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Abstract

Background Sarcopenia often co-occurs with osteoporosis in cross-sectional studies. However, this association has
rarely been studied in prospective studies. This study aimed to investigate the association between sarcopenia catego-
ries—along with its individual components—and incident osteoporosis in both middle-aged and older men and women
from the UK Biobank study.

Methods A total of 168,682 participants (48.8% women, aged 37 to 70 years at baseline) were included in this pro-
spective study. Categories of sarcopenia (pre-sarcopenia and sarcopenia), and its individual components, were defined
according to the EWGSOP2 criteria (2019). Associations with incident osteoporosis by sex were investigated using
Cox-proportional hazard models adjusted for socio-demographic, lifestyle and health-related factors, and morbidity
count. Associations between categories of sarcopenia and incident osteoporosis were also investigated by age-groups
and subtype of osteoporosis (with and without pathological fractures).

Results After a median follow-up of 7.4 years, 6296 participants were diagnosed with osteoporosis. When the analyses
were adjusted for a range of relevant confounding factors, pre-sarcopenia was associated with 1.3-times higher risk of
osteoporosis in men (HR: 1.30 [95% CI: 1.03 to 1.63]) but not in women, and sarcopenia was associated with 1.66-
times increased osteoporosis risk in women (HR: 1.66 [95% CI: 1.33 to 2.08]) but not in men compared with people
without sarcopenia or pre-sarcopenia. A similar magnitude of associations was found in osteoporosis without patholog-
ical fractures but weaker for those with pathological fractures. Within the individual components, low muscle mass
(HRwomen: 1.36 [95% CI: 1.22 to 1.51] and HR ,cn: 3.07 [95% CI: 1.68 to 5.59]), followed by slow gait speed (HRyomen:
1.30 [95% CI: 1.17 to 1.45] and HR,c: 1.70 [95% CI: 1.43 to 2.02]), were associated with a higher risk of incident
osteoporosis in both sexes. Low grip strength was associated with a higher risk of incident osteoporosis in men (HR:
1.38 [95% CI: 1.15 to 1.65]), but not in women. No significant interaction between the exposures and incident osteo-
porosis by age groups were identified.

Conclusions Our findings demonstrated that pre-sarcopenic men and sarcopenic women had a higher risk of develop-
ing osteoporosis even after adjustment for a large range of potential confounders. Considering that sarcopenia could be
prevented, health interventions to improve physical capability may delay or prevent the onset of osteoporosis.
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Introduction

Osteoporosis is the result of changes in bone turnover that
reduces bone mineral density (BMD), increase bone fragility,
and predispose to fragility fractures along with a higher bur-
den of morbidity and mortality. Clinically, osteoporosis is
identified as a BMD more than 2.5 standard deviations (SD)
below the mean value in younger and healthy individuals
(a T-score of <—2.5 SD).>* According to the International Os-
teoporosis Foundation, in 2017, approximately 2.8 million
people older than 50 years had osteoporosis in the United
Kingdom, while fragility fractures, associated with osteoporo-
sis, are the fourth most common chronic disease after ischae-
mic heart disease, dementia, and lung cancer.* Moreover, the
economic burden and healthcare costs linked to osteoporosis
are also high. In 2017, the economic cost of the disease in the
United Kingdom was £4.5 billion; however, this is projected to
rise to £5.9 billion by 2030.* Therefore, it is important to
ascertain risk factors for osteoporosis that help us identify
high-risk individuals and develop interventions aimed at pre-
vention or early treatment, in order to reduce the personal
and economic burden of osteoporosis.

Although several risk factors have been linked to a
higher risk of osteoporosis, the evidence has not been
unequivocal.»*>® Some of the well-recognized risk factors
for osteoporosis include older age, white ethnic background,
post-menopause in women, weight loss, smoking, excessive
alcohol intake, vitamin D deficiency (lack of sunlight
exposure), inadequate intake of calcium (lower than
1000 mg/day), low protein intake (lower than 0.8 g/kg/body
weight) as well as lack of physical activity. Muscle weakness
has also been associated with a higher risk of osteoporosis in-
dependently of physical activity.>® In keeping with this find-
ing, the age-related decline in muscle quantity and quality,
known as sarcopenia, also affects mobility, bone mass, and
bone microarchitecture. In fact, existing evidence has sug-
gested that sarcopenia may be an independent predictor of
low BMD and fragility fractures, that is, osteoporosis.” 2

Previous studies have reported that sarcopenia and osteo-
porosis often co-occur.”’#*% 12 A recent meta-analysis identi-
fied that the prevalence of osteoporosis and sarcopenia in
white European aged 65 years or older varied between
5.0% and 37.0%.'% Unfortunately, the cross-sectional nature
of most existing evidence has limitations and does not allow
further understanding of the association between sarcopenia
and osteoporosis. In terms of prospective evidence, the ma-
jority of these studies have investigated the association be-
tween individual physical capability markers and sarcopenia
with fracture risk’* 22 and have been conducted on smaller
samples (n < 5000) or focused mainly on older adults. Also,
to our knowledge, there are no studies which have investi-
gated the prospective association between sarcopenia and
incident osteoporosis per se. Therefore, this study aimed to
investigate the association between sarcopenia categories—

along with its individual components—and incident osteopo-
rosis in both middle-aged and older men and women, using
data from UK Biobank, a large prospective cohort study.

Methods

Over 500,000 participants (5.5% response rate), aged 37 to
73 years, were recruited from the general population be-
tween 2006 and 2010 to be part of UK Biobank.?® In brief,
participants attended their closest assessment centre across
Scotland, England, and Wales?*?®> where they completed a
touch-screen questionnaire, had physical measurements
taken, and provided blood, urine, and saliva sample at base-
line. More information about the UK Biobank protocol can
be found online (http://www.ukbiobank.ac.uk).

