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Abstract 

Background: Population-specific body mass index references account for genetic and environmental variations affecting 

pediatric growth patterns. Tunisia established BMI reference curves in 2018 and 2021 but lacked validated clinical cut-off points 

for routine health assessments. 

Aim: The study aimed to (i) derive BMI cut-off points for Tunisian children and adolescents aged 6-17.99 years using the 

Lambda-Mu-Sigma method, and (ii) evaluate agreement between Tunisian cut-offs and International Obesity Task Force and 

World Health Organization standards. 

Methods: We analyzed cross-sectional anthropometric data from 3,533 participants (1,760 girls, 1,773 boys; age 6.00-18.99 

years) collected during 2012-2013 through stratified random sampling across northern, central, and southern Tunisia. The LMS 

method identified percentiles corresponding to adult BMI thresholds of 18.5 kg/m² (thinness), 25 kg/m² (overweight), and 30 

kg/m² (obesity) at age 18 years. Agreement between classification systems was quantified using Cohen's kappa coefficients and 

chi-square tests. 

Results: Cut-off points corresponded to the 18.41st percentile (thinness), 88.69th percentile (overweight), and 98.81st percentile 

(obesity) for girls. Boys showed cut-offs at the 17.88th, 86.65th, and 96.86th percentiles respectively. Maximum deviations 

from IOTF reached 1.08 kg/m². Deviations from WHO reached 3.12 kg/m². Thinness frequency using Tunisian cut-offs 

(15.57%) exceeded IOTF (10.4%) and WHO (2.8%) estimates (P<0.001). Agreement with IOTF was substantial (kappa=0.772 

for thinness) but fair with WHO (kappa=0.274). 

Conclusion: Tunisia-specific BMI cut-offs differ from international standards, particularly for thinness classification. External 

validation in independent samples should precede widespread clinical adoption. These findings support development of 

population-tailored growth assessment tools for North African contexts. 
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1. INTRODUCTION 

Physical growth assessment forms the cornerstone of pediatric 

health surveillance worldwide [1]. Body mass index serves as 

the primary anthropometric indicator for evaluating weight 

status in children and adolescents [2]. However, BMI 

interpretation requires age-specific and sex-specific reference 

standards because growth patterns change substantially during 

development [3, 4]. 

Childhood obesity has emerged as a major public health 

concern, affecting approximately 340 million children and 

adolescents globally [5]. Excess adiposity during childhood 

increases immediate health risks including metabolic 

dysfunction, cardiovascular abnormalities, and psychosocial 

complications [6, 7]. Long-term consequences extend into 

adulthood with elevated risks for type 2 diabetes mellitus, 

cardiovascular disease, certain cancers, and premature 

mortality [8-10]. 

Conversely, undernutrition and thinness during childhood 

impair physical development, cognitive function, immune 

competence, and academic performance [11, 12]. Accurate 

identification of both extremes of the weight spectrum enables 

timely interventions to optimize child health outcomes [13]. 

Establishing appropriate BMI cut-off points requires careful 

consideration of statistical, clinical, and epidemiological 

factors [14]. Cut-offs must balance sensitivity (identifying truly 

at-risk children) with specificity (avoiding false classifications) 

[15]. The process involves selecting BMI thresholds that 

correspond to health risks in adulthood while accounting for 

normal developmental changes during childhood [16]. 

Two major international systems provide BMI references for 

pediatric populations. The International Obesity Task Force 

developed cut-offs based on pooled data from six countries 

(Brazil, Great Britain, Hong Kong, Netherlands, Singapore, 

United States), creating percentile curves that pass through 

adult BMI values of 25 kg/m² and 30 kg/m² at age 18 years [17]. 

The World Health Organization constructed growth standards 

using data from the Multicentre Growth Reference Study 

(children 0-5 years) and the National Center for Health 

Statistics datasets (children 5-19 years), expressing BMI 

relative to age using Z-scores [18]. These international 

references provide valuable tools for global comparisons and 

epidemiological research. 

However, substantial evidence indicates that genetic 

background, environmental conditions, dietary patterns, and 

socioeconomic factors create population-specific variations in 

growth trajectories [19-21]. Applying universal standards to 

diverse populations may result in systematic misclassification, 

potentially underestimating or overestimating health risks in 

specific ethnic or geographic groups [22, 23]. 

Recognition of these limitations has prompted numerous 

countries to develop population-specific BMI references. Egypt 

established Z-score references for Egyptian schoolchildren 

aged 5-19 years [24]. China developed BMI cut-offs tailored to 

urban Chinese children and adolescents, accounting for earlier 

adiposity rebound and distinct body composition patterns 

compared to Western populations [25]. Hungary created 

national BMI references with age-specific and sex-specific 

percentile curves for children aged 3-18 years [26]. India 

derived BMI cut-offs based on affluent urban children, 

recognizing that international standards may not reflect Indian 

growth patterns [27]. These population-specific efforts share 

common objectives: improving accuracy of corpulence status 

assessment, enabling appropriate clinical decision-making, and 

supporting targeted public health interventions. 

Despite the availability of international references, several 

critical gaps remain in the application of BMI standards to 

North African populations. First, genetic ancestry in Tunisia 

reflects a unique admixture of Mediterranean, Arab, and Berber 

populations, distinct from the ethnic compositions in datasets 

used to develop IOTF and WHO references [28]. This genetic 

distinctiveness may influence body composition, fat 

distribution patterns, and the relationship between BMI and 

metabolic risk [29]. Second, nutritional transition in Tunisia has 

occurred rapidly over recent decades, characterized by shifts 

toward Western dietary patterns, increased consumption of 

processed foods, and reduced physical activity [30]. These 

environmental changes may alter growth trajectories in ways 

not captured by references developed from populations 

experiencing different nutritional contexts [31]. Third, 

methodological differences between reference systems create 

confusion for clinicians. Studies comparing IOTF and WHO 

classifications report substantial discordance in obesity 

prevalence estimates, with WHO typically identifying more 

children as overweight or obese compared to IOTF [32, 33]. 

