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Abstract 

Objectives The study’s objectives were to assess the sarcopenia prevalence in hip fracture patients admitted 
to a North African (Egyptian) level one specialized trauma unit and to evaluate factors associated with sarcopenia.

Methods This was an analytic, cross-sectional study where patients who were admitted with low-energy hip fractures 
and managed surgically were included. Assessment was performed using the SARC-F questionnaire, InBody device 
assessments (skeletal muscle mass (SMM), Fat mass, nutritional status (total water, protein, and minerals)), handgrip 
strength, and body mass index (BMI). Sarcopenia was diagnosed based on the revised European Working Group on Sar-
copenia in Older People criteria (EWGSOP2).

Results The patients’ mean age was 68 ± 8.3 years; 51.9% were females. The mean SMM was 24 ± 4.5 kg, while the mean 
handgrip strength was 20.55 ± 7.66 kg, sum SARC-F score was normal in 115 (85.2%) patients and abnormal in 20 (14.8%). 
Based on the EWGSOP2 criteria, 23 (17%) patients had sarcopenia, and 112 (83%) did not. The two groups were com-
parable regarding age and sex (p = 0.907 and 0.623, respectively). Sarcopenic patients had significantly lower values 
in BMI (21.9 vs. 25.9 kg/m2, p < 0.001), SMM (14.8 vs. 23, p < 0.001), BMR (p < 0.001), Fat mass (18.8 vs. 24.3, p = 0.003), 
and handgrip strength (16 vs. 20 kg, p = 0.034), however the sum SARC-F score ≥ 4 points, was higher in sarcopenic group 
(30.4% vs. 11.6%, p = 0.046). SMM, BMR, and fat mass showed large effect sizes (≥ 5), while the handgrip strength showed 
a medium effect size (0.3). There was a significant negative correlation between patients’ age and handgrip strength 
(r = -0.394, p < 0.001), and a significant positive correlation between BMI and the SMM (r = 0.210, p = 0.014). Univariate 
logistic regression analysis revealed that the patient’s BMI, fat mass, total water, protein, minerals, and the sum of SARC-F 
were significantly associated with sarcopenia development. However, on multivariate logistic regression analysis, two fac-
tors kept a significant association: the protein levels as a marker of nutritional reserve (OR = 0.044, 95%CI = 0.008 to 0.235, 
P < 0.001) and the sum SARC-F ≥ 4 points as a proxy for functional decline (OR = 6.365, 95%CI = 1.272 to 31.854, P = 0.024).

Conclusion The sarcopenia prevalence in our hip fracture patients was 17%, where BMI, fat mass, and nutritional sta-
tus had a significant negative association; on the other hand, the sum of SARC-F (≥ 4 points) had a significant positive 
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association. However, after multivariate analysis, only protein levels and the sum of SARC-F remained significantly 
associated with sarcopenia.

Keywords Sarcopenia, Hip fracture, Osteoporosis, Skeletal muscle mass

Background
Sarcopenia is a condition in which individuals develop 
progressive loss of muscle mass, function, strength, 
resulting in or associated with low physical performance 
[1–5]. It leads to an increased risk of falls and subsequent 
various types of injuries, including hip fractures [4, 6]. 
The literature reports its incidence varying from up to 
29%, which might increase to 50% in individuals > 80 
years old [7, 8].

On the other hand, hip fractures, including fragility 
fractures, which could be partially attributed to sarcope-
nia, are a rising worldwide healthcare concern [9–12]. In 
2000, an estimated 1.6 million fractures occurred in indi-
viduals older than 50 [13], with an expected increase to 
4.5 million by 2050 [14]; furthermore, the same increas-
ing trend applies to the Egyptian population [15]. These 
fractures lower patients’life expectancy, increase mor-
tality incidence, and have a socioeconomic impact on 
healthcare systems [16–19].

There is an alternating relationship between sarcopenia 
and hip fractures, where sarcopenia leading to increasing 
fall risk could lead to hip fractures. In contrast, patients 
treated for hip fractures (either surgically or non-surgi-
cally) are at an increased risk of developing sarcopenia 
attributed to long periods of recumbency, immobiliza-
tion, and malnutrition [4, 20–22]. So, properly detecting 
and managing sarcopenia is paramount to decreasing the 
risk of further falls and fractures, ultimately improving 
hip fracture patients’quality of life [5, 23–25].

