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RESEARCH ARTICLE

Association Between Sarcopenia and Fracture Risk
in a Population From the UK Biobank Database
Charlotte Jauffret,1 Renaud Périchon,2 Antoine Lamer,2 Bernard Cortet,1 Emmanuel Chazard,2 and
Julien Paccou1

1Rheumatology Department, University of Lille, CHU Lille, ULR 4490 – MABLab, Lille, France
2Public Health Department, University of Lille, CHU Lille, ULR 2694 – METRICS, CERIM, Lille, France

ABSTRACT
Studies on the fracture risk in presarcopenic and sarcopenic patients report contradictory results. The objective was to assess whether
presarcopenia and sarcopenia are associated with an increase in fracture risk. We conducted a retrospective study using the UK
Biobank cohort and the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) criteria. Muscle strength was
evaluated using hand-grip strength (HGS) and muscle mass using the skeletal muscle index (SMI; from bioimpedance analysis).
Presarcopenia was defined through the two definitions available in the literature, as low HGS with normal SMI and as normal HGS
with low SMI, and sarcopenia as low HGS and low SMI. Fracture events were recorded as “fracture” (location compatible with an oste-
oporotic origin) and “major osteoporotic fracture” (MOF), as listed in the FRAX tool. Associations were assessed using Cox propor-
tional hazards models, adjusted for sarcopenia and osteoporosis risk factors. Adjusted hazard ratios (HRa) and their 95%
confidence intervals (CI) were reported. A total of 387,025 participants (women 54.4%; median age 58.0 years; interquartile range
[IQR] 51.0–63.0 years) were included. At baseline, there were 18,257 (4.7%) presarcopenic participants—subgroup 1 (low HGS only),
7940 (2.1%) presarcopenic participants—subgroup 2 (low SMI only), and 1124 (0.3%) sarcopenic participants. Over a median follow-
up of 12.0 years (IQR 11.4–12.6 years), 18,300 (4.7%) participants were diagnosed with at least one incident fracture. Presarcopenic
(subgroups 1 and 2) and sarcopenic status were significantly associated with a higher risk of fracture (respectively adjusted
HRs: HR = 1.26 [1.19–1.33], HR = 1.20 [1.11–1.30], HR = 1.30 [1.08–1.56]) and with a higher risk of MOF (respectively adjusted HRs:
HR = 1.30 [1.21–1.40], HR = 1.19 [1.08–1.72], HR = 1.18 [0.93–1.49]). In a middle-aged population, the fracture and MOF risks were
higher in both presarcopenic and sarcopenic participants compared with nonsarcopenic participants. © 2023 The Authors. Journal
of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research
(ASBMR).
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Introduction

Sarcopenia has recently been redefined as a progressive loss
of muscle strength and muscle mass, associated with

adverse consequences for health.(1,2) Based on the definition
published by the European Working Group on Sarcopenia in
Older People 2 (EWGSOP2),(1) its prevalence is currently around
10% in older adults, and it constitutes a heavy burden for public
health systems.(3) Its late recognition as a disease in 2016 by the
World Health Organization (WHO) (International Classification of
Diseases, ICD-10-CM: M62.84)(4) and a lack of international con-
sensus partly explain the current state of knowledge. Indeed,

studies on sarcopenia are not easily comparable(5) as national
recommendations use different cut-off points for screening
and diagnostic tests.(6)

Over the last 10 years, several scientific societies have pub-
lished guidelines on defining sarcopenia.(1-3) The EWGSOP2
guidelines(1) are currently the most widely used worldwide and
incorporate three muscle parameters (muscle strength, muscle
mass, and physical performance tests) in a decision tree.(1)

Although muscle mass can be measured using different
methods, the most commonly used method is dual-energy
X-ray absorptiometry (DXA). When DXA assessment is impossi-
ble, bioelectrical impedance analysis (BIA) can be used to
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calculate an approximation of skeletal muscle mass (SMM) (Sergi
or Janssen equation(7,8)) and then the skeletal muscle index (SMI;
kg/height(m)2).

