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ABSTRACT
Objective  To evaluate the prevalence and temporal 
trends of presarcopenia and related body composition 
measurements.
Design  Cross-sectional study.
Setting  National Health and Nutrition Examination Survey 
(NHANES) 1999–2006.
Methods  Presarcopenia was defined according to 
the guidelines from the European Working Group on 
Sarcopenia. Logistic or linear regression models were 
used to evaluate the linear trend of the prevalence of 
presarcopenia, obesity and related body composition 
measurements.
Participants  A total of 29 947 participants aged 18–90 
years from five waves of the NHANES were included in the 
analysis.
Outcome measures  Presarcopenia was sex-specifically 
defined as having a skeletal mass index ≤7.26 kg/m2 
in men and ≤5.5 kg/m2 in women. Body composition 
measurements, including total body fat percentage, total 
body fat mass, total lean body mass, appendicular skeletal 
muscle mass and bone mineral density, were obtained by 
dual-energy X-ray absorptiometry.
Results  The overall prevalence of presarcopenia ranged 
from 16.4% in 1999–2000 to 14.8% in 2005–2006 (p 
for trend=0.78). Presarcopenia was stable in both males 
(p for trend=0.36) and females (p for trend=0.20). The 
presarcopenia prevalence was significantly elevated 
among the age group of 18–39 years old (from 11.3% to 
14.1%, p for trend=0.04) and among non-Hispanic blacks 
(p for trend <0.001). Adults aged ≥80 years old had the 
highest prevalence.
Conclusions  The prevalence of presarcopenia increased 
among young individuals over time. Non-Hispanic blacks 
also demonstrated an increasing trend in the prevalence 
over time.

INTRODUCTION
According to the 2010 European Working 
Group on Sarcopenia in Older People 
(EWGSOP), sarcopenia is defined as a cluster 
of geriatric conditions characterised by 
progressive and generalised loss of skeletal 
muscle mass and strength with a high risk of 
adverse outcomes, including poor quality of 
life, physical disability and even death.1 The 

prevalence of presarcopenia (5.9%) and 
sarcopenia (4.4%) among adults aged 45 
years and older is high in the Netherlands.2 It 
has been conservatively estimated that sarco-
penia affects more than 50 million people 
around the world and will increase by more 
than 200 million over the next 40 years.3

Currently, there are a variety of definitions 
for sarcopenia, none of which have been 
agreed on, and the prevalence of the disease 
is highly dependent on the diagnostic criteria 
used. Among the three components of sarco-
penia defined in the EWGSOP, muscle mass, 
muscle strength and performance, muscle 
mass plays a critical role in the progression 
of sarcopenia, and low muscle mass has been 
identified as presarcopenia. Sarcopenia, 
especially in the context low skeletal muscle 
mass, is mainly caused by ageing, decreased 
participation in physical activities,4 malnutri-
tion5 6 and endocrine and metabolic disor-
ders.7 These factors directly contribute to 
the loss of muscle mass,8 influencing muscle 
strength and performance and leading to a 
lower metabolic rate and reduced physical 
activity, which often causes fat gain. The 
gained fat could lead to a further loss of 

Strengths and limitations of this study

►► We used the data from the nationally representative 
population-based surveys of the National Health and 
Nutrition Examination Survey (1999–2006).

►► Body composition measurements were obtained by 
the gold-standard dual energy X-ray absorptiometry.

►► Appendicular skeletal muscle mass rather than 
muscle strength and physical performance was 
assessed.

►► The prevalence of presarcopenia in women may be 
underestimated when using a height-adjusted defi-
nition of presarcopenia.

►► Reporting bias may exist due to self-reported phys-
ical activity data.
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muscle mass and strength via cytokine protein catabolism9 
and insulin resistance.10 Thus, sarcopenia and its effects 
can be part of a spiralling process of declining health.