Studies evaluating the incidence and factors related to 
sarcopenia in hip fracture patients are rare in our area 
[26–28]; furthermore, to assess sarcopenia, most of these 
studies used the SARC-F score, which was considered by 
the European Working Group on Sarcopenia in Older 
People (EWGSOP2) as a screening tool [2].

The study’s primary objective was to assess the preva-
lence of sarcopenia in hip fracture patients admitted to 
a North African (Egyptian) level one specialized trauma 
unit where the diagnosis was made based on the confirm-
atory criteria suggested by EWGSOP2 [2]. The study’s 
secondary objective was to evaluate factors associated 
with sarcopenia in those patients.

Methods
Study design
This was an analytic, cross-sectional study carried out 
between November 2022 and September 2023 after 

obtaining approval from our institutional ethical com-
mittee and institutional review board (IRB approval 
no.:17101579); furthermore, we followed all ethical consid-
erations according to Helsinki declarations. We followed 
STROBE guidelines for reporting the current study (Sup-
plementary file 1) [29].

Study setting
A North African (Egyptian) Level one trauma center 
(affiliated with a university teaching hospital).

The sample size for the current study was calculated 
using Epi info, version 7. Considering a 46% prevalence of 
sarcopenia in hip fracture patients as reported in the lit-
erature [30], a confidence level of 95% and power of 80%. 
Given that approximately 200 hip fracture patients (ful-
filling the inclusion criteria) are admitted annually to our 
trauma hospital, the calculated sample size was 132. To 
guard against missing data, we increased the sample by 
15% to a total of 150 hip fracture patients.

Study participants
We included patients aged ≥ 50 years old who presented 
to our trauma unit with an isolated traumatic hip frac-
ture (no other associated skeletal injuries) resulting from 
a relatively low-energy trauma (a fall from a standard 
height), where the decision was to treat the fracture sur-
gically, and patients agreed to participate in the study. 
We excluded patients aged > 80 years old who sustained 
a pathological fracture, those known to have dementia or 
neurological conditions, those known to have muscle dis-
ease, uncooperative patients, and those having concomi-
tant other injuries.

Before starting final patient inclusion and data collection, 
we carried out a pilot study on 15 participants (who were 
not included in the study) to fulfill the following purposes: 
1- To test the feasibility and simplicity of the used question-
naires and to improve and clarify any difficulties or ambigui-
ties. 2- Estimating the time needed to collect data. 3- Detect 
the difficulties that may arise and how to deal with them. 
4- To ensure the familiarity of the rehabilitation department 
personnel with the assessment being performed (such as 
handgrip strength and InBody measurements).

After applying the aforementioned inclusion and exclu-
sion criteria, 135 patients were eligible for final inclusion 
(details of the patient selection process are demonstrated 
in Fig. 1).
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According to our institution protocol [31], the pathway 
of patients with hip fractures is formed of the following: 
1- evaluation upon arrival, which usually includes his-
tory, physical examination, and radiological assessment. 
2- admission and deciding on the best management 
option, whether operatively or non-operatively. Usually, 
operative intervention (open reduction and internal fixa-
tion for intertrochanteric fractures or hip replacement 
(hemi or total) for femoral neck fracture cases) was per-
formed as early as possible if the patient’s general con-
dition allows. 3-Post-operative care and rehabilitation 
protocol are usually performed under a trained physio-
therapist’s supervision. Patients were mobilized from the 

first postoperative day, and the weight-bearing status was 
adjusted according to the injury type and its manage-
ment. 4-Discharge and follow up protocol: Patients were 
discharged at least on the third postoperative day to their 
residence or a health facility if needed. Follow-up visits 
are scheduled for wound evaluation, radiographic assess-
ment, patient function progression, and detection of any 
complications.

