Prevalence of overnutrition using Body Mass Index in comparison with
Bioelectrical Impedance Analysis among children and adolescents in Benin,
Nigeria

ABSTRACT

Aim: To compare the prevalence of overweight and obesity among school children
in Egor Local Government Area (LGA) using body mass index (BMI) and bioelectricial
impedance analysis (BIA) and determine the ability of body mass index (BMI) to predict
body fat mass as measured by bioelectricial impedance analysis (BIA).

Study design: This was a cross sectional study conducted in Egor Local Government Area
of Edo State of Nigeria with1067 children aged 6-18 years recruited from private and public
schools. Body mass index was calculated as weight in kilograms divided by the square of
height in meters while Body fat was estimated by BIA using a Tanita scale.

Place and Duration of Study: The study took place in selected private and public
primary/secondary schools in Egor LGA of Edo State. The study was conducted over a
three-month period from October to December 2017.

Methodology: Using multi-stage sampling technique,1067 children aged 6-18 years were
recruited from private and public schools in Egor Local Government Area in Benin City,
Nigeria. Body fat was estimated by BIA using a Tanita scale, whereas BMI was calculated as
weight in kilograms divided by the square of height in meters. Data was analyzed using
SPSS version 21.

Results: A total of 1067 pupils consisting of 538 (50.4%) males and 529 (49.6%) females
were recruited. The overall prevalence of overnutrition by BMI, 13.4% (overweight 9.6% and
obesity 3.8%) was comparable to that by BIA which was 12.4% (overweight 5.4% and
obesity 6.9%). BMI showed a strong positive correlation with fat mass, and fat mass index
especially in females (0.917, 0.907, p < 0.000).

Conclusion: The prevalence of overnutrition using BMI and BIA was comparable. The
prevalence of obesity is however underestimated with BMI.
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1. INTRODUCTION

“Overnutrition which consists of overweight, and obesity has become pandemic in childhood
and adolescence. Overnutrition which was previously considered a problem of high-income
countries has become prevalent in low- and medium income countries, especially in urban
settings. The worldwide prevalence of obesity has almost tripled since 1975 and most of the
world population now live in countries where overweight and obesity kill more people than
underweight.”l “Approximately 38.2 million children less than Syears were reported to be
either overweight or obese in 2019, while over 340 million children and adolescents aged 5-
19 years were overweight or obese in 2016.” “Studies show that obesity has increased
rapidly in children aged 5 — 19 years in almost all European regions from 1980 to 2016.” “In
the United States, since the 1970s the percentage of children and adolescents affected by




obesity has more than tripled.” “Obesity varied by race and ethnicity and according to Hales
et al, 19.3% of US children aged 2-19 years had obesity in 2017-2018".

“Africa has equally experienced a rising trend in overnutrition with a reported increase of
24% in the number of overweight children less than Syears”." Akowuah et al® reported “an
overall prevalence of 8.6% and 10.7% of childhood obesity and overweight respectively in
Ghana, which is comparable to values reported by other regional studies in Africa”.® “The
age-adjusted prevalence of overweight and obesity in a systematic review” by Adeloye et al,’
in Nigeria was 20.3% and 11.3% respectively. “A ten-year review of obesity in children
reported a prevalence of 7.1% in a hospital-based study8 while a community study of school-
aged children in Southwestern Nigeria reported a 6.6% and 8.9% prevalence of overweight
and obesity respectively.”

“The target according to World Health Organization (WHO) Global Monitoring Framewaork for
Non-Communicable Diseases (NCD) is to have eliminated childhood overweight and obesity
by 2030 as obese children tend to become obese adults”. 1°For this to be possible

overnutrition needs to be assessed and identified early and policies and practices adopted to

reverse it.”

“Overnutrition is caused by an interplay of genetic, behavioural and environmental factors.
The consumption of diets high in fat and a reduction in energy expenditure with a more
sedentary lifestyle is by far the major culprit. Overweight and obesity affect all the systems of
the body increasing the occurrence of various diseases such as stroke, arthritis, diabetes,
cancer and in addition have emotional, mental and social consequences on the health of the
individual. It can cause guilt, depression, embarrassment and social isolation.”**

Body mass index which is calculated as weight in kilograms divided by the square of height
in meters is an indirect method of measurement of obesity. It is often used to assess
adiposity but it does not differentiate between fat and non-fat components of body mass.
Bioelectrical impedance analysis is a direct method of fat estimation, and so is superior to
BMI in this respect. The aim of this study, therefore, is to compare BMI with BIA in the
assessment of overnutrition in children in our locale.

