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Abstract 
Background: Body mass index (BMI) is widely used to classify weight status but does not distinguish 
adipose from lean tissue. Normal-weight obesity (NWO) describes individuals whose BMI lies within 
the conventional normal range despite elevated body fat percentage (BF%). 
Objective: To estimate the prevalence of NWO among normal-BMI healthy young adults, compare 
prevalence by sex, and examine selected body-composition characteristics of participants with NWO 
versus normal-weight non-obese (NWNO) participants. 
Methods: This cross-sectional study included 96 healthy young adults aged 18-25 years from a public-
sector medical college in Islamabad, Pakistan. Anthropometry and body composition were assessed 
using an eight-electrode segmental bioelectrical impedance analysis (BIA) device (Run Star FG2001). 
NWO was operationally defined as BMI 18.5-24.9 kg/m² together with BF% ≥25% in males or ≥32% in 
females. Prevalence was estimated among normal-BMI participants with Wilson 95% confidence 
intervals (CIs). Sex differences were assessed using Fisher's exact test and a crude prevalence ratio 
(PR). Primary body-composition comparisons were restricted to NWO and NWNO participants; 
selected associations were further evaluated with parsimonious regression adjustment for sex and 
BMI. 
Results: Of 96 participants, 66 (68.8%) had BMI 18.5-24.9 kg/m²; 20 (20.8%) were underweight and 
10 (10.4%) had BMI ≥25 kg/m². Among normal-BMI participants, 23/66 met the NWO definition (34.8%; 
95% CI 24.5-46.9%). NWO was present in 22/42 normal-BMI females (52.4%) and 1/24 normal-BMI 
males (4.2%), corresponding to a crude PR of 12.57 (95% CI 1.81-87.51; Fisher's exact p<0.001). 
Compared with NWNO participants (n=43), NWO participants (n=23) had higher BF% and BIA-derived 
visceral-fat grade and lower skeletal-muscle percentage and BIA-estimated basal metabolic rate 
(BMR) in unadjusted analyses. After adjustment for sex and BMI, skeletal-muscle percentage was not 
independently associated with NWO (β=-1.13 percentage points, 95% CI -3.62 to 1.36; p=0.375), 
whereas BIA-estimated BMR remained lower (β=-108.5 kcal/day, 95% CI -157.7 to -59.4; p<0.001) and 
visceral-fat grade remained higher (β=1.68 units, 95% CI 0.54-2.82; p=0.004). 
Conclusion: NWO was identified in approximately one-third of normal-BMI participants in this single-
center sample and was markedly more frequent among females. Several large unadjusted body-
composition differences were substantially attenuated after accounting for sex, while differences in 
BIA-estimated BMR and visceral-fat grade persisted. Larger representative studies using validated 
reference body-composition methods and cardiometabolic biomarkers are needed. 
 
Keywords: Normal-Weight Obesity, Body Composition, Body Mass Index, Bioelectrical Impedance 
Analysis, Body Fat Percentage, Medical Students, Pakistan. 
 
INTRODUCTION 

Obesity is a major contributor to global 
morbidity, and BMI remains the most widely 

used anthropometric index for classifying 

underweight, normal weight, overweight and 
obesity.1 Its practical advantages are 

substantial, but BMI cannot distinguish fat mass 
from fat-free mass or identify the distribution of 

adiposity. Consequently, some individuals 

classified as normal weight by BMI may 
nevertheless have elevated BF%. This 

phenotype is commonly termed normal-weight 
obesity (NWO). 

The clinical relevance of NWO arises from 

evidence that normal BMI does not necessarily 
imply a favorable adiposity profile. Two 
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systematic reviews and meta-analyses 
published in 2022 found that adults with NWO 

had a higher prevalence or odds of several 
cardiometabolic abnormalities than normal-

weight lean comparison groups.5,6 These 

findings do not establish that high BF% 
invariably confers cardiometabolic disease in 

every normal-weight individual, but they 
support investigation of body composition 

beyond BMI when the research question 
concerns adiposity phenotype. 