This variability complicates clinical interpretation and public 

health surveillance when different standards yield conflicting 

classifications for the same child. 

Fourth, the applicability of Z-score-based WHO standards 

versus percentile-based IOTF approaches remains debated, 

with each system offering distinct advantages for different 

applications [34]. Fifth, limited data exist comparing North 

African growth patterns with international references. Algeria 

recently published BMI charts for Algerian children and 

adolescents [35, 36]. However, these studies did not derive 

operational cut-off points anchored to adult BMI thresholds, 
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nor did they validate their curves against IOTF or WHO 

classification systems. As a result, no North African country to 

date has established population-specific BMI cut-off points for 

thinness, overweight, and obesity suitable for routine clinical 

decision-making. Sixth, previous Tunisian research established 

reference curves but did not derive operational cut-off points 

for clinical decision-making or validate their performance 

against international standards [37, 38]. This gap limits 

practical application of available Tunisian data in clinical 

practice and school health programs. 

Based on these identified gaps, the present cross-sectional study 

aimed to (i) establish specific BMI cut-off points for Tunisian 

children and adolescents aged 6-17.99 years using the LMS 

method, and (ii) assess agreement between Tunisian-derived 

cut-offs and established IOTF and WHO classification systems. 

We hypothesized that Tunisian cut-offs would show better 

agreement with IOTF compared to WHO references based on 

methodological similarities in the percentile-based approach. 

These objectives address a practical need for population-

appropriate growth assessment tools in Tunisia while 

contributing to broader understanding of BMI variation across 

diverse pediatric populations. 

2. MATERIALS AND METHODS 

2.1. Ethics Approval 

The study was conducted in accordance with the Declaration of 

Helsinki. The research protocol received retrospective approval 

from the Institutional Review Board of the High Institute of 

Sport and Physical Activity of Kef, University of Jendouba 

(approval code: 02-2023). This approval covered secondary 

analysis of de-identified anthropometric data originally 

collected during 2012-2013 under approved protocols. Written 

informed consent was obtained from all participants and their 

legal guardians prior to the original data collection. 

2.2. Sample Size Calculation 

Sample size was determined using established statistical 

procedures with reference to previous research examining BMI 

distributions in pediatric populations. Ghouili et al. established 

BMI reference curves for 1,313 Tunisian children aged 6-12 

years [37], while their subsequent study extended coverage to 

3,533 children aged 6-18 years [38]. These studies provided 

reference points for expected BMI variability and sample 

requirements for developing robust percentile curves. The 

sample size calculation employed the following formula: n = 

Z²p(1-p)/d² Where n represents required sample size, Z 

represents the Z-score corresponding to 95% confidence level 

(1.96), p represents expected proportion (0.50, representing 

maximum variability), and d represents margin of error (0.17). 

This calculation was confirmed using GPower software 

(version 3.1.9.6) with a priori power analysis for repeated 

measures designs. The analysis considered an effect size of 

f=0.25 (representing small to medium effects in anthropometric 

comparisons), statistical power of 0.80, alpha level of 0.05, 

number of age groups (13 categories), and number of sex 

groups (2). 

The G*Power analysis yielded a minimum required total 

sample size of 3,100 participants. Based on these calculations, 

a minimum sample of 3,100-3,200 participants was required to 

ensure adequate representation across all age and sex strata. The 

final sample size of 3,533 participants exceeded this minimum 

requirement and provided sufficient statistical power to derive 

stable percentile estimates across the entire age range. This 

sample size is comparable to previous studies developing 

national BMI references [24-27] and sufficient to address the 

study's aims of establishing BMI cut-off points and comparing 

them with international standards. 

2.3. Participants 

This study analyzed data from 3,533 children and adolescents 

(1,760 girls, 1,773 boys) aged 6.00-18.99 years. Data were 

collected between September 2012 and May 2013 through 

stratified random sampling to ensure geographic representation 

across Tunisia. Sampling targeted three major regions: 

northern, central, and southern governorates. Within each 

region, schools were randomly selected. Participants were 

recruited through school-based programs coordinated with 

regional education directorates. Inclusion criteria specified: (i) 

children and adolescents aged 6.00 to 18.99 years enrolled in 

public primary, middle, and secondary schools in the selected 

regions, (ii) parental consent and child assent obtained, and (iii) 

ability to stand independently for anthropometric 

measurements. Exclusion criteria removed children with: (i) 

diagnosed chronic diseases affecting growth (diabetes mellitus, 

congenital heart disease, chronic kidney disease, genetic 

syndromes, malabsorption disorders), (ii) acute illness at time 

of assessment, (iii) medications known to affect growth or body 

composition (corticosteroids, growth hormone, chemotherapy), 

and (iv) physical disabilities preventing standard 

anthropometric measurement. Medical questionnaires 

completed by parents identified exclusions. 

2.4. Study Design 

This cross-sectional observational study utilized 

anthropometric data collected during a single time point for 

each participant. The study represents the third phase of a 

comprehensive research program to develop Tunisian pediatric 

growth references. The first phase, published in 2018, presented 

BMI reference curves for children and adolescent [37]. The 

second phase, published in 2021, extended these curves through 

age 18 and incorporated additional anthropometric parameters 

(height, weight, sitting height and leg length) [38]. Neither 

previous publication established specific clinical cut-off points 

or validated performance against international standards. The 

current analysis addresses this gap. We derive operational BMI 

cut-offs from the established reference curves [38] and assess 

their concordance with IOTF [17] and WHO [18] classification 

systems. This represents a distinct research contribution 

focusing on clinical application and international comparison 

rather than curve construction. 
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Data collection occurred during regular school hours in 

dedicated health facilities within each school. Measurements 

were conducted between 09:00 and 11:00 hours to minimize 

diurnal variation effects [39]. All participants wore light 

clothing without shoes during assessment. Environmental 

conditions were standardized with measurements performed 

indoors at ambient temperatures of 20-25°C. 

