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Abstract

Objective: Evaluate the prevalence and time trends of sarcopenia and related body
composition over time.

Methods: Sarcopenia and sarcopenia components were defined according to the European
Working Group on Sarcopenia. Logistic or linear regression models were used to evaluate the
linear trend of the prevalence of sarcopenia, obesity, and body composition.

Setting: This is an analysis study of the data from NHANES (1999-2006).

Participants: A total of 29,947 participants aged 18 - 90 years from five waves of the
NHANES were included in the analysis.

Outcome measures: Physical examinations were conducted in mobile examination centers.
Body composition, including total body fat percentage, total body fat mass, total lean body
mass, appendicular skeletal muscle mass (ASM) and bone mineral density (BMD) were
measured by dual energy X-ray absorptiometry.

Results: The overall prevalence of sarcopenia ranged from 19.7% in 1999-2000 to 17.4% in
2005-2006 (P for trend=0.78). Sarcopenia in men decreased from 20.9% (95% CI: 18.0, 24.2)
to 14.6% (95% CI: 12.2, 17.4) (P for trend=0.36); while in women, it increased from 18.2%
to 20.6% (P for trend=0.20). Sarcopenia prevalence was significantly elevated among non-
Hispanic blacks, increasing from 1.12% to 26.4% (P for trend < 0.001). Adults aged = 60
years old had the highest prevalence, but with a decrease trend over time (P for trend=0.28);
while the sarcopenia in people aged less than 40 had raised slightly from 12.5% to 16.6% (P
for trend=0.04).

Conclusions: The prevalence of sarcopenia has a youth-oriented tendency, and decreased in

men but not in women. Non-Hispanic black and non-Hispanic white have reverse tendency.
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Strengths and limitations of this study

® We used the data from nationally representative population-based surveys of the
NHANES (1999-2006).

® We aimed to evaluate the prevalence of sarcopenia and found a youth-
oriented tendency, and decreased in men but not in women.

® Body composition were measured by dual energy X-ray absorptiometry, which is the
golden standard measurement for body composition.

® We only accessed 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.

® We used a height adjusted definition of sarcopenia which is potentially problematic

in identifying participants with sarcopenic obesity.
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INTRODUCTION

According to the 2010 European Working Group on Sarcopenia in Older People,
sarcopenia is defined as a cluster of geriatric conditions characterized by progressive and
generalized loss of skeletal muscle mass and strength with a high risk of adverse outcomes
including poor quality of life, physical disability, and even death.! The prevalence of
sarcopenia among adults aged 55 years and older is high, affecting about 30-40% of those in
long-term care.? It has been conservatively estimated sarcopenia affects more than 50 million
people around the world and will increase by more than 200 million over the next 40 years.3

Sarcopenia is mainly caused by aging, decreased physical activities,* malnutrition’ ¢ and
endocrine and metabolic disorders.” These factors directly contribute to a loss of muscle mass
and strength,® leading to a higher resting metabolic rate and reduced physical activity which
often causes fat gain. The gained fat might mechanically result in a further loss of muscle
mass and strength via cytokine protein catabolism® and insulin resistance.! Thus, sarcopenia
and its effects can be part of a spiraling process of declining health.

Obesity and a sedentary lifestyle play key roles in the development of age-related
sarcopenia. Recent data reported that obesity is affecting more people at a younger age due to
physical inactivity.!! Therefore, it is reasonable to hypothesize the prevalence of sarcopenia
has increased accordingly. Currently, there is a lack of evidence to support this statement.
Numerous studies have confirmed that sarcopenia increases the risk of frailty,!?
inflammation ,'3 4 liver fibrosis,!3 16 cirrhosis,!” '3 systemic sclerosis,!® cancer,?’-2> chronic
obstructive pulmonary disease,?? cardiovascular disease (CVD),?*25 and an elevated risk of
mortality,?6 all of which, place considerable health and economic burden on public health
care services. Thus, it is important to depict the prevalence and trends of sarcopenia and
related body composition over time in relation to sex, age, and race to better inform public

health policy and prevention strategies.
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In this study, we reported the population-based prevalence and time trends of sarcopenia
metrics, related body composition and cardiovascular fitness among adults in the United
States (U.S.) from 1999 to 2006 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 civilian
non-institutionalized persons in the U.S..?” This analytical study involved participants aged
18 years and older from the NHANES III cohort which ran from 1988-1994, followed by four
consecutive cycles: 1999-2000, 2001-2002, 2003-2004, and 2005-2006. All NHANES
protocols were approved by the National Center for Health Statistics Research ethics review
board. All participants provided written informed consent.
Body component measurements and sarcopenia

Physical examinations were conducted in mobile examination centers. Weight in
kilograms, height in centimeters, waist circumference (WC) in centimeters, and heart rate in
beats per minute were measured using standardized techniques and equipment. Body mass
index (BMI) was calculated as weight in kilograms divided by height in meters squared.
Overweight was defined as a BMI between 25.0-29.9 and obesity as a BMI of 30.0 or
higher.?® Central obesity was defined as having a WC of > 102 c¢m for males and > 88 cm for
females.?® 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 the dual
energy X-ray absorptiometry (DXA) in the 1999-2006 surveys. Skeletal muscle mass index
(SMI) was calculated as ASM divided by height squared (kg/m?). Sarcopenia was sex-

specifically defined as having a SMI of < 7.26 kg/m? in men and < 5.5 kg/m? in women.3°

5
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Physical activity and social-demographic factors

Participants’ sex, age, race, education level, annual household income, time spent
watching television per day, and level of physical activity were collected by household
interviews. Age was grouped into three categories: 18 to 39 years old, 40 to 59 years old, and
60 years or older. Race was classified as non-Hispanic white, non-Hispanic black, Mexican
American and others. Educational level was categorized into < high school graduate, high
school graduate/general education development or > college. Time spent watching TV per
day was grouped into < 2h, 2—4h, or > 4h. Annual household income was grouped into <
$25000, $25000 to $55000, or > $55000. 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 were shown as
unweighted frequency and a weighted percentage with a 95% confidence interval. Weighted
mean and their 95% confidence intervals of weight, BMI and obesity, WC and central
obesity, total body fat percentage, total lean body mass, ASM, SMI, BMD were calculated,
and mean changes with 95% confidence intervals (CI) of all these variables from 1999-2000
to 2005-2006 were calculated.

The prevalence of sarcopenia was calculated for five survey cycles from 1999-2000 to
2005-2006 for the overall sample and the subgroups: sex, age group, race, education level,
annual household income, time spent watching TV per day, and physical activity level. The
interactions between different groups were compared using chi-square tests. The statistical
significance of time trends among the overall sample and within the subgroups were assessed

by survey-weighted linear (or logistic) regression models with survey year as a continuous
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(ordered categorical) variable where appropriate.

Sampling weights were used to account for unequal probabilities of selection and
nonresponses for all analyses, thereby providing estimates representative of the civilian, non-
institutionalized U.S. population. All statistical analyses were performed using SAS for
windows version 9.4 (SAS Institute, Cary, NC, USA). A two-sided P < 0.05 was considered
as statistically significant.

Patient and public involvement

There was no patient or public involvement in this study.

RESULTS

There was a total of 14448 participants included in this study, 3,559 from 1999-2000,
4,047 from 2001-2002, 3,771 from 2003-2004, and 3,071 from 2005-2006 (Table 1).
Distribution of participants’ characteristics in the five survey cycles were comparable. In
1999-2000 (n =9), 49.6% were women, 19.5% were 60 years or older, and 71.7% were Non-
Hispanic white. And the proportion of those with a vigorous physical activity level

significantly decreased from 1999 to 2006.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 9 of 23

oNOYTULT D WN =

BMJ Open

Table 1. Participants’ characteristics (weighted) of participants from the NHANES surveys, 1999-2006

Characteristics

No. weighted (%)

1999-2000 (1 = 3559)

2001-2002 (n = 4047)

2003-2004 (n = 3771)

2005-2006 (2 =3071)

Sex
Men

Women
Age group, mean (SD) [95%CI]
18 — 39 yrs
40 — 59 yrs
> 60 yrs
Race
Non-Hispanic white
Non-Hispanic black
Mexican American
Others
Education level
< High school graduate
High school graduate/GED
> College
Family annual income
< $25000
$25000 — $55000
> $55000
Watching TV time per day, mean (SD)
[95%CI]
<2h
2-4h
>4h
Physical activity level
Moderate or below
Vigorous

1829 (50.4) [48.4, 52.5]

1730 (49.6) [47.5, 51.7]
43.3(0.5) [42.1, 44.4]
1493 (47.3) [44.7 49.9]
964 (33.2) [31.1 35.4]
1102 (19.5) [16.9, 22.0]

1513 (71.7) [65.5, 77.9]
642 (9.5) [6.25, 12.8]
1082 (6.6) [3.6, 9.5]
322(12.2) [5.8, 18.6]

1408 (23.6) [20.4, 26.7]
840 (26.4) [22.4, 30.4]
1302 (50.0) [45.8, 54.2]

1452 (36.7) [29.6, 43.8]
902 (30.8) [26.8, 34.8]
731 (32.5) [26.7, 38.2]

2.34(0.03) [2.28, 2.41]

621 (19.5)[17.7, 21.6]
2072 (68.3) [66.7, 69.9]
428 (12.2) [10.7, 13.8]

888 (44.0) [40.1, 47.8]
1013 (56.0) [52.2, 59.9]

2106 (50.0) [48.6, 51.3]

1941 (50.0) [48.7, 51.4]
43.6 (0.5) [42.5, 44.7]

1704 (44.0) [39.9, 48.1]
1217 (38.2) [34.8, 41.7]
1126 (17.8) [16.1, 19.5]

2014 (72.4) [67.5, 77.4]
785 (10.1) [6.9, 13.2]
960 (7.7) [5.7, 9.7]
288 (9.8) [5.8, 13.9]

1300 (19.2) [17.0, 21.4]
980 (25.5) [23.3, 27.7]
1763 (55.3) [51.9, 58.7]

1479 (29.7) [27.1, 32.3]
1163 (30.9) [27.5, 34.3]
1133 (39.4) [35.6, 43.1]

2.31(0.04) [2.24, 2.39]

606 (19.8) [17.9, 21.6]
2215 (63.2) [61.4, 65.2]
674 (17.0) [15.6, 18.4]

1236 (51.0) [47.0, 55.0]
1253 (49.0) [45.0, 53.0]

1932 (49.5) [47.5, 51.6]

1839 (50.5) [48.4, 52.6]
44.2 (0.6) [43.0, 45.4]

1592 (42.4) [38.5, 46.3]
1015 (38.0) [34.7, 41.3]
1164 (19.6) [17.7, 21.5]

1915 (73.2) [65.9, 80.5]
796 (10.5) [6.6, 14.3]
799 (7.7) [3.7, 11.7]
261 (8.7) [6.3, 11.0]

1114 (17.8) [15.0, 20.5]
978 (26.9) [24.7, 29.1]
1675 (55.3) [52.0, 58.7]

1518 (30.6) [26.7, 34.3]
1081 (32.0) [27.5, 36.5]
958 (37.4) [32.2, 42.7]

2.16 (0.05) [2.06, 2.27]

634 (22.0) [19.3, 24.8]
2040 (64.7) [61.5, 67.9]
542 (13.3) [10.7, 15.9]

1451 (61.5) [58.4, 64.6]
963 (38.5) [35.5, 41.6]

1574 (49.7) [48.0, 51.5]

1497 (50.3) [48.5, 52.0]
41.4 (0.4) [40.5, 42.4]
1540 (44.9) [41.9, 47.8]
1067 (43.8) [41.6, 46.4]
464 (11.3)[9.33, 13.3]

1321 (71.1) [65.1, 77.1]
128 (5.1) [3.4, 6.9]
746 (8.90) [6.3, 11.5]
876 (14.8) [10.9, 18.8]

662 (15.5)[11.9, 19.2]
618 (24.5) [22.1, 26.9]
1363 (60.0) [55.2, 64.9]

920 (20.9) [17.6, 24.2]
934 (30.6) [27.2, 34.1]
1097 (48.5) [43.6, 53.5]

2.07 (0.05)[1.97, 2.17]

545 (22.5) [20.8, 24.2]
1674 (66.8) [65.0, 68.5]
354 (10.7) [8.49, 13.0]

1066 (54.0) [51.0, 57.0]
1027 (46.0) [43.1, 49.0]
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Prevalence and Trends of Sarcopenia from 1999 to 2006

The overall prevalence of sarcopenia ranged from 19.7% (95% CI: 18.1%, 21.4%) in
1999-2000 to 17.4% (95% CI: 14.9%, 20.2%) in 2005-2006 (P for trend = 0.78) (Table 2).

