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Body mass index vs deuterium dilution method for establishing
childhood obesity prevalence, Ghana, Kenya, Mauritius, Morocco,
Namibia, Senegal, Tunisia and United Republic of Tanzania

Adama Diouf,? Theodosia Adom,® Abdel Aouidet,* Asmaa El Hamdouchi,® Noorjehan | Joonas,®
Cornelia U Loechl,"Germana H Leyna,® Dorcus Mbithe," Thabisile Moleah,” Andries Monyeki,
Hilde Liisa Nashandi, Serge MA Somda* & John J Reilly'

Objective To compare the World Health Organization (WHO) body mass index (BMI)-for-age definition of obesity against measured body
fatness in African children.

Methods In a prospective multicentre study over 2013 to 2017, we recruited 1516 participants aged 8 to 11 years old from urban areas of
eight countries (Ghana, Kenya, Mauritius, Morocco, Namibia, Senegal, Tunisia and United Republic of Tanzania). We measured height and
weight and calculated BMI-for-age using WHO standards. We measured body fatness using the deuterium dilution method and defined
excessive body fat percentage as >25% in boys and >30% in girls. We calculated the sensitivity and specificity of BMI z-score >+2.00
standard deviations (SD) and used receiver operating characteristic analysis and the Youden index to determine the optimal BMI z-score
cut-off for classifying excessive fatness.

Findings The prevalence of excessive fatness was over three times higher than BMI-for-age-defined obesity: 29.1% (95% Cl: 26.8 to 31.4;
441 children) versus 8.8% (95% Cl: 7.5 to 10.4; 134 children). The sensitivity of BMI z-score >+2.00 SD was low (29.7%, 95% Cl: 25.5 to
34.2) and specificity was high (99.7%, 95% Cl: 99.2 to 99.9). The receiver operating characteristic analysis found that a BMI z-score +0.58
SD would optimize sensitivity, and at this cut-off the area under the curve was 0.86, sensitivity 71.9% (95% Cl: 67.4 to 76.0) and specificity
91.1% (95% Cl: 89.2 t0 92.7).

Conclusion While BMI remains a practical tool for obesity surveillance, it underestimates excessive fatness and this should be considered
when planning future African responses to the childhood obesity pandemic.

Abstracts in G H13Z, Frangais, Pycckuii and Espafiol at the end of each article.

Introduction

Childhood obesity is now a pandemic, heralding a substantial
burden of future noncommunicable diseases,"” despite the
established burden of underweight in low- and middle-income
countries. Changes in diet and reduced physical activity among
adolescent boys and girls® have occurred across Africa, cur-
rently most evident in urban areas, although rural areas are
also affected.* The World Health Organization (WHO) Report
of the Commission on Ending Childhood Obesity' advocated
more surveillance of the prevalence of obesity to plan where
and when to intervene, and to measure the effectiveness of
future interventions.'

Body mass index (BMI)-for-age is a well-established in-
dicator for surveillance of paediatric obesity. The WHO child
growth standards define obesity in school-aged children as
BMI z-score >+2.00 standard deviations (SD).” Systematic
reviews have shown that, as in adults,® high BMI-for-age iden-

tifies children with the highest body fatness and the highest
risk of co-morbidities. However, the indicator is conservative
as it fails to identify children who are excessively fat, but who
do not have high BMI-for-age.””'* There are several problems
with this evidence. First, few studies tested the diagnostic
performance of the WHO BMI-for-age definition of obesity,
focusing on definitions based on national BMI reference
data or the International Obesity Task Force definition.”*’
Second, few studies assessed the diagnostic performance of
BMI-for-age against a measure of body fatness with low bias
and acceptable individual diagnostic accuracy such as total
body water.'"'* Finally, the applicability of the evidence to
African children is unclear; bias in the estimation of excessive
body fatness by BMI varies across populations in adults.” The
extent to which such bias is population-specific for children
too is less clear, although compared with Europeans, South-
East Asian children have higher body fatness than would be
expected from their BMI.**
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The aim of this study was to com-
pare the prevalence of the WHO BMI-
for-age definition of obesity against the
prevalence of excessive body fatness
in a relatively large sample of African
children.

Methods
Study design

This design for this prospective, multi-
centre, data-pooling study, was agreed
at the first meeting of the Reducing
Obesity Using Nuclear Techniques To
Design Interventions study in 2012. We
followed the Standards for Reporting
of Diagnostic Accuracy Studies' for
the conduct and reporting of the study.
Sampling and study procedures origi-
nally took place across 11 African cen-
tres between 2013 and 2017. We aimed
to recruit around 150 participants per
country (alarger sample was used in the
United Republic of Tanzania, because
some of the study aims there required
a larger sample). As the nutrition and
physical activity transitions in Africa
have disproportionately affected urban
children,’* we focused the sampling in
urban areas. In each country, we used a
multistage random sampling method to
select at least four to five urban public
schools in one district or state, followed
by school sampling frames of all classes
corresponding to the target age group
and sex. More details of the methods are
available from the corresponding author.

Children meeting the inclusion
criteria were recruited to participate in
the study after submission of a signed
informed consent form by a parent.
Data collection was conducted during
the school year. Ethical approval was
obtained from local research boards or
committees in each country. Participants
were eligible for inclusion if they were
age 8 to 11 years and provided consent
or assent for participation; they were
excluded if they were outside the study
age range, had ill health that would have
precluded participation or were not
present in school after two consecutive
visits.