Sarcopenic obesity, defined as a loss in body lean 
mass but preservation or even an increase in body fat 
mass, can have serious health implications. Recent 
data have indicated that obesity affects more people 
of younger age due to physical inactivity.11 Therefore, 
it is reasonable to hypothesise that the prevalence of 
presarcopenia has increased accordingly. Currently, 
there is a lack of evidence to support this statement. 
Numerous studies have reported that sarcopenia/low 
muscle mass is related to frailty,12 inflammation,13 14 liver 
fibrosis,15 16 cirrhosis,17 18 systemic sclerosis,19 cancer,20–22 
chronic obstructive pulmonary disease,23 cardiovascular 
disease,24 25 and mortality,26 all of which place consider-
able health and economic burdens on public healthcare 
services. Thus, it is important to depict the prevalence 
and temporal trends of presarcopenia and related body 
composition measurements over time in relation to sex, 
age and race to better inform public health policy and 
prevention strategies.

In this study, we estimated the population-based preva-
lence and temporal trends of presarcopenia metrics and 
related body composition measurements among adults in 
the USA from 1999 to 2006 by using data from the National 
Health and Nutrition Examination Survey (NHANES).

METHODS
Study design and participants
The NHANES is a nationally representative cross-sectional 
survey among non-institutionalised civilians in the USA.27 
This analytical study involved participants aged 18 years 
and older from the NHANES cohort surveyed across 
four consecutive cycles: 1999–2000 (n=3559), 2001–2002 
(n=4047), 2003–2004 (n=3771) and 2005–2006 (n=3071). 
All participants provided written informed consent.

Body component measurements and presarcopenia
Physical examinations were conducted in mobile exam-
ination centres. Weight in kilograms, height in centime-
tres and waist circumference (WC) in centimetres were 
measured using standardised techniques and equipment. 
Body mass index (BMI) was calculated as weight in kilo-
grams divided by the square of the height in metres. 
Overweight was defined as a BMI between 25.0–29.9 and 
obesity as a BMI of 30.0 or higher.28 Central obesity was 
defined as having a WC of >102 cm for males and >88 cm 
for females.29 Total body fat percentage, total body fat 
mass, total lean body mass, appendicular skeletal muscle 
mass (ASM) and bone mineral density (BMD) were 
measured using dual-energy X-ray absorptiometry (DXA) 
in the four surveys from 1999 to 2006. The total ASM 
(TASM) mass index was calculated as the ASM divided 
by the height squared (kg/m2). Presarcopenia was sex-
specifically defined as having a TASM ≤7.26 kg/m2 in men 
and ≤5.5 kg/m2 in women.30

Physical activity and socialdemographic factors
Participants’ sex, age, race, education level, annual 
household income, time spent watching television (TV) 
per day and level of physical activity were collected by 
household interviews. Age was grouped into three cate-
gories: 18–39 years old, 40–59 years old and 60 years or 
older. Race was classified as non-Hispanic white, non-
Hispanic black, Mexican American and others. Educa-
tional level was categorised into <high school graduate, 
high school graduate/general equivalency diploma or 
≥college. Time spent watching TV per day was grouped 
into <2 hours, 2–4 hours or >4 hours. Annual household 
income was grouped into <US$25 000, US$25 000–US$55 
000 or >US$55 000. Physical activity was grouped into two 
levels: moderate/below or vigorous.

Statistical analyses
Participants’ characteristics, including sex, age, race, 
education level, annual household income, time spent 
watching TV per day and level of physical activity, are 
shown as unweighted frequencies and weighted percent-
ages with 95% CIs. Weighted means and corresponding 
95% CIs of body weight, BMI and obesity, WC and central 
obesity, total body fat percentage, total lean body mass, 
ASM, TASM and BMD were calculated, and mean changes 
with 95% CIs of all these variables from 1999–2000 to 
2005–2006 were calculated.

The age-adjusted and sex-adjusted prevalence of 
presarcopenia was calculated for the four survey cycles 
from 1999–2000 to 2005–2006 for the overall sample and 
the sex, age, race, education level, annual household 
income, time spent watching TV per day and physical 
activity level subgroups. The temporal trends of presar-
copenia prevalence, obesity and different body composi-
tion measurements, including TASM, WC, BMD and total 
percentage of body fat (TPF), for the overall sample and 
within the subgroups were assessed by survey-weighted 
linear (for continuous outcomes) or logistic (for binary 
outcomes) regression models with survey year as a contin-
uous (ordered categorical) independent variable after 
adjustment for sex, age, race, education level, annual 
household income, time spent watching TV per day and 
physical activity level.31 32

Sampling weights were used to account for unequal 
probabilities of selection and non-responses for all anal-
yses, thereby providing estimates representative of the 
non-institutionalised civilian US population. All statistical 
analyses were performed using SAS for Windows V.9.4 (SAS 
Institute). A two-sided p<0.05 was considered statistically 
significant.