The prevalence of sarcopenia in men decreased from 20.9% (95% CI: 18.0%, 24.2%) in
1999-2000 to 14.6% (95% CI: 12.2%, 17.4%) in 2005-2006 (P for trend = 0.36); while in
women, the prevalence went from 18.2% in 1999-2000 to 20.6% in 2005-2006 (P for trend =
0.20). Sex differences were the largest in 2005-2006, 20.6% for women vs. 14.6% for men (P
< 0.001). There were also racial differences in terms of sarcopenia prevalence as well as over
time. It markedly increased from 1.12% in 1999-2000 to 26.4% in 2005-2006 among non-
Hispanic blacks (P for trend < 0.001), but remained stable among non-Hispanic whites
(21.7% 1n 1999-2000, 18.4% in 2005-2006; P for trend = 0.84) and Mexican Americans
(17.1% in 1999-2000, 16.1% in 2005-2006; P for trend = 0.54) from 1999 to 2006.
Participants aged > 60 years had a significantly higher prevalence of sarcopenia in the four
survey cycles from 1999-2006 compared to those aged 1839 years old and 40—59 years old.
In addition, participants who had high education levels, high family annual income, and
vigorous physical activity levels were more likely to have relatively lower prevalence of

sarcopenia compared to their corresponding lowest categories.
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Table 2. Prevalence (95% Cls) and trends of sarcopenia in the NHANES surveys from 1999 to 2006

Characteristics

1999-2000 (n=3550)

2001-2002 (n=3987)

2003-2004 (n=3745)

2005-2006 (n=3062)

P-value for trend #

Overall
Sex
Men
‘Women
P for sex
Age group
18 -39 yrs
40 — 59 yrs
>60 yrs
P for age group
Race
Non-Hispanic white
Non-Hispanic black
Mexican American
Others
P for Race
Education level,
< High school graduate
High school graduate or GED
> College
P for education
Family annual income
< $25000
$25000 — $55000
> $55000
P for income
Watching TV time per day
<2h
2-4h
>4h
P for watching TV time
Physical activity level
Moderate or below
Vigorous
P for physical activity level

19.7 (18.1, 21.4)

20.9 (18.0, 24.2)
18.2 (15.2,21.7)
0.45

12.5 (9.5, 16.4)
17.6 (14.7,21.1)
33.5(28.8, 39.0)

<0.001

21.7(19.4,24.3)
1.12 (0.42,2.97)
17.1 (14.4, 20.4)
19.0 (11.7,30.7)
<0.001

18.8 (14.5, 24.4)

19.8 (16.0, 24.6)

20.2 (18.2, 22.4)
0.88

21.6 (17.6, 26.6)

17.5 (14.1,21.7)

17.6 (14.6,21.2)
0.17

20.9 (14.6, 30.0)

18.6 (169, 20.6)

24.5(16.7,35.9)
0.42

18.6 (16.1, 21.5)
12.2(9.42, 15.7)
0.001

19.5 (16.2,23.5)

18.5 (14.5, 23.5)
20.6 (16.7, 25.5)
0.23

15.6 (11.9, 20.4)

13.6 (10.9, 16.9)

35.1 (26.6, 46.3)
<0.001

19.5 (16.3, 23.2)
6.52 (4.43, 9.60)
18.3 (15.1,22.1)
34.6 (21.1, 56.6)
<0.001

20.5 (13.3, 31.6)

20.5 (15.6, 27.0)

18.2 (15.2,21.8)
0.22

26.5 (18.8, 37.4)

19.9 (15.5, 25.7)

12.8 (9.56, 17.1)
0.005

19.8 (16.6, 23.6)

20.5 (16.5, 25.4)

20.1 (15.5, 25.9)
0.68

23.0 (17.6, 30.0)
13.6 (9.56, 19.4)
<0.001

21.8(19.4, 24.5)

20.9 (17.9, 24.6)
22.8 (19.1, 27.3)
0.23

17.4, (15.6, 20.9)

16.5 (13.1, 20.9)

36.3 (307, 42.9)
<0.001

22.7 (19.5, 26.5)
7.23 (4.96, 10.5)
20.1(16.5, 24.6)
37.0 (30.9, 44.3)
<0.001

23.3(18.8, 28.9)

20.4 (176, 23.8)

21.5 (17.4, 26.4)
0.57

29.7(25.7, 34.3)

22.3(18.1,27.4)

16.7(12.3,22.7)
<0.001

16.7 (11.8,23.8)

23.1(19.7, 27.0)

23.7(17.4,32.2)
0.08

21.5(17.9,25.7)
15.1 (10.0,22.7)
0.002

17.4 (14.9, 20.2)

14.6 (12.2, 17.4)
20.6 (16.7, 25.4)
<0.001

16.6 (13.5,20.3)

14.3 (12.0, 17.1)

22.0(17.3,27.9)
0.05

18.4 (15.7,21.6)
26.4 (12.9, 54.3)
16.1 (12.2,21.1)
9.04 (6.17, 13.25)
<0.001

19.1 (14.7, 24.8)

16.1 (12.6, 20.6)

15.8 (12.8, 19.5)
0.50

19.3 (15.2, 24.4)

16.4 (12.7,21.3)

16.7 (12.7,22.0)
0.80

13.5 (8.64, 21.0)

17.0 (13.7,21.1)

15.8 (22.3,22.2)
0.95

17.4 (13.5,22.3)
13.2 (8.81, 19.6)
0.38

0.78

0.36
0.20

0.04
0.25
0.28

0.84
<0.001
0.54
0.13

0.34
0.47
0.59

0.51
0.77
0.94

0.48
0.76
0.17

0.35
0.15

Sarcopenia was defined according to DIA criteria; GED, general equivalency diploma. #: P-trend (1999-2006): adjusted for sex, age, race,
education level, family annual income, watch TV time per day, and physical activity level.
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Body Composition

The average bodyweight across all participants significantly increased from 76.8 kg
(95% CI: 75.6, 77.9 kg) in 1999-2000 to 78.9 kg (95% CI: 77.4, 80.4 kg) in 2005-2006 (P for
trend =0.010), an average increase of 2.11 kg (95%: 0.28, 3.93 kg) (Table 3).
Correspondingly, the prevalence of obesity significantly increased from 24.3% to 29.3% in
the overall population, from 20.8% (95% CI: 17.9%, 23.7%) to 27.6% (95% CI: 23.0%,
32.1%) in men (P for trend=0.007), and from 28.0% (95% CI: 24.2%, 31.9%) to 30.9% (95%
CI: 27.4%, 34.5%) in women (P for trend=0.229), respectively (all P-values for trend < 0.001
(Table 3 and Figure 1A). After stratification by age (Figure 1B), obesity prevalence
significantly increased from 21.9% to 24.0% in the 18-39 age group (P for trend =0.123,
from 25.6% to 33.8% in the 40-59 age group (P for trend=0.027, and from 28.3% to 32.7% in
the 60 years or older age group (P for trend=0.752), respectively. Similar trends of obesity
prevalence were observed in non-Hispanic whites (from 23.8% to 28.6%, P for trend =0.024)
and Mexican Americans (from 29.3% to 29.0%, P for trend = 0.632) but not in non-Hispanic
blacks and the others group (Figure 1C). And from 1999-2000 to 2005-2006, We observed a
large reduction in ASM and SMI (Figure 2A). Meanwhile, we observed a slight increase in
the average waist circumference (Figure 2B), total lean body mass, prevalence of central
obesity, and BMD (Figure 2C). The TPF in both non-Hispanic black and others were

significantly increased (Figure 2D).
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1

2

2 Table 3. Trends of body composition and cardiovascular fitness from 1999 to 2006 in the NHANES surveys

5 Survey cycles Mean change from

6 Characteristics P—trend # 1999-2000 to 2005-2006
1999-2000 2001-2002 2003-2004 2005-2006 o

7 (95% CI)

8 Weight, kg 76.8 (75.6,77.9) 76.9(76.1,77.7)  78.3(77.5,79.0)  78.9(77.4,80.4)  0.010 2.11 (0.28, 3.93)

9 BMI, kg/m? 26.9 (26.5,27.3) 26.8(26.6,27.1) 27.3 (27.0,27.5) 27.5(27.0, 28.0) 0.016 0.59 (-0.01, 1.20)

10 Overweight, % * 35.5(32.6,38.2) 36.7(34.2,39.3)  35.8(32.9,38.6)  34.1(32.4,35.9) 0.25 -1.31 (-4.45, 1.83)

11 Obesity, % 243(212,274) 23.7(21.3,26.0)  27.6(24.7,30.5)  29.3(25.8,32.7)  0.023 4.92 (0.49, 9.36)

12 Waist Circumference, cm  92.6 (91.3,93.9) 93.0(92.4,93.7)  94.9(94.3,95.5)  94.5(93.1,95.9)  <0.001 1.90 (0.12, 3.67)

13 Central obesity, % ! 39.9(35.3,44.5) 41.5(39.3,43.8)  47.3(44.5,50.2)  45.1(41.2,49.1)  0.005 5.21 (-0.60, 11.0)

14 Total body fat 33.0(324,33.7) 32.6(323,32.9)  33.5(33.1,340) 328(323,333)  0.766 -0.24 (-1.04, 0.56)

15 percentage, %

16 Total lean body mass, kg~ 49.3 (48.7,49.8) 49.6 (49.1,50.0)  49.8(49.3,50.3)  50.7 (50.0,51.5)  <0.001 1.45 (0.57, 2.34)

17 ASM, kg * 21.7 (21.5,22.0) 21.7(21.4,22.0) 21.7 (21.4,21.9) 21.9(21.6,22.2) 0.986 0.16 (-0.24, 0.56)

18 SMI, kg/m? 7.53(7.45,7.61) 7.50(7.41,7.59 7.46 (7.38, 7.54) 7.55 (7.46, 7.64) 0.958 0.02 (-0.09, 0.14)

19 BMD, g/cm? 1.12(1.11,1.12)  1.14(1.13,1.14) 1.15(1.14, 1.16) 1.17 (1.16,1.19)  <0.001 0.06 (0.04, 0.07)

20 Heart rate, beats/min 187 (186, 187) 186 (185, 187) 186 (185, 187) - 0.15 -0.45 (-1.57,0.66) 2

2 VO,max, ml/kg/min 40.4 (39.1,41.8) 41.0(40.3,41.8)  39.4 (38.6,40.2) - 0.14 -1.02 (-2.52,0.48) »

2 Low CVD fitness, % 16.7 (12.6,20.7) 12.9(11.0,14.8)  19.7 (16.3, 23.0) - 0.51 3.03 (-1.99, 8.04) *

23 ASM: skeletal muscle mass, SMI: skeletal muscle index, BMD: bone mineral density; CVD: cardiovascular disease.

24 #: P-trend (1999-2006): adjusted for sex, age, race, education level, family annual income, watch TV time per day, and physical activity level.

25 a: For heart rate, VO,max and low CVD fitness, the changes were from 1999-2000 to 2003-2004.

26 All statistics were weighted and shown as mean (95% confidence interval) or T percentage (95% confidence interval).

27 --: Not available.
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DISCUSSION

Using nearly 20 years of nationally representative U.S. data from NHANES, we found
the overall prevalence of sarcopenia remained stable between 1999 and 2006. However,
stratification analyses revealed sarcopenia increased considerably among non-Hispanic
blacks from 1999 to 2006. Obesity and central obesity significantly increased from 1999 to
2006. As anticipated, sarcopenia and its metrics increased accordingly in young people.

Sarcopenia and obesity have common environmental risk factors, including over-
nutrition, metabolic disorders, and a sedentary lifestyle.3! Obesity can lead directly to loss of
muscle mass and strength,3? and is commonly accompanied with a reduction in physical
activity and the promotion of metabolic disorders, which in turn, accelerates abnormal
distribution of fat mass and initiates the process of sarcopenia.>* Our study reveals an
increasing trend in obesity prevalence across all three age groups. A significant elevation in
the prevalence of sarcopenia from 1999 to 2006 was observed in the young (18-39 years) age
group. The peak period of skeletal muscle mass is around 20 years old which begins to
decreases at around 30 years old.3* The peak period of muscle strength lags nearly 10-years
behind the peak period of muscle mass and starts to decline at around 50 years old.?> The
speed of declination of muscle strength is 2 to 5 times faster than that of muscle mass over
the same period of time.>* However, it is still unclear whether muscle mass reduction at a
young age would further accelerate muscle strength loss and ageing related health issues.
Observational studies reported a linearly positive association between muscle mass and
strength in both middle aged and elderly people.3’-3° This indicates the higher the amount of
muscle mass acquired during a young age may protect adults from the early onset of
sarcopenia. Therefore, it may be beneficial for prevention and intervention strategies to pay
more attention to increasing muscle mass in both young and old populations.

We did not observe significant sex differences over time in relation to sarcopenia
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prevalence. From 1999 to 2006, sarcopenia prevalence decreased in men but not in women.
Previous evidence is controversial and inconsistent. Michele ef al. compared 195 women
aged 64 to 93 years old and 142 men aged 64 to 92 years old, they found a higher prevalence
of sarcopenia in men than in women;*® while in the Fifth Korea National Health and Nutrition
Examination Survey, sarcopenia was more prevalent in women.*! Women have less absolute
and relative muscle mass than men*? in biology. Besides natural differences in skeletal
muscle between men and women, such as the amount of muscle mass, muscle capillary
density, and muscle fiber type,* physical activity might be a potential cause for sex
differences in sarcopenia prevalence.** In our study, most women had lower self-reported
levels of physical activity than men. The amount of physical activity in men gradually
increased, whereas it decreased in women over time. Another critical factor is age-related
changes in the gonadal function and sex hormones regulating muscle mass distribution.
Evidence suggested lower serum testosterone levels in elderly men contributes to muscle
weakness.*> Men experience a gradual decrease in knee extensor and handgrip strength
between 20 and 80 years of age, whereas, women experience a steep decline after the age of
55 (menopausal age).* 47 Although it is not clear whether age-related changes in the gonadal
function directly regulate physical activity in humans, animals after gonadectomy can cause a
dramatical decline in spontaneous physical activity.*® Thus, sex differences might be pivotal
in understanding the process of sarcopenia and aging, understanding why each sex remains
“muscle healthy” throughout their lifespan could open new avenues to prevent and treat
sarcopenia and the ageing process.

We also detected an increased trend of sarcopenia prevalence, from 1.12% in 1999 to
26.4% in 2006, in non-Hispanic black people, while the prevalence was stable in non-
Hispanic Whites, Mexican Americans and other racial groups over time. Racial differences in

muscle mass have been reported in previous studies. Evidence has shown African-Americans
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have significantly higher skeletal muscle/adipose tissue-free body mass ratio than other races,
although the difference was very small.* Mahbubur and Abbey reported black women had
greater levels of total and regional lean mass than White and Hispanic women, while
Hispanic women had even lower values than white women after assessment of body
composition of 708 healthy black, white, and Hispanic women aged 1633 years using DXA
analysis.>® According to the NHANES III bioelectrical impedance data, the amount of fat-free
mass in Mexican-Americans was lower than in non-Hispanic Blacks, which was lower than
in non-Hispanic Whites.3! The underlying mechanism of racial differences is still unclear and
warrants further investigation.

There are several limitations of this study. First, we only accessed 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 sarcopenia in
women may be underestimated because we used a height adjusted definition of sarcopenia’?
which is potentially problematic in identifying participants with sarcopenic obesity.>?
However, if we had used the weight-adjusted definition, people classified as having
sarcopenia would have had higher BMI values compared with those without sarcopenia.>*
Third, physical activity data was self-reported therefore bias may be a factor. Recent research
on self-reported levels of physical activity indicated individuals in the U.S. tended to have
differing perceptions of activity levels, overestimating their time spent exercising compared
to Europeans.> Future studies should apply objective measures to muscle strength and

physical activity to accurately evaluate sarcopenia prevalence.