Anthropometric measures

The study used a common protocol and
standard operating procedures across
all countries. Before data collection
started all researchers were trained in
data collection methods by a team of
experienced researchers and fieldwork-
ers during a 1-week residential course in

South Africa. The height of children was
measured to the nearest 0.1 cm using a
Seca stadiometer, and weight to 0.1 kg
in light indoor clothing using a Seca
scale (Seca, London, England). From
the height and weight measures, we
calculated BMI for each child as weight
divided by height squared (kg/m?) and
then computed age- and sex-specific
z-score relative to the WHO BMI-for-
age reference® using the Stata zanthro
package (Stata Corp., College Station,
United States of America). We defined
obesity as BMI z-score >+2.00 SD and
overweight (including obesity) as BMI
z-score >+1.00 SD

Body water measures

We aimed to measure total body water
in all participants using the deuterium
dilution method, as described previ-
ously.'"'* We used standard operating
procedures, with training support pro-
vided for all countries via a combination
of residential and on-site training by
experts recruited by the International
Atomic Energy Agency. Ideally, body
fatness measurement methods are mul-
ticomponent, based on measures of total
body water plus body density or total
body mineral. However, such methods
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are laboratory-based and impractical
for large-scale epidemiological studies.
While not a criterion method, body
fatness measured by total body water
is practical for large epidemiological
studies and provides accurate measures
of fatness which are unbiased relative to
multicomponent methods.'""

The total body water measures were
made on the same day as the height,
weight and waist circumference mea-
sures. Accurate measurement of total
body water requires a normal hydration
status. We therefore asked participants
and their families to have normal fluid
and food intake on the day before the
estimation of total body water and to
avoid vigorous exercise after the final
meal of the previous day to avoid dehy-
dration and depletion of glycogen stores.
Deuterium oxide-labelled water (99.8%
purity; Cambridge Isotope Laboratories
Inc., Andover, USA) accurately weighed
(0.001 g precision) was orally adminis-
tered to the children according to their
body weight (0.5 g deuterium oxide per
kg) followed by 50 mL of local tap water.
Children were asked not to eat or drink
for at least 30 minutes before receiving
the deuterium-labelled water and to void
their bladders before dosing. Baseline

Fig. 1. Flowchart on the inclusion of participants to compare methods to measure
overweight in children in eight African countries, 2013-2017

2172 eligible participants recruited and
BMI and body composition measured

y

—- (155 participants)
- data rejected by quality control
(501 participants)
v

Data excluded from 656 participants
- data not collected or not analysed

Data analysed from 1516 participants

[

v

1382 participants classified as
non-obese by BMI

Final classification
+ 310 obese by body fatness
+ 1072 non-obese by body fatness

BMI: body mass index.

v

134 participants classified as
obese by BMI

v

Final classification
+ 131 obese by body fatness
« 3 non-obese by body fatness

Notes: Children were originally recruited and assessed for BMI and body composition in 11 countries.
Data were rejected for quality control reasons from Benin, Mali and Uganda. The final analysis was
therefore based on data from eight countries: Ghana, Kenya, Mauritius, Morocco, Namibia, Senegal,

Tunisia and United Republic of Tanzania.
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(pre-dose) saliva samples were collected
from each participant by rotating a
cotton-wool ball in the buccal cavity of
the mouth until well soaked. Saliva was
collected into a clean sterile and dry tube
using a 20 mL disposable syringe. Par-
ticipants were then requested to drink

the labelled water dose under supervi-
sion and two further saliva samples were
collected at 3 hours and 4 hours after the
dose using the method described above.
All saliva samples were stored at 4 °C
until their arrival to the laboratory for
storage at —20 °C until analysis. Analysis
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was carried out with Fourier transform
infrared spectroscopy (FTIR 8400S
spectrophotometer, Shimadzu Kyoto,
Japan) in accordance with International
Atomic Energy Agency protocols.'®

We converted measures of total
body water to total body fat using es-

Table 1. Age and anthropometric characteristics of participants in the study of body mass index-for-age and body fatness among
children in eight African countries, 2013-2017

Sex, by country No. (%) of Median (IQR)

children® Age, years BMI z-score Body fat percentage Fat mass index, Fat-free mass index,