2.5. Anthropometric Measurements 

Six trained examiners conducted all anthropometric 

measurements following standardized WHO protocols [40]. All 

examiners completed intensive 2-day training programs that 

included theoretical instruction on measurement techniques, 

practical demonstrations, and supervised practice sessions. 

Inter-rater reliability was assessed before data collection 

through repeated measurements on 30 children. Technical error 

of measurement was calculated and remained below 0.5 cm for 

height and 0.1 kg for weight, meeting acceptable standards for 

anthropometric research [41]. Identical measurement 

equipment was used across all study centers to ensure 

standardization. Equipment underwent weekly calibration 

against certified reference standards throughout the data 

collection period. 

2.5.1. Height Measurement 

Height was measured using portable stadiometers (Seca 206, 

Hamburg, Germany) with 0.1 cm precision. Participants stood 

barefoot or in thin socks on a flat surface with weight 

distributed evenly between both feet and heels together. The 

head was positioned to maintain the Frankfort horizontal plane 

(lower border of the eye orbit aligned horizontally with the 

upper margin of the external auditory meatus). Participants 

were instructed to stand erect, take a deep breath, and hold the 

position during measurement. The stadiometer headboard was 

lowered to compress the hair and contact the superior aspect of 

the head. Two measurements were obtained for each 

participant. When measurements differed by less than 0.5 cm, 

the mean value was recorded. If the difference exceeded 0.5 cm, 

a third measurement was obtained and the median of the three 

values was recorded. 

2.5.2. Weight Measurement 

Weight was measured using calibrated electronic scales (Tanita 

BF-681 W, Tokyo, Japan) with 0.1 kg precision. Participants 

wore light clothing (physical education uniforms) without 

shoes. The scale was zeroed before each measurement session 

and recalibrated after every 20 measurements to maintain 

accuracy. Participants stood motionless in the center of the 

scale platform with weight distributed evenly and arms hanging 

naturally at the sides. Two measurements were obtained for 

each participant. When measurements differed by less than 0.2 

kg, the mean value was recorded. If the difference exceeded 0.2 

kg, a third measurement was obtained and the median of the 

three values was recorded. 

2.5.3. Body Mass Index Calculation 

BMI was calculated as weight in kilograms divided by height 

in meters squared (kg/m²). All calculations used the mean or 

median values obtained from repeated measurements to 

minimize measurement error. 

2.6. Derivation of Cut-off Points 

We followed the methodology established by Cole and 

Lobstein for deriving IOTF cut-offs [17]. This approach creates 

smooth percentile curves that pass through specified adult BMI 

values at age 18 years. Adult BMI thresholds of 18.5 kg/m² 

(thinness), 25 kg/m² (overweight), and 30 kg/m² (obesity) 

served as anchoring points [42]. These values represent 

internationally recognized thresholds associated with health 

risks in adult populations. Z-scores for these target BMI values 

at age 18 were calculated using LMS parameters from our 

previously published Tunisian reference curves [38]. The LMS 

method transforms skewed distributions into normal 

distributions through three age-specific and sex-specific 

parameters: L (Box-Cox power transformation), M (median 

value), and S (coefficient of variation) [43]. At age 18, LMS 

parameters were L=-0.80, M=20.84, S=0.14 for girls and L=-

1.99, M=20.77, S=0.14 for boys. The formula for calculating 

Z-scores was: z = [ (BMI/M)^L - 1 ] / (L*S). These Z-scores 

were then converted to percentiles that passed through the 

specified BMI values at age 18. The percentile was applied 

across all younger ages using age-specific LMS parameters 

through the formula: C100α = M [ 1 + L*S*Zα ]^(1/L) where 

Zα represents the normal equivalent deviate for tail area α, and 

C₁₀₀α represents the BMI value at a given percentile. This 

process created smooth curves anchored at adult thresholds 

while accounting for age-specific and sex-specific growth 

patterns throughout childhood and adolescence. 

2.7. Statistical Analysis 

Descriptive statistics expressed continuous variables as means 

± standard deviations. Shapiro-Wilk tests assessed normality of 

distributions. Levene's tests evaluated homogeneity of 

variance. Statistical analyses were performed using SPSS 

version 28.0 for Windows (IBM Corporation, Armonk, New 

York, USA). Statistical significance was set at P<0.05 for all 

comparisons. Chi-square tests compared frequency 

distributions of corpulence status categories (thinness, normal 

weight, overweight, obesity) classified according to Tunisian, 

IOTF, and WHO cut-offs. Cohen's kappa coefficient quantified 

agreement between classification systems [44]. Kappa values 

were interpreted as: 0.00-0.40 (poor to fair agreement), 0.41-

0.80 (moderate to substantial agreement), and 0.81-1.00 

(almost perfect agreement). This interpretation follows 

established guidelines for kappa coefficient interpretation in 

medical research [44]. 

2.8. Methodological Limitations 

We acknowledge using the same sample for both reference 

curve construction (previous publications [37, 38]) and cut-off 

validation (current analysis). Ideally, cut-off validation requires 

an independent sample to avoid circular reasoning and 
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overfitting. This limitation means our findings represent 

preliminary estimates of agreement between classification 

systems. External validation in independent Tunisian samples 

should be conducted before widespread clinical adoption of 

these cut-offs. 

3. RESULTS 

3.1. Sample Characteristics 

Table 1 presents descriptive statistics for BMI across age 

groups stratified by sex. Mean BMI increased progressively 

with age in both sexes. Girls showed mean BMI values 

increasing from 16.17±1.94 kg/m² at age 6-6.99 years to 

21.20±3.36 kg/m² at age 18-18.99 years. Boys demonstrated 

similar patterns with mean BMI increasing from 16.03±1.64 

kg/m² at age 6-6.99 years to 22.07±3.73 kg/m² at age 18-18.99 

years. 