CONCLUSIONS
Using data from the representative NHANES surveys covering nearly 20 years of data

from 1999 to 2006, there was a youth-oriented tendency of prevalence of sarcopenia from
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1999 to 2006 among U.S. adults. Sarcopenia prevalence significantly decreased in men but

not in women from 1999 to 2006. Together with an increase in obesity and central obesity,

oNOYTULT D WN =

elevations of sarcopenia in non-Hispanic blacks and young people were observed. It is
10 recommended to control body fat ratio and develop good habit of keeping resistant and
moderate physical activity to prevent sarcopenia both for young and elderly people. The

15 continued high prevalence of sarcopenia and obesity is an important public health concern.
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Figure Legends

Figure 1. Prevalence of obesity stratified by sex (A), age (B) and race groups (C) from 1988
to 2006 in the NHANES surveys

Figure 2. Distribution of body compositions, including SMI (A), WC (B), BMD (C), and
TPF (D) by sex, age and race group from 1999 to 2006

21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 23



Page 23 of 23 BMJ Open

>
s
=3
-
o0

01999-2000 ©2001-2002 ©2003-2004 ©2005-2006 [©1999-2000 ©2001-2002 B2003-2004 B2005-2006

oNOYTULT D WN =

40

35
30
25
20
15
10

18-39 yrs 40-59 yrs =60 yrs

Prevalence (95% CI) of obesity 9

W

Prevalence (95%CI) of obesity

=

Men ‘Women
16

0

17 50 - 01999-2000 @2001-2002 02003-2004 @2005-2006
45

40

35

30

25 1
20 + 1
15

10

S

Non-Hispanic white Hon-Hispanic black Mexican American Other Hispanic Others

N
=
Prevalence (95% CI) of obesity

% Prevalence of obesity stratified by sex (A), age (B) and race groups (C) from 1988 to 2006 in the NHANES
surveys

31 382x255mm (200 x 200 DPI)

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

A
2.0
01999-2000 £12001-2002 020032004 020052006
85
B
® 380
s
s
Z
§70
s
=
) ’Tm
6.0
Men Women  18-39yrs  40-59yrs  >60yrs Non-HispanicHon Hispanic ~Mexican Other Others
i " i ‘white black American Hispanic
Sex Age Race
B
105
019992000 020012002 020032004 ©2005-2006
100
v
z
s
2 95
o)
8
g
=~ 9
=
s
=
85
80
Men ‘Women 18-39yrs  40-59yrs >60 yrs Non-Hispanic Hon-Hispanic  Mexican Other Others
‘white black American Hispanic
Sex Age Race
c
13
019992000 ©2001-2002 020032004 020052006
13
8
=
2 12
=)
3
3}
2 12
n
4
E 11
=
11
1.0
Men Women (18- #-8yx  zghyn NewHipulcHonHipmd Merican onm Others
o 77T white black  American  Hispanic
Sex Age Race
D
41
39 } {_ 01999-2000 02001-2002 02003-2004 @2005-2006
E o}
s
2 3
1%}
2
PR
<
£ 31 f
b
=
29
25
Men Women 18-39yrs  40-39yrs  >60yrs  Non-Hispanic Hon Hispan exican Others
. e black Amelitﬂn H.lspulllt
Sex Age Race

Distribution of body compositions, including SMI (A), WC (B), BMD (C), and TPF (D) by sex, age and race
group from 1999 to 2006

127x226mm (200 x 200 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 23



BMJ Open

BM) Open

Prevalence and Temporal Trends of Pre-sarcopenia Metrics
and Related Body Compositions from a longitudinal data of

1999-2006 NHANES survey

Journal:

BMJ Open

Manuscript ID

bmjopen-2019-034495.R1

Article Type:

Original research

Date Submitted by the
Author:

26-Feb-2020

Complete List of Authors:

Li, Jibin; Sun Yat-sen University Cancer Center, Department of Clinical
Research; Sun Yat-sen University State Key Laboratory of Oncology in
South China

Wu, Yuwan; Xinhua Hospital Affiliated to Shanghai Jiaotong University
School of Medicine

Gu, Dantong; Fudan University School of Public Health, Department of
Bio-statistics

Li, Huajun; Xinhua Hospital Affiliated to Shanghai Jiaotong University
School of Medicine, Department of Pediatrics

Zhang, Xi; Xinhua Hospital Affiliated to Shanghai Jiaotong University
School of Medicine, Clinical Research Unit

<b>Primary Subject
Heading</b>:

Epidemiology

Secondary Subject Heading:

Epidemiology

Keywords:

Body Composition, PUBLIC HEALTH, EPIDEMIOLOGY

<

o

RONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 30

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/

oNOYTULT D WN =

10
11

12
13

14

15

16

17

18

19
20

21

22

23

24

25

BMJ Open Page 2 of 30

Prevalence and Temporal Trends of Pre-sarcopenia Metrics and Related Body

Compositions from a longitudinal data of 1999-2006 NHANES survey

Ji-Bin Li !, Yu-Wan Wu 2, Dan-Tong Gu 3, Hua-Jun Li %%, Xi Zhang +*
Affiliations:

1. Department of Clinical Research, Sun Yat-sen University Cancer Center; State Key
Laboratory of Oncology in Southern China; Collaborative Innovation Center for

Cancer Medicine, Guangzhou 510060, China.
2. Department of Pediatrics, Xin Hua Hospital, Shanghai Jiao Tong University
School of Medicine, Shanghai, China

3. Department of Bio-statistics, School of Public Health, Fudan University, Shanghai,
China.

4. Clinical Research Unit, Xin Hua Hospital, Shanghai Jiao Tong University School of
Medicine, Shanghai, China.

Short title: Trends of Pre-sarcopenia Metrics among U.S. Adults

* Corresponding author
Correspondence to
Xi Zhang, PhD

Clinical Research Unit, Xin Hua Hospital, Shanghai Jiao Tong University School of
Medicine, 1665 Kongjiang Road, Kejiao Building 233B, Shanghai, China 200092.

Tel: +86-021-2507-7482;
Fax: +86-021-2507-7480;

E-mail: zhangxi@xinhuamed.com.cn

Huajun Li, PhD

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 3 of 30

oNOYTULT D WN =

26
27

28

29

30

31

BMJ Open

Department of Pediatrics, Xin Hua Hospital, Shanghai Jiao Tong University School of
Medicine, No. 1665 Kongjiang Road, Shanghai, China 200092.

Tel: +86-021-2507-6794;

E-mail: lihuajun@xinhuamed.com.cn

Word count: 2827

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

BMJ Open

Abstract

Objective: Evaluate the prevalence and temporal trends of pre-sarcopenia and related body
compositions.

Study design and Setting: This is an analysis study of the longitudinal data from 1999-2006
National Health and Nutrition Examination Survey (NHANES).

Methods: Presarcopenia was defined according to 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 compositions.

Participants: A total of 29,947 participants aged 18 - 90 years from five waves of the
NHANES were included in the analysis.

Outcome measures: Pre-sarcopenia was sex-specifically defined as having a skeletal mass
index < 7.26 kg/m? in men and < 5.5 kg/m? in women. Body compositions, including total
body fat percentage, total body fat mass, total lean body mass, appendicular skeletal muscle
mass (ASM) and bone mineral density (BMD) were measured by dual energy X-ray
absorptiometry.

Results: The overall prevalence of pre-sarcopenia ranged from 16.4% in 1999-2000 to 14.8%
in 2005-2006 (P for trend=0.78). Pre-sarcopenia were stable in both males (P for trend=0.36)
and females (P for trend=0.20). Pre-sarcopenia prevalence was significantly elevated among
18 — 39 years age group (from 11.3% to 14.1%, P for trend = 0.04) and among non-Hispanic
blacks (from 6.2% to 20.6%, P for trend < 0.001). Adults aged = 80 years old had the
highest prevalence.

Conclusions: The prevalence of pre-sarcopenia has a trend toward youth, and remained
stable over time. Non-Hispanic black has an increasing trend over time.

Keywords: Pre-sarcopenia Metrics; Body Composition; Temporal Trends.
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Strengths and limitations of this study

We used the longitudinal data from nationally representative population-based surveys of
the NHANES (1999-2006).

Body composition were measured by the golden standard of dual energy X-ray
absorptiometry.

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

The prevalence of pre-sarcopenia in women may be underestimated when used a height
adjusted definition of pre-sarcopenia.

Reporting bias may exist due to self-reported physical activity data.
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INTRODUCTION

According to the 2010 European Working Group on Sarcopenia in Older People
(EWGSOP), sarcopenia is defined as a cluster of geriatric conditions characterized by
progressive and generalized 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 pre-sarcopenia (52.7% in men and 25.3% in female) and sarcopenia (20.7% in
men and 15.3% in female) among adults aged 55 years and older are high, affecting about 30-
40% of those in long-term care.[2] It has been conservatively estimated that sarcopenia 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 is a variety of but no consensus definition for sarcopenia, and its
prevalence is highly dependent on the diagnostic criteria used in the study. Among all three
components of sarcopenia based on EWGSOP, muscle mass, muscle strength, and performance,
muscle mass play a critical role in the progress of sarcopenia, and low muscle mass has been
identified as pre-sarcopenia. Sarcopenia, especially low skeletal muscle is mainly caused by
aging, decreased physical activities,[4] malnutrition,[S 6] and endocrine and metabolic
disorders.[7] These factors directly contribute to a loss of muscle mass,[8] influencing the
muscle strength and performance, leading to a lower metabolic rate and reduced physical
activity which often causes fat gain. The gained fat might mechanically result in a further loss
of muscle mass and strength via cytokine protein catabolism[9] and insulin resistance.[10] Thus,
sarcopenia and its effects can be part of a spiraling process of declining health.

Obesity and sedentary lifestyle play key roles in the development of age-related muscle
reduce. Sarcopenic obesity, defined as lose in lean body mass but preservation or even increase
in body fat mass, is one of the conditions which has serious health implications. Recent data

reported that obesity is affecting more people at a younger age due to physical inactivity.[11]
5
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Therefore, it is reasonable to hypothesize that the prevalence of pre-sarcopenia has increased
accordingly. Currently, there is a lack of evidence to support this statement. Numerous studies
have confirmed that sarcopenia increases the risk of 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 (CVD),[24 25] and mortality,[26] all of which
place considerable health and economic burden on public health care services. Thus, it is
important to depict the prevalence and trends of pre-sarcopenia and related body compositions
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 prevalence and temporal trends of pre-

sarcopenia metrics and related body compositions among adults in the United States (U.S.)
from 1999 to 2006 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 civilian non-
institutionalized persons in the U.S..[27] This analytical study involved participants aged 18
years and older from the NHANES cohort of four consecutive cycles: 1999-2000 (n=3,559),
2001-2002 (n=4,047), 2003-2004 (n=3,771), and 2005-2006 (n=3,071). All NHANES
protocols were approved by the National Center for Health Statistics Research ethics review
board. All participants provided written informed consent.
Body component measurements and pre-sarcopenia

Physical examinations were conducted in mobile examination centers. Weight in

kilograms, height in centimeters, and waist circumference (WC) in centimeters were measured

6
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using standardized techniques and equipment. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared. 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 the dual energy X-ray absorptiometry (DXA) in
the four surveys from 1999 to 2006. Skeletal muscle mass index (SMI) was calculated as ASM
divided by height squared (kg/m?). Pre-sarcopenia was sex-specifically defined as having a
SMI < 7.26 kg/m? in men and < 5.5 kg/m? in women.[30]
Cardiovascular fitness

Cardiovascular fitness was examined using treadmill test. Participants were assigned to
one of eight protocols, according to their gender, age, BMI, and self-reported levels of physical
activity. Each protocol included a 2-minute warm-up, two 3-minute exercise stages, and a 2-
minute cool-down period [31]. The goal of each protocol was to elicit a heart rate that was
approximately 80% of the age-predicted maximum (220-age) by the end of the second exercise
stage. The heart rate was monitored continuously via 4 electrodes connected to the trunk and
abdomen of the participant, and it was recorded at the end of warm-up, each exercise stage,
and each minute of recovery. VO2max (mL/kg/minute) was estimated by extrapolation to an
expected age-specific maximal heart rate by using measured heart rate responses to the two 3-
minute exercise stages [32, 33].
Physical activity and social-demographic factors

Participants’ sex, age, race, education level, annual household income, time spent

watching television per day, and level of physical activity were collected by household
interviews. Age was grouped into three categories: 18 to 39 years old, 40 to 59 years old, and

60 years or older. Race was classified as non-Hispanic white, non-Hispanic black, Mexican
7
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American, and others. Educational level was categorized into < high school graduate, high
school graduate/general equivalency diploma, or > college. Time spent watching TV per day
was grouped into < 2h, 2—4h, or > 4h. Annual household income was grouped into < $25000,
$25000 to $55000, or > $55000. 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, were shown as
unweighted frequency and weighted percentage with 95% confidence interval. Weighted
mean and corresponding 95% confidence intervals of body weight, BMI and obesity, WC and
central obesity, total body fat percentage, total lean body mass, ASM, SMI, BMD were
calculated, and mean changes with 95% confidence intervals (CI) of all these variables from
1999-2000 to 2005-2006 were calculated.

The age- and sex-adjusted prevalence of pre-sarcopenia was calculated for four survey
cycles from 1999-2000 to 2005-2006 among overall sample and the subgroups by sex, age,
race, education level, annual household income, time spent watching TV per day, and
physical activity level. The interactions between different groups were compared using chi-
square tests. The temporal trends of pre-sarcopenia prevalence and body compositions among
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 continuous (ordered categorical) independent variable.

Sampling weights were used to account for unequal probabilities of selection and
nonresponses for all analyses, thereby providing estimates representative of the civilian, non-

institutionalized U.S. population. All statistical analyses were performed using SAS for
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windows version 9.4 (SAS Institute, Cary, NC, USA). A two-sided P < 0.05 was considered
as 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 3,559 from 1999-2000,
4,047 from 2001-2002, 3,771 from 2003-2004, and 3,071 from 2005-2006 (Table 1).
Distribution of participants’ characteristics in the four survey cycles were comparable. In 1999-
2000, 49.6% were women, 19.5% were 60 years or older, and 71.7% were Non-Hispanic white.