kg/m? kg/m?
Ghana
Boys 71(37.4) 10(9-11) —087(=1.17t0—0.21)  1592(1257t019.94) 237(198t03.24) 12.98(12.081t0 13.75)
Girls 119 (62.6) 10(9-10)  —0.66 (—1.16 to 0.09) 18.72 (15.65t022.62) 2.85(233t03.74) 1263 (11.77t0 13.38)
Total 190 (100.0)  10(9-11) —0.70(=1.16t0 —0.05)  18.03(1440t021.08) 2.65(2.14t03.42) 12.77(11.95t0 13.70)
Kenya
Boys 84 (46.9) 10(9-11) =091 (=134t0—030) 2294(17.93t02861) 358(2.68t05.01) 12.29(10.92to 13.64)
Girls 95 (53.1) 10(9-11) —0.69(—136t0—0.05) 24.14(1943t02749) 3.71(2.85t04.86) 12.47(10.73t0 14.53)
Total 179(100.0)0 10(9-11) =082 (=135t0—-0.15) 2357 (19341t028.11) 3.64(2.75t04.86) 12.34(10.84 to 13.90)
Mauritius
Boys 82(536)  10(9-11) 0.76 (—=1.01 to 1.86) 2528 (18671033.23) 4.12(275t07.36) 13.14(11.74t0 14.67)
Girls 71 (464)  10(9-11) 0.56 (=0.55t0 1.84) 3211 (2462t037.66) 567 (3.9610839) 12.64 (114410 14.68)
Total 153 (100.0)  10(9-11) 0.68 (—0.76 t0 1.84) 2880 (21.65t03548) 496 (341to7.71) 13.01 (11.64to 14.68)
Morocco
Boys 94 (50.3) 9(8-10) —0.24(-1.00t00.51) 19.76 (163110 24.57) 308 (249t04.17) 1276 (12.15 t0 13.66)
Girls 93 (49.7) 9(8-10) —0.33(-0.99t0042) 2569 (2191t030.11) 4.07(3.20t05.07) 11.97 (11.06t0 12.62)
Total 187 (100.0) 9(8-10) —0.27(-0.99t00.51) 2323(1830t028.60) 3.70(2.76t04.72) 1236 (11.63t0 13.27)
Namibia
Boys 66 (43.7) 10(9-11)  —0.08 (—0.91t0 1.09) 22.84(1885t030.76) 3.60(2.70t05.73) 1292 (12.06 to 13.69)
Girls 85 (56.3) 10 (9-11) 042 (-0.76 t0 1.64) 3269 (26.761039.06) 538 (4.14t08.71) 11.94(11.01t013.18)
Total 151(100.0) 10(9-11) 0.19 (-0.84 to 1.44) 2797 (2232t037.50) 4.70(338t07.42) 1259(11.44t013.41)
Senegal
Boys 70 (47.9) 10(9-11) —129(-184t0—0.71) 1343(1064t019.99) 195(149t03.07) 12.50(11.72t0 13.10)
Girls 76 (52.1) 10(9-10) —140(-2.15t0—0.58) 1930(1580t02491) 262(2.13t03.52) 11.41(10.711t0 12.04)
Total 146 (100.0)  10(9-10) —132(=205t0—0.60) 16.70(12.76t022.61) 235(1.79t03.34) 11.84(11.12t0 12.66)
Tunisia
Boys 80 (51.0) 9 (9-10) 0.04 (—0.65 t0 0.99) 2349 (2030t026.86) 3.86(3.19t05.00) 12.56(11.89t0 13.75)
Girls 77 (49.0) 10 (8-10) 0.31(-0.65t0 1.18) 30.03 (25.57t033.89) 4.89(399t06.34) 11.94(11.13t0 12.82)
Total 157 (100.0) 9 (8-10) 0.10 (-0.65t0 1.12) 2603 (22.88t03137) 429(3.54t05.77) 1237 (11.60to 13.29)
United Republic
of Tanzania
Boys 158 (44.8) 10 (9-11) 0.04 (-0.58t0 1.12) 18.50 (15.10t024.90)  3.00 (2411t04.83) 1342 (12.73t0 14.34)
Girls 195 (55.2) 10 (9-11) 0.02 (-0.80t0 0.92) 2330(1930t031.10) 3.73(293t05.62) 12.70(11.89t0 13.63)
Total 353 (100.0) 10(9-11) 0.02 (-0.67 t0 0.95) 21.50(17.00t0 29.40) 343 (260t05.37) 13.00 (12.27 to 14.14)
Total
Boys 705 (46.5) 10(9-11)  —0.37 (=1.09to0 0.69) 2047 (15.60t0 26.09)  3.25(240t04.57) 12.92 (12.06 to 13.90)
Girls 811 (53.5) 10(9-10)  —033(=1.09t00.72) 2490 (1937t03146) 391(287t0564) 12.23(11.31t0 13.31)
Total 1516 10(9-11) —035(=1.09t00.71) 22.65(1743t029.60) 359(260t05.17) 12.59(11.64 10 13.63)
(100.0)

BMI: body mass index; IQR: interquartile range.

@ Number of records removed from original samples: Ghana (4), Kenya (1), Mauritius (3), Morocco (3), Namibia (4), Senegal (10), Tunisia (2) and United Republic of

Tanzania (3).

Notes: BMI was calculated as weight in kg divided by height in m? and z-scores were obtained from the World Health Organization BMI-for-age child growth standards.”
Body fat percentage was measured using deuterium oxide dilution. Fat mass index was calculated as fat mass in kg divided by height in m? with fat mass measured
from total body water. Fat free mass index was calculated as fat free mass in kg divided by height in m? with fat-free mass measured from total body water. Measures
were made in 2014-2017 in Kenya and United Republic of Tanzania and in 2013-2015 in all other countries.
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tablished age- and sex-specific constants
for the hydration of fat-free mass,'®"” as
described elsewhere."* Quality control
procedures, with four stringent criteria
described in detail elsewhere,'® were
applied to the measures of enrichment
of deuterium required for the total
body water measures and to the esti-
mates of total body water, total body
fat and body fat percentage. These
quality control measures were: (i) deu-
terium enrichment of each of the two
post-dose samples should be within
2% of the mean of the two post-dose
samples; (ii) measured enrichment
should lie within an expected range of
normal enrichments based on the body
weight of the child (outliers in the total
body-water-to-height relationship were
identified and excluded); (iii) outliers in
body fat percentage were identified and
excluded (e.g. large mismatches between
body fat percentage and BMI z-score
or unphysiological body fat percentage
measures);'® and (iv) if more than 10%
of total body water measures from any
centre failed to meet the quality control
criteria, then we excluded all data from
that centre from the pooled analyses.
Based on these criteria, we excluded data
from three out of 11 original participat-
ing countries (Benin, Mali and Uganda),
so that the present study is based on
data from eight countries (Ghana,
Kenya, Mauritius, Morocco, Namibia,
Senegal, Tunisia and United Republic
of Tanzania) and 1516 children. Among
these, 2% of total body water measures
were rejected for quality control reasons
and were not included in the analyses
reported here.