Table 1. Mean, standard deviation (SD), minimum (min), and maximum (max) body mass index values of 3,533 Tunisian 

children and adolescents (1,760 girls and 1,773 boys) per age group 

Age group 

(years) 

Girls 

N 

Girls 

Mean 

Girls SD Girls 

Min 

Girls 

Max 

Boys 

N 

Boys 

Mean 

Boys SD Boys 

Min 

Boys 

Max 

6-6.99 149 16.17 1.94 12.93 22.12 144 16.03 1.64 12.82 21.02 

7-7.99 156 16.22 2.22 12.72 23.83 149 16.36 1.93 12.60 22.84 

8-8.99 165 16.69 2.24 12.36 24.03 168 16.88 2.24 13.26 24.40 

9-9.99 127 16.96 2.55 13.23 24.34 160 16.67 1.99 12.33 25.33 

10-10.99 150 16.88 2.50 12.36 25.29 139 17.12 2.35 12.49 24.15 

11-11.99 122 17.83 3.16 13.29 25.97 131 18.05 2.76 13.03 26.10 

12-12.99 94 18.66 2.47 13.84 26.84 87 18.03 2.92 12.94 27.66 

13-13.99 105 19.83 3.02 13.81 27.53 108 18.57 2.72 13.60 28.55 

14-14.99 121 20.82 2.88 13.99 28.51 104 19.18 2.73 15.04 28.12 

15-15.99 145 20.85 2.73 14.75 29.52 152 19.92 2.86 14.71 29.18 

16-16.99 109 21.33 2.91 16.45 29.88 148 20.31 3.19 15.01 30.69 

17-17.99 161 20.81 2.96 14.85 30.01 158 21.29 3.69 15.52 31.98 

18-18.99 156 21.20 3.36 15.24 30.70 125 22.07 3.73 15.30 33.55 

 

3.2. Cut-off Point Derivation 

Table 2 presents Z-scores calculated at age 18 years for target 

adult BMI values. For girls, Z-scores were -0.92 for thinness 

(BMI 18.5 kg/m²), 1.19 for overweight (BMI 25 kg/m²), and 

2.41 for obesity (BMI 30 kg/m²). For boys, Z-scores were -0.92 

for thinness, 1.11 for overweight, and 2.17 for obesity. 

Supplementary Table S1 presents complete LMS parameters 

and corresponding cut-off values across all ages from 6.0 to 

18.0 years. Thinness, overweight, and obesity cut-offs 

corresponded to the 18.41st, 88.69th, and 98.81st percentiles 

respectively for girls. Boys showed cut-offs at the 17.88th, 

86.65th, and 96.86th percentiles respectively. 

Table 2. Calculation of Z-scores of different corpulence categories using the LMS method at age 18 years 

Sex L M S Z-score for 

BMI 18.5 kg/m² 

Z-score for 

BMI 25 kg/m² 

Z-score for 

BMI 30 kg/m² 

Girls -0.80 20.84 0.14 -0.92 1.19 2.41 

Boys -1.99 20.77 0.14 -0.92 1.11 2.17 

Note: L: Lambda (Box-Cox power transformation); M: Median; S: Coefficient of variation 

 

3.3. Comparison with International 

Standards 

Figures 1 and 2 illustrate discrepancies between Tunisian cut-

offs and international references across the age range studied. 

Compared to IOTF standards, maximum differences for 
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thinness thresholds were 0.69 kg/m² in girls at age 7 years and 

0.71 kg/m² in boys at age 8 years. Overweight thresholds 

showed maximum deviations of 0.70 kg/m² in girls at age 7.5 

years and 1.08 kg/m² in boys at age 8 years. Obesity cut-offs 

differed maximally by 0.96 kg/m² in girls at age 6 years and 

0.71 kg/m² in boys at age 8 years. Relative to WHO standards, 

discrepancies were substantially larger. Thinness thresholds 

diverged with maximum differences of 2.15 kg/m² in girls at 

age 15.5 years and 1.54 kg/m² in boys at age 8 years. 

Overweight thresholds showed maximum deviations of 1.24 

kg/m² in girls at age 8 years and 1.06 kg/m² in boys at age 7.5 

years. Obesity cut-offs demonstrated the largest discrepancies: 

3.12 kg/m² in girls at age 8.5 years and 1.06 kg/m² in boys at 

age 7.5 years. Discrepancies were generally largest during 

middle childhood (ages 7-9 years). Differences decreased 

during adolescence, with curves converging toward the shared 

adult threshold values at age 18 years. 

 

Figure 1. Comparison of identified Tunisian cut-off points with IOTF and WHO cut-off points across ages 6-18 years for girls 

(panel A) and boys (panel B). 

Note: Solid lines represent Tunisian cut-offs, dashed lines represent IOTF cut-offs, and dotted lines represent WHO cut-offs. Three curves are shown for each 

reference system corresponding to thinness (bottom), overweight (middle), and obesity (top) thresholds. Y-axis shows BMI in kg/m². X-axis shows age in years. 

n=3,533. 
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Figure 2. Difference values between identified Tunisian cut-off points for BMI-for-age compared with IOTF (panel A) and WHO 

(panel B) cut-off points across ages 6-18 years. 

Note: Positive values indicate Tunisian cut-offs are higher than the comparison reference. Negative values indicate Tunisian cut-offs are lower. Separate lines 

show differences for thinness (circles), overweight (triangles), and obesity (squares) thresholds. Solid symbols represent girls; open symbols represent boys. Y-axis 

shows BMI difference in kg/m². X-axis shows age in years. n=3,533. 

 

3.4. Frequency Distributions 

Table 3 presents corpulence status frequencies classified 

according to Tunisian, IOTF, and WHO cut-offs. Using 

Tunisian cut-offs, thinness frequency was 15.57% overall. This 

significantly exceeded frequencies identified by IOTF 

standards (10.4%, P<0.001) and WHO standards (2.8%, 

P<0.001). 