Incident osteoporosis

Incident osteoporosis cases were ascertained through linkage
of primary care records. Diagnosis of osteoporosis was pri-
marily based on dual-energy X-ray absorptiometry (DXA) scan
results. However, women >75 years that experienced a fragil-
ity fracture may be diagnosed with osteoporosis prior to a
DXA scan. Currently, this information was available only for
45% of the UK Biobank cohort (~230,000 participants) until
May 2017 for Scotland, September 2017 for Wales, and
August 2017 for England. The detailed linkage procedures re-
lating to primary care records are available at http://biobank.
ndph.ox.ac.uk/showcase/showcase/docs/primary_care_data.
pdf. Therefore, the analyses of incident osteoporosis cases
were restricted to the 228,481 participants with linkage to
primary care records. Follow-up was censored at the primary
care data end-date for the relevant country or the date
of incident osteoporosis. Osteoporosis was defined as M80
(osteoporosis with pathological fracture) M81 (osteoporosis
without pathological fracture) or M82 (osteoporosis in dis-
eases classified elsewhere) using the International Classifica-
tion of Diseases, 10th revision (ICD-10).

Sarcopenia and its components

Muscle mass index was derived from skeletal muscle mass
(kg) divided by height (m) squared using the total body com-
position measured via bioimpedance (BIA, Tanita BC418MA,
Tokyo, Japan) by trained nurses. To estimate skeletal muscle
mass, the Janssen equation was utilized.?® Following
the European Working Sarcopenia in Older People 2019
(EWGSOP2) recommendations, the cut-off points used were
<7.0 kg/m? in men and <5.5 kg/m? in women. Grip strength
was measured using a Jamar J00105 hydraulic hand dyna-
mometer. The mean of the right and left values was derived
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and expressed in absolute units (kg). The cut-off points ap-
plied to define low grip strength were <27 kg in men and
<16 kg in women.?’ Self-reported walking pace was used as
a proxy of gait speed and categorized as slow, average or
brisk. A previous study determined that self-reported walking
pace is a good marker of walking speed.?® To derive a proxy
for gait speed, this was then dichotomized into slow or
normal (average or brisk pace).

Using these three physical capability markers, sarcopenia
was classified in accordance with the EWGSOP2 statement
as pre-sarcopenia, defined as low grip strength only (other
physical capability markers in the normal range); sarcopenia,
defined as low grip strength plus low muscle mass®’; and se-
vere sarcopenia, defined as the combination of sarcopenia
and slow gait speed. However, because of the low number
of UK Biobank participants with severe sarcopenia (n = 87),
sarcopenia and severe sarcopenia were pooled together
(hereafter referred to as sarcopenia). We followed this ap-
proach to avoid unreliable and unpowered hazard ratios
(HR) estimates. The pre-sarcopenia and sarcopenia groups
were mutually exclusive. For this study, only white European
participants were included because of the ethnic differences
in the reference values for sarcopenia.?’

Covariates

Age at baseline was calculated from dates of birth and base-
line assessment. Area-based socioeconomic deprivation was
derived from postcode of residence, using the Townsend
score.?® Self-reported smoking status was categorized as
never, former or current smoker. Physical activity was
self-reported using the International Physical Activity Ques-
tionnaire short form3® and total physical activity was com-
puted as the sum of walking, moderate and vigorous
activity, measured as metabolic equivalents (MET-hours/
week). Prevalent morbidity was ascertained during a
nurse-led interview at baseline. We calculated morbidity
count based on 43 long-term conditions originally developed
for a large epidemiological study in Scotland and subse-
quently adapted for UK Biobank.?' Body composition was
measured using BIA by trained nurses. Frequency of alcohol
intake was self-reported at baseline and categorized as
daily/almost daily, three to four times a week, once/twice a
week, one to three times a month, special occasions only
and never. Corticosteroid and H2 blockers use, as well as
menopause and hypogonadism, were self-reported at base-
line. History of fall and fractures were self-reported at base-
line using these two questions: ‘In the last year, have you
had any falls?’ and ‘have you fractured/broken any bones in
the last five years?’ Vitamin D levels were assessed by
25-hydroxyvitamin D (25(OH)D) concentration in serum. Red
and processed meat intake were collected through the
touch-screen questionnaire at baseline. Finally, calcium and

protein intake were estimated via the Oxford WebQ, a web-
based 24-h recall questionnaire.3? For the 71,673 participants
who completed more than one the average dietary of the
24-h recall, this average intake was used. Further details of
these measurements can be found in the UK Biobank online
protocol (http://www.ukbiobank.ac.uk).

Ethical approval

UK Biobank was given favourable opinion by the North West
Multi-Centre Research Ethics Committee (Ref: 11/NW/0382).
The study protocol is available online (http://www.
ukbiobank.ac.uk/). This work was conducted under the UK
Biobank application number 7155.