Prevalence estimates vary substantially 

because no single universally accepted BF% 
threshold defines NWO and because studies 

use different populations and body-composition 
methods. Recent studies have reported NWO in 

adolescents, women, young adults, adults with 

type 2 diabetes, and general community 
samples using BIA, skinfold-derived estimates, 

ultrasound, or other approaches.7-12 In a 2025 
systematic review from Southeast Asia, pooled 

prevalence was high but extremely 
heterogeneous, underscoring the influence of 

population characteristics, cut-offs and 

measurement methods.12 
South Asian populations are of particular 

interest because BMI may incompletely capture 
adiposity-related heterogeneity. Pakistani data 

are limited but not absent. Fatima et al. 

demonstrated discordance between BMI and 
BIA-derived body fat classification in a Pakistani 

sample,2 while Arshad et al. reported NWO 
among young adults in Lahore using an 

equation-derived BF% estimate.3 Thus, the 

relevant evidence gap is not whether BMI-
body-fat discordance exists in Pakistan, but 

how NWO is distributed and phenotypically 
characterized in specific young adult groups 

using body-composition assessment. 
The present study therefore aimed primarily to 

estimate NWO frequency among normal-BMI 

healthy young adults using prespecified sex-
specific BF% thresholds. Secondary objectives 

were to compare the frequency by sex and to 
examine selected BIA-derived body-

composition characteristics between 

participants with NWO and normal-weight non-
obese (NWNO) participants, with attention to 

sex as a potential confounder. 
 
METHODS 
Study Design and Setting 

A cross-sectional study was conducted in the 
Department of Physiology of a public-sector 

medical college in Islamabad, Pakistan, from 
July to September 2025. 

 

Participants and Recruitment 

Male and female volunteers aged 18-25 years 

were recruited using purposive convenience 

sampling. Exclusion criteria were pregnancy, 
implanted devices, acute illness or fever, 

edema, known endocrine disorders, use of 
medications considered likely to affect body 

water, and refusal to participate or provide 

consent. 
 
Sample Size 

The sample size was calculated using the WHO 
sample size calculator with the following 

parameters: 
• Confidence level: 95% 

• Level of significance: 5% 
• Anticipated prevalence of normal-weight 

obesity: 28.8%, based on the study by 

Arshad et al. among young adults in 
Pakistan3 

• Absolute precision (margin of error): 10% 
• Design effect: 1 

The minimum sample size calculated for 

estimation of a single population proportion 
was 79 participants. After accounting for an 

anticipated 10% non-response/incomplete-
data rate, the required sample size was 88 

participants. A total of 96 participants were 
included in the study (n=96). 

 
Anthropometry 

Data collection was performed by trained 

research assistants. Participants wore light 

clothing and removed footwear. Body weight 
was measured using a calibrated digital scale 

and height using a stadiometer. BMI was 
calculated as weight in kilograms divided by 

height in meters squared. For descriptive 

purposes, BMI was categorized as underweight 
(<18.5 kg/m²), normal weight (18.5-24.9 

kg/m²), and BMI ≥25 kg/m². 
 
Bioelectrical Impedance Assessment 

Body composition was estimated using an 
eight-electrode segmental BIA device (Run Star 

FG2001) with integrated hand and foot contact 
electrodes. BIA measures electrical impedance 

and uses device-specific algorithms together 

with participant characteristics to estimate 
body-composition variables; it does not directly 

measure adipose tissue. The study recorded 
BF%, skeletal-muscle percentage, BIA-

estimated BMR and a device-derived visceral-

fat grade. Independent validation of this 
specific device model against a reference 

method such as dual-energy X-ray 
absorptiometry (DXA) in Pakistani young adults 

could not be established from the material 
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available for this manuscript and is considered 
a limitation. 

Before measurement, participants were 
instructed to avoid excessive physical activity 

for 24 hours, refrain from eating for at least 2-

3 hours, empty the bladder, remove footwear 
and metallic accessories, and undergo testing 

in light clothing. Measurements were obtained 
while participants stood upright on the platform 

and held the hand electrodes with the arms 
slightly abducted. Three consecutive readings 

were obtained with short intervals and the 

mean was recorded according to the study 
protocol. 