The proportion of those with a vigorous physical activity level showed a significantly decreased

trend from 1999 to 2006 (p <0.001).
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Characteristics

No. weighted (%)

1999-2000 (1 = 3559)

2001-2002 (n = 4047)

2003-2004 (n = 3771)

2005-2006 (2 =3071)

Sex
Men

Women
Age group, mean (SD) [95%CI]
18 — 39 yrs
40 — 59 yrs
60— 79yrs
>80 yrs
Race
Non-Hispanic white
Non-Hispanic black
Mexican American
Others
Education level
< High school graduate
High school graduate/GED
> College
Family annual income
< $25000
$25000 — $55000
> $55000
Watching TV time per day, mean (SD)
[95%CI]
<2h
2-4h
>4h
Physical activity level
Moderate or below
Vigorous
Body mass index
Normal or below (< 25 kg/m?)

1829 (50.4) [48.4, 52.5]

1730 (49.6) [47.5, 51.7]
43.3(0.5) [42.1, 44.4]
1493 (47.3) [44.7 49.9]
964 (33.2) [31.1 35.4]
913 (17.1) [14.7, 19.4]
189 (2.4) [1.9, 2.8]

1513 (71.7) [65.5, 77.9]
642 (9.5) [6.25, 12.8]
1082 (6.6) [3.6, 9.5]
322 (12.2) [5.8, 18.6]

1408 (23.6) [20.4, 26.7]
840 (26.4) [22.4, 30.4]
1302 (50.0) [45.8, 54.2]

1452 (36.7) [29.6, 43.8]
902 (30.8) [26.8, 34.8]
731 (32.5) [26.7, 38.2]

2.34 (0.03) [2.28, 2.41]

621 (19.5)[17.7, 21.6]
2072 (68.3) [66.7, 69.9]
428 (12.2) [10.7, 13.8]

888 (44.0) [40.1, 47.8]
1013 (56.0) [52.2, 59.9]

1351 (40.1) [36.3, 43.9]

2106 (50.0) [48.6, 51.3]

1941 (50.0) [48.7, 51.4]
43.6 (0.5) [42.5, 44.7]
1704 (44.0) [39.9, 48.1]
1217 (38.2) [34.8, 41.7]
887 (15.2) [13.8, 16.7]
239 (2.6) [2.1, 2.0]

2014 (72.4) [67.5, 77.4]
785 (10.1) [6.9, 13.2]
960 (7.7) [5.7, 9.7]
288 (9.8) [5.8, 13.9]

1300 (19.2) [17.0, 21.4]
980 (25.5) [23.3, 27.7]
1763 (55.3) [51.9, 58.7]

1479 (29.7) [27.1, 32.3]
1163 (30.9) [27.5, 34.3]
1133 (39.4) [35.6, 43.1]

2.31 (0.04) [2.24, 2.39]

606 (19.8) [17.9, 21.6]
2215 (63.2) [61.4, 65.2]
674 (17.0) [15.6, 18.4]

1236 (51.0) [47.0, 55.0]
1253 (49.0) [45.0, 53.0]

1617 (39.6) [38.0, 41.2]
10

1932 (49.5) [47.5, 51.6]

1839 (50.5) [48.4, 52.6]
44.2 (0.6) [43.0, 45.4]
1592 (42.4) [38.5, 46.3]
1015 (38.0) [34.7, 41.3]
915 (16.7) [15.1, 18.3]
249 (2.9) [2.2. 3.5]

1915 (73.2) [65.9, 80.5]
796 (10.5) [6.6, 14.3]
799 (7.7) [3.7, 11.7]
261 (8.7) [6.3, 11.0]

1114 (17.8) [15.0, 20.5]
978 (26.9) [24.7, 29.1]
1675 (55.3) [52.0, 58.7]

1518 (30.6) [26.7, 34.3]
1081 (32.0) [27.5, 36.5]
958 (37.4) [32.2, 42.7]

2.16 (0.05) [2.06, 2.27]

634 (22.0) [19.3, 24.8]
2040 (64.7) [61.5, 67.9]
542 (13.3) [10.7, 15.9]

1451 (61.5) [58.4, 64.6]
963 (38.5) [35.5, 41.6]

1389 (36.6) [34.6, 38.6]
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1574 (49.7) [48.0, 51.5]
1497 (50.3) [48.5, 52.0]
41.4 (0.4) [40.5, 42.4]
1540 (44.9) [41.9, 47.8]
1067 (43.8) [41.6, 46.4]
464 (11.3) [9.3, 13.3]

1321 (71.1) [65.1, 77.1]
128 (5.1) [3.4, 6.9]
746 (8.90) [6.3, 11.5]
876 (14.8) [10.9, 18.8]

662 (15.5)[11.9, 19.2]
618 (24.5) [22.1, 26.9]
1363 (60.0) [55.2, 64.9]

920 (20.9) [17.6, 24.2]
934 (30.6) [27.2, 34.1]
1097 (48.5) [43.6, 53.5]

2.07 (0.05) [1.97, 2.17]

545 (22.5) [20.8, 24.2]
1674 (66.8) [65.0, 68.5]
354 (10.7) [8.49, 13.0]

1066 (54.0) [51.0, 57.0]
1027 (46.0) [43.1, 49.0]

1089 (36.6) [33.1, 40.2]
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1289 (35.5)[32.7,38.3] 1494 (36.7) [34.2,39.3] 1348 (35.8) [32.9, 38.6]
914 (24.4)[21.3,27.5] 936 (23.7) [21.3, 26.0] 1034 (27.6) [24.7, 30.5]

1054 (34.1) [32.4, 35.9]
928 (29.3) [25.8, 32.7]
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z 189  Prevalence and temporal trends of pre-sarcopenia from 1999 to 2006

5

6 190 The overall age- and sex-adjusted prevalence of pre-sarcopenia ranged from 16.4% (95%
7

8 191  CI: 18.1%, 21.4%) in 1999-2000 to 14.8% (95% CI: 14.9%, 20.2%) in 2005-2006 (P for trend
9

1(1) 192 =0.78) (Table 2).

:g 193 The age- and sex-adjusted prevalence of pre-sarcopenia in men decreased from 22.7% (95%
14

15 194  CI: 20.3%, 25.2%) in 1999-2000 to 12.3% (95% CI: 10.6%, 14.3%) in 2005-2006 (P for trend
17195 = 0.36); while in women, the prevalence went from 20.0% in 1999-2000 to 17.7% in 2005-
19" 196 2006 (P for trend = 0.20). Sex differences were the largest in 2005-2006, 12.3% for men vs.
52 197 17.7% for women (P < 0.001). There were also racial differences of pre-sarcopenia prevalence
24 198  as well as temporal trend. It significantly increased from 6.2% in 1999-2000 to 20.6% in 2005-
26 199 2006 among non-Hispanic blacks (P for trend < 0.001), but remained stable among non-
29 200  Hispanic whites (P for trend = 0.84) and Mexican Americans (P for trend = 0.54) from 1999
31 201 to 2006. Participants aged > 80 years and 60 — 79 years had a significantly higher prevalence
33 202  of sarcopenia in the four survey cycles from 1999-2004 compared to those aged 18-39 years
203  old and 40-59 years old. In three survey cycles of 1999-2000, 2001-2002, and 2003-2004,
38 204  participants who had vigorous physical activity levels were more likely to have relatively lower
40 205 prevalence of pre-sarcopenia compared to the lowest categories (p values < 0.01). In addition,
206  participants with higher family annual income had a lower prevalence of pre-sarcopenia in
45 207  survey cycles of 2001-2002 and 2003-2004. In all four survey cycles, participants with BMI <
47 208 25 kg/m2 has a relatively higher prevalence of pre-sarcopenia as compare with overweight and

42 209  obese participants.
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Table 2. Prevalence (95% Cls) and temporal trends of pre-sarcopenia in the NHANES surveys from 1999 to 2006

Characteristics

1999-2000 (n=3550)

2001-2002 (n=3987)

2003-2004 (n=3745)

2005-2006 (n=3062)

P-value for trend #

Overall
Sex
Men
Women
P for sex
Age group
18 -39 yrs
40 — 59 yrs
60 — 79 yrs
>80 yrs
P for age group
Race
Non-Hispanic white
Non-Hispanic black
Mexican American
Others
P for Race
Education level,
< High school graduate
High school graduate or GED
> College
P for education
Family annual income
< $25000
$25000 — $55000
> $55000
P for income
Watching TV time per day
<2h
2-4h
>4h
P for watching TV time
Physical activity level
Moderate or below

16.4 (15.3, 17.6)

22.7(20.3,25.2)
20.0 (17.9, 22.3)
0.45

11.3 (9.1, 14.0)
15.1 (12.9, 17.5)
22.3 (19.0, 26.1)
45.1 (38.7, 51.6)
<0.001

22.8 (21.3,24.5)
6.2 (4.2,8.9)
20.5 (17.3, 24.3)
22.3(15.1, 31.6)
<0.001

20.7 (17.5, 24.4)

21.3 (18.2, 24.7)

21.6 (19.2, 24.4)
0.88

23.0 (20.0, 26.3)

19.7 (16.7,23.2)

18.5 (15.1,22.6)
0.17

23.0 (17.6, 29.5)

20.4 (18.8,22.2)

24.8(19.2,31.4)
0.42

20.3 (17.5, 23.5)
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16.4 (14.0, 19.1)

19.7 (15.9, 24.2)
21.4 (17.7,25.5)
0.23

13.5 (10.6, 17.0)
12.1 (9.9, 14.7)
23.7 (187, 29.6)
40.1 (31.8, 49.0)
<0.001

20.5(17.5,23.9)
10.8 (7.2, 15.8)
20.9 (16.4,26.2)
31.0 (23.1, 40.2)
<0.001

21.1 (14.9, 28.9)

22.0 (17.6, 27.1)

19.4 (16.5,22.7)
0.22

24.5(18.5,31.7)

20.9 (17.0, 25.4)

15.4(11.4,20.4)
0.005

21.1 (18.4,24.2)

21.5(17.9,25.7)

20.5 (16.3, 25.6)
0.68

23.4(19.2,28.1)

13

17.9 (16.2, 19.7)

21.2(18.8,23.7)
23.0(19.8, 26.6)
0.23

14.9 (12.8, 17.3)
14.2 (11.6, 17.2)
23.6 (20.3,27.2)
42.0 (36.2, 48.0)
<0.001

22.9 (20.3, 25.6)
8.6 (5.8, 12.5)
20.9 (17.1, 25.3)
32.7 (26.6, 38.0)
<0.001

22.7(19.1, 26.7)

21.2 (19.0, 23.5)

22.3(18.9, 26.1)
0.57

26.2(23.5,29.2)

22.1(18.2,26.5)

16.9 (13.1,21.5)
<0.001

19.7 (14.8, 25.7)

23.3(21.1, 25.6)

23.5(18.9, 28.9)
0.08

22.2(18.7,26.1)

14.8 (13.0, 16.8)

12.3 (10.6, 14.3)
17.7 (14.9, 20.9)
<0.001

14.1 (11.8, 16.8)
12.9(11.0, 15.2)
17.7 (14.4,21.5)

0.05
15.9 (13.8 (18.3)
20.6 (13.0, 31.1)
14.9 (11.7, 18.8)

6.9 (5.0, 9.6)
<0.001

16.6 (13.3, 20.5)

14.0 (11.6, 16.8)

14.4 (12.3, 16.8)
0.50

15.3 (12.5, 18.6)

14.3 (11.6, 17.4)

14.9 (12.5, 17.7)
0.80

143 (11.2, 18.1)

14.5 (12.0, 17.3)

13.6 (10.8, 16.9)
0.95

14.7 (11.7, 18.3)

0.78

0.36
0.20

0.04
0.25
0.38
0.64

0.84
<0.001
0.54
0.13

0.34
0.47
0.59

0.51
0.77
0.94

0.48
0.76
0.17

0.35
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1

2

3 Vigorous 15.2 (12.1, 18.8) 15.3(11.9,19.3) 16.4 (13.1,20.4) 12.7 (9.8, 16.3) 0.15
4 P for physical activity level 0.001 <0.001 0.002 0.38

5 Body mass index

6 Normal or below (< 25 kg/m?) 50.7 (45.3,56.1) 49.7 (42.1, 57.3) 56.4(50.4, 62.3) 41.4 (36.0, 46.9) 0.42
7 Overweight (25.0-29.9 kg/m?) 5.4 (3.8,7.8) 59 (4.1, 8.5) 7.2(5.9, 8.8) 4.8 (3.4,6.7) 0.08
8 Obesity (> 30 kg/m?) 0.4 (0.2, 1.0) 0.3 (0.1, 1.2) 0.2 (0.1, 0.9) -- 0.30
9 P for body mass index <0.001 <0.001 <0.001 <0.001

10 211 Pre-sarcopenia was defined according to dual energy X-ray absorptiometry (DXA) criteria; GED, general equivalency diploma.
N o1 #. P-trend (1999-2006): adjusted for sex, age, race, education level, family annual income, watch TV time per day, and physical activity level in
213 logistic regression models.