Statistical analyses

Descriptive characteristics are presented as means with stan-
dard deviations (SD) for quantitative variables, and as fre-
qguencies and percentages for categorical variables by sex.
Associations between categories of sarcopenia (pre-
sarcopenia and sarcopenia) and incident osteoporosis were
investigated using Cox-proportional hazard models stratified
by sex. Non-sarcopenic individuals (i.e. with the three physi-
cal capability markers in the normal range) were used as
the reference group. The results are reported as HR and their
95% confidence intervals (95% Cls). The proportional hazard
assumptions were checked using Schoenfeld residuals. Asso-
ciations between the three individual physical capability
markers (low grip strength, low muscle mass and slow gait
speed) and incident osteoporosis were investigated using
the same analysis. For each component, the normal range
of the physical capability maker defined by the EWGSOP2
was used as the reference group.?’” Participants who
self-reported osteoporosis at baseline were excluded from
all analyses (n = 3472). Only participants with complete data
available for the three physical capability markers used to de-
fine later categories of sarcopenia, the covariates included in
the analyses, and incident osteoporosis were included.
Follow-up time was used as the time-dependent variable.
We ran five models including an increasing number of co-
variates: model 1 (minimally adjusted) included
socio-demographic covariates (age and deprivation); model
2 additionally included lifestyle and health-related factors:
smoking, physical activity, alcohol intake and consumption
of red and processed meat, body fat, and morbidity count
at baseline (based on 43 diseases and coded as 1, 2, 3, 4
and >5). Model 3, as model 2, but additionally adjusted for
serum vitamin D levels, use of corticosteroids and H2
blockers, falls, fractures over the previous 5 years, and
menopause and hypogonadism in women and men, respec-
tively. These covariates were chosen as they are potentially
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causal for sarcopenia and osteoporosis. Two sensitivity analy-
ses were also performed: model 4, as per model 3, but using
a 2-year landmark period which excluded participants who
experienced events within the first 2 years of follow-up
(1323 women and 290 men) to minimize potential reverse
causation; and model 5, as per model 3, but further adjusted
for calcium and protein intake (as these variables were avail-
able in 71,673 participants only). Additionally, the association
of categories of sarcopenia with subtypes of osteoporosis
outcomes (split out by pathological fractures and osteoporo-
sis without pathological fractures [or classified elsewhere])
was also investigated.

The sex-specific cumulative crude hazard rate of incident
osteoporosis and categories of sarcopenia was estimated
using the Nelson—Aalen estimator. Finally, to investigate
whether the associations between categories of sarcopenia
and incident osteoporosis differed by age, the models were
re-run stratified by the following age categories: (i) approxi-
mately when menopause or hypogonadism start (>45 and
<45 years as well as >55 and <55 years), (ii) using different
definitions for aging (>60 and <60 years as well as >65 and
<65 years).

Stata 16 statistical software (StataCorp LP) was used to
perform all analyses.

Results

After removing people who withdrew during the follow-up,
228,477 of the 502,488 UK Biobank participants had data
available for incident osteoporosis. Excluding people with

missing data for one or more physical capability marker
(n = 2080), osteoporosis at baseline (n = 3472), non-white
ethnicity (n = 10,832) or incomplete covariate data
(n = 43,411), 168,682 participants (48.8% women) had data
available on all essential variables (Figure 1). Of these,
154,429 could be classified as non-sarcopenia, pre-
sarcopenia, or sarcopenia (Supporting Information, Figure
S1). After a median follow-up of 7.4 years (interquartile range
6.7 to 8.2 years), 6296 (3.7%) participants were diagnosed
with osteoporosis.

The baseline characteristics of participants by sarcopenia
categories and sex are shown in Table 1. Briefly, 5950
(8.0%) of the 74,293 women and 4075 (5.1%) of the 80,136
men were pre-sarcopenic or sarcopenic. Overall, compared
with non-sarcopenic individuals, both men and women with
pre-sarcopenia or sarcopenia were older, more likely to cur-
rently smoke, use H2 blockers and/or corticosteroids, and re-
port never drinking alcohol. They had lower levels of physical
activity and reported a lower intake of protein and calcium.
They were also more likely to have more than one morbidity,
and to have had fractures in the last 5 years and falls in the
last year. Lastly, pre-sarcopenic and sarcopenic individuals
were more likely to be postmenopausal (women) and report
hypogonadism (men) compared with non-sarcopenic women
and men, respectively (Table 1). The baseline characteristics
by individual physical capability marker by sex are shown in
Tables S1 to S3.

Sex-specific associations between sarcopenia categories
and incident osteoporosis are shown in Figure 2 and
Table S4. In the minimally adjusted model (model 1), a higher
risk of incident osteoporosis was identified in sarcopenic

n=502,488

Participants in UK Biobank after dropped out during follow-up

Exclusion:

People without data available for osteoporosis incidence, n= 274,011

n=228,477

Participants with data available for osteoporosis incidence

Exclusion:

People with missing data for one physical capability marker, n=2,080
People with osteoporosis at baseline, n= 3,472

People with non-white ethnicity, n= 10,832

People with missing data for covariates, n=43,411

n=168,682

Participants included in the final analyses

Participants with data available for the individuals physical
capability markers
n=168,682

Participants with data available for sarcopenia categories following

the EWGSOP2
n=154,429

Figure 1 Flow diagram participants included in the study. EWGSOP2, European working sarcopenia in older people 2019.
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Women
; Total n/ Events HR [95% CI]
Normal (Ref.) , 68,343/ 3,845 1.00 (Ref.)
Pre-sarcopenia I';-i 5,430/ 396 1.00[0.90; 1.11]
Sarcopenia e 520180  1.66 [1.33; 2.08]

- :
00 05 10 15 20 25 30 35
HR [95% CI]

Men
, Total n/ Events HR [95% CI]
Normal (Ref.) l 76,061/ 974 1.00 (Ref.)
Pre-sarcopenia —— 4,036/ 82 1.30[1.03; 1.63]
Sarcopenia > 39/3 3.04 [0.97; 9.54]

00 05 10 15 20 25 30 35
HR [95% CI]

Figure 2 Association between categories of sarcopenia and osteoporosis incidence by sex. Analyses are presented as HR with their respectively Cl.
Non-sarcopenic participants were used as the reference group. Analyses were adjusted by socio-demographic factors (age and deprivation), morbidity
count, physical activity, smoking, alcohol and red and processed meat intake, body fat, serum vitamin D levels, corticosteroids, H2 blockers, falls and
fractures in the last 5 years and menopause in women and hypogonadism in men (model 3). *Sarcopenia includes those with sarcopenia or severe

sarcopenia.

women compared to non-sarcopenic (HR: 2.01 [95% CI: 1.61
to 2.51]). The association was attenuated after adjustment
for lifestyle factors, body composition and morbidity count
(model 2) and remained significant in model 3 (HR: 1.66
[95% CI: 1.33 to 2.08]). The results were similar in the
2-year landmark analysis (model 4). However, the association
were no longer present when protein and calcium intake
were included as covariates (model 5). No associations were
identified between pre-sarcopenic women and incident
osteoporosis. Incident osteoporosis without pathological
fractures showed similar patterns of associations (Table S5).
Additionally, pre-sarcopenic women showed a higher risk of
incident osteoporosis using this outcome (HRogel 3. 1.15
[95% CI: 1.01 to 1.32]). Non-significant associations were
identified between categories of sarcopenia and osteoporosis
with pathological fractures.