 
Operational Definition of NWO 

NWO was defined a priori as BMI 18.5-24.9 

kg/m² together with BF% ≥25% in males or 
≥32% in females.9 Participants with BMI 18.5-

24.9 kg/m² and BF% below the corresponding 

sex-specific threshold were classified as NWNO. 
Participants with BMI outside 18.5-24.9 kg/m² 

were excluded from the primary NWO-versus-
NWNO comparison. Because no universal BF% 

threshold for NWO exists, this definition should 
be interpreted as an operational study 

definition rather than a diagnostic standard. 

 
Statistical Analysis 

Analyses were performed in SPSS version 25. 

Continuous variables were summarized using 
mean ± standard deviation (SD) when 

approximately normally distributed; categorical 
variables were summarized using frequencies 

and percentages. The primary prevalence 

analysis was restricted to participants with BMI 
18.5-24.9 kg/m². NWO prevalence was 

reported as n/N, percentage, and Wilson 95% 
CI. Sex differences in prevalence were 

evaluated with Fisher's exact test because of 

the small number of male NWO cases, and the 
crude female-to-male PR was reported with a 

95% CI. 
Body-composition comparisons were restricted 

to NWO and NWNO participants. Welch's 
independent-samples t-test was used for 

continuous outcomes where unequal variance 

was plausible; ordinal or clearly non-normal 
device-derived variables were additionally 

considered with rank-based testing. Because 
elevated BF% is part of the NWO definition, the 

BF% group difference was treated as 

descriptive rather than as an independent 
inferential finding. 

Parsimonious multivariable linear models were 
used for selected body-composition outcomes 

to evaluate whether group differences persisted 

after adjustment for sex and BMI. Because only 
one normal-BMI male met the NWO definition, 

a female-only analysis was used as a sensitivity 
analysis. Two-sided p<0.05 was considered 

statistically significant, with secondary analyses 

interpreted as exploratory and emphasis placed 
on effect estimates and 95% CIs. 

 
Ethical Considerations 

Ethical approval was obtained from the Ethical 

Review Board of Shaheed Zulfiqar Ali Bhutto 
Medical University, Islamabad, Pakistan (No. 

F.1-1/2015/ERB/SZABMU/1440). Written 
informed consent was obtained from all 

participants before participation, and 

confidentiality was maintained. 
 
RESULTS 
Participant Characteristics and BMI 
Distribution 

Ninety-six participants were included. Thirty-

five (36.5%) were male and 61 (63.5%) were 
female. Mean height was 165.5 ± 9.7 cm and 

mean body weight was 57.5 ± 10.5 kg. Mean 

BMI was 20.99 ± 3.15 kg/m². Of the 96 
participants, 20 (20.8%) were underweight, 66 

(68.8%) had normal BMI, and 10 (10.4%) had 
BMI ≥25 kg/m². Descriptive body-composition 

characteristics of the total sample are shown in 

Table 1. 
 
Prevalence of Normal-Weight Obesity 

Among the 66 participants with BMI 18.5-24.9 
kg/m², 23 met the prespecified NWO definition, 

yielding a prevalence of 34.8% (95% CI 24.5-
46.9%). Expressed relative to the complete 

recruited sample, 23/96 participants (24.0%; 
95% CI 16.5-33.4%) had NWO; however, the 

normal-BMI denominator is the primary 

estimand for the present analysis. 
 
Sex-Specific Prevalence 

Among normal-BMI participants, 22/42 females 
(52.4%; 95% CI 37.7-66.6%) and 1/24 males 

(4.2%; 95% CI 0.7-20.2%) met the NWO 
definition. The crude female-to-male PR was 

12.57 (95% CI 1.81-87.51; Fisher's exact 

p<0.001). The wide CI reflects the presence of 
only one male NWO case and indicates 

substantial imprecision in the sex-specific effect 
estimate. 
NWO Versus NWNO Body-Composition 
Characteristics 

The primary normal-BMI comparison included 
23 participants with NWO and 43 with NWNO. 