Patient and public involvement
There was no patient or public involvement in this study.

RESULTS
A total of 14 448 participants were included in this study, 
with 3559 from 1999 to 2000, 4047 from 2001 to 2002, 
3771 from 2003 to 2004 and 3071 from 2005 to 2006 
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(table  1). The distributions of the participants’ charac-
teristics across the four survey cycles were comparable. In 
1999–2000, 49.6% of the participants were women, 19.5% 
were 60 years or older, and 71.7% were non-Hispanic 
white. The proportion of patients with a vigorous physical 
activity level showed a significantly decreasing trend from 
1999 to 2006 (p<0.001).

Prevalence and temporal trends of presarcopenia from 1999 
to 2006
The overall age-adjusted and sex-adjusted prevalence 
of presarcopenia ranged from 16.4% (95% CI 15.3% to 
17.6%) in 1999–2000 to 14.8% (95% CI 13.0% to 16.8%) 
in 2005–2006 (p for trend=0.78) (table 2).

The age-adjusted prevalence of presarcopenia in men 
was 22.7% (95% CI 20.3% to 25.2%) in 1999–2000 and 
12.3% (95% CI 10.6% to 14.3%) in 2005–2006 (p for 
trend=0.36), while in women, the prevalence was 20.0% 
in 1999–2000 and 17.7% in 2005–2006 (P for trend=0.20). 
The prevalence of presarcopenia in women was signifi-
cantly higher than that in men in 2005–2006 (17.7% 
for women vs 12.3% for men; p<0.001). There were also 
racial differences in presarcopenia prevalence as well as 
temporal trends. The prevalence significantly increased 
from 6.2% in 1999–2000 to 20.6% in 2005–2006 among 
non-Hispanic blacks (p for trend <0.001) but remained 
stable among non-Hispanic whites (p for trend=0.84) and 
Mexican Americans (p for trend=0.54) from 1999 to 2006. 
Compared with those in the other age groups, partici-
pants aged ≥80 years and 60–79 years had a significantly 
higher prevalence of pre-sarcopenia in the four survey 
cycles from 1999 to 2006. In three of the survey cycles 
(1999–2000, 2001–2002 and 2003–2004), compared with 
those who reported moderate/low physical activity levels, 
participants who reported vigorous physical activity levels 
were more likely to have a lower prevalence of presarco-
penia (p<0.001). In addition, participants with higher 
annual household incomes had a lower prevalence of pre-
sarcopenia in the 2001–2002 and 2003–2004 survey cycles. 
In all four survey cycles, participants with BMI <25 kg/m2 
had a relatively higher prevalence of presarcopenia than 
overweight and obese participants.

Body composition measurements
The average body weight across all participants signifi-
cantly increased from 76.8 kg (95% CI 75.6 to 77.9) in 
1999–2000 to 78.9 kg (95% CI 77.4 to 80.4) in 2005–2006 
(p for trend=0.010), with an average increase of 2.11 kg 
(95% CI 0.28 to 3.93 kg) (table 3). Correspondingly, the 
prevalence of obesity significantly increased from 24.3% 
(95% CI 21.2% to 27.4%) to 29.3% (95% CI 25.8% to 
32.7%) in the overall population (p for trend=0.023) 
and from 20.8% (95% CI 17.9% to 23.7%) to 27.6% 
(95% CI 23.0% to 32.1%) in men (p for trend=0.007) 
but remained stable in women (from 28.0% to 30.9%, p 
for trend=0.229) over time (table 3 and figure 1A). After 
stratification by age (figure 1B), the prevalence of obesity 
significantly increased from 25.6% to 33.8% in the 40–59 C
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age group (p for trend=0.027) but remained stable in 
the other three age groups. Similar increasing trends of 
obesity prevalence were observed in non-Hispanic whites 
(from 23.8% to 28.6%, p for trend=0.025) but were 
statistically stable in non-Hispanic blacks and Mexican 
Americans (figure  1C). From 1999 to 2006, the TASM 
significantly decreased in the non-Hispanic black group 
but significantly increased in the Mexican American 
and other ethnic groups (table 3 and figure 2A). Mean-
while, we observed a slight increase in WC (table 3 and 
figure 2B), total lean body mass (table 3), prevalence of 
central obesity (table 3) and BMD (table 3 and figure 2C), 
however, we did not detect any significant trends for TPF 
(figure 2D).