2. MATERIAL AND METHODS
Study design. This was a cross sectional study conducted in Egor Local Government Area
of Edo State of Nigeria.

Setting

“Egor, which consists of ten political wards has the headquarters in Uselu, and a projected
populai[izon of 445,095 based on the 2006 census and a projected annual growth rate of
2.8%.”

The major occupations of the people include farming, trading and civil service. There are 37
public primary schools, 13 public secondary schools and 143 approved private nursery,
primary and secondary schools within the LGA. Egor LGA was chosen because it is centrally
located in Benin City and cuts across various socioeconomic strata. The study was
conducted over a three-month period from October to December 2017.

Study population

One thousand and sixty-seven apparently healthy primary and secondary school children in
Egor LGA aged 6 — 18 years were selected by multi-stage sampling technique for the study.
A research team which included the principal investigators and 4 research assistants
comprising pre-National Youth Service Corps (NYSC) medical doctors was constituted.



Health talk on the risk of obesity, its prevention, as well as the objective of the study was
given to the students of the school by the researchers. Questions on the study were
entertained from the children and teachers after the health talk.

Sampling technique

Multi-stage sampling technique was employed in the selection of participants. Simple
random technique was used to select 3 out of the 10 political wards in Egor LGA. The 3
selected wards have a total of 27 private and 10 public schools. One public and three private
schools were selected using simple random sampling technique bringing the total to 3 public
and 9 private schools.

The number of pupils to be sampled from each school was determined using the formula:
n = a x b/c where a is the number of children aged 6 — 18 years in each school; b is the
sample size of the study (1067) while c is the total number of children aged 6 — 18 years in
all the selected schools. The number of children to be sampled from each age group was
calculated after obtaining their ages from the class register provided by the school head. The
formula n; - a x b/c was used where n; is the age sample size; a is the number of each age
cohort; b is the obtained sample size from each selected school; ¢ is population of children
6-18 years in each school[30].
Selection of subjects
“One arm was picked from primary one and primary two where the 6year olds were found.
The register for the selected arm was obtained and a separate list of male and female pupils
was generated following which a humber was assigned to each pupil, written in a piece of
paper and put in a bag. The required number of pupils was randomly picked separately for
the bags containing males and females until the sample size was obtained”.

Data collection
“A guestionnaire which was pretested in another school not selected for the study was used
to collect information on the sociodemographic characteristic of the subjects and their
families and on the presence of any chronic disease. A general examination was performed
on the subjects while the anthropometry was measured. A Seca stadiometer (model 214;
Seca Corp, Hanover, MD, USA) was used to measure the height to the nearest millimeter
following standard procedure. The weight was measured to the nearest 100g with the Tanita
body fat monitor/scale model SC-240 which displays the body weight and percentage body
fat. The fat mass was calculated from the percentage body fat and body weight. The fat free
mass is the body weight minus the fat mass. The fat mass index and the fat free mass index
was derived from the fat mass and fat free mass respectively divided by the square of the
height.
The socioeconomic class was calculated using the educational status and occupations of the
parents as described by Oyedeji”’ [13].

Data Analysis

Data was analyzed using statistical package for social sciences SPSS version 21.0 (SPSS
for Window Inc; Chicago, IL, USA). Mean, standard deviation, standard error of mean was
calculated for quantitative variables such as BIA, BMI and independent t-test was used for
comparison of mean. The significance of each test was set at p< 0.05 and confidence level
of 95.0%[30].

3. RESULTS AND DISCUSSION

A total of 1067 children comprising 538 (50.4%) males and 529 (49.6%) females patrticipated
in the study giving a male: female ratio of 1:1.About two-thirds of the participants were from
the private schools (68.6%). Majority were from the middle socioeconomic class (SEC),
followed by those from the upper SEC.



There were more participants from the pre-adolescent group of 6-9 years. The
sociodemographic characteristics of the subjects is as shown in table 1.