Outcomes variables evaluation and Data collection
All the outcome parameters were collected during the 
hospital stay (by one of the authors (A.H.A.) who was not 
involved in the final data analysis) as follows:

Fig. 1 A flowchart showing the patient recruitment and inclusion process
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A‑Patients self‑administered questionnaire 
(supplementary file 2)
A pre-designed, semi-structured questionnaire was used 
in a previous study on patients from the same popula-
tion [32]. The questionnaire was delivered in the patient’s 
mother tongue language and was divided into four sec-
tions as follows:

First, the patient’s demographic data were included, 
such as name (which was kept anonymous during data 
analysis), age, sex, residence, ID number, and contact 
information. Second, include questions about the his-
tory of chronic diseases, previous surgeries, previous 
fractures, previous medication, or previous hospitali-
zation. Third, questions about muscle health, such as 
muscle strength, were included by asking the patient 
about his/her preinjury status and ability to walk inde-
pendently, use walking aids, stand up from a chair, and 
climb stairs. Fourth, it included questions about dietary 
and special habits such as smoking, coffee, soda, or tea 
drinking or milk, cheese, or yogurt eating.

The questionnaire was delivered to the patient in per-
son in Arabic (the native language for all patients) by 
one of the authors (who was not involved in data analy-
sis) on the first day after admission and before surgical 
intervention.

B-SARC-F score: The SARC-F questionnaire com-
prises five Sects. (0 to 2 points for each section): 
strength, walking assistance, rising from a chair, stairs 
climbing, and falls. The final score ranges from 0 to 10, 
where a score of ≥ 4 predicts sarcopenia and poor out-
comes [33–35].

C-Investigations: These were carried out postopera-
tively during the hospital stay (with the assistance of 
rehabilitation department personnel).

1-InBody device test: this was carried out in the reha-
bilitation department before patient discharge (usually 
on the second or third postoperative days, based on the 
fact that the patient’s muscle mass remains stable up to 
ten days postoperatively [36]). InBody devices utilize 
direct segmental measurement bioelectrical impedance 
analysis (DSM-BIA) to accurately estimate body compo-
sition. This process is accomplished by sending multiple 
electrical currents through the body, resulting in up to six 
different impedance readings for the trunk and each of 
the four limbs. The InBody test results in accurate evalu-
ation outputs of the body composition, including body 
fat mass, skeletal muscle mass (SMM), lean body mass, 
and percent body fat [37, 38].

2-Anthropometric measurement: Weight, height, and 
body mass index (BMI) were estimated using Peterson 
et al.’s methods [39]. Weight: measured while the partici-
pant is standing on paired legs and wearing light clothes, 
using the InBody device. Height: it was measured while 

the participants were standing on paired legs, using a 
stadiometer while the patients were upright. Assistant 
nurses in the rehabilitation room took measurements of 
every patient’s weight and height. The BMI was deter-
mined based on weight and height (Kg/m2) and was 
interpreted as underweight (< 18.5), normal healthy 
weight (18.5—24.9), overweight (25.0—29.9), and obese 
(≥ 30.0).

3- Handgrip strength: A digital hand dynamometer 
was used to evaluate isometric grip force [40, 41]. While 
the patient was seated, the limb to be evaluated (domi-
nant side) was positioned as follows: shoulder abduc-
tion, elbow flexed to 90 degrees, and the forearm and 
wrist were kept neutral. The patient was asked to hold the 
dynamometer and smoothly apply maximum grip force, 
and this step was repeated three times; the average of the 
three readings was considered the final handgrip strength 
and presented in kilograms.

Sarcopenia was diagnosed according to the definition 
set by the EWGSOP2 [2], where the probability of sar-
copenia is identified by low muscle strength diagnosed 
using handgrip strength assessment (the cutoff value was 
set at < 16 kg for females and < 27 kg for males), and the 
diagnosis was confirmed by using an additional criterion, 
which is the low muscle quantity or quality, where the 
cutoff values for SMM was set at < 15 kg for females and 
< 20 kg for males. Based on the abovementioned criteria, 
the included patients were divided into two groups: those 
who confirmed having sarcopenia and those who did not.