The risk of osteoporosis in pre-sarcopenic and sarcopenic
men was 1.40- and 4.97-times higher, respectively, in compar-
ison to non-sarcopenic men in the minimally adjusted model
(model 1). The associations were attenuated when the analy-
sis was further adjusted for morbidity count, lifestyle and
health-related factors (models 2 and 3) for sarcopenic men
but remained significant for pre-sarcopenic men (HR: 1.30
[95% CI: 1.03 to 1.63]) (Figure 2). As per women, a similar
trend was identified when a two-year landmark was included
in the analysis but disappeared when protein and calcium in-
take were included (model 5, Table S4). When the subtypes
of osteoporosis were used as outcomes, we observed a
similar magnitude of association between pre-sarcopenic
men and osteoporosis without pathological fractures. The
associations with the pathological fracture incidence were
non-significant (Table S5). On the other hand, regarding the
cumulative hazard estimate, both men and women with
sarcopenia had a steeper crude cumulative incidence of oste-
oporosis than non-sarcopenic men and women, respectively
(Figures S2 and S3).

Of the three physical capability markers used to define cat-
egories of sarcopenia, slow gait speed and low muscle mass
were independently associated with 1.30- and 1.36-times

higher risk of incident osteoporosis in women and 1.70- and
3.07-times higher risk of incident osteoporosis in men, re-
spectively (Figure 3, model 3). The associations remained
when the analyses were further adjusted for protein and cal-
cium intake and in the two-year landmark analysis (except for
low muscle mass in men, probably due to the few numbers of
cases). Low grip strength was associated with a higher risk of
incident osteoporosis in men across all models (HRmogel
3:1.38 [95% CI: 1.15 to 1.65]), but not in women. Based on
model 3, low muscle mass was the physical capability marker
associated with the highest risk of incident osteoporosis in
both sexes.

Finally, while there were no significant interactions with
age-group, the numerical magnitude of the associations be-
tween sarcopenia and incident osteoporosis was higher in
the older age-group for sarcopenic women and pre-
sarcopenic men compared to their counterparts (Table S6).

Discussion

Sarcopenia and osteoporosis are prevalent conditions that
are associated with substantial health burden.® After adjust-
ment for a wide range of potential confounding factors,
pre-sarcopenia was associated with a higher risk of incident
osteoporosis in men, but not in women, while sarcopenia
was associated with a higher risk in women, but not in
men. The lack of association between sarcopenic men and in-
cident osteoporosis might be related to the low number of
sarcopenic men in our study; therefore, this analysis was
probably underpowered. These results were consistent for in-
dividuals without pathological fractures but not for those
with osteoporosis with pathological fractures. The latter rein-
forces the relevance of the early assessment of sarcopenia in
these individuals beyond fractures. Among the three physical
capability markers used to define sarcopenia, low muscle
mass was associated with the highest risk of incident
osteoporosis in both sexes, followed by slow gait speed
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Women
. Total n/Events  HR [95% CI]
Slow gait speed g
Model 1 !
No (Ref.) [ ] 76,675/4,585  1.00 (Ref.)
Yes: - 5,648/ 444 1.12[1.01;1.23]
Model 2 |
No (Ref.) [ 76,675/4,585  1.00 (Ref)
Yes: Lo 5,648/ 444 1.37 [1.24; 1.53]
Model 3 H
No (Ref.) L] 76,675/4,585  1.00 (Ref.)
Yes: | M 5,648/ 444 1.30 [1.17; 1.45]
Model 4 H
No (Ref.) [ ] 75,462/3372  1.00 (Ref.)
Yes G 5,538/ 334 1.34[1.18; 1.51]
Model 5 H
No (Ref.) [ ] 33,694/1,726  1.00 (Ref)
Yes: . 1,754/ 97 1.25[1.01; 1.55]
Low grip strength- :
Model 1 !
No (Ref.) u 74,949/4,423  1.00 (Ref)
Yes: - 7,374/ 606 1.14[1.04; 1.24]
Model 2: !
No (Ref.): [ ] 74,949/4,423  1.00 (Ref)
Yes - 7,374/ 606 1.11[1.02; 1.21]
Model 3 !
No (Rff.) ll 74,949/4,423  1.00 (Ref)
es 1.08 [0.99; 1.18
Model 4. ! 7,374/ 606 [ ]
No (Ref.) [ 73,794/3,268  1.00 (Ref.)
Yes: [ 7,206/ 438 1.09[0.99; 1.21]
Model 5 |
No (Ref.) [ ] 32,812/ 1,641 1.00 (Ref.)
Yes: Ha 2,636/ 182 1.07 [0.92; 1.25]
Low muscle mass g
Model 1 :
No (Ref.) ] 79,190/4,646  1.00 (Ref.)
Yes: . 3,133/ 383 1.61[1.45; 1.79]
Model 2 ]
No (Ref.) [] 79,190/4,646  1.00 (Ref.)
Yes: M 3,133/ 383 1.38 [1.24; 1.53]
Model 3 :
No (Ref.) [ ] 79,190/4,646  1.00 (Ref.)
Yes: | 3,133/ 383 1.36[1.22; 1.51]
Model 4- |
No (Ref.) » 77,985/3,441  1.00 (Ref.)
Yes: t HH 3,015/ 265 1.33[1.17; 1.51]
Model 5 H
No (Ref.) . 34,186/1,686  1.00 (Ref.)
Yes | e 1,262/ 137 1.37[1.15; 1.64]
T