The EWGSOP2(1) recommendations define three thresholds,
namely (i) probable sarcopenia, defined as low muscle strength
only; (ii) sarcopenia, defined as low muscle strength and muscle
mass; and (iii) severe sarcopenia, defined as lowmuscle strength,
muscle mass, and physical performance.

A presarcopenia stage is also used, with various definitions in
the literature, including “low muscle mass without impact on
muscle strength or physical performance”(3,5) and “low muscle
strength with normal muscle mass”.(9)

Sarcopenia is directly responsible for negative outcomes.
Some of these have been proven (eg, the mortality outcome),
whereas others are more debated (eg, the fracture
outcome), as reported in the meta-analysis conducted by Beau-
dart and colleagues,(10) which was based solely on studies using
the EWGSOP2 recommendations.(1)

The age-related decline in muscle mass and function also
affects mobility, bone mass, and bone microarchitecture.(11) As
muscle and bone are highly interconnected, when the aging pro-
cess affects one of the two, the functionality of the other may be
compromised. Consequently, it is widely believed that sarcope-
nia may increase fracture risk.(12)

Three recent prospective studies(13-15) have assessed fracture
risk in sarcopenic patients using the EWGSOP2(1) criteria. In the
first study, conducted in 2015 by Cawthon and colleagues,(13)

in male older adults aged 65 years and older who answered
mailed questionnaires on falls and fractures three times per year,
adjusted for femoral neck bone mineral density (BMD), the
authors found no evidence of an increase in fracture risk at
9 years. In another study conducted in 2015, in osteosarcopenic
male and female older adults aged 65 years and older (low
appendicular lean mass plus slowness or weakness and low
BMD according to the WHO definition, that is, T-score < �1.0),
Chalhoub and colleagues(14) reported an increase in fracture risk
at 9 years in women andmenwith low BMD and sarcopenia, and
with low BMD alone, but not with sarcopenia alone, compared
with those with normal BMD and no sarcopenia. In the third
study, conducted by Schaap and colleagues(15) in 2018, in male
and female older adults aged 65 years and older, the authors
also failed to find an increase in fracture risk at 10 years in sarco-
penic patients. However, in that study, no adjustment was made
for BMD values.

In a study on the UK Biobank cohort, also using EWGSOP2 cri-
teria, Petermann-Rocha and colleagues(9) attempted to clarify the
association between sarcopenia and incident osteoporosis
(defined using ICD-10 codes M80, M81, and M82). In that study,
the authors reported that presarcopenia (defined as low hand-grip
strength [HGS] and normal SMI) in men and sarcopenia in women
were associated with a higher risk of osteoporosis, even after
adjusting for a wide range of potential confounding factors.(9)

Finally, sarcopenic people can be divided in subgroups accord-
ing to their comorbidities, such as obesity, for example. Sarcopenic
obesity (SO) is commonly defined as the coexistence of obesity and
sarcopenia,(1) but its diagnostic criteria have recently been
debated.(16,17) Although it is already known that obesity exacer-
bates sarcopenia—it increases fat infiltration in muscle, lowers
physical function, and increases the risk of mortality(1)—it is still
not known whether fracture risk differs in patients with sarcopenic
obesity compared with nonobese patients with sarcopenia.

To date, few studies are available on fracture risk in patients
with sarcopenia. Among them, comparisons are difficult because

they used different diagnostic criteria for sarcopenia, included
heterogeneous populations, focused on different outcomes,
and not all of them were adjusted for bone density (eg, BMD
by DXA or heel quantitative ultrasound [QUS]). As a result, inde-
pendently of BMD, fracture risk is not clearly identified in presar-
copenic and sarcopenic people or in subgroups such as the
sarcopenic obese. The main goal of this study was to determine
whether sarcopenia is independently associated with an
increase in fracture risk in a middle-aged and older,
community-dwelling population of women and men from the
UK Biobank prospective cohort.

