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Age- and sex-related differences in body
composition in healthy subjects aged
18 to 82 years
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Abstract
Significant changes in body composition are known to occur with aging. The aim of the present study was to provide a normative
reference of body composition and to investigate age and sex-related differences in healthy subjects by multifrequency bioelectrical
impedance analyzer (BIA).
A cross-sectional study was conducted on a sample of 3451 healthy Chinese adults, 1611 males and 1840 females. The

volunteers were enrolled in 5 different age bands (18–30, 31–40, 41–50, 51–60, 60+). All subjects were measured for weight and
height and submitted to BIA, to determine body composition. Body composition measures accounted for differences between men
and women.
A decrease in fat-free mass and increase in percent body fat was observed with aging, although the phenomenon was proved to

be attenuated in women. The central and visceral redistribution of fat mass was also shown along lifetime.
This study is a report on body composition of healthy subjects, to be used as an important data for future investigations and

differences between nationalities and countries.

Abbreviations: BIA = multifrequency bioelectrical impedance analyser, BMI = body mass index, BMR = basal metabolic rate,
ECM = extracellular water, FFM = fat-free mass, FM = fat mass, LMM = lean muscle mass, PBF = percent body fat, TBW = total
body water, VFL = visceral fat level.
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1. Introduction

Body composition is a key component of an individual’s health
and physical fitness profile that can been influenced by
environmental (social and cultural), genetic, and ethnicities as
well as age and sex.[1] As shown in several studies, the importance
of body composition has grown rapidly in the last few years.[2]
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The clinical significance of reference data of body composition
includes several aspects such as understanding of changes in body
composition by increasing age and nutritional status according to
underweight and obesity conditions within a population.
Fat mass (FM) and fat-free mass (FFM) were considered as

important indicators for evaluating nutritional status in clinical
practice. In some chronic conditions, body mass index (BMI) and
the percentage of weight loss do not provide any insight about the
respective contributions of FFM and FM in the body mass
changes.[1] The assessment of body composition changes with
aging can be helpful for establishing optimal weight for health
status and physical performance.[3,4] Obesity and sarcopenia are
health problems associated with aging. In the analysis performed
by Kyle and colleagues, Mean FM and FM% increased
progressively in men and women throughout the ages studied
and the higher weight noted in older subjects is due to higher
FM.[5] High body fat has been shown to be associated with
poorer physical performance in older adults,[6] and fat
accumulation within skeletal muscle is associated with muscle
weakness[7] and poor function.[8] A study conducted in the West
reported that overnutrition, particularly obesity (BMI ≥ 30kg/
m2), was associated with frailty.[9] In addition, overnutrition is
directly related to living habits and leads to lifestyle diseases, such
as obesity, diabetes mellitus, dyslipidemia, and hypertension.[10]

Although some previous studies of “healthy” people have
examined and analyzed age- and sex-dependent changes in body
composition, the overwhelming majority samples used to define
the changes in body composition were restricted to obese
populations,[11] or specific age ranges, such as older individua-
ls,[12] athletes and children,[13,14] few have focused their attention
on the “healthy” body composition of the general population
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across the adult age range. Nevertheless, health standards
derived from one population with a specific sex—and age—
may not be applicable to the general population due to
differentials of body composition, just as standards from adults
in one country may not be applicable in other countries. Thus,
data should be obtained by country and within countries, from
different age and ethnic groups and for men and women
separately. In addition, values of body composition of healthy
people coming from different ethnicity all over the world will
provide special insight into the prevalence of diseases and risks
for health.
Thus, the aims of study were to evaluate body composition

changes occurring with aging and obtain the reference values for
body composition parameters using BIA. In addition, these body
composition ranges can be used to provide important data on
body composition in healthy Han adults from Shaanxi Province
and to investigate age and gender-related differences, while
building a normative reference database of body composition on
national basis.
Table 1

Descriptive statistics for all observations of men and women.