We expressed total body fatness
as a percentage of body weight. Many
studies have established that a high
body fatness, even in childhood, has a
range of adverse health consequences,
with most focusing on the cardiometa-
bolic consequences, as summarized by
systematic reviews.”® One report on the
relationship between body fatness and
cardio-metabolic risk in childhood used
a skinfold thickness method previously
validated against a multicomponent
model to measure body fatness.'® The
researchers found a marked increase in
cardiometabolic risk profile at body fat
>25% in boys and >30% in girls, across
a wide age range. We therefore used this
definition of excessive fatness (true posi-
tive in the receiver operator characteris-
tic analysis) in the present study. As in
previous studies,”' the conclusions were

not greatly affected by the definition of
excessive fatness (data are available from
the corresponding author).

Data management

Training in data management, data
sharing and data quality control was
provided during a 1-week data man-
agement residential training course in
Benin in 2014. Throughout the study,
support was provided by site visits and
online chat or email by a central data
management coordinator from Burkina
Faso recruited by the International
Atomic Energy Agency. The weight and
height measures, BMI-for-age z-scores
and total body water-derived measures
of body fatness were all made prospec-
tively and independently and the results
of each measure were not available at the
time of the other measures.

Analysis

We used standard diagnostic perfor-
mance indicators to determine the
extent to which BMI z-score > +2.00
SD identified children with excessive
fatness. We calculated sensitivity (pro-
portion of real positive values among all
the recorded positive values), specific-
ity (proportion of real negative values
among all the negative values), and
positive and negative predictive values
for the total sample. We used the Youden
index method to determine the optimal
BMI z-score cut-off for optimizing the
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sensitivity and specificity for identify-
ing excessive fatness. We used Spear-
man rank-order correlation to test the
association between countries’ total
BMI-for-age z-score and total body fat
percentage. We also made an explor-
atory analysis of possible geographical
differences in the results by grouping
the countries into three geographically
defined sub-groups: sub-Saharan Africa
(Ghana, Kenya, Namibia, Senegal and
United Republic of Tanzania), North
Africa (Morocco and Tunisia) and an
African island (Mauritius).

Results

Fig. 1 shows the flowchart of the study.
Of the 2172 children recruited to the
study, eligible data were available from
1516 (69.8%). The age and anthropo-
metric characteristics of the eligible
participants are shown in Table 1. The
mean age was 9.6 years (95% confidence
interval, CI: 9.5 to 9.7) and median
age was 10 years (interquartile range,
IQR: 9 to 11). The median BMI-for-age
z-score was —0.35 (IQR: —1.09 to 0.71)
and median body fat percentage was
22.65% (IQR: 17.43 to 29.60). Fig. 2
provides more detail on the distribu-
tion of body fatness and BMI-for-age
z-scores. The prevalence of excessive
fatness was 29.1% (95% CI: 26.8 to 31.4;
441 children). Overall, the prevalence of
obesity by the WHO BMI-for-age crite-

Fig. 2. Relationships between body mass index-for-age z-score and hody fat percentage
among children in eight African countries, by geographical area, 2013-2017
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g
2 050
2
A

0.25 -

I T T T 1
0 0.25 0.50 0.75 1.00

1-Specificity, %

BMI: body mass index.

Note: Areas were defined as follows: sub-Saharan Africa (Ghana, Kenya, Namibia, Senegal and United
Republic of Tanzania), North Africa (Morocco and Tunisia) and African island (Mauritius).
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rion was 8.8% (95% CI: 7.5 to 10.4; 134
children) (Table 2) and of overweight
was 19.5% (95% CI: 17.6 to 21.6; 296
children) (Table 3).

In the whole sample, the sensitivity
of BMI z-score >+2.00 SD for identify-
ing excessively fat children was 29.7%
(95% CI: 25.5 to 34.2), specificity was
99.7% (95% CI: 99.2 to 99.9), positive
predictive value 97.8% (95% CI: 93.6
to 99.5) and negative predictive value
77.6% (95% CI: 75.3 to 79.7). The sen-
sitivity of BMI z-score >+2.00 SD to
identify excessively fat children varied
little between boys and girls (66/203
for boys versus 65/238 for girls). In the
whole sample BMI z-score >1.00 SD
had sensitivity of 59.2% (95% CI: 54.4
to 63.8) and specificity of 96.7% (95%
CI: 95.5 t0 97.7; Table 4). Analysis of the
data by country and in the three popu-
lation sub-groups is shown in Table 2
and Table 3. Sensitivity was lower in the
North African and Island populations
than the sub-Saharan Africans. The rank
order correlation between country me-
dian BMI z-score and country fat mass
index was high (r=0.6).