Subjects and Methods

Participants and ethical approval

We conducted a prospective analysis on the UK Biobank data-
base, using outcome data obtained from National Health Service
(NHS) records. Approximately 500,000 British community-
dwelling volunteers provided their electronic consent for the
baseline assessments. Consent was also obtained for follow-up.
Details of the UK Biobank methodology have been published
previously,(18) and the protocol is publicly available.(19)

Data collection

Data were collected at four measurement intervals: interval
0 (initial assessment visit, between 2006 and 2010), interval
1 (2012–2013), interval 2 (2014 and later), and interval 3 (2019
and later, still ongoing). Participants completed a series of
touchscreen computer-based questionnaires, followed by a
face-to-face interview.(19) All assessment were performed by
trained data collectors, who followed standardized protocols
using a Seca (Hamburg, Germany) stadiometer for height mea-
surements, the Tanita (Tokyo, Japan) BC 418ma body fat analyzer
for weight and BIA measurements, the Jamar hydraulic hand
dynamometer (model J00105) for HGS measurements, and the
Sahara clinical sonometer (Hologic, Marlborough, MA, USA) for
heel QUS measurements (broadband ultrasound attenuation
[BUA] in db/MHz, and speed of sound [SOS] in m/s).

Inclusion and exclusion criteria

Because of the ethnic-specific Janssen equation we used (see
below), our study included only White participants. Participants
were excluded if (i) they withdrew their consent between data
acquisition and the end of the study; (ii) HGS values were unavail-
able or null; (iii) body composition values (BIA) were unavailable
or null; and (iv) ankle spacing width (ASW) and heel BUA values
were unavailable or null. Participants with missing values for
nonessential covariates were included in the sensitivity analyses.

Main exposure variable

The main exposure variable was participants’ sarcopenic status.
To define sarcopenic status in accordance with EWGSOP2 rec-
ommendations, we needed the HGS and SMI values, which were
obtained by feature extraction.

For the HGS value, we used the highest of the right- and left-
hand scores.(20) HGS values were considered pathological if they
were less than 16 kg in women and 27 kg in men.(1)

The SMI value was obtained in two steps. Using BIA data, we
first calculated the whole-body SMM using the Janssen
equation.(8) We then calculated the SMI using the following
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formula:(1,9,21,22) SMI = SMM/height2, where SMM is expressed in
kg, and height in meters. SMI values were considered patholog-
ical if they were less than 5.5 kg/m2 in women and 7.0 kg/m2

in men.(1)

We defined four main subgroups according to EWGSOP2 sar-
copenia cut-offs(1) (Fig. 1):

• Sarcopenic participants (low HGS, low SMI);
• Presarcopenic participants: subgroup 1 (low HGS, normal SMI),
subgroup 2 (normal HGS, low SMI), according to the defini-
tions currently available;(3,5,9)

• Nonsarcopenic participants (normal HGS, normal SMI),
referred to as the NonSarc group.

For the secondary analysis on sarcopenic obesity, as sarco-
penic participants were few, presarcopenic (subgroups 1 and
2) and sarcopenic participants were merged to form a single

group, referred to as the PreSarc group, and also split into
“obese” (BMI ≥30 kg/m2 (23)) and “nonobese” (BMI <30 kg/
m2(23)) (Fig. 1). As such, the following subgroups were avail-
able: PreSarcObese, PreSarcNonObese, NonSarcObese, and
NonSarcNonObese.

There was no need to match the nonsarcopenic, presarcope-
nic (subgroups 1 and 2) and sarcopenic subgroups according
to inclusion date, as all participants were ambulatory and inclu-
sion was based on voluntary participation.

Covariates

All covariates were collected at baseline. The directly available
covariates, which were sometimes categorized, were sex, age
at recruitment, Townsend deprivation index, serum 25-OH
vitamin D and calcium levels, vitamin D and calcium supplemen-
tation, smoking and alcohol status, physical activity level

Fig. 1. Subpopulation definitions. HGS = hand-grip strength; N = normal; NonSarc = nonsarcopenic participants; PreSarc = presarcopenic (subgroups
1 and 2) and sarcopenic participants; SMI = skeletal muscle index.
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(in MET-h/wk), history of fracture in the last 5 years, history of fall
in the last year, daily dietary energy intake, daily dietary calcium
and protein intake, daily processed meat and beef intake, bilat-
eral oophorectomy history, hormone-replacement therapy
(HRT) use, and loss to follow-up.