DISCUSSION
In this large-scale study that analysed nationally repre-
sentative data from US respondents to the NHANES, 
we found that the overall prevalence of presarcopenia 
remained stable, while there was a substantial increase 
in the prevalence for the non-Hispanic black and young 
age groups from 1999 to 2006. Hence, our hypothesis 
regarding an increasing trend in the presarcopenia prev-
alence over time was not fully supported by the findings. 
Our results indicate that certain subpopulations might be 
more vulnerable to pre-sarcopenia than the overall popu-
lation. Indeed, we found that individuals who were older 
or under/normal weight had a considerably higher prev-
alence of presarcopenia.

Our study found an increasing trend in the prevalence 
of obesity and central obesity from 1999 to 2006 among 

the overall population. Previous studies reported that 
obesity can lead to loss of muscle mass and strength33 
and is commonly accompanied by a reduction in physical 
activity and deterioration of metabolic disorders, which in 
turn accelerates the abnormal distribution of fat mass and 
initiates the process of sarcopenia.34 In contrast, it is inter-
esting that the prevalence of presarcopenia was consider-
ably higher in under/normal weight adults than in obese 
adults in our study. The contradictory findings might be 
explained by the fact that our study only measured skel-
etal muscle mass, but the muscle mass of under/normal 
weight individuals might be relatively lower than that 
of overweight/obese individuals. In addition, our study 
focused on presarcopenia rather than sarcopenia, which 
is defined as the presence of both low muscle mass and 
low muscle function (strength or physical performance).

A previous study reported that skeletal muscle mass 
begins to decrease at approximately 30–39 years old.35 
Accordingly, we found a relatively higher prevalence 
of presarcopenia in the older age groups than in the 
18–39 age group. However, it is still unclear whether 
muscle mass reduction would further accelerate muscle 
strength loss and ageing-related health issues. Observa-
tional studies have reported a linearly positive association 
between muscle mass and strength in both middle-aged 
and elderly people.36–38 This indicates that the amount 
of muscle mass acquired during youth may protect adults 
from the early onset of sarcopenia. Therefore, it may be 
beneficial to pay more attention to increasing muscle 
mass in both young and old populations. The peak period 
of muscle strength lags nearly 10 years behind the peak 

Figure 1  Prevalence of obesity stratified by sex (A), age (B) and racial group (C) from 1999 to 2006 in the NHANES. 95% CI. 
P values refer to temporal trends obtained by logistic regression models after adjusting for sex, age, race, education level, 
annual household income, time spent watching TV per day and physical activity level. NHANES, National Health and Nutrition 
Examination Survey; TV, television.
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period of muscle mass and starts to decline at approxi-
mately 50 years of age.39 The speed of muscle strength 
decline is 2–5 times faster than that of muscle mass over 
the same period.40

We found that the prevalence of presarcopenia was 
stable in both genders from 1999 to 2006. It was also found 
that women had a higher prevalence of pre-sarcopenia 
than men in 2005–2006. This might be caused by a more 
rapid decrease in the prevalence of presarcopenia among 
men than women. Previous evidence, however, is incon-
sistent. For instance, the study of Iannuzzi-Sucich et al 

found a higher prevalence of sarcopenia in men than in 
women who were aged 64–93 years,41 while the findings 
in the Fifth Korea NHANES showed that sarcopenia was 
more prevalent in women.42 Women have less absolute 
and relative muscle mass than men.43 In addition, given 
the natural differences in skeletal muscle between men 
and women, such as the amount of muscle mass, muscle 
capillary density and muscle fibre type,44 physical activity 
might be a potential cause for sex differences in the prev-
alence of sarcopenia.45 In our study, most women had 
lower self-reported levels of physical activity than men. 