The receiver operator characteristic
analysis is shown in Fig. 3. The optimal
cut-off point in the BMI-for-age distri-
bution for classifying excessive fatness
was a BMI z-score of +0.58 SD (Table 4).
At this cut-off the area under the curve
was 0.86, sensitivity was 71.9% (95%
CI: 67.4 to 76.0), specificity 91.1% (95%
CI: 89.2 to 92.7), positive predictive
value 76.8% (95% CI: 72.4 to 80.7) and
negative predictive value 88.8% (95%
CI: 86.7 to 90.6).

Discussion

The present study has established the
extent to which the WHO BMI-for-age
definition of obesity underestimates
the prevalence of excessive fatness in
African children. Excessive fatness was
present in nearly a third of children,
suggesting that urban African environ-
ments are now highly obesogenic even
for children. Excessive fatness was over
three times more common than the
prevalence of BMI-defined obesity. This
difference is large enough to be mean-
ingful for public health. For example,
the case for policy action to prevent and
control obesity is much weaker at an ap-
parent prevalence of around 8% (based
on BMI-for-age z-score >+2.00 SD in
the present study) than at the preva-
lence of around 30% (excessive fatness)
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Table 2. Comparison of obesity defined by body mass index-for-age and by body fatness
among children in eight African countries, by geographical area, 2013-2017

Obesity defined by BMI- Obesity defined by body fatness,” no. (%) of children

for-age® No Yes Total

Sub-Saharan Africa

Ghana
No 183 (100.0) 5(71.4) 188 (99.0)
Yes 0(0.0) 2 (28.6) 2(1.0)
Total 183 (100.0) 7 (100.0) 190 (100.0)
Kenya
No 125 (100.0) 50 (92.6) 175 (97.8)
Yes 0(0.0) 4(74) 4(22)
Total 125 (100.0) 54 (100.0) 179 (100.0)
Namibia
No 75 (100.0) 49 (64.5) 124 (82.1)
Yes 0(0.0) 27 (35.5) 27 (17.9)
Total 75 (100.0) 76 (100.0) 151 (100.0)
Senegal
No 130 (100.0) 12 (75.0) 142 (97.3)
Yes 0(0.0) 4(25.0) 4(2.7)
Total 130 (100.0) 16 (100.0) 146 (100.0)
United Republic of Tanzania
No 259 (98.9) 48 (52.7) 307 (87.0)
Yes 3(1.) 43 (47.3) 46 (13.0)
Total 262 (100.0) 91 (100.0) 353 (100.0)
All
No 772 (99.6) 164 (67.2) 936 (91.9)
Yes 3(0.4) 80(32.8) 83(8.1)
Total 775 (100.0) 244.(100.0) 1019 (100.0)
North Africa
Morocco
No 141 (100.0) 37 (80.4) 178 (95.2)
Yes 0(0.0) 9(19.6) 9(4.8)
Total 141 (100.0) 46 (100.0) 187 (100.0)
Tunisia
No 89 (100.0) 60 (88.2) 149 (94.9)
Yes 0(0.0) 8(11.8) 8(5.1)
Total 89 (100.0) 68 (100.0) 157 (100.0)
All
No 230 (100.0) 97 (85.1) 327 (95.1)
Yes 0(0.0) 17 (14.9) 17 (4.9)
Total 230 (100.0) 114 (100.0) 344 (100.0)
African island
Mauritius
No 70 (100.0) 49 (59.0) 119 (77.8)
Yes 0(0.0) 34(41.0) 34(22.2)
Total 70 (100.0) 83 (100.0) 153 (100.0)
All countries
No 1072 (99.7) 310 (70.3) 1382 (91.2)
Yes 3(03) 131(29.7) 134 (8.8)
Total 1075 (100.0) 441 (100.0) 1516 (100.0)

BMI: body mass index.

¢ We measured height and weight and calculated obesity from BMI-for-age using the World Health
Organization reference z-score >+2.00 standard deviations.

® We measured body fatness using the deuterium dilution method and defined excessive body fat
percentage as >25% in boys and >30% in girls.""?

Bull World Health Organ 2018;96:772-781| doi: http://dx.doi.org/10.2471/BLT.17.205948
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Table 3. Comparison of overweight defined by body mass index-for-age and obesity
defined by body fatness among children in eight African countries, by
geographical area, 2013-2017

Overweight defined by Obesity defined by body fatness,” no. (%) of children
BMH-for-age* No Yes Total
Sub-Saharan Africa
Ghana
No 182 (99.5) 2(28.6) 184 (96.8)
Yes 1(0.5) 5(714) 6(3.2)
Total 183 (100.0) 7 (100.0) 190 (100.0)
Kenya
No 122 (97.6) 48 (88.9) 170 (95.0)
Yes 3(24) 6(11.1) 9(5.0)
Total 125 (100.0) 54 (100.0) 179 (100.0)
Namibia
No 75 (100.0) 26 (34.2) 101 (66.9)
Yes 0(0.0) 50 (65.8) 50 (33.1)
Total 75 (100.0) 76 (100.0) 151 (100.0)
Senegal
No 130 (100.0) 7 (43.8) 137 (93.8)
Yes 0(0.0) 9 (56.2) 9(9.2)
Total 130 (100.0) 16 (100.0) 146 (100.0)
United Republic of Tanzania
No 246 (93.9) 21(23.1) 267 (75.6)
Yes 16 (6.1) 70 (76.9) 86 (24.4)
Total 262 (100.0) 91 (100.0) 353 (100.0)
Al
No 755 (97.4) 104 (42.6) 859 (84.3)
Yes 20 (2.6) 140 (57.4) 160 (15.7)
Total 775 (100.0) 244 (100.0) 1019 (100.0)
North Africa
Morocco
No 137(97.2) 21(45.7) 158 (84.5)
Yes 4(2.8) 25 (54.3) 29 (15.5)
Total 141 (100.0) 46 (100.0) 187 (100.0)
Tunisia
No 84 (94.4) 29 (42.6) 113 (72.0)
Yes 5(5.6) 39 (57.4) 44 (28.0)
Total 89 (100.0) 68 (100.0) 157 (100.0)
Al
No 221(96.1) 50 (43.9) 271 (78.8)
Yes 9(3.9) 64 (56.1) 73(21.2)
Total 230 (100.0) 114 (100.0) 344 (100.0)
African island
Mauritius
No 64 (91.4) 26 (31.3) 90 (58.8)
Yes 6 (8.6) 57 (68.7) 63 (41.2)
Total 70 (100.0) 83 (100.0) 153 (100.0)
All countries
No 1040 (96.7) 180 (40.8) 1220 (80.5)
Yes 35(3.3) 261 (59.2) 296 (19.5)
Total 1075 (100.0) 441 (100.0) 1516 (100.0)

