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a b s t r a c t 

Background: Body mass index (BMI) determines general corpulence and health, whatever age, sex or clinical 

background. Normal BMI (18.5–24.9 kgm2 ) is defined as healthy, normal, weight leading to a false impression 

that no intervention is needed. 

Objectives: Assess the prevalence of body impairments in the presence of normal BMI. 

Design: Cross-sectional design. Bivariate and a multivariate regression analysis assessed the association of body 

composition with clinical parameters in the presence of normal BMI. 

Setting: Community dwelling older adults attending the Toulouse Frailty Clinic at the University Hospital, 

Toulouse. 

Participants: 876 community dwelling, autonomous older adults, 70 years and over. 

Measurements: Dual X-ray Absorptiometry (DXA) assessment, and cognitive, physical, nutritional, and demo- 

graphic evaluations were included in the present analysis. 

Results: Of the initial sample, 347 (39.61 %) patients had normal BMI, and among them, 152 (43.80 %) had 

low lean mass, 144 (41.49 %) were osteoporotic and 2 (0.58 %) increased fat mass. A poor nutritional status 

(Mini-Nutritional Assessment score, MNA-score, < 24) was the only independent variable associated with body 

impairments in the presence of normal BMI (Odd Ratio 2.83; 95 % Confidence Interval 1.64–4.89). 

Conclusion: Nearly 70 % of the adults with normal BMI had at least one impairment in body composition (low 

lean mass, osteoporosis, or obesity). In the light of the present study, older adults with normal BMI and an MNA- 

score under 24 should be assessed with DXA to identify the age-associated impairments in body composition in 

order to lead to specific interventions. 
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. Introduction 

Body mass index (BMI) is an easy-to-use, internationally validated

ool, implemented and recognized by the World Health Organization

WHO) since 1995, used to evaluate global corpulence and screen for

eight categories that may lead to health problems using established

ealth-related cut-points. BMI is largely used by online calculators, clin-

cians and researchers to characterize adults based on their weight and

eight and has shown to be associated with increased risk of dependency

nd mortality in older adults [ 1 ]. However, older adults can be misclas-

ified since BMI does not reflect body composition, and so intervention

o prevent the onset of dependency is delayed in the presence of normal

MI, in the contrary, an obesity paradox can be observed where lower

ortality rates are observed in the presence high BMI [ 1 ]. Moreover, de

orenzo [ 2 ], has shown that BMI was not a sufficient indicator to detect

arcopenia in people with an excess of fat. This field has recently been fo-

used with the awareness on the fact that the misclassification using BMI
∗ Corresponding author. 

E-mail address: abellan.g@chu-toulouse.fr (G. Abellan van Kan) . 

fi  

m  

a  

ttps://doi.org/10.1016/j.tjfa.2024.100003 

eceived 30 July 2024; Accepted 13 November 2024 

vailable online 1 January 2025 

260-1341/© 2024 The Authors. Published by Elsevier Masson SAS on behalf of SER

 http://creativecommons.org/licenses/by/4.0/ ) 
as health implications. Indeed, patients with normal BMI and high per-

entage body fat, termed normal weight obesity, NWO, had higher risk

f impaired physical performance, cardiometabolic dysregulation, en-

othelial dysfunction, insulin resistance, dyslipidaemia metabolic syn-

rome, and mortality [ 3 ]. Although there is still a lack of consensus on

iagnostic criteria, a prevalence of 9–36 % for NWO was found, preva-

ence that seems to increase with age [ 4–6 ]. 

Assessing body composition (lean, fat and bone mass) is essential

or the case-finding of sarcopenia, osteoporosis, and obesity. Nowadays,

everal techniques for the assessment of body composition exist, but

t is generally agreed that Dual-energy X-ray absorptiometry (DXA) is

he ” gold-standard ” when applied in everyday clinical practice and in

esearch [ 7 , 8 ]. Using a very low dose of radiation, DXA gives informa-

ion about bone mineral density (BMD), lean mass (LM), and fat mass

FM), giving total body percentages or even percentages per region of

nterest. 