T T
00 0.5 1.0 15 20 25 30 35 4.0 45
HR [95% CI]

Men
Total n/Events  HR [95% CI]
Slow gait speed
lodel 1
No (Ref.) . 80,199/1,062  1.00 (Ref.)
Yes == 6,160/ 205 2.07[1.78; 2.42]
Model 2
No (Ref.) " 80,199/1,062  1.00 (Ref.)
Yes - 6,160/ 205 1.83[1.55; 2.17]
Model 3
No (Ref.) ] 80,199/1,062  1.00 (Ref.)
Yes - 6,160/ 205 1.70 [1.43; 2.02]
Model 4
No (Ref.) ] 79,952/ 815 1.00 (Ref.)
Yes: - 6,117/ 162 1.80 [1.48; 2.19]
Model 5
No (Ref.) " 34,490/ 392 1.00 (Ref.)
Yes: — - 1,735/ 42 2.09[1.48; 2.96]
Low grip strength {
Model 1
No (Ref.) . 81,000/1,124  1.00 (Ref.)
Yes - 5,350/ 143 1.66 [1.39; 1.98]
Model 2
No (Ref.) . 81,009/1,124  1.00 (Ref.)
Yes = 5,350/ 143 1.48[1.23;1.77)
Model 3
No (Ref.) " 81,000/1,124  1.00 (Ref)
Yes = 5,350/ 143 1.38 [1.15; 1.65]
Model 4
No (Ref.) ] 80,748/ 863 1.00 (Ref.)
Yes: — 5,321/ 114 1.51[1.23; 1.85]
Model 5
No (Ref.) ] 34,335/ 396 1.00 (Ref.)
Yes: bl 1,890/ 38 1.59 [1.13; 2.23]
Low muscle mass
Model 1
No (Ref.) . 86,220/1,256  1.00 (Ref.)
Yes: =% 13911 4.40[2.43;7.98]
Model 2
No (Ref.) . 86,220/ 1,256 1.00 (Ref.)
Yes > 13911 3.52[1.94; 6.40)
Model 3
No (Ref.) ] 86,220/1,256  1.00 (Ref.)
Yes: e M B 139111 3.07 [1.68; 5.59]
Model 4
No (Ref.) . 85,936/ 972 1.00 (Ref.)
Yeod 1 - » 1335 1.93[0.20; 4.66]
Model 5
No (Ref.) . 36,172/ 431 1.00 (Ref.)
Yes &> 53/3 3.92[1.26; 12.3]
T MU e ]
0.0 05 1.0 1.5 20 25 3.0 35 4.0 45
HR [95% CI]

Figure 3 Associations between individual physical capability markers and incident osteoporosis by sex. Analyses are presented as HR with their respec-
tively Cl. Non-sarcopenic participants were used as the reference group. Analyses were adjusted by model 1, adjusted by socio-demographic factors
(age and deprivation); model 2 as model 1, but additionally morbidity count, physical activity, smoking, body fat, alcohol and red and processed meat
intake. Model 3, as model 2, but additionally adjusted by serum vitamin D levels, corticosteroids, H2 blockers, falls and fractures in the last 5 years and
menopause in women and hypogonadism in men. Model 4, as per model 3, but using a 2-year landmark that excluded participants who experienced
events within the first 2 years of follow-up; and model 5, as per model 3, but further adjusted for calcium and protein intake.

(in both sexes) and low grip strength (in men only). Given
these findings, and considering the health and economic bur-
den of osteoporosis in the United Kingdom,* preventing, di-
agnosing and treating sarcopenia might help prevent or
delay some cases of osteoporosis and the significant health
and financial burden associated with this, assuming causality.
As the decrease in muscle mass starts at ~40 years,27 and this
leads to a higher risk of falls and fragility fractures, interven-
tions improving or maintaining decent physical capability
levels in middle and older ages are needed.

The association between sarcopenia and osteoporosis has
been previously studied, but most evidence comes from
cross-sectional studies.”®*%2 To our knowledge, this is the
first study reporting the longitudinal association between
sarcopenia and incident osteoporosis. Previous prospective
studies often used fractures as a proxy for osteoporosis, even
though all fractures may not necessarily indicate osteoporosis
and, as it was demonstrated in our study, pre-sarcopenic men
and sarcopenic women had a higher risk of osteoporosis
without pathological fractures. In terms of fracture studies,
Yu et al. used the MrOs study to report that sarcopenia was
an independent risk factor for fractures in men (HR: 1.87
[95% ClI: 1.30 to 2.68]), but not in women (HR: 0.80 [95%
Cl: 0.49 to 1.31]).%° Similarly, Scott et al. identified that
sarcopenic obese community-dwelling older men had more
than 3-times higher rate of self-reported fractures compared

to non-sarcopenic non-obese men. Sarcopenic obese women,
in contrast, had a higher risk of fracture compared with obese
women (incident rate ratio: 2.82 [95% CI: 1.42 to 5.60]), but
this was mediated by BMD (incident rate ratio: 1.93 [95%
Cl: 0.94 to 3.98]).%° In comparison to our study, these studies
used different classifications to define sarcopenia, their out-
come was the risk of fracture instead of osteoporosis itself,
and included only older individuals. The latter reinforces the
relevance of our findings which identified an increased risk
of osteoporosis in both sexes (women with sarcopenia and
men with pre-sarcopenia) using the latest guidelines sug-
gested for the EWGSOP2,%” in both middle-aged and older
adults.