Males (n=1611) Females (n=1840) P

Age, years 38.9±12.4 37.8±12.6 .231
Height, cm 171.88±6.13

∗
159.82±5.43 P< .001

Weight, kg 74.04±11.02
∗

57.87±8.7 P< .001
BMI, kg/m2 25.03±3.26 22.66±3.24 .706
FM, kg 17.86±6.09 18.77±6.18 .844
PBF, % 23.55±5.20 31.71±5.82

∗
P< .001

FFM, kg 56.18±6.01
∗

39.10±3.42 P< .001
LMM, kg 52.26±5.71

∗
36.84±3.12 P< .001

Visceral fat level 10.84±3.85
∗

5.17±3.01 P< .001
BMR, kcal 1581.49±189.66

∗
1177.25±114.84 P< .001

All data are presented as mean±SD.
∗
significantly different.

BMI=body mass index, BMR=basal metabolic rate, FFM= fat-free mass, FM= fat mass, LMM=
lean muscle mass, PBF=percent body fat.
2. Methods

2.1. Ethics committee statement

This cross-sectional study was performed in compliance with
the principles of the Declaration of Helsinki of the World
Medical Association and obtained the permission from the
Ethics Committee of Xizang Minzu University and Northwest
University. All of the participants were informed of the cross-
sectional study, and informed consent was taken from each
participant.

2.2. Study design and participants

Healthy Han adults (1840 women and 1611 men), aged 18 to 82
years old, were recruited randomly from Shaanxi Province
through a health management center, Kang Cheng Jun Jian
International Health City. The participants were informed about
the nature of study, procedure, and usefulness of the study to our
country. All subjects were living independently and had no
known pathologies or physical handicaps. The inclusion criteria
were fitness for blood donation. Subjects with acute diseases,
severe liver, heart, or kidney dysfunctions cancer or other
conditions capable of altering body composition were not
recruited. The use of certain drugs (steroids and diuretics) was
also a reason for exclusion. Furthermore, pregnant women and
subjects with surgical hardware, implantable devices were
excluded from the study.

2.3. Assessment of body composition

Body composition parameters were examined by using a
multifrequency bioelectrical impedance analyzer (MC-980A;
Tanita, Tokyo, Japan). The BIA instrument used six electrical
frequencies (1, 5, 50, 250, 500, and 1000kHz). The surface of the
hand electrode was placed in contact with each of the 5 fingers,
while the heels and forefoot of the participant were placed on the
circular-shaped foot electrode. The participants held out their
arms and legs to avoid contact with any other body segments
during the measurements. The BIA assessment was performed
between 10:00 AM and 4:00 PM. The participants were required
to fast and avoid vigorous exercise for at least 1hour before BIA
assessment. The measurements were recorded by well-trained
staff and completed within 30seconds.
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Height and weight were measured barefoot, with participants
wearing underwear and a cloth gown, to the nearest 0.1cm and
0.1kg, respectively, using a mechanical balance with altimeter
(Seca 711, Seca GmBH&Co Kg, Germany). BMI was calculated
by dividing the body weight (kg) by the square of body height
(m2).
2.4. Statistical analysis

All data were tested for normal distribution and are presented as
continuously distributed variables with means and standard
deviations (SD). ANOVAwas used to test for differences between
age groups. Student’s t-test and chi-square test were used to
compare differences in measurements between the sexes. The
analysis was performed separately in men and women. All
statistical analyses were performedwith SPSS 15.0. Generally, a P
value <.05 was used to denote statistical significance in tests.
3. Results

The participants were separated into 5 groups (18–30, 31–40,
41–50, 51–60 and 60+). Due to the large amount of information
available from the collected measurements, results are better
displayed in tables. The anthropometric and body composition
characteristics of the study participants are reported in Table 1
stratified by sex. Mean values and standard deviations were
calculated for body composition by sex and age group (Table 2
and Table 3). The age- and sex-specific percentile distributions for
fat mass (FM), percent body fat (PBF), and fat-free mass (FFM) of
the subjects are given in Figures 1–3.
For men, mean age was 38.9±12.4 years and for women 37.8