Figure 2  Distribution of body composition measurements, including SMI (A), WC (B), BMD (C) and TPF (D), by sex, age and 
racial group from 1999 to 2006. 95% CI. P values refer to temporal trends obtained by logistic regression models after adjusting 
for sex, age, race, education level, annual household income, time spent watching TV per day and physical activity level. BMD, 
bone mineral density; SMI, Skeletal Muscle Index; TASM, total appendicular skeletal muscle; TPF, total percentage of body fat; 
TV, television; WC, waist circumstance.
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Vigorous physical activity in men gradually increased, 
whereas it decreased in women over time. Another critical 
factor is age-related changes in gonadal function and sex 
hormones regulating muscle mass distribution. Evidence 
suggests that lower serum testosterone levels in elderly 
men contribute to muscle weakness.46 Men experience a 
gradual decrease in knee extensor and handgrip strength 
between 20 and 80 years of age, whereas women expe-
rience a steep decline after the age of 55 (menopausal 
age).47 48 Although it is not clear whether age-related 
changes in gonadal function directly regulate physical 
activity in humans, gonadectomy has been shown to 
cause a dramatic decline in spontaneous physical activity 
in animals.49 Thus, sex differences might be pivotal in 
understanding the process of sarcopenia and ageing, and 
understanding why each sex remains ‘muscle healthy’ 
throughout their lifespan could open new avenues to 
prevent sarcopenia and the ageing process.

We also detected a considerably increased trend of 
presarcopenia prevalence in non-Hispanic black people, 
while the prevalence was stable in non-Hispanic whites 
and Mexican Americans over time. Racial differences 
in muscle mass have been reported in previous studies. 
Evidence has shown that African Americans have a signifi-
cantly higher skeletal muscle/adipose tissue-free body 
mass ratio than other races, although the difference was 
very small.50 Mahbubur and Abbey reported that black 
women had greater levels of total and regional lean mass 
than white and Hispanic women and that Hispanic women 
had even lower values than white women in an assessment 
of the body composition of 708 healthy black, white and 
Hispanic women aged 16–33 years using DXA analysis.51 
According to the NHANES III bioelectrical impedance 
data, the amount of fat-free mass in Mexican Americans 
was lower than that in non-Hispanic Blacks, which was in 
turn lower than that in non-Hispanic whites.52 The under-
lying mechanism of these racial differences is still unclear 
and warrants further investigation.

This is a representative population-based study. This 
is the first study that focused on presarcopenia among 
adults. However, there are several limitations in this study. 
First, we only assessed muscle mass data rather than muscle 
strength, which does not reflect muscle power and may 
be confounded by a third variable that was not involved 
in this study. Second, the prevalence of presarcopenia in 
women may be underestimated because we used a height-
adjusted definition of the condition,53 which is potentially 
problematic in identifying participants with sarcopenic 
obesity.54 However, if we had used the weight-adjusted 
definition, people classified as having pre-sarcopenia 
would have had higher BMI values compared with those 
without sarcopenia.55 Third, as physical activity data were 
self-reported, reporting bias may exist. Recent research 
on self-reported levels of physical activity indicated that 
individuals in the USA tended to have differing percep-
tions of activity levels and that compared with Europeans, 
US individuals overestimate their time spent exercising.56 
Future studies should apply objective measures to 

determine muscle strength and physical activity to accu-
rately evaluate sarcopenia prevalence.

CONCLUSIONS
The overall prevalence of presarcopenia was stable in 
both men and women from 1999 to 2006 among US 
adults, while there is a slight increase in the prevalence 
of presarcopenia from 1999 to 2006 among US young 
adults. Adults who were non-Hispanic blacks, elderly or 
under/normal weight are at high risk of presarcopenia. 
Meanwhile, we found a significant increased trend of 
obesity, central obesity. It suggests that the high preva-
lence of presarcopenia and obesity is an important public 
health concern. It might be helpful to maintain resistant 
and at least moderate physical activity for the prevention 
of sarcopenia and obesity in US adults.
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