BMI: body mass index.

2 We measured height and weight and calculated overweight from BMI-for-age using the World Health

Organization reference z-score >+1.00 standard deviations.”

® We measured body fatness using the deuterium dilution method and defined excessive body fat
percentage as >25% in boys and >30% in girls.""*

Bull World Health Organ 2018;96:772—781| doi: http://dx.doi.org/10.2471/BLT.17.205948

Table 4. Comparison of World Health Organization body mass index-for-age cut-offs for obesity and overweight and the empirically determined optimal cut-off for identifying excessive fatness among

children in eight African countries, 2013-2017

BMI z-score +0.58 SD*

BMI z-score > +1.00 SD

No. of children

BMI z-score > +2.00 SD

Diagnostic performance measure®

% (95% Cl)
71.9 (67410 76.0)
91.1(89.21092.7)
76.8 (72410 80.7)
88.8 (86.7 10 90.6)

Total no.

No. of children

% (95% Cl)
59.2 (54410 63.8)
96.7 (95.5 10 97.7)

88.2(83.91091.6)

Total no.

% (95% Cl)
29.7 (25510 34.2)

99.7 (99.2 10 99.9)
97.8(93.61099.5)
77.6 (7531079.7)

Total no.

No. of children

441
1075

441

1075

261
1040
261
1040

441
1075

131
1072

Sensitivity
Specificity

979

413
1103

296
1220

134
1382

131
1072

BMI: body mass index; Cl: confidence interval; SD: standard deviation.

Positive predictive value

Research
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979

85.2(83.1t087.2)

Negative predictive value

2We calculated values as follows: sensitivity: [true positives/(true positives + false negatives)]; specificity: [true negatives/(true negatives + false positives)]; positive predictive value: [true positives/(true positives + false positives)]; negative predictive

value: [true negatives/(true negatives + false negatives)].
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® We calculated the optimal cut-off z-score from the receiver operating characteristic curve (area under the curve: 0.86).
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observed. To improve the estimation of
prevalence, cut-off points in the BMI
distribution lower than the z-score of
+2.00 SD might be considered. At BMI
z-score >+1.00 SD the ability to identify
over-fatness was improved but not opti-
mized. The optimal BMI z-score cut-off
for classifying excessive fatness (which
maximized the area under the curve) in
our study was +0.58 SD.

There are no directly comparable
studies in African children, or using the
WHO-recommended definition based
on BMI, but in non-African popula-
tions biases have been reported for other
BMI-based definitions of obesity”'° The
present study adds to previous stud-
ies suggesting that underestimation
of excessive fatness by BMI-for-age
criteria is likely to be a global cause for
concern.'””’ Our study shows that a high
proportion of African children with
apparently healthy BMI-for-age have ex-
cessive body fatness. The bias observed
is unlikely to be due to a high body fat
percentage secondary to unusually low
fat-free mass (lean body mass). This is
because of the consistency between the
findings of the present study and studies
for other populations.”” Furthermore,
median fat mass index values, which
measure fatness relatively independent
of fat-free mass,*' were high in the pres-
ent study. Reference data for fat mass
index from British children of the same
age (and measured in 2001, long after
the childhood obesity epidemic had af-
fected children in the United Kingdom
of Great Britain and Northern Ireland)
were very similar to those in the present
study: 50th centile of 3.4 kg/m? for boys
and 4.2 kg/m? for girls compared with
3.25 kg/m? for boys and 3.91 kg/m? for
girls in the present study.”” Our findings
are consistent with the evidence that
body fatness of contemporary children
is higher, across the range of body fat-
ness, than that of children in the recent
past.23725

The main strengths of the present
study were the large sample size and
narrow age range of the sample; the
novelty of using the WHO BMI-for-age
definition in an African setting; the
novelty and value of having an unbiased
definition of body fatness; the use of the
Standards for Reporting of Diagnostic
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Fig. 3. Receiver operator characteristic analysis of the ability of body mass index-for-
age z-score to identify children with excessive fatness in eight African countries,