The pattern remained consistent when stratified by sex. Among 

girls, thinness frequencies were 16.37% (Tunisian) versus 

10.7% (IOTF) versus 2.4% (WHO). Among boys, frequencies 

were 14.7% (Tunisian) versus 10.1% (IOTF) versus 3.3% 

(WHO). Normal weight frequency differed between 

classification systems. Tunisian standards classified 70.0% as 

normal weight overall. IOTF standards identified 75.2% as 

normal weight (P<0.01 for difference from Tunisian). WHO 

standards classified 78.5% as normal weight (P<0.001 for 

difference from Tunisian). Sex-stratified analysis showed 

similar patterns. 

Among girls, normal weight frequencies were 70.5% 

(Tunisian) versus 74.4% (IOTF, P<0.01) versus 79.3% (WHO, 

P<0.001). Among boys, frequencies were 69.6% (Tunisian) 

versus 76.1% (IOTF, P<0.001) versus 77.6% (WHO, P<0.001). 

Overweight frequency showed less variation between Tunisian 

and IOTF standards. Overall, Tunisian standards identified 

11.3% as overweight compared to 11.8% using IOTF (P>0.05). 

WHO standards classified significantly more boys as 

overweight (13.1%) compared to Tunisian standards (10.4%, 

P<0.01). No significant difference emerged for girls between 

Tunisian (12.2%) and WHO (13.2%) classifications. 

Obesity frequency revealed notable differences between 

classification systems. Overall, Tunisian standards identified 

3.2% as obese. IOTF standards classified 2.6% as obese. WHO 

standards identified 5.3% as obese (P<0.001 for difference 

from Tunisian). Sex-stratified analysis showed Tunisian 

standards classified 5.3% of boys as obese compared to 2.8% 

using IOTF (P<0.001) and 6.0% using WHO (P>0.05). For 

girls, Tunisian standards identified 1.0% as obese compared to 

2.4% using IOTF (P<0.01) and 4.7% using WHO (P<0.001). 

Table 3. Frequency (%) of thinness, normal weight, overweight and obesity according to international (IOTF and WHO) and 

Tunisian cut-off points 
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 Thinness Normal weight Overweight Obesity 

Boys (n=1,729)     

Tunisian 14.7 69.6 10.4 5.3 

IOTF 10.1*** 76.1*** 11.0 2.8** 

WHO 3.3*** 77.6*** 13.1* 6.0 

Girls (n=1,760)     

Tunisian 16.4 70.5 12.2 1.0 

IOTF 10.7*** 74.4* 12.5 2.4* 

WHO 2.4*** 79.3*** 13.2 4.7*** 

Total (n=3,489)     

Tunisian 15.6 70.0 11.3 3.2 

IOTF 10.4*** 75.2* 11.8 2.6 

WHO 2.8*** 78.5*** 13.3* 5.3*** 

Note: IOTF: International Obesity Task Force; WHO: World Health Organization. *P<0.01; ** P<0.001; *** P<0.0001 (difference compared to Tunisian cut-off 

points using chi-square tests) 

 

3.5. Agreement Analysis 

Table 4 presents kappa coefficients measuring agreement 

between classification systems for each corpulence status 

category. For thinness classification, agreement between 

Tunisian and WHO references was fair overall (kappa=0.274, 

P<0.001). Sex-stratified values were kappa=0.223 for girls and 

kappa=0.329 for boys. 

Agreement between Tunisian and IOTF references was 

substantially higher, reaching kappa=0.772 overall (P<0.001), 

with similar values for girls (kappa=0.763) and boys 

(kappa=0.780). For normal weight classification, agreement 

between Tunisian and WHO references ranged from moderate 

to almost perfect. 

Girls showed moderate agreement (kappa=0.501). Boys 

demonstrated substantial agreement (kappa=0.615). The total 

sample showed almost perfect agreement (kappa=0.858, all 

P<0.001). Compared with IOTF references, Tunisian standards 

showed almost perfect agreement across all groups 

(kappa>0.82, P<0.001). 

For overweight classification, substantial agreement emerged 

between Tunisian and WHO references. Kappa values were 

0.614 for girls, 0.768 for boys, and 0.686 overall (all P<0.001). 

Tunisian references showed almost perfect agreement with 

IOTF references for girls and overall (kappa>0.820, P<0.001), 

while boys showed substantial agreement (kappa=0.754, 

P<0.001). For obesity classification, agreement between 

Tunisian and WHO references was moderate to almost perfect. 

Girls showed moderate agreement (kappa=0.349). Boys 

demonstrated almost perfect agreement (kappa=0.892). The 

total sample showed substantial agreement (kappa=0.708, all 

P<0.001). Comparing Tunisian with IOTF references revealed 

moderate agreement for girls (kappa=0.594, P<0.001) and 

substantial agreement for boys (kappa=0.683) and total sample 

(kappa=0.663, both P<0.001). 

Table 4. Agreement (kappa coefficient) between the Tunisian, IOTF and WHO references for classification of children and 

adolescents according to BMI values 

 Thinness Normal weight Overweight Obesity 

Tunisian vs WHO     

Girls 0.223*** 0.501*** 0.614*** 0.349*** 

Boys 0.329*** 0.615*** 0.768*** 0.892*** 

Total 0.274*** 0.858*** 0.686*** 0.708*** 

Tunisian vs IOTF     

Girls 0.763*** 0.820*** 0.861*** 0.594*** 
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 Thinness Normal weight Overweight Obesity 

Boys 0.780*** 0.824*** 0.754*** 0.683*** 

Total 0.772*** 0.822*** 0.811*** 0.663*** 

Note: IOTF: International Obesity Task Force; WHO: World Health Organization *** P<0.001 

 

4. DISCUSSION 

This cross-sectional study established specific BMI cut-off 

points for Tunisian children and adolescents aged 6-18 years 

and evaluated their agreement with IOTF and WHO 

classification systems. Results revealed three major findings. 

First, Tunisian-derived cut-offs corresponded to distinct 

percentiles (18.41st for thinness, 88.69th for overweight, 

98.81st for obesity in girls; 17.88th, 86.65th, 96.86th in boys) 

that differ from those implied by international standards. 

