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Abstract 22 

For convenience, health practitioners and clinicians are inclined to classify people/patients as 23 

overweight or obese based on body mass index (BMI) cut-off points of 25 and 30 kg/m
2
,
 

24 

respectively, irrespective of age and gender. The purpose of the current study was to identity 25 

whether, for the same levels of adiposity, BMI is the same across different age groups and 26 

gender. A two-way ANCOVA revealed significant differences in BMI between different age 27 

groups and gender (plus an interaction), using body fat (%) as the covariate, data taken from a 28 

random sample of the English population (n=2993). Younger people had greater BMI than 29 

older people for the same levels of adiposity (differences ranged by 4 BMI units for males, 30 

and 3 BMI units for females). In conclusion, if BMI thresholds for overweight (BMI=25 31 

kg/m
2
) and obese (BMI=30 kg/m

2
) are to reflect the same levels of adiposity across all gender 32 

and age groups within a population, age- and gender-specific BMI adjustments outlined here 33 

are necessary to more accurately/fairly reflect the same critical levels of adiposity.  34 
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Introduction 36 

Body mass index (BMI) is undoubtedly the most frequently used proxy of adiposity/obesity 37 

in large epidemiological studies in both healthy and diseased populations. Despite its wide 38 

use, which pertains to convenience since it only requires the measurement of height and 39 

mass, BMI has been frequently criticised as having various deficiencies as a measure of 40 

obesity [1] both for healthy and diseased populations [2, 3].  41 

One of the major issues with BMI is that it does not reflect the changes in body composition 42 

that occur with age, in particular the presence of sarcopaenia which is characterised by 43 

reduced muscle mass and increased adiposity. As such the utilisation of BMI in evidence-44 

based approaches relevant to dietary interventions and/or clinical decision making needs to be 45 

reconsidered and where appropriate, re-adjusted. Therefore, the aim of the present study was 46 

to investigate the cut-off points of BMI in relation to adiposity in a large cohort of 47 

participants in order to validate if the established cut-off points accurately reflect adiposity. 48 

Methods 49 

The current data, used to explore the association between BMI (kg.m
-2

) and body fat 50 

percentage (BF%), has been previously published [4] although originally obtained from the 51 

Allied Dunbar National Fitness Survey (ADNFS) (1992). The ADNFS recruited 4316 52 

randomly selected healthy participants, aged 16 years and over, from thirty English 53 

parliamentary constituencies. A sub-sample took part in a physical appraisal yielding BMI 54 

and estimates of BF% data for 2993 healthy people (male n=1420; female n=1573). 55 

Estimates of BF%, taken for the ADNFS, were determined using the methods based on skin 56 

fold thicknesses at four sites; the biceps, triceps, sub-scapular and supra-iliac [5]. 57 

Statistical Methods 58 



In order to detect any systematic differences in gender and age groups (16-29, 30-39, 40-49, 59 

50-59, 60-69, 70-79, 80+, age in years) holding BF% constant, a two way (gender-by-age 60 

group) analysis of covariance (ANCOVA) was employed using BF% as the co-variate. 61 

Finally, we have used Bonferroni multiple comparisons to investigate BMI differences 62 

amongst the different age groups. The level of significance was set at P<0.05 and all the 63 

analyses were conducted with the Statistical Package for the Social Sciences (SPSS) version 64 

20. 65 

Results 66 

The relationship between BMI and BF% was found to be approximately linear. The 67 

ANCOVA revealed significant main effects of age group (P<0.001) and gender (P<0.001), 68 

and a significant age group-by-gender interaction (P<0.001) together with a significant co-69 

variate of BF% with the BMI slope parameter =0.570 (SE=0.010) per unit BF%, means 70 

(±SE) given in Figure 1. The group-by-gender interaction was due to a greater difference in 71 

BMI between the younger and older males compared with the difference in BMI observed in 72 

females.    73 

Figure 1 about here 74 

The median age of the sample was 45 years. As such, taking the “anchored” baseline group as 75 

the 40-49 year old group, and assuming the overweight and obese threshold for these groups 76 

are BMI=25 and 30 kg/m
2 

respectively, we estimated the BMI of all other age groups and by 77 

gender, based on the differences observed in Figure 1. Anchoring the overweight threshold 78 

BMI value =25 kg/m
2 

for the 40-49 age group, all other age group and gender differences are 79 

estimated in Table 1 [BMI means (rounded to a whole BMI unit number) estimated for the 80 

same BF% = 25.3 and 34.8 for all male and female participants, respectively]. Similarly 81 

anchoring the obese threshold BMI value =30 kg/m
2 

for the 40-49 age group, all other age 82 



group and gender differences are estimated in Table 1 [BMI means (rounded) estimated for 83 

the same BF% = 34.1 and 43.5 for all male and female participants, respectively].  84 

Table 1 about here 85 

 86 

Discussion 87 

For the same level of adiposity (using BF%), systematic differences in BMI were found in 88 

different gender and age groups from a randomly selected national sample (male n=1420; 89 

female n=1573) taken from 30 English parliamentary constituencies (see Figure 1). Based on 90 

these differences, the BMI means (rounded), calculated and reported in Table 1 suggest that 91 

younger males and, to a lesser extent female participants have significantly higher levels of 92 

BMI compared with their older counterparts, for the same levels of adiposity (BF%). This is 93 

unsurprising given that younger males are likely to be more active than younger females and 94 

that physical activity will naturally decline in both genders in older people.  This trend is well 95 

documented with ageing [6], in particular the presence of sarcopaenia that is characterised by 96 

reduced muscle mass and increased adiposity, the latter being the result of lower energy 97 

expenditure.  98 

 99 

Although this trend is well known amongst health practitioners, most still persist in 100 

prescribing common BMI thresholds for being overweight (BMI=25 kg/m
2
) and obese 101 

(BMI=30 kg/m
2
) irrespective of the individuals age and gender. Our findings suggest an 102 

alternative strategy should be considered. Given that younger males will have a higher 103 

percentage of muscle mass than a 40-49 year old male, their BMI obesity threshold could be 104 

raised to a less restrictive 33 kg/m
2
 (as per our relevant calculations in Table 1) to equate to 105 

the same level of adiposity as their older 40-49 year old counterparts.  A similar 106 

recommendation can be made for younger females, i.e. their BMI obesity threshold could be 107 



raised to 32 kg/m
2
 (please see Table 1 a for newly developed cut-off points) to equate to the 108 

same level of adiposity as a 40-49 year old female. In contrast, the BMI obesity threshold for 109 

both male and female 50 to 59 year old participants could be reduced to a more 110 

restrictive/conservative level.  For these older age groups, we would recommend that such 111 

participants are regarded as obese once their BMI exceeds 29 rather than 30 kg/m
2
 (to equate 112 

with the same level of adiposity associated with 40-49 year old subjects). Similar adjustments 113 

would be required for the overweight thresholds for the various gender and age groups 114 

outlined in Table 1. 115 

 116 

In conclusion, if BMI thresholds for overweight and obese participants are to reflect similar 117 

levels of adiposity across all gender and age groups within a population, age and gender 118 

specific BMI adjustments outlined in Table 1 are necessary to more accurately and fairly 119 

reflect the same levels of adiposity.  120 
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Legend to Figures 145 

 146 

Figure 1 Mean (±SE) BMI by age-group and by gender holding BF% constant, all BMIs 147 

evaluated at BF% = 29.49%. 148 
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