In terms of the individual components used to define
sarcopenia, the majority of previous studies have investigated
their association with risk fractures as an outcome.'**®%’
Only a few studies have also reported the association of
these individual factors with osteoporosis or fragility frac-
tures associated with osteoporosis.*>*33* Cheung et al., using
a subset of 1702 participants from the prospective Hong Kong
Osteoporosis study, found that grip strength was strongly as-
sociated with fragility fractures and osteoporosis at the hip.>3
Likewise, for each standard deviation lower in gait speed,
there was a 2.16-times higher risk of hip fractures and
1.33-times higher risk of major osteoporotic fractures among
351 post-menopausal women who were followed up for
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10 years.>* In Canada, after 6 years follow-up of 9622 men
and women older than 40 years, Leslie et al. identified that
a decrease in total body lean mass was independently associ-
ated with an increased risk of osteoporotic fractures.®

As a prospective study of osteoporosis, rather than a proxy,
the current study fills gaps in the existing evidence base.
However, several challenges remain. The lack of a single clas-
sification and definition for sarcopenia remains one of the
greatest problems for research into sarcopenia, extending be-
yond studies of the association between sarcopenia and oste-
oporosis. Achieving a consensual definition would facilitate
the comparison of results across studies that use a common
definition and would help translation of the findings into clin-
ical practice. Finally, future prospective studies should inves-
tigate the joint association of sarcopenia and osteoporosis,
i.e., ‘osteosarcopenia’, on adverse health outcomes. Binkley
& Buehring were the first to introduce the concept in 2009
as a subset of older adults with both osteoporosis and
sarcopenia.>® Although more studies have been carried out
since that moment,®®37 literature using prospective studies
is lacking.3®

Strength and limitations

UK Biobank provided the opportunity to test our hypothesis
in a large and well characterized general population-based
cohort of middle-aged and older adults. Consequently, analy-
ses could be adjusted for multiple potential confounders.
Moreover, incident osteoporosis was ascertained through
linkage primary care records. However, UK Biobank is not
representative of the UK population in terms of socio-
demographic, lifestyle and prevalent disease. Therefore,
while risk estimates can be generalized,® summary statistics
such as the prevalence or incidence of health conditions
should not.*® Muscle mass was measured using BIA. While
this method is not the gold standard, muscle mass estimated
using BIA has been shown to have good agreement with DXA
(r = 0.868).* In addition, owing to insufficient statistical
power, we were unable to study severe sarcopenia as a sep-
arate category and therefore, we combined sarcopenia and
severe sarcopenia. Even so, the number of participants in
some sarcopenia categories, especially men, was low,
which likely explains the lack of significant association
for sarcopenic men. Another potential limitation is the
self-reported gait speed. Although we used self-reported
walking pace as a proxy of gait speed, previous studies have
shown that this simple and cheap marker of physical capabil-
ity has a strong predictive ability for chronic diseases and
mortality, even beyond mean fracture risk.***® In addition,
even though our analyses adjusted for a large list of con-
founding factors, some of the associations identified might
be due to residual or unmeasured confounding. Finally, the
observational nature of the study does not allow us to infer

causality from the association; therefore, future trials should
investigate the potential causal link of sarcopenia and physi-
cal capability markers with osteoporosis.

In  conclusion, our findings demonstrated that
pre-sarcopenic men and sarcopenic women had a higher risk
of incident osteoporosis even after adjustment for a large
range of potential confounders. Since sarcopenia could be
prevented, early public health strategies aimed at improving
physical capability may help to prevent or delay some cases
of osteoporosis. Randomized trials would help address this
question.

Acknowledgements

This research has been conducted using the UK Biobank re-
source. We are grateful to UK Biobank participants. This re-
search has been conducted using the UK Biobank resource
under application number 7155. The authors of this manu-
script certify that they comply with the ethical guidelines
for editorship and publishing in the Journal of Cachexia,
Sarcopenia and Muscle.**

Conflict of interest

None declared.

Funding

UK Biobank was established by the Wellcome Trust medical
charity, Medical Research Council, Department of Health,
Scottish  Government and the Northwest Regional
Development Agency. It has also had funding from the Welsh
Assembly Government and the British Heart Foundation.
FP-R receives financial support from the Chilean Government
for her PhD (ANID-Becas Chile 2018 — 72190067).

Author contribution

F.P.-R., J.P.P., F.K.H., and C.C.-M. contributed to the concep-
tion and design of the study, advised on all statistical aspects,
and interpreted the data. F.P.-R. performed the literature
search. F.P.-R. performed the analyses with support from J.
P.P, F.K.H., and C.C.-M. All authors critically reviewed this
and previous drafts. All authors approved the final draft for
submission, with final responsibility for publication. J.P.P, F.
K.H., and C.C.-M. contributed equally to this work and are
joint senior authors. F.P-R., F.K.H., J.P.P., and C.C.-M. are
the guarantor.

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 1179-1188
DOI: 10.1002/jcsm.12757



Sarcopenia and risk of osteoporosis

1187

Copyright

The Corresponding Author has the right to grant on behalf of
all authors and does grant on behalf of all authors, a world-
wide licence to the Publishers and its licensees in perpetuity,
in all forms, formats and media (whether known now
or created in the future), to (i) publish, reproduce, distribute,
display and store the Contribution, (ii) translate the Contribu-
tion into other languages, create adaptations, reprints, in-
clude within collections and create summaries, extracts
and/or, abstracts of the Contribution, (iii) create any other
derivative work(s) based on the Contribution, (iv) to exploit
all subsidiary rights in the Contribution, (v) the inclusion of
electronic links from the Contribution to third party material
wherever it may be located; and, (vi) licence any third party
to do any or all of the above.

Transparency

The lead author, (the manuscript’s guarantor), affirms that
the manuscript is an honest, accurate, and transparent ac-
count of the study being reported; that no important aspects
of the study have been omitted; and that any discrepancies
from the study as planned (and, if relevant, registered) have
been explained.

Data availability statement

All UK Biobank information is available online on the
webpage www.ukbiobank.co.uk. Data access is available

References

through applications. This research was conducted using the
application number 7155.