Second, substantial discrepancies emerged between Tunisian 

and WHO cut-offs (maximum 3.12 kg/m²) while differences 

from IOTF were more modest (maximum 1.08 kg/m²). Third, 

classification agreement was substantially better with IOTF 

(kappa=0.772 for thinness) than WHO (kappa=0.274 for 

thinness), supporting our hypothesis that methodological 

similarities would yield greater concordance with IOTF 

approaches. 

4.1. Thinness Classification and Frequency 

Discrepancies 

Tunisian cut-offs identified significantly higher frequencies of 

thinness (15.57%) compared to IOTF (10.4%) and WHO 

(2.8%) estimates (P<0.001 for both comparisons). These effect 

sizes represent large practical differences in population 

surveillance. The finding aligns with previous research 

demonstrating that classification system choice substantially 

influences prevalence estimates [32, 33]. Kêkê et al. compared 

French, IOTF, and WHO references among 1,458 French 

children and found that WHO identified fewer thin children 

compared to IOTF [32]. Similarly, Qian et al. examined 

multiple BMI screening tools in 5,692 Chinese children and 

reported that different cut-offs produced thinness prevalence 

estimates ranging from 4.1% to 15.3% [25]. The convergence 

with these studies suggests robust evidence that cut-off 

selection meaningfully affects public health surveillance and 

resource allocation decisions. 

The divergence from WHO is particularly pronounced. WHO 

standards were developed from the Multicentre Growth 

Reference Study, which selected children from environments 

supporting optimal growth with breastfeeding, adequate 

nutrition, and disease prevention [18]. These standards 

represent aspirational growth under ideal conditions rather than 

descriptive norms for typical populations. Tunisia faces 

ongoing challenges with both undernutrition in 

rural/disadvantaged areas and overnutrition in urban/affluent 

populations [30]. The Tunisian BMI distribution may reflect 

this nutritional transition period, making WHO standards 

inappropriate for identifying truly at-risk children in this 

context. 

Several biological and environmental factors contribute to 

observed differences. Genetic ancestry in Tunisia reflects 

Mediterranean, Arab, and Berber admixture patterns distinct 

from populations in WHO reference studies [28, 29]. This 

genetic background may influence skeletal proportions, lean 

mass distribution, and adiposity patterns independent of 

nutritional status [45]. Dietary patterns in Tunisia emphasize 

Mediterranean foods including olive oil, vegetables, legumes, 

and moderate animal protein [46], creating different body 

composition profiles compared to populations consuming 

Western diets. Socioeconomic factors including household 

income, parental education, and food security vary substantially 

across Tunisian regions [46], introducing heterogeneity not 

captured by single reference curves. 

This suggests that clinicians using Tunisian cut-offs will 

identify more children requiring nutritional assessment and 

potential intervention compared to international standards. 

Schools and public health programs should allocate resources 

accordingly. However, increased identification rates require 

careful interpretation to distinguish constitutional thinness from 

pathological undernutrition requiring intervention [47]. 

4.2. Agreement Patterns Between 

Classification Systems 

Tunisian cut-offs demonstrated substantial agreement with 

IOTF (kappa=0.772 for thinness) but only fair agreement with 

WHO (kappa=0.274 for thinness). This pattern reflects 

fundamental methodological differences between systems. 

IOTF used pooled data from six countries to create empirical 

percentile curves anchored at adult BMI thresholds [17]. Our 

approach employed identical methodology applied to Tunisian 

data, naturally producing similar classification patterns. WHO 

used different statistical methods (LMS for 0-5 years, modified 

LMS for 5-19 years) and different conceptual frameworks 

(prescriptive standards versus descriptive references) [18]. 

Studies comparing IOTF and WHO consistently report better 

agreement for overweight and obesity classification than for 

thinness [32, 33, 48]. Our findings confirm this pattern. 

Agreement for obesity classification between Tunisian and 

IOTF reached kappa=0.663 overall, while agreement with 

WHO was kappa=0.708. The higher concordance for extreme 

categories (obesity) compared to thinness reflects that extreme 

BMI values show more consistent relationships with health 

risks across populations [49]. 

Regional data from Algeria provide relevant comparison. 

Bahchachi et al. developed BMI curves for 23,000 Algerian 
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children aged 6-18 years [35, 36]. Although they did not report 

specific percentile cut-offs, their smoothed curves show similar 

patterns to Tunisian data in middle childhood with slightly 

higher median BMI values during adolescence. Direct 

comparison of Algerian and Tunisian cut-offs would clarify 

whether unified North African references are feasible or 

whether country-specific standards remain necessary [50]. The 

practical implication is that Tunisian clinicians currently using 

IOTF references as interim standards will achieve reasonable 

concordance with population-specific thresholds. However, 

discrepancies remain clinically meaningful for individual 

patient assessment and population surveillance requiring 

Tunisian-specific cut-offs for optimal accuracy. 

4.3. Sex-Specific Patterns in Obesity 

Classification 

An unexpected finding emerged in obesity classification. 

Tunisian cut-offs identified 5.3% of boys as obese compared to 

2.8% using IOTF, representing an 89% relative increase. For 

girls, Tunisian cut-offs classified 1.0% as obese compared to 

2.4% using IOTF, representing a 58% relative decrease. This 

sex-specific reversal in classification patterns requires 

mechanistic explanation. Pubertal timing differences may 

contribute. Boys enter puberty approximately 2 years later than 

girls on average [51]. Earlier female pubertal maturation leads 

to earlier adiposity rebound and fat mass accrual [52]. If 

Tunisian girls experience pubertal timing patterns different 

from IOTF reference populations, this could shift the obesity 

percentile. 

Body composition differences between sexes become 

pronounced during adolescence [53]. Boys gain substantially 

more lean mass relative to fat mass compared to girls during 

pubertal development [54]. For the same BMI value, boys may 

carry proportionally more muscle mass while girls carry more 

adipose tissue [55]. Population-specific body composition 

patterns could therefore create sex-differential effects on 

obesity thresholds. 