±12.6 years. In this sample of Han adults, body weight, FFM and
lean muscle mass (LMM)were higher in men as expect. Although
there was no significant difference in FM between males and
females, PBF was higher in females. In addition, no statistically
significant difference in BMI was found between men and
women. However, the prevalence of overweight (BMI, 25.0–29.9
kg/m2) and obesity (BMI ≥ 30kg/m2) were 43.70 and 6.62 in
males, significant high than 18.81 and 2.73 in females (data were
not shown). Visceral fat level and basal metabolic rate (BMR)
were higher in males as well.
In both genders, mean height were lower in the oldest age

groups compared with the youngest, but there was no significant
difference. Weight rose from 18–30 till the 31–40 age brackets,
while it dropped in the 41 to 50 years old in men, while it



Table 2

Body composition changes with age in healthy men.

Age, years
18–30 31–40 41–50 51–60 60+
n=516 n=421 n=364 n=220 n=90

Height, cm 173.39±6.04 172.40±5.96 171.01±6.01 170.11±5.94 168.64±5.67
Weight, kg 72.43±12.10 75.82±11.08

∗
74.93±10.24

∗
73.78±9.71 71.87±8.52

BMI, kg/m2 24.05±3.56 25.48±3.24 25.59±2.92 25.46±2.78 25.27±2.64
FM, kg 16.42±6.68 18.61±5.99

∗
18.43±5.59

∗
18.57±5.41

∗
18.57±5.18

∗

PBF, % 21.91±5.80 24.01±4.88
∗

24.15±4.46
∗

24.76±4.59
∗

25.47±4.74
∗

FFM, kg 56.01±6.42 57.22±6.05 56.50±5.60 55.21±5.51 53.30±4.79
∗

LMM, kg 53.10±6.10 54.25±5.75 53.57±5.32 52.35±5.23 50.53±4.57
∗

Bone mass, kg 2.91±0.32 2.96±0.30 2.93±0.28 2.86±0.28 2.77± .024
∗

ECM/BCM 39.45±1.67 40.41±1.70 41.24±1.72 42.20±1.95 43.38±2.19
∗

VFL 8.12±3.71 10.37±3.10 12.13±2.86 13.48±2.75 14.98±2.60
BMR, kcal 1609.54±198.85 1614.95±192.93 1572.54±175.82

∗
1522.65±170.43

∗
1456.77±146.89

∗

All data are presented as mean±SD.
∗
significantly different from age group18–30.

BMI=body mass index, BMR=basal metabolic rate, ECM= extracellular water, FFM= fat-free mass, FM= fat mass, LMM= lean muscle mass, PBF=percent body fat, TBW= total body water, VFL= visceral
fat level.
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constantly increased in women. In men, there was no significant
difference in mean BMI. In women, the BMI ranged from 21.35±
2.94 to 24.70±3.93kg/m2, although a comparison between the
different age groups showed that only the 60+ years old differed
significantly from the previous age bracket.
In men, FM and PBF rose significantly from the 18–30 to the

31–40 age bracket, then remained without any significant change
in the later age group (Table 2). The reference range (25–75th
percentile) of FM in men was 9.68–13.9 in the 18–30 age group
and 27.4–34.5 for the 60+ age group (Fig. 1). The reference
values of PBF in men were 17.9–25.8 in the 18–30 age group and
22.2–30.5 for the 60+ age group (Fig. 2). In women, total FM and
PBF constantly increased from the youth to the older age. The
reference values of FM for the 18 to 31 age group were 13–19.4
and for the 60+ age group they were 16.5–26.1 (Fig. 1). The
reference values of PBF for the youngest age group were 26–33
and 31.5–40.2 for the oldest (Fig. 2). However, PBF was
significantly higher in females than males in all groups. Figures 1
and 2 show the trends of the FMand PBF percentiles by age group
for the 2 genders, respectively.
Mean FFM was greatest in men 31 to 40 year old and

decreased thereafter. It was significantly lower in men older than
60 years compared with other groups. The reference values for
the youngest age group were 49.9–56.9 and 54.9–66.8 for the
Table 3

Body composition changes with age in healthy women.