NWO participants had a slightly higher mean 
BMI than NWNO participants (21.99 ± 1.63 vs 

20.99 ± 1.65 kg/m²; mean difference 1.00 
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kg/m², 95% CI 0.15-1.85; p=0.022). As 
expected from the operational definition, BF% 

was substantially higher in NWO than NWNO 
participants (36.28 ± 3.93% vs 20.58 ± 6.63%; 

mean difference 15.70 percentage points, 95% 

CI 13.10-18.30; p<0.001); this comparison is 
descriptive because BF% defines group 

membership. 
In unadjusted analyses, NWO participants had 

lower skeletal-muscle percentage (19.88 ± 
4.51% vs 29.03 ± 10.48%; mean difference -

9.15 percentage points, 95% CI -12.86 to -

5.44; p<0.001), lower BIA-estimated BMR 
(1138 ± 120 vs 1378 ± 201 kcal/day; mean 

difference -240 kcal/day, 95% CI -319 to -161; 
p<0.001), and higher visceral-fat grade (7.65 ± 

1.53 vs 4.28 ± 2.19; mean difference 3.37 

units, 95% CI 2.45-4.29; p<0.001) (Table 3). 
 
Adjusted Analyses 

After adjustment for sex and BMI, the skeletal-
muscle difference was markedly attenuated and 

no longer statistically significant (β=-1.13 
percentage points, 95% CI -3.62 to 1.36; 

p=0.375). In contrast, BIA-estimated BMR 
remained lower in the NWO group (adjusted 

β=-108.5 kcal/day, 95% CI -157.7 to -59.4; 

p<0.001), while visceral-fat grade remained 
higher (adjusted β=1.68 units, 95% CI 0.54-

2.82; p=0.004) (Table 4). These adjusted 
results suggest that the large unadjusted 

skeletal-muscle difference was largely 

attributable to differences in sex composition 
between groups. 

 
Female-Only Sensitivity Analysis 

Because only one male participant with normal 

BMI met the NWO definition, a female-only 
sensitivity analysis compared 22 female NWO 

participants with 20 female NWNO participants. 

Skeletal-muscle percentage did not differ 
materially (19.36 ± 3.84% vs 20.32 ± 2.61%; 

p=0.345), whereas BIA-estimated BMR 
remained lower (1118.5 ± 76.5 vs 1197.8 ± 

104.2 kcal/day; p=0.009) and visceral-fat 
grade remained higher (7.64 ± 1.56 vs 5.70 ± 

1.89; p=0.001) in women with NWO 

(Supplementary Table S1). These subgroup 
findings are exploratory and should be 

interpreted cautiously because of the modest 
sample size. 

 
DISCUSSION 

In this single-center sample of Pakistani healthy 

young adults, approximately one-third of 

participants with a normal BMI met the 
prespecified sex-specific BF% definition of 

NWO. The phenotype was strongly 
concentrated among women, although the sex-

specific PR was imprecise because only one 
normal-BMI male met the NWO criterion. A 

second important observation was 

methodological: several large unadjusted body-
composition differences, particularly skeletal-

muscle percentage, were substantially 
attenuated after accounting for sex, whereas 

differences in BIA-estimated BMR and visceral-
fat grade persisted in adjusted and female-only 

sensitivity analyses. 

The prevalence estimate should be interpreted 
in relation to both the denominator and the 

operational definition. NWO is conceptually 
restricted to people whose BMI lies within a 

defined normal range; therefore, the primary 

prevalence estimate in this study is 23 of 66 
normal-BMI participants (34.8%), rather than 

23 of all 96 recruited participants. This 
distinction also improves comparability with 

studies that explicitly use a normal-BMI 
denominator. 

Prevalence estimates remain highly sensitive to 

the selected BF% cut-offs, age distribution, sex 
composition, ethnicity and method used to 

estimate body fat. Recent studies illustrate this 
variability: Kaczmarek reported 16.5% NWO 

among Polish adolescents using age- and sex-

specific percentile criteria,10 Falbova et al. 
reported sex-specific NWO estimates in Slovak 

young adults using lower BF% thresholds than 
the present study,11 and a Southeast Asian 

meta-analysis reported substantial between-

study heterogeneity.12 
Pakistani evidence provides important context. 

Arshad et al. reported NWO among young 
adults in Lahore using BF% estimated from the 

Deurenberg equation,3 while an earlier 
Pakistani study demonstrated substantial 

discordance between BMI and BIA-derived 

body-fat classification across a broader age 
range.2 The present study therefore does not 

establish the existence of BMI-body-fat 
discordance in Pakistan for the first time. Its 

novelty includes that it characterizes NWO in a 

young healthy adult sample using segmental 
BIA, a prespecified sex-specific definition, an 

explicit normal-BMI denominator, and analyses 
that examine sex confounding. 