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

BMJ Open

Body Compositions

The average bodyweight across all participants significantly increased from 76.8 kg (95%
CI: 75.6,77.9) in 1999-2000 to 78.9 kg (95% CI: 77.4, 80.4) in 2005-2006 (P for trend =0.010),
with an average increase of 2.11 kg (95%CI: 0.28, 3.93 kg) (Table 3). Correspondingly, the
prevalence of obesity significantly increased from 24.3% (95%CI: 21.2%, 27.4) to 29.3%
(95%CI: 25.8%, 32.7%) in the overall population (P for trend = 0.023), and from 20.8% (95%
CI: 17.9%, 23.7%) t0 27.6% (95% CI: 23.0%, 32.1%) in men (P for trend=0.007), but remained
stable in women over time (from 28.0% to 30.9%, P for trend=0.229) (Table 3 and Figure
1A). After stratification by age (Figure 1B), obesity prevalence significantly increased from
25.6% to 33.8% in the 40-59 age group (P for trend=0.027), but remained stable in the other
three age groups. Similar increased trends of obesity prevalence were observed in non-Hispanic
whites (from 23.8% to 28.6%, P for trend =0.025) and others ethnical group (from 21.5% to
36.9%, P for trend =0.007), but were statistically stable in non-Hispanic blacks and Mexican
Americans (Figure 1C). And from 1999 to 2006, SMI was significantly decreased in non-
Hispanic black group, while it was significantly increased in Mexican American and others
ethnical groups (Table 3 and Figure 2A). Meanwhile, we observed a slight increase in waist
circumference (Table 3 and Figure 2B), total lean body mass (Table 3), prevalence of central

obesity (Table 3), and BMD (Table 3 and Figure 2C).
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Trends of body weight, obesity and body compositions from 1999 to 2006 in the NHANES surveys

Survey cycles

Mean change from

Characteristics P —trend * 1999-2000 to 2005-2006
1999-2000 2001-2002 2003-2004 2005-2006 (95% CI)

Weight, kg 76.8 (75.6,71.9) 76.9 (76.1,717.7) 78.3(77.5,79.0) 78.9 (77.4, 80.4) 0.010 2.11(0.28, 3.93)
BMI, kg/m? 26.9 (26.5, 27.3) 26.8 (26.6, 27.1) 27.3(27.0, 27.5) 27.5(27.0,28.0) 0.016 0.59 (-0.01, 1.20)
Overweight, % f 35.5(32.6,38.2) 36.7 (34.2, 39.3) 35.8(32.9, 38.6) 34.1(32.4,35.9) 0.25 -1.31 (-4.45, 1.83)
Obesity, % T 24.3(21.2,27.4) 23.7(21.3,26.0) 27.6 (24.7, 30.5) 29.3 (25.8,32.7) 0.023 4.92 (0.49,9.36)
Waist Circumference, cm 92.6(91.3,93.9) 93.0(92.4,93.7) 94.9 (94.3,95.5) 94.5(93.1,95.9) <0.001 1.90 (0.12, 3.67)
Central obesity, % T 39.9(35.3,44.5) 41.5 (39.3,43.8) 47.3 (44.5, 50.2) 45.1 (41.2,49.1) 0.005 5.21 (-0.60, 11.0)
Total body fat percentage, % 33.0(32.4,33.7) 32.6(32.3,32.9) 33.5(33.1, 34.0) 32.8(32.3,33.3) 0.766 -0.24 (-1.04, 0.56)
Total lean body mass, kg 49.3 (48.7, 49.8) 49.6 (49.1, 50.0) 49.8 (49.3, 50.3) 50.7 (50.0, 51.5) <0.001 1.45(0.57,2.34)
ASM, kg * 21.7(21.5,22.0) 21.7 (21.4,22.0) 21.7(21.4,21.9) 21.9(21.6,22.2) 0.986 0.16 (-0.24, 0.56)
SMI, kg/m? 7.53(7.45,7.61) 7.50(7.41,7.59 7.46 (7.38,7.54) 7.55(7.46,7.64) 0.958 0.02 (-0.09, 0.14)
BMD, g/cm? 1.12 (1.11, 1.12) 1.14 (1.13, 1.14) 1.15(1.14, 1.16) 1.17 (1.16, 1.19) <0.001 0.06 (0.04, 0.07)
Heart rate, beats/min 187 (186, 187) 186 (185, 187) 186 (185, 187) - 0.15 -0.45 (-1.57,0.66) °
VO,max, ml/kg/min 40.4 (39.1,41.8) 41.0 (40.3,41.8) 39.4 (38.6,40.2) - 0.14 -1.02 (-2.52, 0.48) @
Low cardiovascular fitness, % 16.7 (12.6, 20.7) 12.9 (11.0, 14.8) 19.7 (16.3, 23.0) - 0.51 3.03 (-1.99, 8.04) 2

ASM: Appendicular skeletal muscle mass, SMI: Skeletal muscle index, BMD: Bone mineral density;
#: P-trend (1999-2006): adjusted for sex, age, race, education level, family annual income, watch TV time per day, and physical activity level.

“: For heart rate, VO,max and low cardiovascular fitness, the changes were from 1999-2000 to 2003-2004.

All statistics were weighted and shown as mean (95% confidence interval) or T percentage (95% confidence interval).

--: Not available.
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DISCUSSION

Using nearly 20 years of nationally representative U.S. data from NHANES, we found
the overall prevalence of pre-sarcopenia remained stable between 1999 and 2006. However,
stratification analyses revealed that pre-sarcopenia increased considerably among non-
Hispanic blacks from 1999 to 2006. Obesity and central obesity significantly increased from
1999 to 2006. As anticipated, pre-sarcopenia and its metrics increased accordingly in young
people.

Sarcopenia and obesity have common environmental risk factors, including over-
nutrition, metabolic disorders, and a sedentary lifestyle.[34] Obesity can lead directly to loss
of muscle mass and strength,[35] and is commonly accompanied with a reduction in physical
activity and the promotion of metabolic disorders, which in turn, accelerates abnormal
distribution of fat mass and initiates the process of sarcopenia.[36] Our study reveals an
increasing trend in obesity prevalence across all three age groups. A significant elevation in
the prevalence of pre-sarcopenia from 1999 to 2006 was observed in the young (18-39 years)
age group. The peak period of skeletal muscle mass is around 20 years old which begins to
decreases at around 30 years old.[37] The peak period of muscle strength lags nearly 10-years
behind the peak period of muscle mass and starts to decline at around 50 years old.[38] The
speed of declination of muscle strength is 2 to 5 times faster than that of muscle mass over
the same period of time.[39] However, it is still unclear whether muscle mass reduction at a
young age would further accelerate muscle strength loss and ageing related health issues.
Observational studies reported a linearly positive association between muscle mass and
strength in both middle aged and elderly people.[40-42] This indicates the higher the amount
of muscle mass acquired during a young age may protect adults from the early onset of
sarcopenia. Therefore, it may be beneficial for prevention and intervention strategies to pay

more attention to increasing muscle mass in both young and old populations.
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We did not observe significant sex differences over time in relation to pre-sarcopenia
prevalence. From 1999 to 2006, pre-sarcopenia prevalence remained stable in both men and
women. Previous evidence is controversial and inconsistent. Michele ef al. compared 195
women aged 64 to 93 years old and 142 men aged 64 to 92 years old, they found a higher
prevalence of sarcopenia in men than in women;[43] while in the Fifth Korea National Health
and Nutrition Examination Survey, sarcopenia was more prevalent in women.[44] Women
have less absolute and relative muscle mass than men[45] in biology. Besides natural
differences in skeletal muscle between men and women, such as the amount of muscle mass,
muscle capillary density, and muscle fiber type,[46] physical activity might be a potential
cause for sex differences in sarcopenia prevalence.[47] In our study, most women had lower
self-reported levels of physical activity than men. The amount of physical activity in men
gradually increased, whereas it decreased in women over time. Another critical factor is age-
related changes in the gonadal function and sex hormones regulating muscle mass
distribution. Evidence suggested lower serum testosterone levels in elderly men contributes to
muscle weakness.[48] Men experience a gradual decrease in knee extensor and handgrip
strength between 20 and 80 years of age, whereas, women experience a steep decline after the
age of 55 (menopausal age).[49 50] Although it is not clear whether age-related changes in
the gonadal function directly regulate physical activity in humans, animals after gonadectomy
can cause a dramatical decline in spontaneous physical activity.[51] Thus, sex differences
might be pivotal in understanding the process of sarcopenia and aging, understanding why
each sex remains “muscle healthy” throughout their lifespan could open new avenues to
prevent and treat sarcopenia and the ageing process.

We also detected a considerably increased trend of pre-sarcopenia prevalence in non-
Hispanic black people, while the prevalence was stable in non-Hispanic Whites, Mexican

Americans and other racial groups over time. Racial differences in muscle mass have been
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reported in previous studies. Evidence has shown African-Americans have significantly
higher skeletal muscle/adipose tissue-free body mass ratio than other races, although the
difference was very small.[52] Mahbubur and Abbey reported black women had greater
levels of total and regional lean mass than White and Hispanic women, while Hispanic
women had even lower values than white women after assessment of body composition of
708 healthy black, white, and Hispanic women aged 1633 years using DXA analysis.[53]
According to the NHANES III bioelectrical impedance data, the amount of fat-free mass in
Mexican-Americans was lower than in non-Hispanic Blacks, which was lower than in non-
Hispanic Whites.[54] The underlying mechanism of racial differences is still unclear and
warrants further investigation.

This is a representative population-based study. This study firstly focused on the pre-
sarcopenia among adults. Also, there are several limitations of this study. First, we only
accessed 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 pre-sarcopenia in women may be underestimated because we used a height
adjusted definition of pre-sarcopenia[55] which is potentially problematic in identifying
participants with sarcopenic obesity.[56] However, if we had used the weight-adjusted
definition, people classified as having sarcopenia would have had higher BMI values
compared with those without sarcopenia.[57] Third, as physical activity data was self-
reported, reporting bias may exist. Recent research on self-reported levels of physical activity
indicated individuals in the U.S. tended to have differing perceptions of activity levels,
overestimating their time spent exercising compared to Europeans.[58] Future studies should
apply objective measures to muscle strength and physical activity to accurately evaluate

sarcopenia prevalence.
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CONCLUSIONS

Using data from the representative NHANES surveys covering nearly 20 years of data
from 1999 to 2006, there was a youth tendency on prevalence of pre-sarcopenia from 1999 to
2006 among U.S. adults. Pre-sarcopenia prevalence remains stable in both men and women
over time. Together with an increase in obesity and central obesity, elevations of pre-
sarcopenia in non-Hispanic blacks and young people were observed. It is recommended to
control body fat ratio and develop good habit of keeping resistant and moderate physical
activity to prevent sarcopenia both for young and elderly people. The continued high

prevalence of pre-sarcopenia and obesity is an important public health concern.
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Figure Legends

Figure 1. Prevalence of obesity stratified by sex (A), age (B) and racial groups (C) from 1999
to 2006 in the NHANES surveys. 95% CI: 95% confidence interval. P values refer to

temporal trend by logistic regression models.

Figure 2. Distribution of body compositions, including SMI (A), WC (B), BMD (C), and
TPF (D) by sex, age and racial groups from 1999 to 2006. SMI: Skeletal muscle index; WC:
Waist circumstance; BMD: Bone mineral density; TPF: Total percentage of body fat; 95%

CI: 95% confidence interval. P values refer to temporal trend by logistic regression models.
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Abstract

Objective: To evaluate the prevalence and temporal trends of pre-sarcopenia and related
body composition measurements.

Study design and Setting: This is an analysis study of the data from the 1999-2006 National
Health and Nutrition Examination Survey (NHANES).

Methods: Pre-sarcopenia 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 pre-sarcopenia, 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: Pre-sarcopenia was sex-specifically defined as having a skeletal mass
index < 7.26 kg/m? in men and < 5.5 kg/m? in women. Body composition measurements,
including total body fat percentage, total body fat mass, total lean body mass, appendicular
skeletal muscle mass (ASM) and bone mineral density (BMD), were obtained by dual energy
X-ray absorptiometry.

Results: The overall prevalence of pre-sarcopenia ranged from 16.4% in 1999-2000 to 14.8%
in 2005-2006 (P for trend=0.78). Pre-sarcopenia was stable in both males (P for trend=0.36)
and females (P for trend=0.20). The pre-sarcopenia prevalence was significantly elevated
among the 18- to 39-year-old age group (from 11.3% to 14.1%, P for trend = 0.04) and
among non-Hispanic blacks (from 6.2% to 20.6%, P for trend < 0.001). Adults aged > 80
years old had the highest prevalence.

Conclusions: The prevalence of pre-sarcopenia increased among young individuals over
time. Non-Hispanic blacks also demonstrated an increasing trend in the prevalence over time.

Keywords: Pre-sarcopenia Metrics; Body Composition; Temporal Trends.
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Strengths and limitations of this study

*  We used the data from the nationally representative population-based surveys of the
NHANES (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 pre-sarcopenia in women may be underestimated when using a height-
adjusted definition of pre-sarcopenia.

* Reporting bias may exist due to self-reported physical activity data.
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INTRODUCTION

According to the 2010 European Working Group on Sarcopenia in Older People
(EWGSOP), sarcopenia is defined as a cluster of geriatric conditions characterized by
progressive and generalized 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 pre-sarcopenia (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 sarcopenia 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 upon, and the prevalence of the disease is highly dependent on the diagnostic criteria
used. Among the three components of sarcopenia 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 pre-sarcopenia. Sarcopenia, especially
in the context low skeletal muscle mass, is mainly caused by ageing, decreased participation in
physical activities, [4] malnutrition, [5 6] and endocrine and metabolic disorders. [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 muscle mass and strength via
cytokine protein catabolism [9] 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 has indicated that
obesity affects more people of younger age due to physical inactivity. [11] Therefore, it is

reasonable to hypothesize that the prevalence of pre-sarcopenia has increased accordingly.
5
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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 (CVD), [24 25] and mortality, [26] all of which
place considerable health and economic burdens on public health care services. Thus, it is
important to depict the prevalence and temporal trends of pre-sarcopenia 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 prevalence and temporal trends of pre-
sarcopenia metrics and related body composition measurements among adults in the United
States (U.S.) 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-
institutionalized civilians in the U.S. [27] This analytical study involved participants aged 18
years and older from the NHANES cohort surveyed across four consecutive cycles: 1999-2000
(n=3,559), 2001-2002 (n=4,047), 2003-2004 (n=3,771), and 2005-2006 (n=3,071). All
NHANES protocols were approved by the National Centre for Health Statistics Research ethics
review board. All participants provided written informed consent.
Body component measurements and pre-sarcopenia

Physical examinations were conducted in mobile examination centres. Weight in
kilograms, height in centimetres, and waist circumference (WC) in centimetres were measured

using standardized techniques and equipment. Body mass index (BMI) was calculated as

6
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weight in kilograms 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 appendicular skeletal muscle mass
index (TASM) was calculated as the ASM divided by the height squared (kg/m?). Pre-
sarcopenia was sex-specifically defined as having a TASM < 7.26 kg/m? in men and < 5.5
kg/m? in women. [30]
Physical activity and social-demographic factors

Participants’ sex, age, race, education level, annual household income, time spent
watching television per day, and level of physical activity were collected by household
interviews. Age was grouped into three categories: 18 to 39 years old, 40 to 59 years old, and
60 years or older. Race was classified as non-Hispanic white, non-Hispanic black, Mexican
American, and others. Educational level was categorized into < high school graduate, high
school graduate/general equivalency diploma, or > college. Time spent watching TV per day
was grouped into < 2 h, 2—4 h, or > 4 h. Annual household income was grouped into <
$25000, $25000 to $55000, or > $55000. 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 percentages with 95% confidence intervals. Weighted

means and corresponding 95% confidence intervals of body weight, BMI and obesity, WC
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and central obesity, total body fat percentage, total lean body mass, ASM, TASM, and BMD
were calculated, and mean changes with 95% confidence intervals (Cls) of all these variables
from 1999-2000 to 2005-2006 were calculated.