Statistical analysis
All statistical calculations were performed using SPSS 
(statistical package for the social science; SPSS Inc., 
Chicago, IL, USA) version 22. Data were described as 
mean ± standard deviation (± SD), or median and range 
(according to the status of data normal distribution), 
frequencies (number of cases), and relative frequencies 
(percentages) when appropriate. Quantitative variables 
were compared using the Mann–Whitney U test, as the 
data were not normally distributed. For comparing cat-
egorical data, the Chi-square (χ2) test was performed, 
or the Fisher Exact test was used instead of Chi-square 
(χ2) when the expected frequency is less than 5. To esti-
mate the differences magnitude between both groups, 
effect sizes were calculated for significant comparisons, 
where Cliff ’s Delta was used (as a non-parametric effect 
size measure), and the presented values are interpreted as 
follows: if < 0.1: Negligible effect (The difference is very 
small and not meaningful). 0.1 to < 0.3: Small effect (The 
difference is small but maybe meaningful). 0.3 to < 0.5: 
Medium effect (the difference is moderate and likely 
meaningful). ≥ 0.5: Large effect (the difference is sig-
nificant and meaningful). For categorical data, the risk 
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difference (RD) and odds ratio (OR) were calculated as 
effect size estimates. Post-hoc power calculations were 
performed using G Power software (version 3.1) based 
on the observed effect and sample sizes, with a signifi-
cance level (alpha) of = 0.05. Correlation between vari-
ous variables was done using the Pearson correlation test. 
Odds ratio (OR) with a 95% Confidence Interval (CI) and 
Logistic Regression were calculated to measure the dif-
ferent risk factors for sarcopenia development. A P-value 
is always two-tailed and set significantly at 0.05 level.

Results
The mean age of the included patients was 68 ± 8.3 years; 
51.9% were females, 59.3% presented with intertrochan-
teric fractures, and 40.7% presented with neck of femur 
fractures (all patients were treated surgically). Further 
details regarding medical comorbidities and nutritional 
habits are reported in Table  1. For the whole patients, 
the mean SMM was 24 ± 4.5 kg, having a median of 23.5 
(ranging from 15.3 to 48.1), while the mean handgrip 
strength was 20.6 ± 7.7 kg, having a median of 20 (rang-
ing from 10 to 50). Based on the EWGSOP2 criteria, 23 
(17%) patients were confirmed to have sarcopenia, while 
112 (83%) did not. However, according to the sum SARC-
F score, 115 (85.2%) patients were normal, and 20 (14.8%) 
were abnormal (probable sarcopenia) (Table 1).

Comparison Between Sarcopenic and Non‑Sarcopenic 
Patients
The two groups (Sarcopenia vs. not) were comparable 
regarding age and sex (p = 0.907 and 0.623, respectively); 
furthermore, no differences were found between groups 
related to Smoking, Fracture type, Steroid intake, Chronic 
diseases, and nutritional habits (supplementary file 3). 
However, sarcopenic patients were significantly lower 
in BMI (kg/m2) (p < 0.001), nutritional status (p < 0.001), 
SMM (p < 0.001), Fat mass (p = 0.003), BMR (p < 0.001), 
and handgrip strength (p = 0.034), however, the sum 
SARC-F score ≥ 4 points, was significantly higher in the 
sarcopenic group (p = 0.046), except for falls components 
where p-value was 0.204. The effect size for the significant 
comparisons ranged from small to large, where SMM, 
BMR, and fat mass showed large effects, while the hand-
grip strength showed a medium effect. Post-hoc power 
calculations indicated that for most of the variables, the 
study was adequately powered (power ≥ 80%) to detect 
the significant differences between variables, except for 
the total water component of the nutritional status and 
the Sum SARC-F, which had a power of 65% (Table 2).

Correlation analyses
Regarding correlation analysis, there was a significant 
negative correlation between patients’age and handgrip 

strength (r =—0.394, p < 0.001) and a significant positive 
correlation between BMI and the SMM (r = 0.210, p = 
0.014) (Table 3, and Fig. 2 A & B).

Regression Analyses for Sarcopenia‑associated factors
Univariate logistic regression analysis to assess factors 
associated with sarcopenia among the studied patients 
revealed that the patient’s BMI, fat mass, BMR, total 
water, protein, minerals, and the sum SARC-F were sig-
nificantly associated with the presence of sarcopenia. 
However, on multivariate logistic regression analysis, 
protein and the sum SARC-F remained significantly asso-
ciated with sarcopenia, as we observed that for the pro-
tein levels, the odds ratio (OR) = 0.044, 95%CI = 0.008 to 
0.235, P < 0.001; and patients with abnormal sum SARC-
F (≥ 4 points) had an increased the risk of developing 
sarcopenia by about six times compared to patients with 
normal sum SARC-F (0–3 points) (OR = 6.365, 95%CI 
= 1.272 to 31.854, P = 0.024) (Table 4, Fig. 2C).