The marked female predominance requires 
cautious interpretation. NWO definitions 

commonly use sex-specific BF% thresholds 

because body-fat distribution and lean mass 
differ by sex. In the present data, 22 of 23 NWO 

cases were female. This imbalance can create 
large apparent differences in variables such as 
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skeletal-muscle percentage and BMR even in 
the absence of an independent NWO effect. 

The disappearance of the skeletal-muscle 
association after adjustment for sex and BMI, 

together with the non-significant female-only 

difference, demonstrates why unadjusted 
comparisons can be misleading. Similar caution 

is appropriate when comparing studies whose 
sex distributions and NWO thresholds differ 

substantially.8,10,11 
The persistence of higher visceral-fat grade in 

adjusted and female-only analyses is potentially 

informative, but the finding should not be 
equated with direct measurement of visceral 

adipose tissue. The FG2001 output is a device-
derived index generated from electrical 

impedance and proprietary algorithms. Studies 

using other body-composition methods have 
nevertheless reported that NWO can coexist 

with greater central or visceral adiposity, 
including recent young-adult and adult 

cohorts.7,11,13 Thus, the present finding is 
physiologically plausible but requires 

confirmation using a validated reference 

approach. 
BIA-estimated BMR also remained lower among 

NWO participants after adjustment and within 
the female-only sensitivity analysis. Because 

BMR was estimated by the device rather than 

measured by indirect calorimetry, the result 
should be interpreted as an algorithm-derived 

body-composition characteristic rather than 
evidence of a directly measured metabolic-rate 

abnormality. The association may reflect 

differences in body size and composition 
embedded in the device algorithm. Future 

studies could pair body-composition 
assessment with measured resting energy 

expenditure to determine whether this pattern 
persists independently of prediction equations. 

The present study did not measure fasting 

glucose, insulin, HbA1c, lipid profile, blood 
pressure outcomes or prospective 

cardiovascular events. It therefore cannot 
establish that participants with NWO had 

cardiometabolic dysfunction or increased future 

disease risk. That question is supported by 
external literature rather than by the current 

dataset. Meta-analyses have associated NWO 
with metabolic syndrome, hypertension, 

diabetes and dyslipidemia compared with 
normal-weight lean groups, and individual 

studies have observed adverse cardiometabolic 

profiles in Ethiopia and India.7 However, those 
findings should not be extrapolated directly to 

this sample without corresponding biomarkers. 

From a screening perspective, the findings 
demonstrate discordance between 

conventional BMI classification and BF%-based 
adiposity classification in a subset of normal-

BMI participants. This supports the principle 

that BMI and body composition answer 
different questions. 

 
Strengths and Limitations 

Strengths include use of a prespecified sex-

specific NWO definition, explicit separation of 
NWO from NWNO participants within the 

normal-BMI range, standardized pre-BIA 
instructions, reporting of prevalence precision, 

and analysis of sex as an important confounder 

rather than relying exclusively on unadjusted 
group comparisons. The study also contributes 

body-composition data from a young Pakistani 
population that remains underrepresented in 

the international NWO literature. 

Several limitations are important. The cross-
sectional design precludes causal inference. 

Participants came from a single medical college 
and were recruited using non-probability 

sampling, limiting generalizability beyond this 
specific student population. The sample was 

modest, and only one normal-BMI male met the 

operational NWO definition, producing a very 
wide CI for the sex-specific PR. Body 

composition was estimated by BIA rather than 
a reference technique such as DXA, and 

independent validation of the specific FG2001 

model in Pakistani young adults could not be 
verified. BIA estimates are influenced by device 

algorithms and measurement conditions. NWO 
prevalence also depends on the selected BF% 

thresholds, for which no universally accepted 

international standard exists. Cardiometabolic 
biomarkers were not measured. 