2013-2017
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Accuracy Studies guidance' in both the
conduct and reporting of the study; and
the standardization and quality control
of both the study measurement methods
and data management. A key limitation
of the study was that we were unable to
test definitively for differences in the di-
agnostic accuracy of BMI-for-age across
different populations of African chil-
dren. Our exploratory comparison of
country groups by sub-Saharan Africa,
North Africa and an island population
was underpowered. A further limita-
tion is generalizability. The participant
age range of the present study limits
our conclusions to 8 to 11 year olds,
although our findings are consistent
with those reported for younger and
older participants, including adults, in
systematic reviews of studies from non-
African populations.®*"

In conclusion, excessive fatness is
now prevalent among urban popula-
tions of African children and is likely
to have serious future public health
implications." While at a group level
the BMI z-score and body fatness were
related, BMI-for-age substantially un-
derestimated the scale of the problem
of excessive fatness and so may hinder

or delay future obesity prevention and
control efforts in Africa. Further re-
search is needed to determine whether
the sensitivity of the BMI-for-age indica-
tor is especially low in African children
compared with other populations. H
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Résumé

Indice de masse corporelle vs méthode de dilution du deutérium pour établir la prévalence de I'obésité chez I'enfant au Ghana,
au Kenya, au Maroc, a Maurice, en Namibie, en République-Unie de Tanzanie, au Sénégal et en Tunisie

Objectif Comparer la définition de I'obésité de I'Organisation mondiale
dela Santé basée sur l'indice de masse corporelle (IMC) selon 'age a la
masse grasse mesurée chez les enfants africains.

Méthodes Dans le cadre d'une étude prospective multicentrique
menée entre 2013 et 2017, nous avons recruté 1516 participants agés
de 8 a 11 ans dans des zones urbaines situées dans huit pays (Ghana,
Kenya, Maroc, Maurice, Namibie, République-Unie de Tanzanie, Sénégal
et Tunisie). Nous avons mesuré leur taille et leur poids et calculé leur
IMC par rapport a leur age en utilisant les normes de I'OMS. Nous avons
mesuré lamasse grasse a |'aide de la méthode de dilution du deutérium,

Bull World Health Organ 2018;96:772-781

et défini le taux de masse grasse excessive comme étant >25% pour
les garcons et >30% pour les filles. Nous avons calculé la sensibilité et
la spécificité du Z-score de I'MC > +2,00 écarts types (ET) et utilisé une
analyse de la fonction d'efficacité du récepteur et l'indice de Youden
afin de déterminer la valeur limite optimale du Z-score de I'MC pour
classifier la masse grasse excessive.

Résultats La prévalence de la masse grasse excessive était plus de trois
fois supérieure a la prévalence de I'obésité définie en fonction de I'IMC
selon I'dge: 29,1% (IC a 95%: 26,8-31,4; 441 enfants) contre 8,8% (IC a
95%:7,5-10,4; 134 enfants). La sensibilité du Z-score de I''MC >+2,00 ET

doi: http://dx.doi.org/10.2471/BLT.17.205948 779
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était faible (29,7%, IC a 95%: 25,5-34,2), tandis que la spécificité était
élevée (99,7%, IC a 95%: 99,2-99,9). L'analyse de la fonction d'efficacité
du récepteurarévélé qu'un Z-score de I'IMC de 40,58 ED optimiserait la
sensibilité, et qu'a cette valeur limite, I'aire sous la courbe était de 0,86,
la sensibilité de 71,9% (IC a 95%: 67,4-76,0) et la spécificité de 91,1%
(ICa95%: 89,2-92,7).

Adama Diouf et al.

Conclusion SiI'MC reste est un outil pratique pour surveiller I'obésité,
il sous-évalue la masse grasse excessive. Cela doit étre pris en compte
lors de la planification des futures mesures africaines de lutte contre la
pandémie d'obésité chez I'enfant.

Pesiome

CpaBHeHue 3¢ deKTUBHOCTM M3MepeHMs HAEeKCa Macchbl Tefla U MeTofia AeliTepueBoro pasbasneHuns ana
onpepeneHna pacnpoCcTpPaHEeHHOCTN feTcKoro oxupeHus (faHa, KeHus, MaBpukuii, Mapokko, Hamub6us,
06beanHeHHasn Pecnybnuka TaHzaHus, CeHeran u TyHuc)

Lienb CpaBHeHwue onpeaeneHusa ox1peHns, NpuHATOro BcemmpHom
opraHuzaLmelt 3gpasooxpaHenms (BO3) Ha OCHOBaHMW 3HaYeHNA
«HAeKC Maccbl Tena (VIMT)-Bo3pacT», C 3MepeHHbIMI BENMYMHAMMN
YMUTAHHOCTM abpPUKaHCKIX AeTe.

MeTtoabl B nepcnekTmBHOM MHOFOLEHTPOBOM WCCNeA0BaHNN B
nepwuog ¢ 2013 no 2017 roa npuHanm yyactre 1516 y4aCcTHNKOB B
BO3pacTe 0T 810 11 NeT M3 ropoACKKMX PaOHOB BOCbMY CTPaH (faHa,
KeHuia, Maspukni, Mapokko, Hamnbns, O6beaunHeHHan Pecnybnvika
TaH3zaHna, CeHeran 1 TyHnC). [leTeit B3gelUMBanyM v U3MEPANN 1X
POCT, MOCAE Yero BulUMCaAnM nokasatens «/IMT-Bo3pacT» cornacHo
CcTaHfapTam BO3. Takxe n3mMepanochb cofepaHune X1poBown
TKaHW B OpraHuM3Me MeToAoM [elTepuneBoro pasbaBneHus;
copeprKaHme XMPOBOWM TKaHW CUUTANOCh M3ObITOUHbBIM, €Cn
OHO npeBblwano 25% y manbumnkos 1 30% y aesoyek. ABTOPLI
BLIUMCANAM YYBCTBUTENBHOCTE U CNeUUdUUHOCTb Z-OLeHKK
NMT >+ 2,00 ctaHaapTHoro oTknoHeHus (CO) 1 BOCNONb30Banichb
MeTOIOM aHa3a XapakTepUCTUYECKIIX NoKasaTenen NpaBuabHOCTH
OOHapyKeHnA CUrHanoB MHAekcom tOneHa ana onpenenexHua
ONTUManbHOro Nopora z-oLeHKKM no VIMT B Bonpoce Knaccudukaumn
HaNMYMA 13bbITKa KNPOBOW TKaHM.