Sarcopenia, osteoporosis and obesity are age-related conditions de-

ned by body composition changes in muscle mass and quality, bone

ass and fat mass, that lead to serious adverse events. These conditions

re usually associated with low BMI ( < 18.5) or elevated BMI ( > 25). But
DI Publisher. This is an open access article under the CC BY license 
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ormal BMI (18.5–24.9) could give a false impression of healthy, nor-

al, weight and so underestimate the prevalence of body composition

mpairments, especially in older adults. The normal range of BMI is also

n ethnicity-related parameter and ranges might be different in some

ther ethnicities. 

The age-related wasting of muscle mass, termed sarcopenia is univer-

ally present, and can be prevented or slowed down by early diagnosis

nd intervention. The adverse events of presenting a low muscle mass

re multiple, including falls, onset of dependency, impaired quality of

ife, and increased mortality [ 9–11 ]. As shown in a recent revision, sar-

openia is associated with shortened survival, increased toxicities, and

isk of recurrence in patients suffering from cancer [ 12 ]. In most statis-

ical analysis, in order to assess if sarcopenia is associated with low or

igh BMI, normal BMI is used as the reference-class assuming that nor-

al BMI is not associated with sarcopenia [ 13 , 14 , 15 ]. As for NWO, the

erm normal weight sarcopenia, NWS, could be used to identify patients

ith normal BMI and low lean mass. BMI cut points were implemented

y WHO, and are used by clinicians to diagnose, to stratify the sever-

ty, and to tailor the management of obesity [ 16 , 17 ]. Obesity increases

rastically the presence of comorbidity, hypertension, diabetes, or even

espiratory diseases [ 18 ]. Even if BMI is used as indicator of overall

ody fat, it is not a good indicator of fat mass, lacking accuracy and

eliability [ 16 ]. The presence of sarcopenia when facing obesity (sar-

openic obesity) has already been addressed in literature as a main risk

actor for dependency and mortality [ 19 ]. Recent data also suggest that

arcopenia is highly prevalent in NWO-patients the same as low bone

ineral density, BMD [ 2 , 20 ]. The presence of osteoporosis is detected

hrough DXA measurements of BMD. Older adults are confronted with

n increasing number of falls, and fragility-fractures may occur more of-

en in the presence of osteoporosis. Age-related impairments of muscle

unction presenting less mass, strength, and power [ 21 ], lead to an even

ore increased fall-risk. In literature, BMD as been associated with low

r high BMI, when once more, normal BMI was used as the reference

lass [ 22 , 23 ]. 

Although BMI is a relevant clinical parameter, it’s known to be in-

ufficient to identify older adults at risk of losing their functional auton-

my. Moreover, normal BMI could lead to a false knowledge of a good

ealth status with an optimal body composition. Many times, interven-

ions are proposed for low and high BMI, with no specific considerations

or normal BMI [ 24 , 25 ]. 

Therefore, the aim of this article is to assess the prevalence of impair-

ents in body composition in a population of older adults considered

s having a healthy, normal weight (normal BMI) and so, identify older

dults in the need of specific interventions. The article aims also to iden-

ify independent clinical parameters that might identify an altered body

omposition in the presence of normal BMI. The ultimate goal is to cre-

te awareness about the fact that BMI could underestimate the presence

f body composition impairments in older adults. 

. Material and method 

.1. Participants 

The data used in this study were from patients from the Toulouse

railty Clinic. A total of 876 patients were included, aged 70 years and

lder, with an assessment of body composition parameters by the means

f a Dual X-ray absorptiometry assessment, GE-Healthcare iDXA [ 26 ].

his database has already been used to assess many clinical aspects

f older adults (including lean mass and Mini Nutritional Assessment,

NA), and the methodology has already been published [ 27 , 28 ]. All

DXA were performed from June 5th, 2013 to January 28th, 2020. 

.2. Assessment of lean mass by iDXA 

Muscle impairment was assessed using the operational definition

roposed by Baumgartner, i.e., appendicular lean mass (ALM), sum of
2

he lean mass (fat-free and bone-free mass) of arms and legs in kilo-

rams, standardized by squared height in meters, ALM/HT2 [ 9 ]. The

ut-points for low lean mass (5.5 kg/m 2 for women and 7 kg/m2 for

en) were based on the European Working Group on Sarcopenia in

lder People revised consensus (EWGSOP2) [ 11 ]. 