The age- and sex-adjusted prevalence of pre-sarcopenia 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 pre-sarcopenia prevalence, obesity and
different body composition measurements, including TASM, WC, BMD, and 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 continuous (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
nonresponses for all analyses, thereby providing estimates representative of the non-
institutionalized civilian U.S. population. All statistical analyses were performed using SAS
for Windows version 9.4 (SAS Institute, Cary, NC, USA). 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 3,559 from 1999-2000,
4,047 from 2001-2002, 3,771 from 2003-2004, and 3,071 from 2005-2006 (Table 1). The

distributions of the participants’ characteristics across the four survey cycles were comparable.
8
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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).
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Table 1. Participants’ characteristics (weighted) from the NHANES surveys, 1999-2006
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Characteristics

No. weighted (%)

1999-2000 (1 = 3559)

2001-2002 (n = 4047)

2003-2004 (n = 3771)

2005-2006 (2 =3071)

Sex
Men

Women
Age group, mean (SD) [95% CI]
18 — 39 yrs
40 — 59 yrs
60— 79 yrs
>80 yrs
Race
Non-Hispanic white
Non-Hispanic black
Mexican American
Others
Education level
< High school graduate
High school graduate/GED
> College
Annual household income
< $25000
$25000 — $55000
> $55000
Time spent watching TV per day, mean
(SD) [95% C1]
<2h
2-4h
>4h
Physical activity level
Moderate or below
Vigorous
Body mass index
Normal or below (< 25 kg/m?)

1829 (50.4) [48.4, 52.5]

1730 (49.6) [47.5, 51.7]
43.3(0.5) [42.1, 44.4]
1493 (47.3) [44.7 49.9]
964 (33.2) [31.1 35.4]
913 (17.1) [14.7, 19.4]
189 (2.4) [1.9, 2.8]

1513 (71.7) [65.5, 77.9]
642 (9.5) [6.25, 12.8]
1082 (6.6) [3.6, 9.5]
322 (12.2) [5.8, 18.6]

1408 (23.6) [20.4, 26.7]
840 (26.4) [22.4, 30.4]
1302 (50.0) [45.8, 54.2]

1452 (36.7) [29.6, 43.8]
902 (30.8) [26.8, 34.8]
731 (32.5) [26.7, 38.2]

2.34 (0.03) [2.28, 2.41]

621 (19.5)[17.7, 21.6]
2072 (68.3) [66.7, 69.9]
428 (12.2) [10.7, 13.8]

888 (44.0) [40.1, 47.8]
1013 (56.0) [52.2, 59.9]

1351 (40.1) [36.3, 43.9]

2106 (50.0) [48.6, 51.3]

1941 (50.0) [48.7, 51.4]
43.6 (0.5) [42.5, 44.7]
1704 (44.0) [39.9, 48.1]
1217 (38.2) [34.8, 41.7]
887 (15.2) [13.8, 16.7]
239 (2.6) [2.1, 2.0]

2014 (72.4) [67.5, 77.4]
785 (10.1) [6.9, 13.2]
960 (7.7) [5.7, 9.7]
288 (9.8) [5.8, 13.9]

1300 (19.2) [17.0, 21.4]
980 (25.5) [23.3, 27.7]
1763 (55.3) [51.9, 58.7]

1479 (29.7) [27.1, 32.3]
1163 (30.9) [27.5, 34.3]
1133 (39.4) [35.6, 43.1]

2.31 (0.04) [2.24, 2.39]

606 (19.8) [17.9, 21.6]
2215 (63.2) [61.4, 65.2]
674 (17.0) [15.6, 18.4]

1236 (51.0) [47.0, 55.0]
1253 (49.0) [45.0, 53.0]

1617 (39.6) [38.0, 41.2]
10

1932 (49.5) [47.5, 51.6]

1839 (50.5) [48.4, 52.6]
44.2 (0.6) [43.0, 45.4]
1592 (42.4) [38.5, 46.3]
1015 (38.0) [34.7, 41.3]
915 (16.7) [15.1, 18.3]
249 (2.9) [2.2. 3.5]

1915 (73.2) [65.9, 80.5]
796 (10.5) [6.6, 14.3]
799 (7.7) [3.7, 11.7]
261 (8.7) [6.3, 11.0]

1114 (17.8) [15.0, 20.5]
978 (26.9) [24.7, 29.1]
1675 (55.3) [52.0, 58.7]

1518 (30.6) [26.7, 34.3]
1081 (32.0) [27.5, 36.5]
958 (37.4) [32.2, 42.7]

2.16 (0.05) [2.06, 2.27]

634 (22.0) [19.3, 24.8]
2040 (64.7) [61.5, 67.9]
542 (13.3) [10.7, 15.9]

1451 (61.5) [58.4, 64.6]
963 (38.5) [35.5, 41.6]

1389 (36.6) [34.6, 38.6]
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1574 (49.7) [48.0, 51.5]
1497 (50.3) [48.5, 52.0]
41.4 (0.4) [40.5, 42.4]
1540 (44.9) [41.9, 47.8]
1067 (43.8) [41.6, 46.4]
464 (11.3) [9.3, 13.3]

1321 (71.1) [65.1, 77.1]
128 (5.1) [3.4, 6.9]
746 (8.90) [6.3, 11.5]
876 (14.8) [10.9, 18.8]

662 (15.5)[11.9, 19.2]
618 (24.5) [22.1, 26.9]
1363 (60.0) [55.2, 64.9]

920 (20.9) [17.6, 24.2]
934 (30.6) [27.2, 34.1]
1097 (48.5) [43.6, 53.5]

2.07 (0.05) [1.97, 2.17]

545 (22.5) [20.8, 24.2]
1674 (66.8) [65.0, 68.5]
354 (10.7) [8.49, 13.0]

1066 (54.0) [51.0, 57.0]
1027 (46.0) [43.1, 49.0]

1089 (36.6) [33.1, 40.2]
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Overweight (25.0-29.9 kg/m?)
Obesity (> 30 kg/m?)

BMJ Open

1289 (35.5)[32.7,38.3] 1494 (36.7) [34.2,39.3] 1348 (35.8) [32.9, 38.6]
914 (24.4)[21.3,27.5] 936 (23.7) [21.3, 26.0] 1034 (27.6) [24.7, 30.5]

1054 (34.1) [32.4, 35.9]
928 (29.3) [25.8, 32.7]

--: Not available.
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Prevalence and temporal trends of pre-sarcopenia from 1999 to 2006

The overall age- and sex-adjusted prevalence of pre-sarcopenia ranged from 16.4% (95%
CI: 15.3%, 17.6%) in 1999-2000 to 14.8% (95% CI: 13.0%, 16.8%) in 2005-2006 (P for
trend = 0.78) (Table 2).

The age-adjusted prevalence of pre-sarcopenia in men was 22.7% (95% CI: 20.3%, 25.2%)
in 1999-2000 and 12.3% (95% CI: 10.6%, 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 pre-sarcopenia in women was significantly 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
pre-sarcopenia 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 to those in the other age groups,
participants aged > 80 years and 60 — 79 years had a significantly higher prevalence of pre-
sarcopenia in the four survey cycles from 1999-2006. In three of the survey cycles (1999-2000,
2001-2002, and 2003-2004), compared to those who reported moderate/low physical activity
levels, participants who reported vigorous physical activity levels were more likely to have a
lower prevalence of pre-sarcopenia (P values < 0.01). 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/m? had a

relatively higher prevalence of pre-sarcopenia than overweight and obese participants.
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Table 2. Prevalence (95% Cls) and temporal trends of pre-sarcopenia in the NHANES surveys from 1999 to 2006

Characteristics

1999-2000 (n=3550)

2001-2002 (n=3987)

2003-2004 (n=3745)

2005-2006 (n=3062)

P-value for trend #

Overall
Sex
Men
Women
P for sex
Age group
18 -39 yrs
40 — 59 yrs
60 — 79 yrs
>80 yrs
P for age group
Race
Non-Hispanic white
Non-Hispanic black
Mexican American
Others
P for Race
Education level,
< High school graduate
High school graduate or GED
> College
P for education
Annual household income
< $25000
$25000 — $55000
> $55000
P for income
Time spent watching TV per
day
<2h
2-4h
>4h
P for time spent watching TV
Physical activity level

16.4 (15.3, 17.6)

22.7(20.3,25.2)
20.0 (17.9, 22.3)
0.45

11.3 (9.1, 14.0)
15.1 (12.9, 17.5)
22.3 (19.0, 26.1)
45.1 (38.7, 51.6)
<0.001

22.8 (21.3,24.5)
6.2 (4.2,8.9)
20.5 (17.3, 24.3)
22.3(15.1, 31.6)
<0.001

20.7 (17.5, 24.4)

21.3 (18.2, 24.7)

21.6 (19.2, 24.4)
0.88

23.0 (20.0, 26.3)

19.7 (16.7,23.2)

18.5 (15.1,22.6)
0.17

23.0 (17.6, 29.5)

20.4 (18.8,22.2)

24.8 (19.2, 31.4)
0.42
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16.4 (14.0, 19.1)

19.7 (15.9, 24.2)
21.4 (17.7,25.5)
0.23

13.5 (10.6, 17.0)
12.1 (9.9, 14.7)
23.7 (187, 29.6)
40.1 (31.8, 49.0)
<0.001

20.5(17.5,23.9)
10.8 (7.2, 15.8)
20.9 (16.4,26.2)
31.0 (23.1, 40.2)
<0.001

21.1 (14.9, 28.9)

22.0 (17.6, 27.1)

19.4 (16.5,22.7)
0.22

24.5(18.5,31.7)

20.9 (17.0, 25.4)

15.4(11.4,20.4)
0.005

21.1 (18.4,24.2)

21.5(17.9,25.7)

20.5 (16.3, 25.6)
0.68

13

17.9 (16.2, 19.7)

21.2(18.8,23.7)
23.0(19.8, 26.6)
0.23

14.9 (12.8, 17.3)
14.2 (11.6, 17.2)
23.6 (20.3,27.2)
42.0 (36.2, 48.0)
<0.001

22.9 (20.3, 25.6)
8.6 (5.8, 12.5)
20.9 (17.1, 25.3)
32.7 (26.6, 38.0)
<0.001

22.7(19.1, 26.7)

21.2 (19.0, 23.5)

22.3(18.9, 26.1)
0.57

26.2(23.5,29.2)

22.1(18.2,26.5)

16.9 (13.1,21.5)
<0.001

19.7 (14.8, 25.7)

23.3(21.1, 25.6)

23.5(18.9, 28.9)
0.08

14.8 (13.0, 16.8)

12.3 (10.6, 14.3)
17.7 (14.9, 20.9)
<0.001

14.1 (11.8, 16.8)
12.9(11.0, 15.2)
17.7 (14.4,21.5)

0.05
15.9 (13.8 (18.3)
20.6 (13.0, 31.1)
14.9 (11.7, 18.8)

6.9 (5.0, 9.6)
<0.001

16.6 (13.3, 20.5)

14.0 (11.6, 16.8)

14.4 (12.3, 16.8)
0.50

15.3 (12.5, 18.6)

14.3 (11.6, 17.4)

14.9 (12.5, 17.7)
0.80

14.3 (11.2, 18.1)

14.5 (12.0, 17.3)

13.6 (10.8, 16.9)
0.95

0.78

0.36
0.20

0.04
0.25
0.38
0.64

0.84
<0.001
0.54
0.13

0.34
0.47
0.59

0.51
0.77
0.94

0.48
0.76
0.17
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Moderate or below

Vigorous

P for physical activity level

Body mass index

Normal or below (< 25 kg/m?)
Overweight (25.0-29.9 kg/m?)
Obesity (> 30 kg/m?)

20.3 (17.5, 23.5)
15.2 (12.1, 18.8)
0.001

50.7 (45.3, 56.1)
5.4(3.8,7.8)
0.4 (0.2, 1.0)

BMJ Open

23.4(19.2,28.1)
15.3 (11.9, 19.3)
<0.001

49.7 (42.1,57.3)
5.9(4.1,8.5)
0.3(0.1,1.2)

<0.001

22.2(18.7,26.1)
16.4 (13.1,20.4)
0.002

56.4 (50.4, 62.3)
7.2(5.9,8.8)
0.2(0.1,0.9)

<0.001

14.7 (11.7, 18.3)
12.7 (9.8, 16.3)
0.38

41.4 (36.0, 46.9)
4.8 (3.4,6.7)

<0.001

0.35
0.15

0.42
0.08
0.30

10 P for body mass index <0.001

11 198 --: Not available.

12 199 Pre-sarcopenia was defined according to dual energy X-ray absorptiometry (DXA) criteria: GED, general equivalency diploma.

13 200 #. P-value for trend (1999-2006) was calculated by using logistic regression models adjusted for sex, age, race, education level, annual household income,
201 time spent watching TV per day, and physical activity level.