Table 1: The socio-demographic characteristics of the pupils

Public School Private School Total
n=335(%) n=732(%) N=1067(%)

Sex

Male 176(52.5) 362(49.5) 538(50.4)
Female 159(47.5) 370(50.5) 529(49.6)
SEC

Upper 58(17.3) 300(41.0) 358(33.6)
Middle 155(46.3) 296(40.4) 451(42.2)
Lower 122(36.4) 136(18.6) 258(24.2)
Age group(yrs)

6-9 145(43.3) 184(25.1) 329(30.8)
10-12 63(18.8) 182(24.9) 245(23.0)
13-15 64(19.1) 184(25.1) 248(23.2)
16-18 63(18.8) 182(24.9) 245(23.0)

SEC = socioeconomic class

There was no significant difference, as depicted in Table 2, between the mean age of male
(12.00 £ 3.77 years) and the female pupils (11.99 + 3.72 years, p = 0.941). There was no
statistically significant gender difference between the mean weight and height of the
subjects.

The mean fat free mass and fat free mass index was statistically higher in males than
females, p<0.0001.

The BMI, mean percent body fat, fat mass, and fat mass index were higher in females than
in males and this difference was statistically significant, p<0.0001[30].

Table 2: Mean gender comparison of age and anthropometric indices

Parameter Male Female T P
Age 12.00£3.77 11.99+3.72 0.074 0.941
Weight_kg 40.46+15.61 41.95+15.82 1.546 0.122
Height_cm 148.06+19.25 146.79+16.63 1.157 0.248
BMI 17.68+3.20 18.67+4.13 4.404 0.000*
Percent_Body_ Fat 13.30+5.90 21.26+8.49 17.791 0.000*
Fat_Mass 5.45+4.14 9.96+7.56 12.092 0.000*
Fat_Free_Mass 35.01+13.36 31.99+9.79 4.198 0.000*
Fat_Mass_Index 2.42+1.56 4.31+2.90 13.277 0.000*

Fat_Free_Mass_Index 15.24+2 .44 14.42+1.95 6.096 0.000*




*p <0.05

Body Mass Index
Table 3 shows a comparison of mean BMI between males and females according to age.

The mean BMI for males and females increased with increasing age except at ages 9 and
12 for males and 16 years for females.

Table 3: Mean body mass index of study subjects according to age and gender

Ageinyears Male Mean Female Mean t p
(Range) (Range)

6 43 15.19+1.87 40 15.00 £ 2.05 0.444 0.66
(13.0-22.2) (12.2-20.8)

7 41 1534+1.61 41 1550 + 1.66 0.457 0.65
(12.4-21.6) (13.3-20.5)

8 42 15.67+1.54 40 16.00 + 2.77 0.675 0.50
(13.5-20.0) (12.9-25.0)

9 40 1546+1.89 42 16.44 +2.90 1.801 0.08
(11.0-19.8) (12.7-24.4)

10 43 16.59+3.16 39 16.45 + 2.52 0.215 0.83
(13.3-30.1) (10.7-22.7)

11 40 17.33+287 42 17.03 +2.49 0.501 0.82
(12.6-25.6) (12.3-26.5)

12 38 16.96+1.40 43 18.14 + 2.54 2.549 0.01*
(15.2-21.5) (14.3-24.5)

13 42 17.34+1.75 40 19.71 + 3.01 4.378 0.00*
(14.4-22.3) (14.4-29.0)

14 40 18.05+2.63 42 19.75+2.72 2.878 0.05
(14.1-26.8) (13.5-27.7)

15 46 19.66+2.80 38 21.97 +4.23 3.006 0.00*
(14.5-26.0) (15.5-38.5)

16 39 20.36£2.12 43 20.69 + 3.36 0.515 0.61
(16.9-29.2) (15.4-34.1)

17 41 20.36 £3.01 40 22.23 +4.07 2.358 0.02*
(16.0-32.6) (18.3-32.2)

18 43 21.36+£3.88 39 24.20+4.40 3.105 3.11
(16.0-35.8) (17.7-40.8)

Total 538 17.68+3.20 529 18.67+4.13 4.404 0.00

*P < 0.05

Prevalence of overweight and obesity based on BMI



Table 4 shows age and gender specific prevalence of overweight and obesity according to
BMI in males and females.