Physical activity and dietary patterns may differ between sexes 

in Tunisia. Traditional gender roles influence sport 

participation, with boys more frequently engaged in organized 

athletics and outdoor play [56]. These behavioral differences 

affect body composition development during adolescence. The 

magnitude of sex differences in our obesity classification (5.3% 

versus 1.0%) substantially exceeds typical sex ratios in 

pediatric obesity prevalence [57], suggesting that population-

specific factors amplify sex divergence beyond universal 

biological patterns. This suggests that obesity prevention 

programs in Tunisia should employ sex-specific approaches. 

Interventions for boys should emphasize obesity risk, while 

programs for girls should balance obesity prevention with 

avoiding excessive focus on thinness given higher thinness 

prevalence in this group. Physical education curricula should 

accommodate different developmental trajectories between 

sexes during adolescence [58]. 

4.4. Age-Specific Variations in Cut-off 

Discrepancies 

Maximum discrepancies between Tunisian and international 

cut-offs occurred during ages 7-9 years, with differences 

decreasing during adolescence. This age-specific pattern 

reflects the adiposity rebound phenomenon. BMI typically 

reaches a minimum around age 5-7 years before increasing 

again through adolescence [59]. The timing and magnitude of 

this rebound vary across populations and predict later obesity 

risk [60]. Earlier adiposity rebound associates with increased 

obesity risk in adulthood [61]. Studies examining adiposity 

rebound timing across ethnic groups report variations of 1-2 

years in rebound age [62]. If Tunisian children experience 

adiposity rebound timing different from reference populations, 

BMI distributions will diverge most during this transition 

period. Growth velocity patterns also vary. Peak height velocity 

occurs around age 12 in girls and age 14 in boys on average 

[63], but substantial individual and population variation exists 

[64]. Different growth tempo affects the relationship between 

age, height, weight, and resulting BMI values. 

Nutritional transition effects may be most pronounced in 

younger cohorts. Children aged 7-9 during 2012-2013 data 

collection (born 2003-2006) experienced different early-life 

nutritional environments compared to adolescents in the 

sample. Secular trends in obesity prevalence have accelerated 

in Tunisia over recent decades [30], potentially creating cohort 

effects visible as age-specific deviations from older reference 

data. This suggests that cut-off validation should stratify results 

by age category. The performance of cut-offs for identifying 

health risks may differ between younger children and 

adolescents. Longitudinal follow-up studies should examine 

whether children classified as obese at different ages show 

similar cardiometabolic risk profiles and health trajectories. 

4.5. Clinical and Public Health Implications 

Establishing Tunisia-specific BMI cut-offs addresses several 

practical needs in pediatric health assessment. Current clinical 

practice in Tunisia relies on international references, creating 

uncertainty when different standards yield conflicting 

classifications. National cut-offs provide standardized 

assessment tools appropriate for the population being 

evaluated. School health programs require clear guidelines for 

obesity screening and nutritional surveillance [59]. Tunisian 

cut-offs enable consistent application across educational 

settings. Public health surveillance systems benefit from 

population-appropriate thresholds that accurately track 

temporal trends rather than artifacts of mismatched references 

[65]. Research applications improve when comparing Tunisian 

data with other North African or Mediterranean populations 

using methodologically consistent approaches. 

However, several important caveats apply. First, cut-offs 

derived from statistical criteria (percentiles anchored at adult 

thresholds) require validation against health outcomes. We 

cannot confirm whether children exceeding obesity cut-offs 

actually experience elevated cardiometabolic risk without 
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prospective follow-up data [66]. Second, BMI provides a 

convenient but imperfect indicator of adiposity [67]. Children 

classified as obese by BMI may have elevated muscle mass 

rather than excess fat mass, particularly athletic adolescent 

boys. Body composition assessment would clarify this 

limitation [68]. Third, single cut-offs cannot accommodate 

regional, urban-rural, or socioeconomic variations within 

Tunisia. Future research should examine whether stratified 

references improve classification accuracy for specific 

subpopulations [69]. Fourth, secular trends require periodic 

reference updating. Growth patterns change over time with 

nutritional transition, requiring regular reassessment [70]. 

These cut-offs represent a starting point requiring ongoing 

refinement rather than permanent standards. 

4.6. Comparison with Other Population-

Specific References 

Multiple countries have developed population-specific BMI 

references recognizing limitations of universal standards. India 

established cut-offs using adult BMI values of 23 kg/m² and 28 

kg/m² for overweight and obesity [27], reflecting evidence that 

Asian populations show metabolic risk at lower BMI thresholds 

compared to European populations [71]. China defined 

overweight and obesity as BMI at or above the 85th and 95th 

percentiles respectively, with smooth transition to adult cut-offs 

of 24 kg/m² and 28 kg/m² [25]. These lower adult thresholds 

compared to Western standards (25 and 30 kg/m²) reflect 

population-specific adiposity-disease relationships. Hungary 

developed references using the 90th and 97th percentiles for 

overweight and obesity [26], similar to CDC percentiles. 

England uses the UK90 reference with the 85th and 95th 

percentiles [72]. Our Tunisian cut-offs (88.69th and 98.81st 

percentiles for girls; 86.65th and 96.86th for boys) align more 

closely with IOTF methodology than other national 

approaches. This methodological choice facilitates 

international comparisons while accommodating population-

specific distributions. The key principle across all population-

specific efforts is matching assessment tools to the population 

being evaluated rather than assuming universal applicability. 

Tunisia's development of national references follows this 

evidence-based practice while maintaining methodological 

rigor and international compatibility [73]. 

4.7. Methodological Considerations and 

Limitations 

Several methodological limitations require acknowledgment. 

First, the cross-sectional design captures BMI distributions at 

single time points rather than tracking individual growth 

trajectories. Longitudinal studies following children from early 

childhood through adolescence would better characterize 

growth patterns and validate whether children exceeding cut-

offs develop health complications [74]. Second, we used the 

same sample for both reference curve construction (previous 

publications [37, 38]) and cut-off validation (current analysis). 