Some covariates were obtained by feature extraction, mean-
ing that they were created from directly available data. Those
covariates were BMI (calculated using the directly available
values from the directly available “height” and “weight” values),
heel BUA and ASW (for each, the mean of the right and left
directly available values or the right or left value by default when
only one was available), and history of corticosteroid intake
(recoded as a binary value, from the “treatment/medication
code” directly available data). Medical histories relating to men-
opausal status, history of diabetes, morbidity score (43 long-term
conditions(9)), and history of malignancy or bone diseases were
compiled from ICD-9 and ICD-10 directly available data, self-
reported directly available data, and OPCS-3 and OPCS-4 directly
available data (Classification of Interventions and Procedures
3 and 4, respectively).

Outcomes

A fracture event was defined as a fracture occurring after inclu-
sion, at a location compatible with an osteoporotic origin, that
is, all fracture locations except craniofacial, cervical spine, hand,
finger, foot, and toe. A major osteoporotic fracture (MOF) event
was defined as a fracture occurring at a location compatible with
a MOF (ie, clinical spine, proximal femur, proximal humerus. and
wrist). Fracture and MOF event data were collected from ICD-10
data and self-reported data (Supplemental Table S1 for code
selection). No ICD-9 data were available for fracture or MOF
events occurring after inclusion.

Study design

We documented baseline characteristics in the global popula-
tion and in some subgroups of interest.

We first compared fracture incidence in our four main sub-
groups (nonsarcopenic participants, versus presarcopenic
participants—subgroup 1 versus presarcopenic participants,
subgroup 2 versus sarcopenic participants).

We then compared:

• MOF incidence again in our four main subgroups;
• fracture incidence in NonSarcNonObese versus others (Fig. 1).

Finally, for the main objective only, we performed sensitivity
analyses:

• in women only, to add adjusting criteria (menopausal status,
bilateral oophorectomy, HRT use);

• after excluding participants with a history of (i) bone disease
other than osteoporosis (eg, Paget’s disease, multiple mye-
loma) and/or (ii) any cancer history.

When the proportion of missing values was ≥1.5% in the
global population, we created a “not available” category. When
the proportion of missing values was <1.5%, and/or if data were
obviously not missing at random, missing data were imputed
based on expert opinion. All reported counts (Table 1 and Sup-
plemental Table S2) are those after imputation.

Participants were followed up until the first fracture event.
When no fracture was reported, follow-up was censored at the

date of death, the lost-to-follow-up date, or the data extraction
date (3/25/2021).

We adjusted the final model by adding an increasing number
of covariates, as follows:

• Level 1 (minimally adjusted): sociodemographic covariates
(sex, age at recruitment, Townsend deprivation index), BMI,
heel QUS-related data (heel BUA and ASW);

• Level 2 (maximally adjusted): same as level 1 but further
adjusted for serum vitamin D level, vitamin D and/or calcium
supplementation, smoking and alcohol status, history of corti-
costeroids intake, history of diabetes, morbidity score, incident
fracture in the last 5 years, and fall in the last year. Menopausal
status, history of bilateral oophorectomy, and history of HRT
use were added to level 2 only in the sensitivity analysis in
women.

No stepwise procedures were performed as adjusting covari-
ates are scientifically recognized.