The overall prevalence of overweight according to BMI was 9.6% (12.3% for females and
6.9% for males) and was statistically higher in females (3°= 9.030, p=0.003). The overall
prevalence of obesity according to BMI was 3.8% (5.3% for females and 2.4% for males)
and was statistically higher in females ( XZ: 5.974, p=0.015).

Prevalence of overweight and obesity based on percentage body fat

Table 4 shows age and gender specific prevalence of overweight and obesity according to
percentage body fat.

The overall prevalence of overweight according to percentage body fat was 5.4 % (6.0% for
females and 4.8% for males) and there was no statistically significant difference between
males and females. (XZ: 0.768, p=0.381). The prevalence of obesity according percentage
body fat was 6.9% (7.2% for females and 6.7% for males) and there was no statistically
significant difference between males and females. (xzzo.loo, p=0.752).

Table 4. Age and gender specific prevalence of overweight and obesity according to
BMI and BIA

OVER OBESITY

WEIGHT (OB)

(Ow)
BMI
Age Male % Female % 1 p Male %  Female % ¥ p
group OW (n) OW (n) OB(n) OB(n)
(years)
6-9 12(166) 7.2 10(163) 6.1 0.158 0.691 4(166) 2.4 12(163) 7.4 4.360 0.037
10-12 10(121) 8.3 16(124) 12.9 1.389 0.239 4(121) 33 2(124) 16 0.735 0.391
13-15 11(128) 8.6 21(120) 17.5 4.371 0.037  1(128) 0.8 4(120) 3.3 2042 0.153
16-18 4(123) 3.3 18(122) 14.8 9.914 0.002 4(123) 33 10(122) 8.2 2.780 0.095
Total 37(538) 6.9 65(529) 12.3 9.030 0.003 13(538) 2.4 28(529) 5.3 5974 0.015
Percentag
e body fat
6-9 3(166) 1.8 7(163) 4.3 1.726 0.189 13(166) 7.8  4(163) 25 4.853 0.028
10-12 13(121) 10.7 9(124) 7.3 0.910 0.340 8(121) 6.6 13(124) 105 1172 0.279
13-15 3(128) 2.3 6(120) 5.0 1.250 0.264  5(128) 3.9 11(120) 9.2 2840 0.092
16-18 7(123) 5.7 10(122) 8.2 0.596 0.440 10(123) 8.1 10(122) 8.2 0.000 0.985
Total 26(538) 4.8 32(529) 6.0 0.768 0.381 36(538) 6.7 38(529) 7.2 0.100 0.752

Overweight and obesity in the study was defined as BMI equal to and above the adult
equivalent for overweight and obesity of Cole et al chart'*. Overweight/overfat and obese
respectively as defined by set criteria based on percentage body fat™

The overall prevalence of overnutrition using BMI and percentage body fat is 13.4% and
12.4% respectively.
Prevalence of overnutrition according to socioeconomic strata



As observed in table 5, there was a statistically higher prevalence of overnutrition in the
subjects from higher SEC in comparison with other socioeconomic classes. Similarly,
females had a statistically higher prevalence of overnutrition.

Overnutrition was not significantly associated with the age group, type of school and
maternal education of the subjects.

Table 5: Association between overnutrition and sociodemographic characteristics
using BMI

SEC Overnutrition(n) Normal X P-value
n (%) n (%)

SEC

Upper 65(18.2) 293(81.8)

Middle 49(10.9) 402(89.1) 10.513 0.005

Lower 29(11.2) 229(88.8)

Gender

Male 50(9.3) 488(90.7)

female 93(17.6) 436(82.4) 15.782 0.000

Age group

6-9 38(11.5) 291(88.5)

10-12 32(13.1) 213(86.9) 1.841 0.606

13-15 37(14.9) 211(85.1)

16-18 36(14.7) 209(85.3)

Type of School

Private 116(14.6) 676(85.4)

Public 29(10.5) 246(89.5) 0.600 0.439

Maternal Education

None 15(11.2) 119(88.8)

Primary 20(10.9) 164(89.1)

Secondary 52(11.0) 419(89.0) 1.500 0.682

University 56(20.1) 222(79.9)

There is a positive correlation between BM1 and various body fat indices as shown in both
males and females in table 6 (p < 0.000). BMI showed a strong positive correlation with fat
mass, and fat mass index especially in females (0.917, 0.907, p < 0.000).