 
CONCLUSION 

Normal-weight obesity was identified in 

approximately one-third of normal-BMI 
participants in this single-center sample of 

Pakistani healthy young adults and was 
markedly more frequent among females. BMI 

and BF%-based classification were therefore 

discordant in a subset of apparently normal-
weight participants. Large unadjusted 

differences in skeletal-muscle percentage were 
substantially attenuated after accounting for 

sex and BMI, emphasizing the importance of 

confounder control when characterizing NWO. 
Higher BIA-derived visceral-fat grade and lower 

BIA-estimated BMR persisted in adjusted 
analyses, but these device-derived findings 

require confirmation with validated reference 
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methods. Larger representative studies 
incorporating cardiometabolic biomarkers are 

needed before population-level or clinical 
screening recommendations can be made. 
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Tables 
Table 1. Characteristics of the Study Sample (N=96) 

Characteristic Value 

Age, years 18-25 (eligibility range) 

Male sex, n (%) 35 (36.5) 

Female sex, n (%) 61 (63.5) 

Height, cm 165.5 ± 9.7 

Weight, kg 57.5 ± 10.5 

BMI, kg/m² 20.99 ± 3.15 

Underweight BMI (<18.5), n (%) 20 (20.8) 

Normal BMI (18.5-24.9), n (%) 66 (68.8) 

BMI ≥25, n (%) 10 (10.4) 

Body fat, % 25.66 ± 10.18 

Skeletal muscle, % 25.58 ± 9.91 

BIA-estimated BMR, kcal/day 1287 ± 218 

Visceral-fat grade 5.3 ± 2.99 

 

Data are mean ± SD unless otherwise indicated. BMI, body mass index; BIA, bioelectrical impedance 

analysis; BMR, basal metabolic rate. 
 

Table 2. Normal-Weight Obesity Prevalence Among Participants with Normal BMI 

Group 
NWO, 
n/N 

Prevalence, 
% 

95% CI 
Female:male PR 

(95% CI) 
Fisher p 

All normal-BMI 

participants 
23/66 34.8 24.5-46.9 — — 

Females 22/42 52.4 37.7-66.6 12.57 (1.81-87.51) <0.001 

Males 1/24 4.2 0.7-20.2 1.00 (reference) — 

 
NWO, normal-weight obesity; CI, confidence interval (Wilson); PR, prevalence ratio. 

 
Table 3. Unadjusted Body-Composition Comparison: NWO Versus NWNO 

Variable 
NWO 

(n=23) 
NWNO 
(n=43) 

Mean 
difference 

95% CI p 

BMI, kg/m² 21.99 ± 1.63 20.99 ± 1.65 1.00 0.15 to 1.85 0.022 

Body fat, % 36.28 ± 3.93 20.58 ± 6.63 15.70 13.10 to 18.30 <0.001* 

Skeletal muscle, % 19.88 ± 4.51 
29.03 ± 

10.48 
-9.15 -12.86 to -5.44 <0.001 

BIA-estimated BMR, 
kcal/day 

1138 ± 120 1378 ± 201 -240 -319 to -161 <0.001 
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Visceral-fat grade 7.65 ± 1.53 4.28 ± 2.19 3.37 2.45 to 4.29 <0.001 

 
Data are mean ± SD. NWNO, normal-weight non-obese. *Descriptive only, because BF% defines NWO 

group membership. 
 

Table 4. Adjusted Association of NWO Status with Selected Body-Composition Outcomes 

Outcome 
Adjusted β 
for NWO 

95% CI p Covariates 

Skeletal muscle, % -1.13 -3.62 to 1.36 0.375 Sex, BMI 

BIA-estimated BMR, kcal/day -108.5 -157.7 to -59.4 <0.001 Sex, BMI 

Visceral-fat grade 1.68 0.54 to 2.82 0.004 Sex, BMI 
 

Supplementary Table S1. Female-Only Sensitivity Analysis 

Outcome 
Female NWO 

(n=22) 
Female NWNO 

(n=20) 
p 

Skeletal muscle, % 19.36 ± 3.84 20.32 ± 2.61 0.345 

BIA-estimated BMR, kcal/day 1118.5 ± 76.5 1197.8 ± 104.2 0.009 

Visceral-fat grade 7.64 ± 1.56 5.70 ± 1.89 0.001 

 

Data are mean ± SD. 
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