.3. Assessment of fat mass by iDXA 

Total body fat mass was used to define obesity. The percentage of

ody fat references for iDXA were described by Imboden [ 29 ]. Based on

he article, women over 70 years old should not exceed 48.2 % of total

at mass while men should not exceed 37.4 % total fat mass. Both per-

entages identify the percentile-80 in a Caucasian older adult population

f reference. 

.4. Assessment of bone mineral density by iDXA 

The T-score was assessed by BMD in 3 areas (vertebrae and bilat-

ral femoral neck). A patient was considered osteoporotic if the T-score

etween vertebrae L1-L4, right or left femoral neck was -2.5 or lower

ased on the WHO Study Group [ 30 ]. 

.5. Assessment of BMI 

For the study, the value of weight and height were clinically deter-

ined with a scale of approximately 0.1 kg and with a wall-mounted sta-

iometer precision1 mm respectively. Subjects were just wearing light

lothes, and pieces of jewellery or watches were removed. The patients

ere not necessarily fasting when measurements were taken. The 876

atients were classified into 4 groups according to their BMI [ 1 , 2 ]: un-

erweight, (BMI < 18.5 kgm2 ), normal (18.5–24.9 kgm2 ), overweight

25–29.9 kgm2 ), and obese (30 and over). 

.6. Other parameters 

Clinical data were also collected from participants. Cognition was

ssessed by the means of the Mini Mental State Examination (MMSE)

 31 ]. Nutritional assessment was performed using the MNA, a scale

omposed of 18 items including anthropometric measurements, clini-

al parameters, a brief dietary assessment and a self-perception about

ealth and nutrition. For the purpose of this study, the population was

ichotomized into patients presenting a poor nutritional status or at-

isk (MNA score < 24 points), with a good nutritional status (MNA score

 24) [ 32 ]. Autonomy and functional capacity were estimated with the

hort Physical Performance Battery (SPPB) [ 33 ] and the activities of

aily Living scale (ADL) [ 34 ]. Handgrip strength was assessed using the

andheld Jamar dynamometer (Jamar, Irvington, NY, 215 USA). Each

ubject performed the test twice with each hand in a sitting position and

he best result obtained was included [ 35 ]. Comorbidity burden was as-

essed using the Charlson Comorbidity index (CCI), not adjusted by age

 36 ]. 

.7. Statistical Analysis 

All statistical analyses were performed using STATA v11 (Stata

orp., College Station, TX). Continuous variables were assessed with

ean and standard deviation and the categorical ones with frequencies

nd percentages. Based on BMI categories, we performed a bivariate

nalysis with appropriates tests based on normality of distributions, p -

alue were significant below 0.05. Participants with a normal BMI were

ivided into two groups: those with at least one body composition im-

airment and those without any impairment. A stepwise backward mul-

ivariate logistic regression analysis assessed the independent variables,

etermining the Odd Ratio (OR) and the 95 % Confidence Interval (95

CI). The multivariate models included all bivariate variables with a

 -value of 0.3. 
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Table 1 

Study population. 

BMI (n, %) TOTAL 876 (100) UNDERWEIGHT 34 (3.88) NORMAL 347 (39.61) OVERWEIGHT 307 (35.05) OBESE 188 (21.46) 

Gender (n, %) Female 566 (64.61) 27 (79.41) 240 (69.16) 177 (57.65) 122 (64.89) 

Male 310 (35.39) 7 (20.59) 107 (30.84) 130 (42.35) 66 (35.11) 

Age, (mean ± SD) 83.13 ± 5.91 82.95 ± 6.55 83.85 + 5.71 83.36 + 5.74 81.46 + 6.14 

Weight, (mean + SD) 66.56 + 15.94 43.02 + 5.80 55.83 + 8.4 68.80 + 9.01 86.91 + 13.61 

Living alone, (n, %) 407 (47.38) 23 (67.65) 158 (46.20) 132 (44.00) 94 (51.37) 

College, (n, %) 520 (63.18) 23 (69.7) 210 (64.62) 179 (62.37) 108 (60.67) 

Good nutrition status by MNA, (n, %) 542 (62.01) 0 (0) 166 (47.98) 231 (75.24) 145 (77.54) 

MMSE ≥ 24, (n, %) 536 (63.28) 15 (45.45) 199 (58.70) 195 (66.10) 127 (70.56) 