Table 6: Sex-related correlation between BMI and various body fat indices

n r F-value  p-value R’
BMI vs PBF
Male 538 0.386 94.006 0.000 0.149
Female 529 0.871 1653.812 0.000 0.759
BMIvs FM
Male 538 0.777 816.202 0.000 0.604
Female 529 0.917 2777.76 0.000 0.841
BMI vs FMI

Male 538 0.658  409.538 0.000 0.433




Female
BMI vs FFMI
Male

Female

529

538
529

0.907

0.867
0.828

2436.493

1624.874
1147.284

0.000

0.000
0.000

0.822

0.752
0.685

BMI = Body mass index

PBF= percentage body fat
FM=Fat Mass

FMI = Fat mass index

FFMI = Fat-free mass index

Table 7 is a description of the statistical analysis between 6-11 yrs and 12-18 yrs old
subjects and various anthropometric variables. The mean of all the variables (BMI,percent
body fat, fat mass, fat free mass,fat mass index and fat free mass index) were statistically
significantly higher in children aged 12-18 years than in children 6-11 years.

Table 7: Mean gender comparison of age and anthropometric indices

N Mean Std. p-value 95% Confidence Minimum  Maximum

Deviation Interval for Mean

Lower Upper

Bound Bound
6-11yrs 493 16.00 2.427 15.79 16.22 10.7 30.1
BMI 12 -18 yrs 574 20.04 3.626 19.74 20.34 13.5 40.8
Total 1067 18.17 3.720 .00 17.95 18.39 10.7 40.8
6-11yrs 493 16.39 6.539 15.81 16.97 .0 99.0
Percent_Body_Fat 12 -18 yrs 574 18.11 10.104 17.28 18.94 5.0 55.3
Total 1067 17.31 8.679 .00 16.79 17.84 .0 99.0
6-11yrs 493 4.84 3.095 4.57 5.12 .0 25.8
Fat_Mass 12 -18 yrs 574 10.13 7.549 9.51 10.75 1.4 51.8
Total 1067 7.69 6.481 .00 7.29 8.08 .0 51.8
6 - 1lyrs 493 23.50 5.822 22.98 24.02 .3 43.3
Fat_Free_Mass 12 - 18 yrs 574 4212 8.386 41.43 42.81 25.6 64.2
Total 1067 33.52  11.818 .00 32.81 34.22 3 64.2
6-11yrs 493 2.71 1.476 2.58 2.84 .0 14.0
Fat_Mass_Index 12 - 18yrs 574 3.92 3.026 3.67 4.16 v 275
Total 1067 3.36 2.508 .00 3.21 3.51 .0 275
6-11yrs 493 13.28 1.417 13.15 13.40 1 21.0
Fal_Free_Mass 12 - 18yrs 574 16.17 1.959 16.01 16.33 12.0 28.3
Index Total 1067 14.83 2.253 .00 14.69 14.97 1 28.3



Discussion

The overall prevalence of overnutrition obtained from this study using BMI, which is an
indirect method of assessment of overnutrition, is comparable with the prevalence obtained
using BIA, a direct assessment tool of overnutrition. This finding further buttresses the
usefulness of BMI as a reliable tool for the assessment of overnutrition in children. No study,
to the best of the Researchers’ knowledge has reported a similar finding for comparison with
this study. It was however, observed that the prevalence of the components of overnutrition,
overweight and obesity, obtained from this study using BMI and BIA was different. BMI
tended to underestimate obesity which is in consonance with previous studies that have
observed the inability of BMI to adequately differentiate body mass composition. A review of
literature on the diagnostic value of BMI in the measurement of adiposity by Javed et al *°
showed that BMI has a high specificity (0.93) and a lower sensitivity (0.73). This implies that
about a quarter of children who are obese will be missed when BMI is used in assessing
excess adiposity, as shown in this study where the prevalence of obesity was lower than that
obtained using BIA. This finding indicates that in the assessment of obesity using BMI in a
clinical setting some obese children may be categorized as overweight.

