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Purpose: Adolescent obesity, as deﬁned by BMI, is amongst the highest in the world in
Kuwait. This study aimed to determine the extent to which BMI might be underestimating
obesity as deﬁned by excessive fatness in Kuwaiti female adolescents and young adults.
Methods: A total of 400 apparently healthy Kuwaiti female university students (mean age
18.0 years, SD 0.6) were recruited. Excessive fatness was deﬁned as body fat percentage ≥30,
measured using the Tanita model TBF-310 Bio-impedance system with the manufacturer’s
equation. Obesity was deﬁned as recommended by the WHO in adult participants – those
aged ≥19.1 years – as BMI≥30 kg/m2. In the adolescent participants (age <19.1 years) obesity
was deﬁned as recommended by the WHO as a BMI-for-age Z score of ≥2.00. The accuracy of
BMI-deﬁned obesity to identify excessively fat individuals was determined by estimating
the prevalence of obesity using high BMI and prevalence of excessive fatness, and by calculating
sensitivity and speciﬁcity and predictive values.
Results: Median BMI was 27.8 kg/m2 (range 15.1–51.2) and median body fat percentage was
32.0 (range 5.0–54.0). The prevalence of excessive fatness was 62% (247/400 individuals were
excessively fat), while the prevalence of obesity according to BMI was 42% (169/400 individuals
were obese according to their BMI). The sensitivity of BMI to identify the excessively fat
individuals was moderate (66%) but speciﬁcity was high (96%). The positive predictive value of
BMI was 96% and the negative predictive value was 64%.
Conclusion: BMI-based measures substantially underestimate the prevalence of excessive
fatness in Kuwaiti adolescent females. Obesity is even more prevalent, and requires more
urgent attention, than is apparent from BMI-based measures used in most research and
national surveys. BMI may also be too crude for use as an exposure or outcome variable
in many epidemiological studies of Arab adolescent girls and adult women.
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The prevalence of child, adolescent, and adult obesity is very high in the Gulf Cooperation Council (GCC) states, among the highest in the world.1–4 Our recent systematic
review found that obesity prevalence estimates for the GCC countries, like many other
countries around the world, are currently based entirely on BMI.1 The World Health
Organization (WHO) deﬁnes obesity as body fat accumulation to the extent which poses
a health risk. However, since body fatness is difﬁcult to measure, simpler proxies for
body fatness are usually preferred for deﬁning obesity in studies and national surveys.1,5,6
The WHO recommends that the best simple proxy for obesity prevalence is BMI, with
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obesity deﬁned as BMI≥30.0 kg/m2 in adults or a BMI-for-age
Z score ≥2.00 in adolescents (up to and including age 19.0
years as deﬁned by the WHO).
Several systematic reviews7–9 of the classiﬁcation accuracy of BMI in children, adolescents, and adults have concluded that using BMI is a conservative way of determining
obesity prevalence, ie that sensitivity is low–moderate. This
means that a relatively high proportion of individuals with
an apparently healthy BMI or BMI-for-age are actually
excessively fat. The problem of low sensitivity of BMI
seems to be particularly serious in some populations, eg in
a recent study of African children and adolescents the prevalence of obesity as deﬁned by excess fatness was over
three times higher than the prevalence of obesity as deﬁned
by BMI-for-age.6 Despite this concern about BMI, this
source of bias when using BMI is not widely known. For
example, our recent systematic review found 11 eligible
published studies and surveys of obesity prevalence from
the GCC states and none of these made any reference to
biases in the estimation of obesity prevalence using BMI.1
The two most recent global estimates of obesity
prevalence10,11 also failed to refer to this source of bias
when using BMI and BMI-for-age.
While an underestimate of obesity prevalence when
using BMI to deﬁne obesity might therefore be expected,
it is not widely appreciated, and the extent of the underestimate seems to vary substantially between human
populations.12 At present, the extent of the bias when
using BMI in Arab countries is unknown – none of the
systematic reviews published to date found any studies of
diagnostic accuracy of BMI from any Arab countries in
children, adolescents, or adults.7–9 There is therefore
a need for new evidence on the diagnostic accuracy of
BMI in Arab populations so that the extent to which studies
and surveys which have used it are biased can be assessed.
The problem of misclassiﬁcation of obesity (excessive
fatness) when using BMI goes beyond implications for
estimating obesity prevalence. In many studies, BMI is
being used as a proxy exposure variable, to test for associations between obesity and various adverse health and
other outcomes, such as cognitive and educational attainment for example.13,14 In many other studies BMI is being
used as a proxy outcome variable, to test for associations
between various potential exposures (eg physical activity
and sedentary behaviour) and obesity.15,16 The extent to
which BMI misclassiﬁes excessive fatness will determine
the extent to which these studies can identify obesity as an
important exposure or outcome. The ability to examine
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obesity as an outcome or exposure in our future studies
in the GCC countries depends on the extent to which BMI
misclassiﬁes excessive fatness. If the degree of misclassiﬁcation of excessive fatness by BMI is substantial in Arab
populations, then body fatness should be measured directly
in future studies, rather than using BMI as a proxy.17
The aim of the present study was therefore to assess the
extent to which BMI might underestimate obesity (excessive fatness) in Kuwaiti adolescent girls and young adult
females at university.