Online supplementary material

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1. Diagram — Participants according to the different
classification by idividuals capability markers and categories
of sarcopenia by sex.

Figure S2. Cumulative hazard plot of osteoporosis incidence
by categories of sarcopenia and follow-up time in women.
Figure S3. Cumulative hazard plot of osteoporosis incidence
by categories of sarcopenia and follow-up time in men.
Table S1. Baseline characteristics by categories of gait speed
and sex.

Table S2. Baseline characteristics by categories of grip
strength and sex.

Table S3. Baseline characteristics by categories of muscle
mass and sex.

Table S4. Associations between categories of sarcopenia with
incident osteoporosis by sex.

Table S5. Associations between categories of sarcopenia with
subtypes osteoporosis incidence by sex

Table S6. Associations between categories of sarcopenia and
incident osteoporosis by age groups and sex.

. Edwards MH, Dennison EM, Aihie Sayer A,
Fielding R, Cooper C. Osteoporosis and
sarcopenia in older age. Bone 2015;80:
126-130.

. Lane NE. Epidemiology, etiology, and diag-
nosis of osteoporosis. Am J Obstet Gynecol
2006;194:53-511.

. Ensrud KE, Crandall CJ. Osteoporosis. Annal
Int Med 2017;167:ITC17-ITC32.

. |OF. Epidemiology: Broken Bones, Broken
Lives - United Kingdom. 2020. https://
www.osteoporosis.foundation/sites/
iofbonehealth/files/2019-06/7.%202018_
EUBUK_Infographic_English.pdf. Accessed
18th November.

. Sézen T, Ozisik L, Bagaran N. An overview
and management of osteoporosis. Eur J
Rheumatol 2017;4:46-56.

. Pouresmaeili F, Kamalidehghan B,
Kamarehei M, Goh YM. A comprehensive
overview on osteoporosis and its risk fac-
tors. Ther Clin Risk Manag 2018;14:
2029-2049.

10.

11.

Verschueren S, Gielen E, O’Neill TW, Pye
SR, Adams JE, Ward KA, et al. Sarcopenia
and its relationship with bone mineral den-
sity in middle-aged and elderly European
men. Osteoporos Int 2013;24:87-98.

He H, Liu Y, Tian Q, Papasian CJ, Hu T, Deng
HW. Relationship of sarcopenia and body
composition with osteoporosis. Osteoporos
Int 2016;27:473-482.

Su Y, Lam FMH, Leung J, Cheung W-H, Ho
SC, Kwok T. The predictive value of
sarcopenia and falls for 2-year major osteo-
porotic fractures in community-dwelling
older adults. Calcif Tissue Int 2020;107:
151-159.

Yoshimura N, Muraki S, Oka H, lidaka T,
Kodama R, Kawaguchi H, et al. Is osteopo-
rosis a predictor for future sarcopenia or
vice versa? Four-year observations be-
tween the second and third ROAD study
surveys. Osteoporos Int 2017;28:189-199.
Sjoblom 'S, Suuronen J, Rikkonen T,
Honkanen R, Kréger H, Sirola J.

12.

13.

14.

15.

Relationship between postmenopausal os-
teoporosis and the components of clinical
sarcopenia. Maturitas 2013;75:175-180.
Scott D, Johansson J, McMillan LB, Ebeling
PR, Nordstrom P, Nordstrom A. Associa-
tions of sarcopenia and its components
with bone structure and incident falls in
swedish older adults. Calcif Tissue Int
2019;105:26-36.

Nielsen BR, Abdulla J, Andersen HE,
Schwarz P, Suetta C. Sarcopenia and osteo-
porosis in older people: a systematic re-
view and meta-analysis. Eur Geriatr Med
2018;9:419-434.

Sirola J, Tuppurainen M, Honkanen R,
Jurvelin JS, Kroger H. Associations between
grip strength change and axial postmeno-
pausal bone loss—a 10-year population-
based follow-up study. Osteoporos Int
2005;16:1841-1848.

Leslie WD, Schousboe JT, Morin SN,
Martineau P, Lix LM, Johansson H, et al.
Loss in DXA-estimated total body lean

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 1179-1188

DOI: 10.1002/jcsm.12757


http://www.ukbiobank.co.uk
https://www.osteoporosis.foundation/sites/iofbonehealth/files/2019-06/7.%202018_EU6UK_Infographic_English.pdf
https://www.osteoporosis.foundation/sites/iofbonehealth/files/2019-06/7.%202018_EU6UK_Infographic_English.pdf
https://www.osteoporosis.foundation/sites/iofbonehealth/files/2019-06/7.%202018_EU6UK_Infographic_English.pdf
https://www.osteoporosis.foundation/sites/iofbonehealth/files/2019-06/7.%202018_EU6UK_Infographic_English.pdf

1188

F. Petermann-Rocha et al.

16.

17.

18.

19.

20.

21.

22.

23.

24,

mass but not fat mass predicts incident

major osteoporotic fracture and hip
fracture independently from  FRAX:
a registry-based cohort study. Arch

Osteoporos 2020;15:96.

Dutta D, Sharma M, Bansal R, Sharma N,
Garga UC, Anand A, et al. Low skeletal
mass is an important predictor of osteopo-
rosis in HIV-infected men in India.
Endokrynol Pol 2017;68:642—651.
Papageorgiou M, Sathyapalan T, Schutte R.
Muscle mass measures and incident osteo-
porosis in a large cohort of postmeno-
pausal women. J Cachexia Sarcopenia
Muscle 2019;10:131-139.

Yu R, Leung J, Woo J. Incremental predic-
tive value of sarcopenia for incident frac-
ture in an elderly Chinese cohort: results
from the Osteoporotic Fractures in Men
(MrOs) Study. J Am Med Dir Assoc
2014;15:551-558.