The prevalence of obesity (3.8%) as measured by BMI in this study is similar to that
obtained by Adam et al*’ in Nigeria, and Deren et al'® in Ukraine. Higher prevalence was
reported by Karki in Nepal19 and Ismail et al in Tanzania.” (7.1% and 6.7% respectively).
The different prevalence rates obtained from these studies can be attributed to the different
factors associated with obesity which varies from country to country and from region to
region. A Review of articles on the factors associated with obesity in adolescents by Narciso
et al** showed a significant association between obesity and factors such as ingestion of
sugar-sweetened beverages, skipping of breakfast, increased screen-time, lower socio-
economic class and having a parent who is obese. The presence of these enumerated
factors differs in magnitude between communities, countries and regions. While obesity is
associated with the lower socioeconomic class in developed countries, the reverse is the
case in developing countries.*

This study has equally observed a higher prevalence of obesity among children from
high socioeconomic class in comparison with those from a lower socioeconomic class. A few
factors have been attributed to this observation. Children from a high socioeconomic
background are more likely to have access to high caloric diet and drinks which have been
associated with obesity. Energy saving recreational activities such as video games,
increased watching of TV which are sometimes accompanied by snacking are more
affordable by children from a high socioeconomic class. Small family size, tertiary parental
educational status and higher household income, (attributes found more commonly with
families from high socioeconomic class) have been associated with the development of
obesity.23 Trekking to school which is a form of exercise is more common with children from
low socioeconomic class which can contribute to a lower incidence of obesity.

Contrary to the finding of this study obesity was associated with a lower socioeconomic class
in Mauritius®* which is a developing country. This difference was attributed mainly to two
factors. Refined cereals, full-cream milk, dairy products, and high fat protein sources which
provide high calories were cheaper when compared to whole grain cereals, low fat milk and
dairy products, which were low in calories. Children from low socioeconomic class were
more likely to afford these calorie-dense diets which promote obesity. It was also observed
that children from families of high socioeconomic status spent more time in physical activities
in school which reduced the tendency to obesity.

The mean BMI and the prevalence of obesity were significantly higher in females than their
male counterparts which is similar to the observation by Keane et al®®. Maruf et al*® however,
reported a significantly higher mean BMI in males aged 2-6 years, and in females aged 11-
1l4years and 15-18 years. There was no significant gender difference in the prevalence of
obesity across all age groups.The increased prevalence of obesity in females can be



attributed to the hormonal effect of estrogen which leads to the deposition of fat, particularly
in peripheral adipose tissues. Reduced physical activities in comparison to males may also
be a contributory factor. Ahmad et al > however, reported higher prevalence of obesity in
males with no statistical gender difference in the mean BMI. This was attributed to higher
consumption of energy in males in contrast to females who exhibit a more restrictive dietary
habit. Globally, the prevalence of obesity was higher in males in a vast majority of high
income and upper middle-income countries. This was absent in lower middle income and
low income countries, to which Nigeria belongs. Shah et al ” in a bid to proffer reasons for
gender difference in the prevalence of obesity proposed the influence of sociocultural beliefs
and practices and sex related biological differences. Females tended to have more body fat
post-partum with a resultant decrease in calorie intake which favours a lower BMI in females.
Secondly, females have a higher serum leptin level which leads to reduced appetite and a
higher energy expenditure with a resultant decrease in BMI. Thirdly, eating preferences in
females tend towards intake of smaller and healthier meals to large portions of calorie dense
foods characterized by a feeling of fullness and physical performance. Fourthly, girls tend to
have shorter sleep duration, less physical activities and watch more television, all of which
favour development of obesity in females. The degree to which these various factors play
out in different communities and regions will greatly determine the direction in gender-based
prevalence of obesity.

Though body mass index was highly correlated with fat mass and fat mass index in

both males and females it was higher in females than males. This finding compares with that
of Wanghi et al ?®in the Democratic Republic of the Congo.
There was also a high correlation between body mass index and fat free mass index in both
males and females but was slightly higher in males than females. The above findings are in
consonant with the study of Freedman et al®® where there was a higher correlation between
fat mass and BMI in girls in comparison to boys where a higher correlation between fat free
mass and BMI was obtained. This implies that body fat contributes more to BMI in females in
contrast to males where fat free mass has a greater contribution. This is further corroborated
by the finding of a higher mean fat free mass in males than females while females had a
higher mean fat mass than males both in this study and that of Freedman’s et al.®

4. CONCLUSION

The overall prevalence of overnutrition obtained from this study using BMI, is comparable
with that obtained using BIA. This finding further buttresses the usefulness of BMI as a
reliable tool for the assessment of overnutrition in children in poor resource settings.
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