Statistical analysis

For univariate analyses, continuous variables were expressed as
mean (and standard deviation, [SD]) or as median (and interquar-
tile range [IQR]). Categorical variables were expressed as count
(and percentage) for each modality. Bivariate analyses were per-
formed using Student’s t tests (or Mann–Whitney–Wilcoxon
tests) to compare means, and chi-square tests (or Fisher’s exact
test) to test for independence among qualitative variables. Sur-
vival analyses were performed using Cox models. Nonadjusted
hazard ratios (HRna) and adjusted hazard ratios (HRa), along with
their 95% confidence intervals (95% CI), are reported. HRa1
denotes HRa derived from minimally adjusted models, whereas
HRa2 denotes HRa derived from maximally adjusted models.
Quantitative variables were always discretized. The proportional
hazards assumption was checked using the Schoenfeld residuals
and graphics method.

Statistical analyses were performed using R (version 4.1.2) and
RStudio (version 2021.09.0 + 351), and the knitr, dplyr, lubridate,
compareGroups, and survival packages. Any p values <0.05 were
considered statistically significant. All tests were two-sided.
When appropriate, 95% CI were computed.

Results

Study flow chart

After applying the exclusion criteria, our study included 387,025
participants, of which 359,705 (92.9%) were nonsarcopenic par-
ticipants, 18,257 (4.7%) presarcopenic participants—subgroup
1, 7940 (2.1%) presarcopenic participants—subgroup 2, and
1124 (0.3%) sarcopenic participants. Median follow-up was 12.0
(IQR 11.4–12.6) years (Fig. 2).

Baseline characteristics

Of the included participants, 210,390 (54.4%) were women
(Table 1). The median age was 58.0 (51.0–63.0) years, and the
median BMI 26.7 (24.2–29.9) kg/m2. Compared with the nonsar-
copenic participants, the presarcopenic participants (subgroups
1 and 2) and the sarcopenic participants were globally older
(median age, respectively: 62.0 versus 58.0 years, 63.0 versus
58.0 years, 64.0 versus 58.0 years). Presarcopenic subgroup
2 and sarcopenic participants had a lower BMI (median BMI,
respectively: 22.4 versus 26.7 kg/m2, 22.8 versus 26.7 kg/m2).
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Nonsarcopenic participants had fewer comorbidities than the
presarcopenic participants (subgroups 1 and 2) and sarcopenic
(no comorbidity, respectively: 54.2% versus 36.3%, 54.2% versus
50.1%, 54.2% versus 36.1%). Detailed baseline characteristics in
NonSarcObese and PreSarcObese are shown in Supplemental
Table 2.

Primary outcome: incident fracture in nonsarcopenic
participants versus presarcopenic (subgroups 1 and 2) and
sarcopenic participants

Around 95.0% of the fracture events were collected from the
ICD10 classification and the remainder from self-reported histo-
ries (Supplemental Table S3). The main analysis was performed

on the 387,025 participants in the global population, which com-
prised 359,705 (92.9%) nonsarcopenic participants, 18,257 (4.7%)
presarcopenic participants—subgroup 1, 7940 (2.1%) presarco-
penic participants—subgroup 2, and 1124 (0.3%) sarcopenic par-
ticipants. A total of 18,300 first-time fracture events were
recorded. The site-specific descriptive analysis shows that the
most common fracture sites were wrist, followed by tibia and fib-
ula, spine, and proximal femur (Table 2).

For the survival analysis, the nonsarcopenic group served as
the reference group. The cumulative risk of incident fracture is
shown in Figure 3. Where fracture risk was concerned:

• the presarcopenic subgroup 1 was associated with HRna = 1.76
(1.66–1.86), HRa1 = 1.43 (1.35–1.51), and HRa2 = 1.26
(1.19–1.33);

Fig. 2. Flow chart. NonSarcNonObese= nonsarcopenic nonobese participants; NonSarcObese= nonsarcopenic obese participants; PreSarcNonObese=
presarcopenic and sarcopenic nonobese participants; PreSarcObese= presarcopenic and sarcopenic obese participants; QUS= quantitative ultrasound;
Ref. = reference subgroup for statistical analyses.
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• the presarcopenic subgroup 2 was associated with HRna = 1.92
(1.78–2.08), HRa1 = 1.26 (1.16–1.36), and HRa2 = 1.20
(1.11–1.30);

• the sarcopenic groupwas associatedwithHRna = 2.49 (2.08–2.99),
HRa1 = 1.48 (1.23–1.78), and HRa2 = 1.30 (1.08–1.56).