Ideally, cut-off validation requires an independent sample to 

avoid overfitting and circular reasoning [75]. Our agreement 

analyses should be interpreted as preliminary estimates 

requiring external validation in separate Tunisian cohorts. 

Third, data collection occurred during 2012-2013. Secular 

trends in pediatric growth patterns may have altered BMI 

distributions in the intervening decade [76]. Periodic 

reassessment ensures continued relevance of references for 

contemporary clinical practice. International recommendations 

suggest reviewing growth references every 10-15 years [77]. 

Fourth, we excluded children with chronic diseases to ensure 

healthy reference population. However, this limits 

generalizability to the complete pediatric population. Children 

with chronic conditions often show distinct growth patterns 

requiring separate consideration [78]. 

Fifth, the study focused exclusively on BMI without 

incorporating other anthropometric indicators such as waist 

circumference, waist-to-height ratio, or skinfold measurements 

[79]. A comprehensive corpulence assessment system might 

integrate multiple parameters for improved accuracy. Sixth, 

sample size limitations prevented detailed subgroup analyses 

by socioeconomic status, urban versus rural residence, or 

geographic region within Tunisia. These factors likely 

influence growth patterns and might warrant stratified 

references [80]. Seventh, the cut-off derivation relies on 

statistical criteria (percentiles passing through adult BMI 

thresholds) rather than outcome-based validation. We did not 

establish whether BMI values of 18.5, 25, and 30 kg/m² at age 

18 represent equivalent health risks in Tunisian adults as in 

populations where these thresholds were originally defined. 

Validation against metabolic outcomes in Tunisian adults 

would strengthen this assumption. Eighth, we did not account 

for pubertal status in cut-off derivation. Pubertal maturation 

substantially affects body composition independent of 

chronological age [81]. Future refinements might incorporate 

pubertal stage for improved classification accuracy during 

adolescence. These limitations suggest findings should be 

interpreted as preliminary standards requiring prospective 

validation, periodic updating, and potential refinement through 

incorporation of additional data sources and methodological 

approaches. 

5. CONCLUSIONS 

This cross-sectional study established BMI cut-off points 

specifically tailored for Tunisian children and adolescents aged 

6-17.99 years using rigorous statistical methods applied to 

nationally representative data. The cut-offs corresponded to the 

18.41st, 88.69th, and 98.81st percentiles for thinness, 

overweight, and obesity respectively in girls, with 

corresponding values of 17.88th, 86.65th, and 96.86th 

percentiles in boys. 

Substantial differences emerged when compared to 

international standards. Maximum deviations reached 1.08 

kg/m² from IOTF and 3.12 kg/m² from WHO references. These 

differences translated into meaningful classification 

discrepancies. Tunisian cut-offs identified 15.57% of children 
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as thin compared to 10.4% using IOTF and 2.8% using WHO, 

representing 50% and 456% relative increases respectively. 

Agreement analysis revealed that Tunisian cut-offs aligned 

substantially better with IOTF methodology (kappa=0.772 for 

thinness) compared to WHO approaches (kappa=0.274 for 

thinness), confirming our hypothesis regarding methodological 

concordance. The clinical implications are substantial. 

Population-specific cut-offs enable more accurate identification 

of children at nutritional risk in Tunisian contexts. Healthcare 

providers can use these cut-offs with confidence that they 

reflect local growth patterns rather than applying potentially 

inappropriate international standards. School health programs 

benefit from standardized assessment tools appropriate for 

Tunisian students. Public health surveillance systems can track 

temporal trends in corpulence status using references matched 

to the population being evaluated. 

However, several important caveats apply. The same sample 

was used for both reference construction and validation, 

creating potential circular reasoning that limits generalizability. 

External validation in independent Tunisian samples remains 

essential before widespread clinical adoption. The cut-offs 

derive from statistical criteria rather than outcome-based 

validation. We cannot confirm that children exceeding these 

thresholds experience elevated health risks without prospective 

follow-up demonstrating associations with metabolic 

complications, cardiovascular abnormalities, or other adverse 

outcomes. Data collection occurred during 2012-2013, 

potentially limiting applicability to contemporary populations 

experiencing ongoing nutritional transition. Periodic 

reassessment will ensure continued relevance as growth 

patterns evolve. 

The practical recommendations are clear. Tunisia should adopt 

these population-specific cut-offs for national health 

assessments while acknowledging their provisional status 

pending validation. Clinicians should use Tunisian references 

as primary tools while maintaining awareness of international 

standards for global comparisons. Research programs should 

prioritize prospective validation studies linking BMI 

classifications to health outcomes across childhood and into 

adulthood. School health initiatives should implement 

standardized screening using Tunisian cut-offs with appropriate 

follow-up protocols for children identified at nutritional risk. 

Public health surveillance should transition to Tunisian 

references for monitoring temporal trends in pediatric 

corpulence status. 

The broader significance extends beyond Tunisia. This study 

demonstrates that population-specific growth references serve 

critical roles even when international standards exist. Genetic 

diversity, environmental variations, nutritional transitions, and 

cultural factors create meaningful differences in growth 

trajectories across populations. Acknowledging and 

accommodating this diversity through locally derived 

references strengthens both clinical care and public health 

practice. The methodology employed here provides a model for 

other countries seeking to develop population-specific 

standards while maintaining compatibility with international 

approaches through shared adult threshold values. Future 

research should validate these cut-offs against cardiometabolic 

outcomes, examine performance across socioeconomic and 

geographic subgroups, compare Tunisian patterns with other 

North African populations, incorporate body composition 

assessments, and establish updating schedules for continued 

relevance. This comprehensive approach will transform 

preliminary statistical cut-offs into validated clinical tools 

supporting optimal child health in Tunisia and providing 

insights applicable to diverse pediatric populations globally. 
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