Methods
Study Design, Participants, Consent, and
Ethics Approval
The present study was part of a wider prospective investigation of the impact of obesity on educational outcomes in
a convenience sample of Kuwaiti female university students.
Data collection took place at Kuwait University College of
Social Science in February–May 2019 and was restricted to
adolescents and young adults only (students in 1st and
2nd years), and to Kuwaiti nationals only so as to obtain
a relatively homogeneous sample. Of the 3024 students in the
College, 855 students were excluded as they were male or
non-Kuwaiti, leaving 2169 students who were potentially
eligible and so were invited to participate in this study.
Students with issues which might affect their weight status
and body composition were excluded (pregnancy, chronic
illness, or injury which affected body weight, eg limb in
a cast following a fracture). The study was approved by the
ethics committee of the School of Psychological Sciences &
Health, Faculty of Humanities and Social Science,
Strathclyde University, and all study participants gave
informed written consent to participation. For study participants under the age of 18 years, a parent also provided
informed written consent. This study was conducted in
accordance with the Declaration of Helsinki. Additionally,
Kuwait University provided approval to carry out this study
at the College of Social Science.

BMI-Deﬁned Obesity – the Index Test of
Obesity
Height was measured using a Seca Stadiometer to 0.1 cm
(Seca, London, England), and weight to 0.1 kg with study
participants in light indoor clothing with the Tanita TBF310 leg–leg bio-impedance system (Arlington Heights,
Illinois, USA). Both height and weight were measured by
two trained and experienced observers, and both observers
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followed WHO guidance on anthropometric measurements
using standard operating procedures. Since adolescents are
still growing and BMI increases until growth has stopped,
the BMI cut-offs recommended by the WHO to deﬁne
obesity for adolescents and adults are different.5 For the
adolescents (17.0–19.0 years of age) who took part, we
deﬁned obesity as a BMI Z score of ≥2.0 relative to WHO
2007 reference data5 using Anthroplus software. For those
from 19.1 years of age, we used the adult cut-off point of
BMI≥30 kg/m2 to deﬁne obesity. Results of the body fatness
estimates were not available to the researchers making the
height and weight measures.

Body Fatness-Deﬁned Obesity, the
Reference Standard
Body fat percentage was measured by the Tanita TBF-310,
using the manufacturer’s equation for estimation of body
fatness which is commercially sensitive and not available
publicly. The device was used by two trained researchers on
the same day as the height and weight measures, and they
followed standard operating procedures based on the manufacturer’s instructions. Study participants were asked to avoid
strenuous exercise and eating and drinking for at least 2 h prior
to the bio-impedance measure. Leg–leg bio-impedance estimates of body fatness are relatively insensitive to the timing of
eating and drinking, and to the composition of the food and
drink consumed, making the technique particularly practical
for ﬁeld and clinical applications.18,19 The purpose of using
bio-impedance in the present study was based partly on practical grounds as it is quick, cheap, and painless, and poses little
or no burden for researchers as well as the participants of the
study, and so is especially suitable for ﬁeld studies of this
kind.20 Additionally, the Tanita device with the manufacturer’s
equation has been validated against alternative measures of
body fatness in a number of studies in adolescents and young
adults, and has been reported to provide acceptable estimates
of fatness.21–24 Body fatness estimates from bio-impedance
were not made known to those making anthropometric
measures.
Previous studies of the diagnostic accuracy of BMI against
body fatness measurement have used a variety of cut-offs for
excessive fatness in adolescent females, but a cut-off of ≥30%
has been used widely according to systematic reviews7–9. This
cut-off originated from a major study which found that there
was a sharp increase in cardiometabolic risk factors at 30%
body fat in girls and women.25 Therefore, body fat ≥30% was
used in the present study to deﬁne excessive fatness.
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Classiﬁcation Accuracy Statistics and
Reporting
The sensitivity, speciﬁcity, and positive and negative predictive values were calculated to measure the accuracy of BMI to
deﬁne over-fatness.26 Sensitivity was deﬁned as “the proportion of people with the disease with a positive result”; speciﬁcity was deﬁned as “the proportion of people without the
disease with a negative result”; positive predictive value was
deﬁned as “the proportion of people with a positive test result
who actually have the disease”; negative predictive value was
deﬁned as “the proportion of people with a negative test result
who do not have disease”.26 Continuous variables were summarised as mean (SD) or median (range) as appropriate after
checking for normality using plots and D’Agostino–Pearson
tests.
Classiﬁcation accuracy and diagnostic accuracy studies
should follow STARD27 (Standards for Reporting of
Diagnostic Accuracy Studies) guidance, and so conduct
and reporting of the present study followed this guidance.