202 P-values for the differences between groups in each survey cycle were obtained by the chi-squared test.
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Body Composition Measurements

The average body weight across all participants significantly increased from 76.8 kg (95%
CI: 75.6,77.9) in 1999-2000 to 78.9 kg (95% CI: 77.4, 80.4) in 2005-2006 (P for trend =0.010),
with an average increase of 2.11 kg (95% CI: 0.28, 3.93 kg) (Table 3). Correspondingly, the
prevalence of obesity significantly increased from 24.3% (95% CI: 21.2%, 27.4%) to 29.3%
(95% CI: 25.8%, 32.7%) in the overall population (P for trend = 0.023) and from 20.8% (95%
CI: 17.9%, 23.7%) to 27.6% (95% CI: 23.0%, 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 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). Meanwhile, we observed
a slight increase in waist circumference (Table 3 and Figure 2B), total lean body mass (Table

3), prevalence of central obesity (Table 3), and BMD (Table 3 and Figure 2C).
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Table 3. Trends in body weight, obesity and other body composition measurements from 1999 to 2006 in the NHANES surveys

Survey cycles Mean change from

Characteristics P-value for—1499.3000 to 2005-2006
1999-2000 2001-2002 2003-2004 2005-2006 trend (95% CI)
Weight, kg 768(75.6,77.9)  769(76.1,77.7)  7183(77.5,79.0)  78.9(77.4,80.4)  0.010 2.11(0.28,3.93)
BML, kg/m? 269(26.5,273)  268(26.6,27.1)  273(27.0,27.5)  27.5(27.0,28.0)  0.016 0.59 (-0.01, 1.20)
Overweight, % ' 355(32.6,382)  36.7(342,393)  358(32.9,386)  34.1(324,359) 025 -1.31 (445, 1.83)
Obesity, % ' 243 (212,274)  23.7(213,260)  27.6(24.7,30.5)  293(258,327)  0.023 4.92 (0.49,9.36)
Waist Circumference, cm 92.6(91.3,93.9)  93.0(92.4,93.7)  94.9(94.3,955)  945(93.1,959)  <0.001 1.90 (0.12,3.67)
Central obesity, % ' 39.9(353,44.5)  41.5(393,43.8)  47.3(44.5,50.2)  45.1(41.2,49.1)  0.005 5.21 (-0.60, 11.0)
Total body fat percentage, % 33.0(324,33.7)  32.6(323,329)  33.5(33.1,34.0)  32.8(323,333) 0766 -0.24 (-1.04, 0.56)
Total lean body mass, kg 493 (48.7,49.8)  49.6(49.1,50.0)  49.8(49.3,50.3)  50.7(50.0,51.5)  <0.001 1.45 (0.57,2.34)
ASM, kg * 217(21.5,220)  21.7(214,22.0)  21.7(21.4,21.9)  21.9(21.6,222)  0.986 0.16 (-0.24, 0.56)
SMI, kg/m? 7.53(7.45,7.61)  7.50(7.41,7.59  7.46(138,7.54)  7.55(7.46,7.64)  0.958 0.02 (-0.09, 0.14)
BMD, g/cm? L1I2(1L1L, 112)  L14(L13,114)  L15(114,1.16)  1.17(1.16,1.19)  <0.001 0.06 (0.04,0.07)

ASM: Appendicular skeletal muscle mass, TASM: Total appendicular skeletal muscle index, BMD: Bone mineral density;

#. P-value for trend (1999-2006) was adjusted for sex, age, race, education level, annual household income, time spent watching TV per day, and

physical activity level.
All statistics were weighted and shown as the means (95% confidence interval) or T percentages (95% confidence intervals).
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DISCUSSION

In this large-scale study that analysed nationally representative data from U.S.
respondents to the NHANES, we found that the overall prevalence of pre-sarcopenia
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 pre-sarcopenia prevalence 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 population. Indeed, we found that individuals who were older or
under/normal weight had a considerably higher prevalence of pre-sarcopenia.

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 strength [33] 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
interesting that the prevalence of pre-sarcopenia was considerably 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 skeletal 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 pre-sarcopenia 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 pre-
sarcopenia 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-
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related health issues. Observational 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 period of muscle mass and starts to decline at approximately
50 years of age. [39] The speed of muscle strength decline is 2 to 5 times faster than that of
muscle mass over the same period.[40]

We found that the prevalence of pre-sarcopenia 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 pre-
sarcopenia among men than women. Previous evidence, however, is inconsistent. For
instance, the study of Michele ef al. found a higher prevalence of sarcopenia in men than in
women who were aged 64 to 93 years, [41] while the findings in the Fifth Korea National
Health and Nutrition Examination Survey 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 prevalence of sarcopenia. [45] In our study,
most women had lower self-reported levels of physical activity than men. 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 experience a steep decline
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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 pre-sarcopenia 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 significantly 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 1633 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 underlying 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 pre-
sarcopenia 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 pre-sarcopenia in women may be underestimated because we used a height-

adjusted definition of the condition, [53] which is potentially problematic in identifying
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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 U.S. tended to have differing perceptions of activity levels
and that compared to Europeans, U.S. individuals overestimate their time spent exercising.
[56] Future studies should apply objective measures to determine muscle strength and

physical activity to accurately evaluate sarcopenia prevalence.

CONCLUSIONS

The overall prevalence of pre-sarcopenia was stable in both men and women from 1999-
2006 among U.S. adults, while there is a slight increase in the prevalence of pre-sarcopenia
from 1999 to 2006 among U.S. young adults. Adults who were elderly or under/normal
weight are at high-risk of pre-sarcopenia. Meanwhile, we found a significant increased trend
of obesity, central obesity, and pre-sarcopenia in non-Hispanic blacks and young adults. It
suggests that the high prevalence of pre-sarcopenia 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 U.S. adults.
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Figure Legends

Figure 1. Prevalence of obesity stratified by sex (A), age (B) and racial group (C) from 1999
to 2006 in the NHANES surveys. 95% CI: 95% confidence interval. 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.

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. SMI: Skeletal
muscle index; WC: Waist circumstance; BMD: Bone mineral density; TPF: Total percentage
of body fat; 95% CI: 95% confidence interval. 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.
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Abstract

Objective: To evaluate the prevalence and temporal trends of pre-sarcopenia and related
body composition measurements.

Design: Cross-sectional study.

Setting: National Health and Nutrition Examination Survey (NHANES) 1999-2006.
Methods: Pre-sarcopenia 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 pre-sarcopenia, 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: Pre-sarcopenia was sex-specifically defined as having a skeletal mass
index < 7.26 kg/m? in men and < 5.5 kg/m? in women. Body composition measurements,
including total body fat percentage, total body fat mass, total lean body mass, appendicular
skeletal muscle mass (ASM) and bone mineral density (BMD), were obtained by dual energy
X-ray absorptiometry.

Results: The overall prevalence of pre-sarcopenia ranged from 16.4% in 1999-2000 to 14.8%
in 2005-2006 (P for trend=0.78). Pre-sarcopenia was stable in both males (P for trend=0.36)
and females (P for trend=0.20). The pre-sarcopenia prevalence was significantly elevated
among the 18- to 39-year-old age group (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 pre-sarcopenia increased among young individuals over
time. Non-Hispanic blacks also demonstrated an increasing trend in the prevalence over time.

Keywords: Pre-sarcopenia Metrics; Body Composition; Temporal Trends.
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Strengths and limitations of this study

*  We used the data from the nationally representative population-based surveys of the
NHANES (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 pre-sarcopenia in women may be underestimated when using a height-
adjusted definition of pre-sarcopenia.

* Reporting bias may exist due to self-reported physical activity data.
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INTRODUCTION

According to the 2010 European Working Group on Sarcopenia in Older People
(EWGSOP), sarcopenia is defined as a cluster of geriatric conditions characterized by
progressive and generalized 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 pre-sarcopenia (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 sarcopenia 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 upon, and the prevalence of the disease is highly dependent on the diagnostic criteria
used. Among the three components of sarcopenia 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 pre-sarcopenia. Sarcopenia, especially
in the context low skeletal muscle mass, is mainly caused by ageing, decreased participation in
physical activities, [4] malnutrition, [5 6] and endocrine and metabolic disorders. [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 muscle mass and strength via
cytokine protein catabolism [9] 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 has indicated that
obesity affects more people of younger age due to physical inactivity. [11] Therefore, it is

reasonable to hypothesize that the prevalence of pre-sarcopenia has increased accordingly.
5
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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 (CVD), [24 25] and mortality, [26] all of which
place considerable health and economic burdens on public health care services. Thus, it is
important to depict the prevalence and temporal trends of pre-sarcopenia 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 prevalence and temporal trends of pre-
sarcopenia metrics and related body composition measurements among adults in the United
States (U.S.) 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-
institutionalized civilians in the U.S. [27] This analytical study involved participants aged 18
years and older from the NHANES cohort surveyed across four consecutive cycles: 1999-2000
(n=3,559), 2001-2002 (n=4,047), 2003-2004 (n=3,771), and 2005-2006 (n=3,071). All
NHANES protocols were approved by the National Centre for Health Statistics Research ethics
review board. All participants provided written informed consent.
Body component measurements and pre-sarcopenia

Physical examinations were conducted in mobile examination centres. Weight in
kilograms, height in centimetres, and waist circumference (WC) in centimetres were measured

using standardized techniques and equipment. Body mass index (BMI) was calculated as

6
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weight in kilograms 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 appendicular skeletal muscle mass
index (TASM) was calculated as the ASM divided by the height squared (kg/m?). Pre-
sarcopenia was sex-specifically defined as having a TASM < 7.26 kg/m? in men and < 5.5
kg/m? in women. [30]
Physical activity and social-demographic factors

Participants’ sex, age, race, education level, annual household income, time spent
watching television per day, and level of physical activity were collected by household
interviews. Age was grouped into three categories: 18 to 39 years old, 40 to 59 years old, and
60 years or older. Race was classified as non-Hispanic white, non-Hispanic black, Mexican
American, and others. Educational level was categorized into < high school graduate, high
school graduate/general equivalency diploma, or > college. Time spent watching TV per day
was grouped into < 2 h, 2—4 h, or > 4 h. Annual household income was grouped into <
$25000, $25000 to $55000, or > $55000. 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 percentages with 95% confidence intervals. Weighted

means and corresponding 95% confidence intervals of body weight, BMI and obesity, WC
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and central obesity, total body fat percentage, total lean body mass, ASM, TASM, and BMD
were calculated, and mean changes with 95% confidence intervals (Cls) of all these variables
from 1999-2000 to 2005-2006 were calculated.

The age- and sex-adjusted prevalence of pre-sarcopenia 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 pre-sarcopenia prevalence, obesity and
different body composition measurements, including TASM, WC, BMD, and 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 continuous (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
nonresponses for all analyses, thereby providing estimates representative of the non-
institutionalized civilian U.S. population. All statistical analyses were performed using SAS
for Windows version 9.4 (SAS Institute, Cary, NC, USA). 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 3,559 from 1999-2000,
4,047 from 2001-2002, 3,771 from 2003-2004, and 3,071 from 2005-2006 (Table 1). The

distributions of the participants’ characteristics across the four survey cycles were comparable.
8
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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).
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Characteristics

No. weighted (%)

1999-2000 (1 = 3559)

2001-2002 (n = 4047)

2003-2004 (n = 3771)

2005-2006 (2 =3071)

Sex
Men

Women
Age group, mean (SD) [95% CI]
18 — 39 yrs
40 — 59 yrs
60— 79 yrs
>80 yrs
Race
Non-Hispanic white
Non-Hispanic black
Mexican American
Others
Education level
< High school graduate
High school graduate/GED
> College
Annual household income
< $25000
$25000 — $55000
> $55000
Time spent watching TV per day, mean
(SD) [95% C1]
<2h
2-4h
>4h
Physical activity level
Moderate or below
Vigorous
Body mass index
Normal or below (< 25 kg/m?)

1829 (50.4) [48.4, 52.5]

1730 (49.6) [47.5, 51.7]
43.3(0.5) [42.1, 44.4]
1493 (47.3) [44.7 49.9]
964 (33.2) [31.1 35.4]
913 (17.1) [14.7, 19.4]
189 (2.4) [1.9, 2.8]

1513 (71.7) [65.5, 77.9]
642 (9.5) [6.25, 12.8]
1082 (6.6) [3.6, 9.5]
322 (12.2) [5.8, 18.6]

1408 (23.6) [20.4, 26.7]
840 (26.4) [22.4, 30.4]
1302 (50.0) [45.8, 54.2]

1452 (36.7) [29.6, 43.8]
902 (30.8) [26.8, 34.8]
731 (32.5) [26.7, 38.2]

2.34 (0.03) [2.28, 2.41]

621 (19.5)[17.7, 21.6]
2072 (68.3) [66.7, 69.9]
428 (12.2) [10.7, 13.8]

888 (44.0) [40.1, 47.8]
1013 (56.0) [52.2, 59.9]

1351 (40.1) [36.3, 43.9]

2106 (50.0) [48.6, 51.3]

1941 (50.0) [48.7, 51.4]
43.6 (0.5) [42.5, 44.7]
1704 (44.0) [39.9, 48.1]
1217 (38.2) [34.8, 41.7]
887 (15.2) [13.8, 16.7]
239 (2.6) [2.1, 2.0]

2014 (72.4) [67.5, 77.4]
785 (10.1) [6.9, 13.2]
960 (7.7) [5.7, 9.7]
288 (9.8) [5.8, 13.9]

1300 (19.2) [17.0, 21.4]
980 (25.5) [23.3, 27.7]
1763 (55.3) [51.9, 58.7]

1479 (29.7) [27.1, 32.3]
1163 (30.9) [27.5, 34.3]
1133 (39.4) [35.6, 43.1]

2.31 (0.04) [2.24, 2.39]

606 (19.8) [17.9, 21.6]
2215 (63.2) [61.4, 65.2]
674 (17.0) [15.6, 18.4]

1236 (51.0) [47.0, 55.0]
1253 (49.0) [45.0, 53.0]

1617 (39.6) [38.0, 41.2]
10

1932 (49.5) [47.5, 51.6]

1839 (50.5) [48.4, 52.6]
44.2 (0.6) [43.0, 45.4]
1592 (42.4) [38.5, 46.3]
1015 (38.0) [34.7, 41.3]
915 (16.7) [15.1, 18.3]
249 (2.9) [2.2. 3.5]

1915 (73.2) [65.9, 80.5]
796 (10.5) [6.6, 14.3]
799 (7.7) [3.7, 11.7]
261 (8.7) [6.3, 11.0]

1114 (17.8) [15.0, 20.5]
978 (26.9) [24.7, 29.1]
1675 (55.3) [52.0, 58.7]

1518 (30.6) [26.7, 34.3]
1081 (32.0) [27.5, 36.5]
958 (37.4) [32.2, 42.7]

2.16 (0.05) [2.06, 2.27]

634 (22.0) [19.3, 24.8]
2040 (64.7) [61.5, 67.9]
542 (13.3) [10.7, 15.9]

1451 (61.5) [58.4, 64.6]
963 (38.5) [35.5, 41.6]

1389 (36.6) [34.6, 38.6]
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1574 (49.7) [48.0, 51.5]
1497 (50.3) [48.5, 52.0]
41.4 (0.4) [40.5, 42.4]
1540 (44.9) [41.9, 47.8]
1067 (43.8) [41.6, 46.4]
464 (11.3) [9.3, 13.3]

1321 (71.1) [65.1, 77.1]
128 (5.1) [3.4, 6.9]
746 (8.90) [6.3, 11.5]
876 (14.8) [10.9, 18.8]

662 (15.5)[11.9, 19.2]
618 (24.5) [22.1, 26.9]
1363 (60.0) [55.2, 64.9]

920 (20.9) [17.6, 24.2]
934 (30.6) [27.2, 34.1]
1097 (48.5) [43.6, 53.5]

2.07 (0.05) [1.97, 2.17]

545 (22.5) [20.8, 24.2]
1674 (66.8) [65.0, 68.5]
354 (10.7) [8.49, 13.0]

1066 (54.0) [51.0, 57.0]
1027 (46.0) [43.1, 49.0]

1089 (36.6) [33.1, 40.2]
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Overweight (25.0-29.9 kg/m?)
Obesity (> 30 kg/m?)
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1289 (35.5)[32.7,38.3] 1494 (36.7) [34.2,39.3] 1348 (35.8) [32.9, 38.6]
914 (24.4)[21.3,27.5] 936 (23.7) [21.3, 26.0] 1034 (27.6) [24.7, 30.5]

1054 (34.1) [32.4, 35.9]
928 (29.3) [25.8, 32.7]

--: Not available.
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Prevalence and temporal trends of pre-sarcopenia from 1999 to 2006

The overall age- and sex-adjusted prevalence of pre-sarcopenia ranged from 16.4% (95%
CI: 15.3%, 17.6%) in 1999-2000 to 14.8% (95% CI: 13.0%, 16.8%) in 2005-2006 (P for
trend = 0.78) (Table 2).

