungi, C.; Ogola, E. Prevalence and predictors of physical
inactivity levels among Kenyan adults (18–69 years): An analysis of STEPS survey 2015. BMC Public Health
2018, 18, 1217. [CrossRef] [PubMed]

54. Healthy Active Kids Kenya (HAKK). Kenya’s 2016 Report Card on Physical Activity and Body Weight of
Children and Youth Healthy Active Kids Kenya. 2016. Available online: https://www.activehealthykids.org/

wp-content/uploads/2016/11/kenya-report-card-long-form-2016.pdf (accessed on 14 March 2018).
55. World Health Organization. WHO Global Infobase Kenya Global School-Based Student Health Survey 2003.

Available online: https://extranet.who.int/ncdsmicrodata/index.php/catalog/13 (accessed on 23 March 2018).
56. Group ICR. Intersalt: An international study of electrolyte excretion and blood pressure. Results for 24-hour

urinary sodium and potassium excretion. BMJ 1988, 319–328. [CrossRef]
57. Stamler, J.; Rose, G.; Stamler, R.; Elliott, P.; Dyer, A.; Marmot, M. INTERSALT study findings. Public health

and medical care implications. Hypertension 1989, 14, 570–577. [CrossRef] [PubMed]
58. Buzzard, M. 24-hour dietary recall and food record methods. In Nutritional Epidemiology; Walter, W., Ed.;

Oxford University Press: New York, NY, USA, 1998; pp. 50–73. [CrossRef]
59. Patel, S.A.; Ali, M.K.; Alam, D.; Yan, L.L.; Levitt, N.S.; Bernabe-Ortiz, A.; Checkley, W.; Wu, Y.; Irazola, V.;

Gutierrez, L.; et al. Obesity and its relation with diabetes and hypertension: A cross-sectional study across
4 geographical regions. Glob. Heart 2016, 11, 71–79. [CrossRef] [PubMed]

60. Group NRFCAW. Trends in obesity and diabetes across Africa from 1980 to 2014: An analysis of pooled
population-based studies. Int. J. Epidemiol. 2017, 46, 1421–1432. [CrossRef] [PubMed]

61. Dua, S.; Bhuker, M.; Sharma, P.; Dhall, M.; Kapoor, S. Body mass index relates to blood pressure among
adults. N. Am. J. Med. Sci. 2014, 6, 89. [CrossRef] [PubMed]

62. Mudie, K.; Lawlor, D.A.; Pearce, N.; Crampin, A.; Tomlinson, L.; Tafatatha, T.; Musicha, C.; Nitsch, D.;
Smeeth, L.; Nyirenda, M.J. How does the association of general and central adiposity with glycaemia and
blood pressure differ by gender and area of residence in a Malawian population: A cross-sectional study.
Int. J. Epidemiol. 2018, 47, 887–898. [CrossRef] [PubMed]

63. Demmler, K.M.; Ecker, O.; Qaim, M. Supermarket shopping and nutritional outcomes: A panel data analysis
for urban Kenya. World Dev. 2018, 102, 292–303. [CrossRef]

64. Kayima, J.; Wanyenze, R.K.; Katamba, A.; Leontsini, E.; Nuwaha, F. Hypertension awareness, treatment and
control in Africa: A systematic review. BMC Cardiovasc. Disord. 2013, 13, 54. [CrossRef] [PubMed]

65. Colangelo, L.A.; Vu, T.-H.T.; Szklo, M.; Burke, G.L.; Sibley, C.; Liu, K. Is the association of hypertension with
cardiovascular events stronger among the lean and normal weight than among the overweight and obese?
The multi-ethnic study of atherosclerosis. Hypertension 2015, 66, 286–293. [CrossRef] [PubMed]

66. Sandberg, K.; Ji, H. Sex differences in primary hypertension. Biol.Sex Differ. 2012, 3, 7. [CrossRef]
67. Ogola, E.; Yonga, G.; Njau, K. A14369 High Burden of Prehypertension in Kenya: Results from the Healthy

Heart Africa (HHA) program. J. Hypertens. 2018, 36, e330. [CrossRef]
68. Kiplagat, S.V.; Lydia, K.; Jemimah, K.; Drusilla, M. Prevalence of Dyslipidemia and the Associated Factors

Among Type 2 Diabetes Patients in Turbo Sub-County, Kenya. J. Endocrinol. Diab. 2017, 4, 1–9. [CrossRef]
69. Abalkhail, B.A.; Shawky, S.; Ghabrah, T.M.; Milaat, W.A. Hypercholesterolemia and 5-year risk of development

of coronary heart disease among university and school workers in Jeddah, Saudi Arabia. Prev Med. 2000,
31, 390–395. [CrossRef] [PubMed]
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