Age, year
18–30 31–40
n=690 n=429

Height, cm 161.11±5.43 160.20±4.88
Weight, kg 55.45±8.36 57.84±8.48
BMI, kg/m2 21.35±2.94 22.52±3.04
FM, kg 16.80±5.76 18.52±5.76
PBF, % 29.58±5.68 31.38±5.19
FFM, kg 38.66±3.42 39.32±3.41
LMM, kg 36.44±3.12 37.04±3.12
Bone mass, kg 2.22±0.29 2.28±0.29
ECM/BCM 40.26±1.57 41.51±1.41
VFL 3.27±2.21 4.76±2.35
BMR, kcal 1188.82±119.61 1180.22±116.64

All data are presented as mean±SD.
∗
significantly different from age group 18–30.

BMR= basal metabolic rate, BMI=body mass index, ECM=extracellular water, FFM= fat-free mass, FM
fat level.
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oldest (Fig. 3). For women, the mean FFM was greatest between
41 and 50 year old and decreased thereafter. FFM increased
slightly but not significantly in women younger than 30 year old
compared with women 31 to 40 y, and decreased slightly in
women older than 50 years. The reference range for all subjects
was 36.7–41.3 and was much the same in all age groups (Fig. 3).
In women, both LMM and bone mass did not change

statistically significantly over the age groups, whereas LMM and
bone mass became lower with higher age groups in the male
subjects. In males, the 80+ age category had a significantly higher
ECW/TBW than all other age categories. For females, significant
higher ECW/TBW was observed in the 51–60 and 60+ age
categories. Mean VFL was higher in males than in females in all
age groups and it was higher with increasing age for both sexes.
In men and women, BMRwas lower in the oldest age group (60+
years) compared with the youngest. However, when BMR in
women of all age was analyzed, there was no difference between
the age groups, whereas BMR in men old than 40 years of age
was significantly lower compared with the younger.
4. Discussion

This study presents summary values for body composition and
anthropometric measurements in a sample of healthy Han adults
41–50 51–60 60+
n=385 n=245 n=91

158.82±5.31 158.38±5.34 156.31±5.45
∗

59.93±8.32
∗

60.59±8.22
∗

60.32±10.11
∗

23.74±2.94 24.17±3.13 24.70±3.93
∗

20.18±5.70 21.20±6.17
∗

22.36±7.76
∗

33.13±4.94
∗

34.37±5.58
∗

36.13±6.80
∗

39.75±3.48 39.39±3.07 37.96±3.41
37.43±3.18 37.10±2.80 35.81±3.11
2.32±0.30 2.29±0.27 2.16±0.30
42.58±1.62 44.10±1.81

∗
45.91±1.95

∗

6.35±2.35 7.77±2.61 9.32±3.14
1180.58±117.02 1163.41±105.29 1121.57±122.28

= fat mass, LMM= lean muscle mass, PBF=percent body fat, TBW= total body water, VFL= visceral

http://www.md-journal.com


Figure 3. Fat-free mass (FFM) percentile curves by age group in the 2 genders. FFM= fat-free mass.

Figure 2. Percent body fat (PBF) percentile curves by age group in the 2 genders. PBF=percent body fat.

Figure 1. Fat mass (FM) percentile curves by age group in the 2 genders. FM= fat mass.
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in Shaanxi province aged 18 y and older. The usefulness of
reference data on body composition is that reference samples
obtained could be extrapolated to the total population and used
for comparison and assessment of adults in other local samples.
In addition, it can be compared with samples in other countries
with similar social and economic conditions or with similar
background.
4

The assessment of body composition changes with aging is
essential in clinical practice as such variations are related to
health status and physical function. BMI is frequently used in
nutritional and epidemiological studies as a most common
indicator of body composition for evaluating body fat and
patterns of nutritional status.[15] BMI appears to be a relatively
poor predictor of cardiometabolic risk among Taiwanese adults