Secondary outcomes

Incident MOF, in nonsarcopenic participants versus presarcopenic
(subgroups 1 and 2) and sarcopenic participants

This secondary analysis was performed on the global population
and concerned 10,341 events. For the survival analysis, the non-
sarcopenic participants served as the reference group. The
cumulative risk of incident fracture is shown in Supplemental
Figure S1.

Where fracture risk was concerned:

• the presarcopenic subgroup 1 was associated with HRna = 1.92
(1.79–2.06), HRa1 = 1.48 (1.37–1.59), and HRa2 = 1.30
(1.21–1.40);

• the presarcopenic subgroup 2 was associated with HRna = 2.28
(2.07–2.5), HRa1 = 1.25 (1.13–1.38), and HRa2 = 1.19 (1.08–1.72);

• the sarcopenic group was associated with HRna = 2.76
(2.19–3.48), HRa1 = 1.36 (1.08–1.72), and HRa2 = 1.18
(0.93–1.49).

Incident fracture, NonSarcNonObese versus others

Participants were divided into four subgroups, as follows:
NonSarcNonObese = 279,115 (70.3%), PreSarcNonObese =
21,275 (5.5%), NonSarcObese = 87,589 (22.6%), and
PreSarcObese = 6046 (1.6%).

For the survival analysis, the NonSarcNonObese served as the
reference group, and the analysis was performed on 18,300
events, including 4311 events in obese participants.

Where fracture risk was concerned (Supplemental Figure S2):

• the NonSarcObese group was associated with HRna = 0.99
(0.95–1.02), HRa1 = 1.60 (0.51–4.95), and HRa2 = 1.62
(0.52–5.03);

• the PreSarcNonObese group was associated with HRna = 1.86
(1.77–1.96), HRa1 = 1.36 (1.29–1.43), and HRa2 = 1.25
(1.18–1.31);

• the PreSarcObese group was associated with HRna = 1.72
(1.57–1.89), HRa1 = 2.27 (0.73–7.07), and HRa2 = 1.99
(0.64–6.19).

Sensitivity analysis

In the analysis performed on the 210,390 women in the cohort,
where fracture risk was concerned:

Fig. 3. Nonadjusted fracture-free survival rates (387,025 participants, 18,300 events). HRa2= hazard ratio derived frommaximally adjustedmodel (adjust-
ment on sociodemographic covariates [sex, age at recruitment, Townsend deprivation index], BMI, heel QUS-related data [heel BUA and ASW], serum vita-
min D level, vitamin D and/or calcium supplementation, smoking and alcohol status, history of corticosteroids intake, history of diabetes, morbidity score,
incident fracture in the last 5 years, and fall in the last year); HRna = nonadjusted hazard ratio; NonSarc = nonsarcopenic participants; PreSarc = presar-
copenic and sarcopenic participants; Ref. = Reference subgroup for statistical analyses.
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• the presarcopenic subgroup 1 was associated with HRna = 1.65
(1.55–1.77), HRa1 = 1.38 (1.29–1.47), and HRa2 = 1.23
(1.15–1.32);

• the presarcopenic subgroup 2 was associated with HRna = 1.55
(1.43–1.68), HRa1 = 1.25 (1.11–1.31), and HRa2 = 1.16
(1.07–1.26);

• the sarcopenic groupwas associatedwithHRna = 1.98 (1.64–2.40),
HRa1 = 1.40 (1.15–1.69), and HRa2 = 1.24 (1.02–1.5).