The age-adjusted prevalence of pre-sarcopenia in men was 22.7% (95% CI: 20.3%, 25.2%)
in 1999-2000 and 12.3% (95% CI: 10.6%, 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 pre-sarcopenia in women was significantly 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
pre-sarcopenia 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 to those in the other age groups,
participants aged > 80 years and 60 — 79 years had a significantly higher prevalence of pre-
sarcopenia in the four survey cycles from 1999-2006. In three of the survey cycles (1999-2000,
2001-2002, and 2003-2004), compared to those who reported moderate/low physical activity
levels, participants who reported vigorous physical activity levels were more likely to have a
lower prevalence of pre-sarcopenia (P values < 0.01). 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/m? had a

relatively higher prevalence of pre-sarcopenia than overweight and obese participants.
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Table 2. Prevalence (95% Cls) and temporal trends of pre-sarcopenia in the NHANES surveys from 1999 to 2006

Characteristics

1999-2000 (n=3550)

2001-2002 (n=3987)

2003-2004 (n=3745)

2005-2006 (n=3062)

P-value for trend #

Overall
Sex
Men
Women
P for sex
Age group
18 -39 yrs
40 — 59 yrs
60 — 79 yrs
>80 yrs
P for age group
Race
Non-Hispanic white
Non-Hispanic black
Mexican American
Others
P for Race
Education level,
< High school graduate
High school graduate or GED
> College
P for education
Annual household income
< $25000
$25000 — $55000
> $55000
P for income
Time spent watching TV per
day
<2h
2-4h
>4h
P for time spent watching TV
Physical activity level

16.4 (15.3, 17.6)

22.7(20.3,25.2)
20.0 (17.9, 22.3)
0.45

11.3 (9.1, 14.0)
15.1 (12.9, 17.5)
22.3 (19.0, 26.1)
45.1 (38.7, 51.6)
<0.001

22.8 (21.3,24.5)
6.2 (4.2,8.9)
20.5 (17.3, 24.3)
22.3(15.1, 31.6)
<0.001

20.7 (17.5, 24.4)

21.3 (18.2, 24.7)

21.6 (19.2, 24.4)
0.88

23.0 (20.0, 26.3)

19.7 (16.7,23.2)

18.5 (15.1,22.6)
0.17

23.0 (17.6, 29.5)

20.4 (18.8,22.2)

24.8 (19.2, 31.4)
0.42
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16.4 (14.0, 19.1)

19.7 (15.9, 24.2)
21.4 (17.7,25.5)
0.23

13.5 (10.6, 17.0)
12.1 (9.9, 14.7)
23.7 (187, 29.6)
40.1 (31.8, 49.0)
<0.001

20.5(17.5,23.9)
10.8 (7.2, 15.8)
20.9 (16.4,26.2)
31.0 (23.1, 40.2)
<0.001

21.1 (14.9, 28.9)

22.0 (17.6, 27.1)

19.4 (16.5,22.7)
0.22

24.5(18.5,31.7)

20.9 (17.0, 25.4)

15.4(11.4,20.4)
0.005

21.1 (18.4,24.2)

21.5(17.9,25.7)

20.5 (16.3, 25.6)
0.68

13

17.9 (16.2, 19.7)

21.2(18.8,23.7)
23.0(19.8, 26.6)
0.23

14.9 (12.8, 17.3)
14.2 (11.6, 17.2)
23.6 (20.3,27.2)
42.0 (36.2, 48.0)
<0.001

22.9 (20.3, 25.6)
8.6 (5.8, 12.5)
20.9 (17.1, 25.3)
32.7 (26.6, 38.0)
<0.001

22.7(19.1, 26.7)

21.2 (19.0, 23.5)

22.3(18.9, 26.1)
0.57

26.2(23.5,29.2)

22.1(18.2,26.5)

16.9 (13.1,21.5)
<0.001

19.7 (14.8, 25.7)

23.3(21.1, 25.6)

23.5(18.9, 28.9)
0.08

14.8 (13.0, 16.8)

12.3 (10.6, 14.3)
17.7 (14.9, 20.9)
<0.001

14.1 (11.8, 16.8)
12.9(11.0, 15.2)
17.7 (14.4,21.5)

0.05
15.9 (13.8 (18.3)
20.6 (13.0, 31.1)
14.9 (11.7, 18.8)

6.9 (5.0, 9.6)
<0.001

16.6 (13.3, 20.5)

14.0 (11.6, 16.8)

14.4 (12.3, 16.8)
0.50

15.3 (12.5, 18.6)

14.3 (11.6, 17.4)

14.9 (12.5, 17.7)
0.80

14.3 (11.2, 18.1)

14.5 (12.0, 17.3)

13.6 (10.8, 16.9)
0.95

0.78

0.36
0.20

0.04
0.25
0.38
0.64

0.84
<0.001
0.54
0.13

0.34
0.47
0.59

0.51
0.77
0.94

0.48
0.76
0.17
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Moderate or below

Vigorous

P for physical activity level

Body mass index

Normal or below (< 25 kg/m?)
Overweight (25.0-29.9 kg/m?)
Obesity (> 30 kg/m?)

20.3 (17.5, 23.5)
15.2 (12.1, 18.8)
0.001

50.7 (45.3, 56.1)
5.4(3.8,7.8)
0.4 (0.2, 1.0)

BMJ Open

23.4(19.2,28.1)
15.3 (11.9, 19.3)
<0.001

49.7 (42.1,57.3)
5.9(4.1,8.5)
0.3(0.1,1.2)

<0.001

22.2(18.7,26.1)
16.4 (13.1,20.4)
0.002

56.4 (50.4, 62.3)
7.2(5.9,8.8)
0.2(0.1,0.9)

<0.001

14.7 (11.7, 18.3)
12.7 (9.8, 16.3)
0.38

41.4 (36.0, 46.9)
4.8 (3.4,6.7)

<0.001

0.35
0.15

0.42
0.08
0.30

10 P for body mass index <0.001

11 198 --: Not available.

12 199 Pre-sarcopenia was defined according to dual energy X-ray absorptiometry (DXA) criteria: GED, general equivalency diploma.

13 200 #. P-value for trend (1999-2006) was calculated by using logistic regression models adjusted for sex, age, race, education level, annual household income,
201 time spent watching TV per day, and physical activity level.

202 P-values for the differences between groups in each survey cycle were obtained by the chi-squared test.
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Body Composition Measurements

The average body weight across all participants significantly increased from 76.8 kg (95%
CI: 75.6,77.9) in 1999-2000 to 78.9 kg (95% CI: 77.4, 80.4) in 2005-2006 (P for trend =0.010),
with an average increase of 2.11 kg (95% CI: 0.28, 3.93 kg) (Table 3). Correspondingly, the
prevalence of obesity significantly increased from 24.3% (95% CI: 21.2%, 27.4%) to 29.3%
(95% CI: 25.8%, 32.7%) in the overall population (P for trend = 0.023) and from 20.8% (95%
CI: 17.9%, 23.7%) to 27.6% (95% CI: 23.0%, 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 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). Meanwhile, we observed
a slight increase in waist circumference (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).
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Table 3. Trends in body weight, obesity and other body composition measurements from 1999 to 2006 in the NHANES surveys

Survey cycles Mean change from

Characteristics P-value for—1499.3000 to 2005-2006
1999-2000 2001-2002 2003-2004 2005-2006 trend (95% CI)
Weight, kg 768(75.6,77.9)  769(76.1,77.7)  7183(77.5,79.0)  78.9(77.4,80.4)  0.010 2.11(0.28,3.93)
BML, kg/m? 269(26.5,273)  268(26.6,27.1)  273(27.0,27.5)  27.5(27.0,28.0)  0.016 0.59 (-0.01, 1.20)
Overweight, % ' 355(32.6,382)  36.7(342,393)  358(32.9,386)  34.1(324,359) 025 -1.31 (445, 1.83)
Obesity, % ' 243 (212,274)  23.7(213,260)  27.6(24.7,30.5)  293(258,327)  0.023 4.92 (0.49,9.36)
Waist Circumference, cm 92.6(91.3,93.9)  93.0(92.4,93.7)  94.9(94.3,955)  945(93.1,959)  <0.001 1.90 (0.12,3.67)
Central obesity, % ' 39.9(353,44.5)  41.5(393,43.8)  47.3(44.5,50.2)  45.1(41.2,49.1)  0.005 5.21 (-0.60, 11.0)
Total body fat percentage, % 33.0(324,33.7)  32.6(323,329)  33.5(33.1,34.0)  32.8(323,333) 0766 -0.24 (-1.04, 0.56)
Total lean body mass, kg 493 (48.7,49.8)  49.6(49.1,50.0)  49.8(49.3,50.3)  50.7(50.0,51.5)  <0.001 1.45 (0.57,2.34)
ASM, kg * 217(21.5,220)  21.7(214,22.0)  21.7(21.4,21.9)  21.9(21.6,222)  0.986 0.16 (-0.24, 0.56)
SMI, kg/m? 7.53(7.45,7.61)  7.50(7.41,7.59  7.46(138,7.54)  7.55(7.46,7.64)  0.958 0.02 (-0.09, 0.14)
BMD, g/cm? L1I2(1L1L, 112)  L14(L13,114)  L15(114,1.16)  1.17(1.16,1.19)  <0.001 0.06 (0.04,0.07)

ASM: Appendicular skeletal muscle mass, TASM: Total appendicular skeletal muscle index, BMD: Bone mineral density;

#. P-value for trend (1999-2006) was adjusted for sex, age, race, education level, annual household income, time spent watching TV per day, and

physical activity level.
All statistics were weighted and shown as the means (95% confidence interval) or T percentages (95% confidence intervals).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

16



oNOYTULT D WN =

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

BMJ Open Page 18 of 30

DISCUSSION

In this large-scale study that analysed nationally representative data from U.S.
respondents to the NHANES, we found that the overall prevalence of pre-sarcopenia
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 pre-sarcopenia prevalence 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 population. Indeed, we found that individuals who were older or
under/normal weight had a considerably higher prevalence of pre-sarcopenia.

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 strength [33] 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
interesting that the prevalence of pre-sarcopenia was considerably 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 skeletal 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 pre-sarcopenia 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 pre-
sarcopenia 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-
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related health issues. Observational 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 period of muscle mass and starts to decline at approximately
50 years of age. [39] The speed of muscle strength decline is 2 to 5 times faster than that of
muscle mass over the same period.[40]

We found that the prevalence of pre-sarcopenia 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 pre-
sarcopenia among men than women. Previous evidence, however, is inconsistent. For
instance, the study of Michele ef al. found a higher prevalence of sarcopenia in men than in
women who were aged 64 to 93 years, [41] while the findings in the Fifth Korea National
Health and Nutrition Examination Survey 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 prevalence of sarcopenia. [45] In our study,
most women had lower self-reported levels of physical activity than men. 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 experience a steep decline
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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 pre-sarcopenia 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 significantly 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 1633 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 underlying 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 pre-
sarcopenia 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 pre-sarcopenia in women may be underestimated because we used a height-

adjusted definition of the condition, [53] which is potentially problematic in identifying
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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 U.S. tended to have differing perceptions of activity levels
and that compared to Europeans, U.S. individuals overestimate their time spent exercising.
[56] Future studies should apply objective measures to determine muscle strength and

physical activity to accurately evaluate sarcopenia prevalence.

CONCLUSIONS

The overall prevalence of pre-sarcopenia was stable in both men and women from 1999-
2006 among U.S. adults, while there is a slight increase in the prevalence of pre-sarcopenia
from 1999 to 2006 among U.S. young adults. Adults who were non-Hispanic blacks, elderly
or under/normal weight are at high-risk of pre-sarcopenia. Meanwhile, we found a significant
increased trend of obesity, central obesity. It suggests that the high prevalence of pre-
sarcopenia 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 U.S. adults.
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Figure Legends

Figure 1. Prevalence of obesity stratified by sex (A), age (B) and racial group (C) from 1999
to 2006 in the NHANES surveys. 95% CI: 95% confidence interval. 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.

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. SMI: Skeletal
muscle index; WC: Waist circumstance; BMD: Bone mineral density; TPF: Total percentage
of body fat; 95% CI: 95% confidence interval. 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.
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