Discussion
The most important finding of the current study was that 
the prevalence of sarcopenia in Egyptian hip fracture 
patients was 17%, which did not differ between males 
and females. Sarcopenia was significantly associated 
with lower BMI, poorer nutritional status, reduced mus-
cle mass and performance, and higher SARC-F scores 
(except for falls). Correlation analysis revealed a signifi-
cant relationship between age, BMI, and muscle perfor-
mance metrics. Logistic regression analysis identified low 
total protein and high SARC-F scores as significant asso-
ciates with sarcopenia.

Outcomes, morbidity, and mortality after managing hip 
fractures, especially in the elderly, could be affected by 
various factors; sarcopenia has been proven to be a sig-
nificant modifier leading to earlier mortality and poorer 
outcomes in those patients [42–45]. Based on these con-
cerns, screening for sarcopenia in hip fracture patients 
became a concern for many authors from different coun-
tries [27, 30, 44, 46], aiming at offering better rehabilita-
tion and nutritional programs for those proven to have 
sarcopenia with eventual improvement in the overall out-
comes, quality of life, and mortality rates [47, 48].

We selected a lower cutoff age limit (50 years old) for 
some reasons: to capture as many patients with sarco-
penia associated with isolated hip fracture as possible, 
where hip fracture risks increase after this particular 
age, especially in postmenopausal women (in the cur-
rent study 95.7% of the females were postmenopausal) 
owing to the estrogen deficiency associated decline in 
bone mineral density [13, 14]. Furthermore, some previ-
ous studies used the same cutoff age value, allowing valid 
comparisons with their results [26, 27].
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Table 1 Socio-demographic data of the studied participants

Variables Total (n = 135)

Baseline data

Age (years) 68 ± 8.3 (50–80)*, 69 (63–75)†

Sex‡ Male 65 (48.1%)

Female 70 (51.9%), [Premenopausal: 3 (4.3%), 
Postmenopausal: 67 (95.7%)]

BMI (kg/m2) 25.8 ± 5.3*, 25.4 (13.6–37.6)†

BMI  categories‡ Underweight (< 18.5) 9 (6.7%)

Normal weight (18.5–24.9) 53 (39.3%)

Overweight (25–29.9) 40 (29.6%)

Obese (≥ 30) 33 (24.4%)

Smoking‡ Yes 28 (20.7%)

No 107 (79.3%)

Medical  comorbidities‡ DM 36 (26.7%)

HTN 45 (33.3%)

Steroid  intake‡ Yes 5 (3.7%)

No 130 (96.3%)

Chronic  diseases‡ Yes 27 (20%)

No 108 (80%)

nutritional  habits‡(daily consumption) Coffee consumption 10 (7.4%)

Tea consumption 111 (82.2%)

Soda consumption 25 (18.5%)

Milk 38 (28.1%)

Cheese 38 (28.1%)

Yogurt 23 (17%)

Fracture  type‡ Intertrochanteric fracture 80 (59.3%)

Neck of femur 55 (40.7%)

InBody, DEXA, and SARC-F score measurement of the studied group

SMM (kg) 24 ± 4.5*, 23.5 (15.3–48.1)†

Fat mass (kg) 23.1 ± 8.7*, 23.2 (1.1–48)†

BMR 1275.8 ± 156.1*, 1257 (1025–2039)†

Nutritional status Total water (L) 30.6 ± 5.2*, 28.9 (22.1–56)†

Protein (Kg) 8.4 ± 1.5*, 8.2 (5.7–16.6)†

Minerals (Kg) 2.9 ± 0.4*, 2.9 (1.9–4.5)†

Hand grip strength (kg) 20.6 ± 7.7*, 20 (10–50)†

SARC-F score ‡ Strength Not at all 108 (80)

Some difficulty 20 (14.8)

Very difficult 7 (5.2)

Assistance walking Not at all 115 (85.2)

Some difficulty 13 (9.6)

Very difficult 7 (5.2)

Rising from a chair Not at all 115 (85.2)

Some difficulty 16 (11.9)

Very difficult 4 (3)

Climbing stairs Not at all 105 (77.8)

Some difficulty 14 (10.4)

Very difficult 16 (11.9)