After excluding participants with a history of bone diseases
and/or any cancer, where fracture risk was concerned:

• the presarcopenic subgroup 1 was associated with HRna = 1.74
(1.63–1.85), HRa1 = 1.42 (1.33–1.51), and HRa2 = 1.26
(1.19–1.35);

• the presarcopenic subgroup 2 was associated with HRna = 1.96
(1.80–2.13), HRa1 = 1.26 (1.16–1.38), and HRa2 = 1.20
(1.10–1.32);

• the sarcopenic groupwas associatedwithHRna = 2.61 (2.12–3.20),
HRa1 = 1.54 (1.25–1.89), and HRa2 = 1.37 (1.12–1.69).

Finally, when we implemented the same statistical analyses
with no imputed data, ie, after exclusion of all the participants
with missing data for adjusting covariates, we draw the same
conclusions for the primary outcome, the secondary outcomes,
and in the sensitive analyses.

Discussion

In this large-scale study of British volunteers, we showed that
presarcopenic (whatever the definition used) and sarcopenic
participants were independently at higher risk of fractures than
nonsarcopenic participants. Furthermore, presarcopenic (what-
ever the definition used), but not sarcopenic participants, were
at higher risk of MOF. The lack of increased risk of MOF in sarco-
penic participants is probably due to a lack of power.

Our study also suggests that fracture risk is subgroup-specific,
with a higher risk of fracture in PreSarcNonObese participants
compared with the NonSarcNonObese participants.

Comparison with findings reported in the literature

To the best of our knowledge, this is the first study that investi-
gates independently the fracture risk in presarcopenic and sarco-
penic patients compared with nonsarcopenic patients, in a very
large cohort, using EWGSOP2 criteria and including the two def-
initions of presarcopenia.

The number of events we found is consistent with the results
that have been previously reported in the literature.(24) The prev-
alence of sarcopenia was lower in our cohort (1% in participants
older than 70 years versus 10% in the literature(1)) than in the
global population. This may be because our cohort was a
“healthier” community-dwelling population.

Comparing our findings with those in the literature is delicate,
as other studies using the EWGSOP(3) or EWGSOP2(1) criteria to
define sarcopenic status are few in number. Moreover, in the
few studies that have been published, adjusting criteria are var-
iable, the outcome is often not exactly the same,(9) and patients
are often older (eg, older than 65 years).(13,14) In the two studies
whose findings are closest to ours, the authors investigated frac-
ture risk according to sarcopenic status, with an adjustment for
BMD by DXA, but the results of these studies are contradic-
tory.(13,14) Only the study conducted by Chalhoub and col-
leagues(14) reported an increase in fracture risk after 9 years of

follow-up in osteosarcopenic male and female older adults aged
65 years and older but not in sarcopenic patients with
normal BMD.

In nonsarcopenic patients with low SMI (ie, normal HGS and
low SMI), Tokeshi and colleagues(25) found a significant associa-
tion between osteoporotic vertebral fractures and sarcopenia
(defined as low SMI only, without taking HGS into account). Hong
and colleagues(26) investigated the association between body
composition and fracture risk in Korean participants aged
≥50 years, with a view to determining the effects of muscle or
fat mass on bone health outcomes. The authors reported a signif-
icant association between higher lean body mass (or ASMM) and
lower risk of total osteoporotic fracture, but their analyses were
not adjusted for BMD.

Regarding the PreSarcObese group, it is known whether obe-
sity and sarcopenia potentiate each other for some outcomes
(eg, mortality), but the interaction between muscle mass or fat
mass and fractures remains unclear.(27) The study conducted by
Studenski and colleagues(28) suggests that the coexistence of
obesity and sarcopenia (defined using the Foundation for the
National Institutes of Health criteria) is associated with a higher
fracture risk than obesity alone. In our study, we found no evi-
dence of this.

Study design choices

As our cohort included few sarcopenic patients, we did not dif-
ferentiate between sarcopenia and severe sarcopenia, and we
pooled presarcopenic participants and sarcopenic participants
in the secondary analysis on sarcopenic obesity.