Results
Characteristics of Study Participants
Recruitment into the study is summarised in a ﬂow diagram
(Figure 1). Of 2169 potentially eligible Kuwaiti female students, 525 agreed to participate, but 125 were ineligible (age
20 years or over, with chronic disease, injury, or pregnant):
400 eligible participants took part and among these 400 there
were no missing data. Anthropometric and bio-impedance
data were collected on the same day. Mean weight was
68.8 kg (SD 17.2) and mean height was 158.1 cm (SD 5.1),
while median body fat percentage was 32.0% (range 5.0 to
54.0): see Table 1.

Prevalence of BMI-Deﬁned Obesity and
Prevalence of Excessive Fatness
The prevalence of excessive fatness was 62% (247/400
individuals were excessively fat) while the prevalence of
obesity according to BMI was 42% (169/400 individuals
were obese according to their BMI).

Classiﬁcation Accuracy Statistics
The STARD checklist summarising adherence to conduct
and reporting guidance for studies of this kind is summarised
in Table 2. The sensitivity of the BMI-for-age deﬁnition of
obesity was 66% (163/247 excessively fat individuals had
a positive test for obesity according to their BMI; Table 3).
The speciﬁcity of the WHO BMI-for-age was 96% (147 out
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College of Social Science Students in 2019
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Males, Females, Kuwaitis and non-Kuwaitis
(n) =3024

Excluded Males and non-Kuwaitis
Kuwaiti Female Students (n) = 2169

Invitation was sent to entire
potentially eligible population
Participants agreed to take part in the study
(n)=525
Excluded as ineligible n=125

Participants
(n)= 400
Figure 1 Flowchart of study participation.

of 153 individuals not excessively fat had a negative test for
obesity tests according to their BMI). The positive predictive
value was 96%: 163 out of 169 individuals with positive tests
for obesity were excessively fat. The negative predictive
value was 64%: 147 out of 231 individuals with negative
tests for obesity were not excessively fat.

Discussion
The main ﬁnding of the present study is that BMI substantially underestimated the prevalence of excessive fatness:
BMI had high speciﬁcity but only moderate sensitivity for
Table 1 Characteristics of Study Participants, Mean (SD) or Median
(Range)
Variable

Total

Number of participants (n)
Weight (kg)

400
68.8 (17.2)

Height (cm)

158.1 (5.1)

Age (decimal years)
BMI (kg/m2)

18.3 (0.6)
27.8 (range 15.1–54.0)

Fat percentage (%)

32.0 (5.0–54.0)
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excess fatness in the present study. The ﬁnding that BMI
was conservative is consistent with previous studies as
summarised by systematic reviews,7–9 although previous
studies have almost all involved participants of white
European ethnic origin. Previous systematic reviews
found no eligible studies of the accuracy of BMI in Arab
children, adolescents, or adults and so the presence of an
underestimate and the extent of the underestimate inherent
with BMI were unknown prior to the present study. The
degree of bias associated with BMI seems to be populationspeciﬁc and so there was a need for a study in an Arab
population.7–9,12 Even lower sensitivity of BMI when compared to body fatness has been reported in some previous
studies. In one study of US adult women for example, the
BMI-deﬁned obesity prevalence was 35% while it was 79%
according to a measure of body fatness based on dualenergy X-ray absorptiometry.28
The present study suggests that obesity (excessive fatness) is a much more common problem than it appears
when BMI is used to deﬁne obesity in adolescent females
in Kuwait. The present study ﬁndings have implications
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Table 2 Summary of Required Items for Reporting of Diagnostic
Accuracy Studies, Adapted from27
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Title,