Walking speed m/s (mean + SD) 0.78 + 0.24 0.75 + 0.22 0.82 + 0.24 0.78 + 0.23 0.72 + 0.23 

Hand grip strength, Kg (mean + SD) Female 15.47 + 5.23 14.89 + 5.42 14.79 + 4.97 15.54 + 5.20 16.84 + 5.49 

Male 26.84 + 7.93 21.17 + 4.59 25.59 + 7.82 27.02 + 8.14 29.08 + 7.39 

SPPB (0/12), (n, %) Good 10-12 312 (35.7) 10 (29.41) 138 (39.88) 106 (34.53) 58 (31.02) 

Average 7-9 281 (32.15) 11 (32.35) 114 (32.95) 100 (32.57) 56 (29.95) 

Bad 0-6 281 (32.15) 13 (38.24) 94 (27.17) 101 (32.9) 73 (39.04) 

ADL (mean + SD) 5.52 + 0.69 5.52 + 0.64 5.57 + 0.59 5.56 + 0.7 5.37 + 0.82 

Charlson index (mean + SD) 1.27 + 1.57 0.94 + 1.13 1.08 + 1.38 1.45 + 1.75 1.41 + 1.60 

Sarcopenia (n, %) 209 (23.86) 27 (79.41) 152 (43.80) 29 (9.45) 1 (0.53) 

ALM, in kg (mean + SD) 17.14 + 4.21 13.43 + 2.49 15.2 + 3.23 17.73 + 3.77 20.43 + 4.26 

Osteoporosis, t-score < -2.5, (n, %) 293 (35.82) 26 (81.25) 144 (41.49) 99 (33.67) 24 (13.64) 

Obesity (FM percentile ≥ 80 (n, %) 109 (12.44) 0 (0.0) 2 (0.58) 18 (5.86) 89 (47.34) 

Legend: BMI stands for body mass index, SD for standard deviation, MNA for mini-nutritional assessment, MMSE for mini-mental state examination, SPPB for short 

physical performance battery, ADL for activities of daily living, ALM for appendicular lean mass, and FM for fat mass 

Table 2 

Bivariate analysis based on the presence of impairments in body composition. 

n = 347 patients Normal BMI without impairments in body 

composition (n = 107, 30.84 %) 

Normal BMI with at least one impairment 

in body composition (n = 240, 69.16 %) 

p 

Gender Male (n, %) 28 (26.17) 79 (32.92) 0.209 

Female (n, %) 79 (73.83) 161 (67.08) 

Age (mean + SD) 82.57 + 5.67 84.43 + 5.64 < 0.05 

living alone (n, %) 43 (40.57) 115 (48.73) 0.161 

College (n, %) 69 (69.70) 141 (62.39) 0.205 

Good nutrition status by MNA (n, %) 72 (67.29) 94 (39.33) < 0.001 

MMSE ≥ 24 (n, %) 68 (64.76) 131 (55.98) 0.129 

Walking speed m/s (mean + SD) 0.87 + 0.26 0.79 + 0.23 < 0.05 

Hand grip strength kg (mean + SD) 18.97 + 8.02 17.76 + 7.69 0.18 

SPPB Good 10-12 54 (50.47) 84 (35.15) < 0.05 

Average 7-9 32 (29.91) 82 (34.31) 

Bad 0-6 21 (19.63) 73 (30.54) 

ADL ≥ 5 98 (92.45) 215 (89.96) 0.461 

Charlson index (mean + SD) 1.17 + 1.30 1.04 + 1.42 0.42 

Legend: BMI stands for body mass index, SD for standard deviation, MNA for mini-nutritional assessment, MMSE for mini-mental state examination, SPPB for short 

physical performance battery, ADL for activities of daily living 
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. Results 

Of a total of 938 patients with a DXA assessment attending the frailty

linic (62 were excluded because of their age under 70 years), 876

93.39 % of the sample) were included with a mean age of 83.13 ±
.91 years, 566 (64.6 %) were women. 