To assess HGS, the use of the Jamar hydraulic hand dynamom-
eter (model J00105) seems to be the gold standard, and using
the highest of the right-hand and left-hand HGS values seems
advisable.(20)

For body-composition measurements, BIA is recognized as a
good alternative to DXA.(1) Several population-specific equations
exist to calculate an approximation of the SMM from BIA data.
Among those validated in the White population, EWGSOP2 rec-
ommends prioritizing the Sergi equation.(1) However, since
“reactance” data—required in the Sergi equation—was not
available in our database, we used the Janssen equation,(8) which
is also validated in EWGSOP.(3)

Heel QUS has emerged as a convenient screening tool for
osteoporosis.(29) Because DXA data were scarce in our popula-
tion, we considered that the available heel QUS-related data
was the most suitable for adjusting our model. Because the
QUS device does not actually measure BMD and since soft tissue
thickness may influence heel ultrasound indices, we used heel
BUA and ASW.(30)

We included both open fractures and stress fractures, as open
fractures can be osteoporotic, and because the most compre-
hensive description of stress fractures includes both fatigue
and insufficiency fractures.(31)

MET scores and dietary intakes were not include in Cox
models, as too many values were missing.

Strengths and limitations of the study

The study was conducted on a very large prospective cohort,
with good-quality data collection. Because the diagnostic classi-
fications did not specifically mention whether fractures were fra-
gility fractures, we focused only on fractures at locations that
were compatible with osteoporotic fractures or MOFs. The 95%
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CI for HR were narrow. Compared with the recent prospective
study conducted by Petermann Rocha and colleagues(9):

• we used the highest HGS value (not the average), which is
more in keeping with the current recommendations;

• we adjusted our model using a wide range of covariates,
including a bone health parameter (heel QUS), whereas they
only used the ICD10 codes to define osteoporosis;

• our data were more exhaustive: we used ICD9, ICD10, and self-
reported data, whereas they only used ICD10 data.

There was probably no reporting bias as most of the fractures
were collected using hospitalization data. We performed sensi-
tivity analyses, considering parameters that could have distorted
the fracture’s origin. Finally, instead of the Charlson comorbidity
index, we used a more up-to-date comorbidity score (43 long-
term conditions originally developed for a large epidemiological
study in Scotland and subsequently adapted for UK
Biobank).(9,32)

The large UK Biobank database is limited by evidence of a
“healthy responder” bias. As such, because of the low proportion
of sarcopenic participants, presarcopenia (subgroups 1 and 2)
and sarcopenia were considered as a single subgroup in our
analysis in participants living or not with obesity. Only White
European participants were included in our study, which limits
the generalizability of our results. Although DXA is recom-
mended as the first-line procedure for assessing bone health,
we used QUS data and not DXA data for adjustments, which
introduced a bias because of the technique used and the mea-
surement site (heel). We did not assess the risk of fragility frac-
ture directly but an approximation based on fracture location.
In including self-reported fracture-history data, we accepted that
the broad category “humerus fractures” would be approximate
(the most accurate category available in the self-reported frac-
ture history included fractures of the arm, humerus, and elbow).

Perspectives

As several studies on the same subject have reported divergent
results, future studies should (i) probably be performed in older
prospective cohorts in order to include more sarcopenic partici-
pants, and (ii) use the EWGSOP2 diagnostic criteria to facilitate
their comparison. However, some modalities of the diagnostic
criteria, such as a validated method for measuring HGS and a
clear definition of presarcopenia, still need to be specified.

The results of our study demonstrate an increase in the risk of
incident fractures in presarcopenic and sarcopenic participants.
As such, incorporating sarcopenic status in fracture risk predic-
tion tools (eg, FRAX) may be useful, as has already been
suggested.(33)

The increase in fracture risk observed in participants with low
SMI only (ie, presarcopenic status for some) and in participants
with low HGS only (ie, presarcopenic status for others), com-
pared with the nonsarcopenic participants, suggests that it
may be useful to assess muscle strength as well as muscle mass
in all participants identified at risk of sarcopenia. Thus, the advis-
ability of routinely measuring muscle mass in all at-risk patients
with normal muscle strength should be discussed. This is cur-
rently not implied in the EWGSOP2 recommendations.
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