Falls None 78 (57.8)

1–3 times 29 (21.5)

 > 3 times 28 (20.7)

Sum SARC-F Normal (0—3 points) 115 (85.2%)

Abnormal (≥ 4 points) 20 (14.8%)

* mean ± SD (range). †Median (IQR range). ‡ Number (percentage)

SMM skeletal muscle mass, BMR basal metabolic rate, L Liter, Kg kilogram
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The EWGSOP2 criteria were selected in the current 
study for several factors, including but not limited to their 
comprehensive and widely accepted approach in diag-
nosing sarcopenia, where they provide a clear definition 

involving muscle mass and strength assessment with 
defined cut-off values for both males and females, lead-
ing to an accurate diagnosis [2]. Furthermore, these cri-
teria were used in other studies on different populations, 

Table 2 Differences in Socio-demographic data, body composition, SARC-F score, and muscle performance between patients with 
sarcopenia and those without

† Median (IQR range). ‡ Number (percentage)
§  Mann Whitney U test was used for comparison. Chi-square (χ2) test was used to compare categorical data. For effect size analysis: *Cliff’s Delta (< 0.1: Negligible 
effect. 0.1 to < 0.3: 0.3 to < 0.5: Medium effect. ≥ 0.5: Large effect), # odds ratio (OR), and risk difference (RD). (** was carried out for variables with significant 
differences). The P-value is significant if ≤ 0.05 (indicated by bold numbers)

SMM skeletal muscle mass, BMR basal metabolic rate, BMI body mass index, NA not applicable, NR not required

Variable No Sarcopenia (n = 
112)

Sarcopenia (n = 23) P‑value Effect size** Post‑Hoc 
Power 
analysis**

Baseline data

Age (years)† 69 (50–80) 67 (57–80) 0.907§ NA NA

Sex‡ Female 55 (49.1) 10 (43.5) 0.623¶ NA NA

Male 57 (50.9) 13 (56.5)

BMI (kg/m2)† 25.9 (17.7—37.6)
95% CI: 23.18 to 28.62

21.9 (13.6—33.0)
95% CI: 16.04 to 27.76

 < 0.001§ 0.3* 85%

Nutritional  status† Total water 29.3 (25–56)
95% CI: 25.05 to 33.55

27.1 (22.1—38.2)
95% CI: 22.22 to 31.98

 < 0.001§ 0.2* 65%

Protein 8.4 (6.5—16.6)
95% CI: 7.01 to 9.79

6.8 (5.7—8.9)
95% CI: 5.84 to 7.76

 < 0.001§ 0.4* 95%

Minerals 2.9 (2.2—4.5)
95% CI: 2.59 to 3.21

2.5 (1.9—3.5)
95% CI: 2.01 to 2.99

 < 0.001§ 0.3* 85%

body composition and muscle performance

SMM† 23 (14.2—46.1)
95% CI: 18.2 to 27.8

14.8 (13.3—19.8)
95% CI: 12.7 to 16.9

 < 0.001§ 0.6* 99%

Fat  mass† 24.3 (2.4—48)
95% CI: 17.5 to 31.1

18.8 (1.1—28.3)
95% CI: 9.9 to 27.8

0.003§ 0.5* 98%

BMR† 1276 (1056–2039)
95% CI: 1129.2 to 1422.8

1134 (1025–1397)
95% CI: 1011.6 to 1256.4

 < 0.001§ 0.6* 99%

Handgrip strength (kg)† 20 (10–50)
95% CI: 14.03 to 25.97

16 (10–30)
95% CI: 9.4 to 22.6

0.034§ 0.3* 85%

SARC-F score‡

Strength Not at all 93 (83%) 15 (65.2%) 0.019¶ NR NR

Some difficulty 16 (14.3%) 4 (17.4%)

Very difficult 3 (2.7%) 4 (17.4%)

Assistance walking Not at all 99 (88.4%) 16 (69.6%) 0.016¶

Some difficulty 10 (8.9%) 3 (13%)

Very difficult 3 (2.7%) 4 (17.4%)

Rising from a chair Not at all 98 (87.5%) 17 (73.9%) 0.020¶

Some difficulty 13 (11.6%) 3 (13%)

Very difficult 1 (0.9%) 3 (13%)