Table 1 summarizes the participants’ characteristics classified ac-

ording to their BMI. In the sample, 34 (3.88 %) of the total population

as underweighted, 347 (39.61 %) had a normal BMI, 307 (35.05 %)

ere over-weighted and 188 (21.46 %) were obese. Sarcopenia (defined

y cut-points based on ALM/HT2 ) was found in 209 patients (23.86 %),

93 (35.82 %) were osteoporotic, and 109 (12.44 %) were obese based

n their percentage of body fat. Based on BMI, a good nutritional status

MNA-score of 24 or more), was more prevalent in overweight partici-

ants than in the normal BMI participants with 231 (75.24 %) and 166

47.98 %) participants respectively. 

Participants with a normal BMI were divided into two groups: those

ith at least one body composition impairment (presence of low lean

ass, osteoporosis, or obesity) which represents 240 patients (69.16 %,

61 were women (67.08 %)), and those without any impairment (107

atients, 30.84 %, 79 were women (73.83 %)). Into detail, 152 (43.80

) were identified as NWS, presenting low lean mass, 144 (45.57 %)
3

ere osteoporotic, and 2 (0.58 %) were identified as NWO. Table 2

athers the results of the bivariate analysis. We observed that the im-

aired group was older, had a lower walking speed, presented lower

cores in SPPB and MNA. On the other hand, parameters such as gen-

er, living arrangement or education, MMSE, handgrip strength, ADL,

r the Charlson index were not statistically significant. 

Table 3 reported the results from the logistic multivariate regression

nalysis. After a stepwise backward multiple logistic regression analysis,

NA < 24 was the strongest independent variable associated with the

resence of a body composition impairment in participants with normal

MI (OR 2.83, 95 %CI [1.64–4.89]). Older age, was statistically signifi-

ant in the final model with and OR of 1.05 and a 95 % CI of 1.01–1.09.

. Discussion 

The present analysis show that the use of BMI was not sufficient to

onclude on the general state of health of older adults. We show that in

he presence of normal BMI, nearly 70 % of the participants present at

east one impairment in body composition, with 43.80 % suffering from

ow lean mass, and 41.49 % from osteoporosis. Multivariate analysis

howed that age (OR: 1.05; 95 %CI 1.01–1.09) and MNA under 24 (OR:
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Table 3 

Logistic regression of normal BMI with body composition impairment. 

Full model Odd ratio, 95 % IC p -value Stepwise backward model Odd Ratio, 95 % CI p -value 

Age 1.04 [0.99–1.09] 0.14 1.05 [1.01–1.09] < 0.05 

Living alone 0.79 [0.47–1.34] 0.38 –

College 0.96 [0.54–1.71] 0.883 –

MNA (score < 24) 2.82 [1.63–4.87] < 0.001 2.90 [1.74–4.81] < 0.001 

MMSE (score ≥ 24) 1.16 [0.65–2.04] 0.62 –

Walking speed 0.59 [0.14–2.07] 0.48 –

Handgrip strength 1.00 [0.97–1.04] 0.79 –

SPPB 1.08 [0.56–2.07] 0.82 –

ADL ≥ 5 1.33 [0.52–3.40] 0.56 –

Legend: BMI stands for body mass index, CI for Confidence Interval, MNA for mini-nutritional assessment, MMSE for mini-mental state examination, SPPB for short 

physical performance battery, ADL for activities of daily living. 
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.90; 95 %CI 1.74–4.81) were the associated factors with presence of

mpaired body composition in the normal BMI subgroup. 

Several studies have shown that BMI alone is not a sufficient indica-

or of healthy body composition. In obese patients, Frankenfield et al.

howed that the use of BMI underestimated obesity when compared to

he presence of total fat mass measured by bioelectrical impedance [ 37 ].