Identify as diagnostic or classiﬁcation accuracy study

Abstract
Introduction

Make aim of classiﬁcation accuracy clear

Methods

Describe design, prospective or retrospective
Describe participant eligibility criteria
Explain participant's identiﬁcation and recruitment
sequence
Describe the index test and reference method
Provide a rationale for the reference method
Provide a rationale for the test cut-offs chosen
Test and reference measures known at time of
measurement
Describe methods of assessing classiﬁcation accuracy
Describe how index and reference measures were
handled
Consider sample size

Results

Describe participant ﬂow in a diagram (Figure 1)
Provide summary characteristics of participants (Table 1)
Describe time between index and reference measures
Provide estimates of classiﬁcation accuracy ( Table 3)

Discussion

Discuss limitations, uncertainty, generalizability
Discuss policy or practice implications

Funding

Provide funding source and conﬂicts

Table 3 Diagnostic Accuracy Summary (N=400)
Over Fatness (Deﬁned as Body

Yes,

No,

Total,

Fat percentage ≥30 in Girls)

n=247

n=153

n=400

Obese according to BMI

163

6

169

Non-obese according to BMI

84

147

231

for obesity surveillance. Obesity in adolescent girls may
be even closer to a crisis point in the GCC states than it
appears from national surveys of BMI.1 The present
study also has implications for studies which use BMI
as a proxy for obesity as either an exposure or outcome
variable, testing the impact of obesity on health outcomes
or the impact of risk factors on obesity as an outcome.
The present study found that BMI was a very crude
proxy for obesity (excessive fatness) in Kuwaiti
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adolescent and young adult women, and so where possible it would be more informative to have a direct measure of body fatness rather than a crude proxy such as
BMI in future epidemiological studies which aim to
understand the causes or consequences of obesity.17
The present study had a number of strengths, in particular
the novelty of the sample and setting since it seems that no
previous studies of the accuracy of BMI to deﬁne obesity had
been carried out in any Arab sample.7–9 There were also
some study limitations, including generalisability. The university sample, limited age range, and exclusively female
sample recruited, mean that results should be generalised to
other samples and settings with caution, although our ﬁndings were consistent with previous systematic reviews as
noted above. Sensitivity and speciﬁcity depend on the prevalence of true positives in the sample, and the present study
did not attempt to estimate obesity prevalence in Kuwait,
but rather to examine the extent to which obesity prevalence
estimates using BMI might be biased, eg in national surveys.
An additional limitation was that no “gold standard” measure
of body fatness was available. The only gold standard methods of measuring body fatness at present are the multicomponent models29 but these are not practical for ﬁeld studies
such as the present study.6 However, the ﬁeld technique of
impedance chosen is practical and has acceptable
accuracy.21–24 A ﬁnal limitation is the fact that the sample
size of the present study was ﬁxed at around 400 participants,
because the present study was part of a separate study which
aimed to test for associations between obesity and academic
attainment in university students. The power of the present
study is therefore unclear, although it was larger than many
previous studies of the diagnostic accuracy of BMI in children and adolescents as reported in previous systematic
reviews of the diagnostic accuracy of BMI.7–9 In the absence
of a gold standard method of measuring body fat, the present
study ﬁndings did not extend to further analyses such as the
area under the curve, and did not attempt to identify the
optimal BMI cut-off point for identiﬁcation of those with
excessive fatness.6,26

Conclusion
The standard method of deﬁning obesity based on BMI
substantially underestimated the prevalence of obesity
(excess fatness) in Kuwaiti adolescent females. Further
studies are required to ascertain the extent to which obesity prevalence in Kuwait is being underestimated by the
use of BMI in males and in other age groups, but BMI
should be considered as a highly conservative proxy for
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body fatness. BMI should also be considered as a crude
proxy for body fatness which may be unsuitable for epidemiological studies where obesity is used as either an
exposure or an outcome variable.
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