[16] [38]
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even when applying Asian-specific thresholds. Thus, it has
proved an inaccurate measure of fatness and a less reliable
indicator to evaluate changes in adiposity in older adults[17]

because it is affected by both reduction in height and increase in
fat. In the healthy population of this study BMI did not change
with aging in both males and females. A limitation of using BMI
to evaluate body composition is that changes can be due to either
fat mass or fat-free mass.
An increasing prevalence of overweight and obesity has been

observed in the general population in recent decades.[18] In cross-
sectional analyses of European Adult Cohort Populations, the
authors also observed a strong increase in obesity prevalence with
increasing age, especially among women between the ages of 30
to 65 y.[19] According to our study, associated with age, there is
an increase in total fat tissue only in women, while a significant
increase in PBF in both sexes. FFM, and specifically muscle mass
in men, is generally considered to decrease throughout adult
life[20] seemed mainly due to limited ability to carry out routine
daily activities. Our findings confirmed an earlier Aerobics Center
Longitudinal Study (ACLS) in healthy men that showed an age-
dependent decrease in FFM and an increase in PBF.[21]

Sarcopenic obesity, a new category of obesity, is characterized
by increased FM and reduced FFM with a normal or high body
weight.[22] It has been reported that sarcopenic obesity is
significantly associated with functional decline and disability,[12]

as well as higher levels of cardiovascular risk factors and an
increased risk of mortality in general population.[23] In other
words, reduced muscle mass is associated with increased physical
disability,[24] especially mobility. On the other hand, accumula-
tion fat mass appears to worsen functional disability and physical
performance in older adults.[25]

It has been shown that aging is associated with body fat
distribution changes, i.e. visceral fat increase, in healthy elderly
women.[26] Body fat distribution has been reported to differen-
tially contribute to the development of cardiovascular risk.[27]

Abdominal adipose tissue is the best indicator for predicting
insulin resistance and other relevant cardiovascular risk
factors.[28] Thus it is important to study changes in central fat
distribution. Visceral fat level increased since 40 y in both men
andwomen in our study. As in a Chinese population-based study,
intra-abdominal fat increased in old men and women with stable
weight.[29] Furthermore, central adiposity appears to contribute
to a greater extent than general adiposity to the development of
cardiovascular risk.[30] Other studies demonstrated that excessive
visceral fat rather than obesity per se is related to an increased risk
of hypertension[31] and diabetes.[32]

It has been reported that trends toward age-related declines in
BMR differ between men and women;[33] our findings supported
this (Table 2 and 3). Keys et al.[34] have concluded that BMR
decreases by no more than 1% to 2% per decade over the age
range from 20 to 75 y and that the rate of decrease is particularly
rapid for men. It is assumed that this putative reduction in BMR is
a result of the loss of fat free mass, as well as change in cellular
metabolic that accompanies aging.[35] In a study of older adults
living in a snowy region of Japan, the decrease in BMR stratified
by age was significant for both men and women.[36] Contrary to
what we had expected based on previous studies, a significant
decline in BMR in men was observed in their 40s and for women
in their 50s. This finding is confirmed by a previous study[37] but
the causes of these decreases have not been fully explained.
A reduction of the water compartment of the organism or an

abnormal accumulation of fluid in the interstitium has been
described as being associated with difficulties in maintaining fluid
5

balance. Physiologically, about two-thirds of the total body
water of humans is held in the cells, mostly in the cytosol, and the
remainder is found in the extracellular compartment. The results of
the body composition analysis of the healthy adults indicate that
ECW/TBW increased significantly with age for both females
(39.45%–43.38%, P< .05) and males (40.26% –45.91%, P
< .05), and that this change was greater in men than in women.
Similar results have been shown by other studies,[39] which have
pointed to ECW/TBWas important biomarkers for diagnosing the
state of hydration and nutrition status. Thus, elderly persons are at
the highest risk for developing malnutrition and dehydration.
In conclusion, despite the limited recruited volunteers, this is a

study on the body composition status of healthy Han adults in
Shannxi Province, to be used as an important reference for future
investigation and clinical practice on differences between
nationalities and countries.
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