he study concluded that BMI could misclassify obese patients when

MI is below 30 kgm2 . Cross-sectional analysis performed by Woo et al,

howed that both high fat mass and low appendicular lean mass (as-

essed by DXA) were significantly associated with dependency and low

rip strength independently of BMI groups [ 38 ]. These studies, in the

ame line as ours, show that BMI does not reflect accurately total body

at. The fact to use percentile-80 ( > 48.2 % of total fat mass for women

nd > 37.4 % for men) to establish obesity has dampened the association

etween obesity and normal BMI [ 29 ] in our study. NWO-participants

n the NHANES III study were identified as having body fat of > 40.3 %

or women and 28 % for men; a much lower threshold [ 3 ]. The preva-

ence of NWO is about 9–36 % among older adults, increasing with age

nd presenting a higher risk of associated sarcopenia [ 4–6 ]. We could

ypothesise that the established cut-points of BMI are not valid for an

lderly population. Indeed, different academic societies in the field of

ging and nutrition, like the European Society of Clinical Nutrition (ES-

EN) or the GLIM criteria [ 39 ], have proposed alternative threshold for

MI in older adults (low BMI is < 20 or < 22 kgm–2 in subjects younger

nd older than 70 years, respectively). Nevertheless, since these pub-

ished papers in 2015, the WHO BMI-criteria have not been adapted,

urrent online calculators do not consider age when calculating BMI,

nd health carers and researchers keep using the classical thresholds to

anage nutritional issues. Even if being aware, it was a methodological

hoice in the present paper to use the normal BMI range as proposed by

HO (18.5–24.9 kgm–2 ) in order to create awareness of an erroneous

erception of healthy composition in older adults. 

Malnutrition is associated with low BMI (low weight) and sarcope-

ia [ 40 ]. This is the first time that data are shown on normal weight

atients presenting sarcopenia showing that NWS should become an ac-

ive domain of inquiry, in the same line as NWO. Moreover, as shown

y Burman et al., BMI underestimates the presence of malnutrition [ 41 ].

lthough malnutrition and BMI were associated in their study, they con-

luded on a misclassification using BMI, and many patients with a low

NA score still had a high BMI value, and vice versa. Misclassifica-

ion (using BMI) of malnourished patients identified by MNA is an im-

ortant issue as malnutrition has been associated with several geriatric

yndromes (like dementia, comorbidity, incontinence, or functional de-

line), dependency, sarcopenia, and mortality [ 32 , 40 , 42 , 43 , 44–46 ]. 

The present analysis focusses on patients with a normal BMI, and as

een in previous studies this subgroup cannot be considered as having

 healthy normal weight, indeed nearly 70 % of them presented an im-

airment in body composition (low lean mass, osteoporosis, or obesity).

his led us to search for independent variables that could be associ-

ted with these prevalent impairments in the elderly in the presence of
4

ormal BMI. Other than age, using a stepwise backward multivariate

ogistic regression analysis, we found that MNA under 24 (i.e., patients

ithout a good nutritional status) was the only associated variable. In

ther words, for older adults (over 70 years) with a normal BMI, be-

ore arguing the presence of a healthy weight, it could be interesting

o assess their nutritional status using the MNA, and assess their body

omposition searching for impairments when MNA is under 24. MNA,

s an initial case-finding evaluation, is less expensive and more conve-

ient than directly assessing body composition by DXA, less available

n clinical practice. The present study highlights, once more, the impor-

ance of assessing MNA in older adults. MNA and its short form have

lready been linked with clinical malnutrition, frailty, osteoporosis and

arcopenia, dependency and mortality [47,48] . 

The main limitation of our study is its cross-sectional design. No

ausal relationship can be established to enlighten the association found

n our study. Longitudinal studies should clarify the different hypothesis,

ainly the idea of misclassification using BMI or if MNA could identify,

t an early stage, the decline of intrinsic capacity. The study participants

ere recruited from the frailty clinic, so that our analysis need to be con-

rmed in general population in order to assess representativeness. Our

articipants were autonomous, community dwelling, older adults. The

esults need to be confirmed in different subgroup of more dependent

r institutionalised older adult in order to be generalised, and conclude

n a misclassification using BMI in older adults. 

. Conclusion 

As a conclusion, our study enlightens the fact that BMI could mis-

lassify older adults. Clinicians should be aware that in the presence of

ormal BMI, diagnosis like osteoporosis, sarcopenia, or obesity could

till be present. We propose an algorithm of intervention in order to

ope with this issue. Indeed, the idea to perform an MNA when normal

MI is found, followed by a detailed assessment of body composition if

NA is impaired, could lead to specific interventions to prevent depen-

ency. In the light of the present article, we stress that clinicians should

e aware of the fact that a normal BMI is not sufficient to state that

atients present a healthy body weight. NWS and NWO should become

f areas of interest, in order to tailor intervention when participants

resent normal weight identified by BMI. 
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