Pe3ynbratbl PacnpocTpaHeHHOCTb 136bITKa KMPOBOW TKaHW bonee
yem B TPW pasa npe.biliana YacToTy OXMPEHUS, ONpeaensemyio
nokasatenem «MMT-Bo3pacT»: 29,1% (95%-n AW: 26,8-31,4;
441 pebeHoK) B cpaBHeHNM € 8,8% (95%-1 [111:7,5-104; 134 pebeHka).
YyBCTBUTENBHOCTH Z-OUeHKM VIMT >+ 2,00 CO 6bina Hu3kow (29,7%,
95%-11 AN: 25,5-34,2), a cneundrnyHoCTs — BbICOKOM (99,7%, 95%-
n [N 99,2-99,9). AHann3 xapakTepuCTUUecknx oCobeHHoCTen
NPaBUIbHOCTY OOHAPYXEHWSA CUrHANOB NO3BOMNI OOHAPYKUTb, UTO
ONTMMM3aUMA UyBCTBUTENBHOCTM BO3MOMKHA MPW MCMOMb30BaHMN
z-ouyeHkn VIMT + 0,58 CO 1 ytO Npmt 3TOM NOPOrOBOM 3HAUYEHMM
nnowanb noj Kpveon coctasnana 0,86, YyBCTBUTENIbHOCTb —
71,9% (95%- W 67,4-76,0), a cneundnyHocts — 91,1% (95%-
[1:89,2-92,7).

BbiBog HecMoTps Ha To uTo n3mMepeHme VIMT ocTaeTcsa NpakTUYecKM
CPEeACTBOM BbIABMIEHNS OXKUPEHNS, OHO HEAOOLUEHVBAET COAep aHme
130bITOYHON XXMPOBOV TKaHN B OPraHmn3me, v 310 CrieflyeT yunTbiBaTb
NpPK NNAHVPOBaHKN MEPOMNPUATII MO 6opbbe C NaHaAeMUEeN IeTCKOro
OXMpeHs B Adpuike.

Resumen

indice de masa corporal en comparacion con el método de dilucion de deuterio para establecer la prevalencia de la obesidad
infantil, Ghana, Kenya, Marruecos, Mauricio, Namibia, Repiiblica Unida de Tanzania, Senegal y Tiinez

Objetivo Comparar la definicion de obesidad por edad del indice de
masa corporal (IMC) de la Organizacién Mundial de la Salud (OMS) con
la grasa corporal medida en nifios africanos.

Métodos En un estudio prospectivo multicéntrico realizado entre 2013
y 2017, se reclutaron 1516 participantes de edades comprendidas entre
los 8 y los 11 afos de zonas urbanas de ocho paises (Ghana, Kenya,
Marruecos, Mauricio, Namibia, Republica Unida de Tanzania, Senegal
y Tunez). Se midieron la altura y el peso y calculamos el IMC por edad
utilizando los estandares de la OMS. Se midi¢ la grasa corporal mediante
el método de dilucion de deuterio y se definié el porcentaje de grasa
corporal excesiva como > 25 % en los nifios y > 30 % en las nifas. Se
calculé la sensibilidad y especificidad del IMC con desviaciones estandar
(DE) de los valores Z de > +2,00y se utilizo el andlisis de las caracteristicas
operativas del receptor y el indice Youden para determinar el limite
6ptimo del IMC z-score para clasificar el exceso de grasa.

Resultados La prevalencia de la obesidad excesiva fue més de tres
veces superior a la obesidad definida por el IMC por edad: 29,1 %
(IC del 95 %: 26,8 a 31,4; 441 nifos) en comparacién con un 8,8 %
(IC del 95 %: 7,5 a 10,4; 134 nifios). La sensibilidad del IMC con DE de
los valores Z > +2,00 fue baja (29,7 %, IC del 95 %: 25,5 a 34,2) y la
especificidad fue alta (99,7 %, IC del 95 %: 99,2 a 99,9). El andlisis de
las caracteristicas operativas del receptor encontré que un IMC z-score
+0,58 DE optimizaria la sensibilidad, y en este corte el drea bajo la curva
era de 0,86, con una sensibilidad del 71,9 % (IC del 95 %: 67,4 a 76,0) y
una especificidad del 91,1 % (IC del 95 %: 89,22 92,7).

Conclusion Aunque el IMC sigue siendo una herramienta préctica para
la monitorizacion de la obesidad, subestima el exceso de grasa y esto
deberfa tenerse en cuenta a la hora de planificar las futuras respuestas
africanas a la pandemia de obesidad infantil.
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