Climbing stairs Not at all 90 (80.4%) 15 (65.2%) 0.013¶

Some difficulty 13 (11.6%) 1 (4.3%)

Very difficult 9 (8.0%) 7 (30.4%)

Falls None 67 (59.8%) 11 (47.8%) 0.204¶

1–3 times 25 (22.3%) 4 (17.4%)

 > 3 times 20 (17.9%) 8 (34.8%)

Sum SARC-F Normal (0—3 points) 99 (88.4%) 16 (69.6%) 0.046¶ OR: 3.33#

RD: 0.188#
65%

Abnormal (≥ 4 points) 13 (11.6%) 7 (30.4%)
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ensuring their reliability and suitability for comparing the 
obtained results with other studies [2, 44].

We evaluated the sarcopenia in patients during their 
hospital stay, which is considered a proper time to obtain 
reliable results. According to D’Adamo et  al., there is 
no significant change in total body lean mass between 
three and 10 days after hip fracture operative manage-
ment [36]. Evaluating the muscle mass shortly after sur-
gery is beneficial, as some studies suggest that as time 
passes after surgery, there will be a greater decrease in the 
lower extremity and total body lean mass, where the loss 
was estimated to reach up to 9% and 5% from 10 days to 
4 months post-injury [49–51].

Although dual-energy x-ray absorptiometry (DXA) 
scan evaluation was utilized in various studies [30, 46, 
52], due to logistic and financial constraints, we could 
not get a DXA scan for our patients; instead, we relied 
on muscle mass and handgrip strength assessment for 
diagnosing sarcopenia [2]. McLester et  al. reported 
the reliability of InBody testing as an alternative in 
the absence of DXA assessment [37]. Furthermore, 
Oyama et  al. reported the comparability of assessing 
muscle mass using the InBody technique compared to 
CT-obtained measurements [53]. However, it is worth 
noting that the InBody assessment results might be 
affected by some factors in specific populations, such as 
edema, fluid imbalance, and severe obesity [54].

To add more clinical context to the significant com-
parisons in the current study, we evaluated the effect 
sizes, which ranged from medium to large (as shown in 
Table  2), showing that 80% of sarcopenic patients had 
lower SMM; furthermore, 75% and 80% of the no sarco-
penia group had higher fat mass and BMR, respectively. 
However, handgrip strength showed the lowest effect 
size (0.3), indicating that only 65% of the no sarcopenia 
group had higher strength. This lower effect size could 
be attributed to the nature of handgrip strength evalu-
ation; unlike other variables, handgrip strength relied 
partially on the patient contribution; furthermore, its 

assessment involved evaluating the quality and quantity 
of the muscle. A large effect size for the SMM confirms 
severe muscle depletion in sarcopenia patients, which 
empowers its diagnostic value; furthermore, it high-
lights further management options to prevent further 
muscle mass loss through proper nutrition and physi-
cal activity. The same applies to the BMR, where sarco-
penic patients showed a metabolic slowdown, leading 
to increased frailty and deficient recovery; this should 
be managed by recommending protein supplementa-
tion to compensate for such an energy deficit. A 75% 
effect size associated with fat mass differences might 
indicate the body composition heterogeneity, where 
some sarcopenic patients might retain fat mass, which 
might be called “sarcopenic obesity”, where in such 
cases, the management protocol should be tailored per 
patient, ranging from weight management vs. nutri-
tional support. Lastly, although hand grip strength is 
valuable for sarcopenia diagnosis, its lower effect size 
highlights the importance of considering its value in 
association with other variables.

Two studies evaluated the prevalence of sarcopenia in 
the Egyptian population, one by El-Miedany et  al. [26], 
and the other by Sanad et  al. [27]. In both studies, the 
authors used the SARC-F questionnaire for sarcopenia 
assessment, which is considered a screening test accord-
ing to EWGSOP2. In contrast, besides using SARC-F in 
the current study, we relied on the confirmatory criteria 
for diagnosis (muscle mass and strength) per EWGSOP2, 
which suggests a more accurate sarcopenia prevalence 
estimation. The previous remark was noticed in the cur-
rent study, where the sarcopenia prevalence was 14.8% 
according to SARC-F scores, which increased to 17% 
when applying the operational definition of sarcope-
nia according to EWGSOP2 based on muscle mass and 
power testing [2].