Yu R, Leung J, Woo J. Sarcopenia combined
with FRAX probabilities improves fracture
risk prediction in older Chinese men. J Am
Med Dir Assoc 2014;15:918-923.

Scott D, Chandrasekara SD, Laslett LL,
Cicuttini F, Ebeling PR, Jones G. Associa-
tions of sarcopenic obesity and dynapenic
obesity with bone mineral density and inci-
dent fractures over 5-10 years in commu-
nity-dwelling older adults. Calcif Tissue Int
2016;99:30-42.

Scott D, Seibel M, Cumming R,
Naganathan V, Blyth F, Le Couteur DG,
et al. Sarcopenic obesity and its temporal
associations with changes in bone mineral
density, incident falls, and fractures in
older men: the concord health and ageing
in men project. J Bone Miner Res
2017;32:575-583.

Chalhoub D, Cawthon PM, Ensrud KE,
Stefanick ML, Kado DM, Boudreau R,
et al. Risk of nonspine fractures in older
adults with sarcopenia, low bone mass, or
both. J Am Geriatr Soc 2015;63:1733-1740.

Collins R. What makes UK Biobank special?
Lancet (London, England) 2012;379:
1173-1174.

Palmer L. UK Biobank: bank on it. Lancet
(London, England) 2007;369:1980-1982.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sudlow C, Gallacher J, Allen N, Beral V,
Burton P, Danesh J, et al. UK biobank: an
open access resource for identifying the
causes of a wide range of complex diseases
of middle and old age. PLoS Med 2015;12:
e1001779.

Janssen |, Heymsfield SB, Baumgartner RN,
Ross R. Estimation of skeletal muscle mass
by bioelectrical impedance analysis. J Appl
Physiol (Bethesda, Md: 1985) 2000;89:
465-471.

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y,
Bruyere O, Cederholm T, et al. Sarcopenia:
revised European consensus on definition
and diagnosis. Age Ageing 2019;48:16-31.
Syddall HE, Westbury LD, Cooper C, Sayer
AA. Self-reported walking speed: a useful
marker of physical performance among
community-dwelling older people? J Am
Med Dir Assoc 2015;16:323-328.
Townsend P, Phillimore P, Beattie A. Health
and deprivation. Inequality and the North.
Health Policy (New York) 1988;10.

Guo W, Bradbury KE, Reeves GK, Key TJ.
Physical activity in relation to body size
and composition in women in UK Biobank.
Ann Epidemiol 2015;25:406-413.e6.
Barnett K, Mercer SW, Norbury M, Watt G,
Wyke S, Guthrie B. Epidemiology of
multimorbidity and implications for health
care, research, and medical education: a
cross-sectional study. Lancet 2012;380:
37-43.

Galante J, Adamska L, Young A, Young H,
Littlejohns TJ, Gallacher J, et al. The accept-
ability of repeat Internet-based hybrid diet
assessment of previous 24-h dietary intake:
administration of the Oxford WebQ in UK
Biobank. Br J Nutr 2016;115:681-686.
Cheung CL, Tan KC, Bow CH, Soong CS,
Loong CH, Kung AW. Low handgrip
strength is a predictor of osteoporotic frac-
tures: cross-sectional and prospective evi-
dence from the Hong Kong Osteoporosis
Study. Age (Dordr) 2012;34:1239-1248.
Lundin H, Saaf M, Strender LE, Nyren S,
Johansson SE, Salminen H. Gait speed and
one-leg standing time each add to the pre-
dictive ability of FRAX. Osteoporos Int
2017;28:179-187.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Binkley N, Buehring B. Beyond FRAX: it’s
time to consider "sarco-osteopenia". J Clin
Densitom 2009;12:413-416.

Huo YR, Suriyaarachchi P, Gomez F, Curcio
CL, Boersma D, Muir SW, et al. Phenotype
of osteosarcopenia in older individuals
with a history of falling. / Am Med Dir
Assoc 2015;16:290-295.

Paintin J, Cooper C, Dennison E.
Osteosarcopenia. Br J Hosp Med (Lond)
2018;79:253-258.

Yoo JI, Kim H, Ha YC, Kwon HB, Koo KH.
Osteosarcopenia in patients with hip frac-
ture is related with high mortality. J Korean
Med Sci 2018;33:e27.

Fry A, Littlejohns TJ, Sudlow C, Doherty N,
Adamska L, Sprosen T, et al. Comparison
of sociodemographic and health-related
characteristics of UK biobank participants
with those of the general population. Am
J Epidemiol 2017;186:1026—-1034.

Batty GD, Gale CR, Kivimdki M, Deary 1J,
Bell S. Comparison of risk factor associa-
tions in UK Biobank against representative,
general population based studies with con-
ventional response rates: prospective co-
hort study and individual participant
meta-analysis. BMJ 2020;368:m131.
Petermann-Rocha F, Chen M, Gray SR, Ho
FK, Pell JP, Celis-Morales C. New versus
old guidelines for sarcopenia classification:
What is the impact on prevalence and
health outcomes? Age Ageing 2019;49:
300-304.

Ganna A, Ingelsson E. 5 year mortality pre-
dictors in 498,103 UK Biobank participants:
a prospective population-based study.
Lancet 2015,;386:533-540.

Welsh CE, Celis-Morales CA, Ho FK, Brown
R, Mackay DF, Lyall DM, et al. Grip Strength
and Walking Pace and Cardiovascular Dis-
ease Risk Prediction in 406,834 UK Biobank
Participants. Mayo Clin Proc 2020;95:

879-888.
von Haehling S, Morley JE, Coats AIS,
Anker  SD.  Ethical guidelines  for

publishing in the Journal of Cachexia,
Sarcopenia and Muscle: update 2019. J
Cachexia Sarcopenia Muscle 2019;10:
1143-1145.

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 1179-1188

DOI: 10.1002/jcsm.12757