Furthermore, we reported lower sarcopenia prevalence 
(17%) compared to 59.5% and 29.3%, as reported by El-
Miedany et  al. [26], and Sanad et  al. [27], respectively. 
Besides differences in the sarcopenia assessment tools, 
this discrepancy could be attributed to the fact that El-
Miedany et  al. [26], included 405 patients (121 males 
and 284 females) having a mean age of 70.1 ± 9.2 (the 
minimum age limit was 50 years), which was compara-
ble to our included population; however, the authors did 
not exclusively include hip fracture patients; they also 
included patients attending the fracture clinic who pre-
sented with other fragility fractures (including spine and 
forearm fractures). On the other hand, the Sanad et  al. 
study included 140 patients having a mean age of 68.3 
± 6.9, with the minimum age for inclusion being 60 years 
old [55], which is relatively higher than the age limit we 
set for the current study.

Table 3 The correlation between muscle mass and hand grip 
and age, and BMI among the studied participants

The p-value is significant if ≤ 0.05 (indicated by bold numbers), r = correlation 
coefficient

BMI body mass index, SMM skeletal muscle mass, CI confidence interval

SMM Handgrip strength

Age (n = 135) r −0.165
95% CI: −0.32 to 0.00

−0.394
95% CI:−0.53 to −0.24

p 0.056  < 0.001
BMI (n = 135) r 0.210

95% CI: 0.04 to 0.37
−0.165
95% CI: −0.32 to 0.00

p 0.014 0.056
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Sarcopenia in hip fracture patients was evaluated in 
other populations as well, which was variable compared 
to the prevalence we found in the current study. Ho et al. 
evaluated 239 Chinese hip fracture patients with a mean 
age of 82 years. Sarcopenia prevalence was 73.6% in males 
and 67.7% in females, when the diagnosis was based on 

relative appendicular SMM index and handgrip strength 
(according to the Asian Working Group for Sarcopenia 
(AWGS)), while the prevalence was 20.8% in males and 
12.4% in females according to the EWGSOP definition 
[46]. In a study on 139 Taiwanese hip fracture patients 
with a mean age of 80.7 years, Chen et  al. reported a 

Fig. 2 Scatter plot diagram showing the correlation between: A age and handgrip strength. B body mass index (BMI), and skeletal muscle mass 
(SMM). C Forest plot for the multivariate regression analysis results
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sarcopenia prevalence of 50.4% according to the AWGS 
definitions. They reported significantly higher prevalence 
in males than females, 63.9% vs. 44.7%, respectively (p = 
0.047); furthermore, in comparison with patients who did 
not have sarcopenia, sarcopenic patients were significantly 
older (83.5 ± 9.8 vs. 78 ± 8.8, p = 0.000), they had lower 
BMI (20.9 ± 3.3 vs. 24.3 ± 3.1, p = 0.000), lower handgrip 
strength (9.8 ± 5.4 vs. 13.8 ± 9.3, p = 0.007), and lower total 
body fat (31.5 ± 8.4 vs. 36.5 ± 6.4, p = 0.000) [44].

According to our univariate analysis, age and sex 
did not have a clear association with sarcopenia, while 
BMI, fat mass, BMR, and nutritional status had a sig-
nificant negative association; on the other hand, the sum 
of SARC-F (≥ 4 points) had a significant positive asso-
ciation. After multivariate analysis, only protein levels 
and the sum of SARC-F remain significantly associated 
with sarcopenia. Furthermore, age was found to have a 
negative correlation with SMM and handgrip strength 
(r = −0.165, p = 0.056) and (r = −0.394, p < 0.001), 
respectively. Meanwhile, BMI positively correlated with 
SMM (r = 0.210, p = 0.014) and negatively correlated 
with handgrip strength (r = −0.165, p = 0.056). Ho et al. 
found a positive correlation between relative appen-
dicular skeletal muscle mass index (RASM) and hand-
grip strength, body weight, hip BMD, BMI, and total fat 
mass [46]. Chen et al. reported that the RASM positively 
correlated with BMI, handgrip strength, and T-score in 
male patients, while in females, it only positively corre-
lated with BMI and T-score. Furthermore, the authors 
reported that BMI was the only factor strongly correlated 
with RASM in males and females (r = 0.612 and 0.603, 
respectively) [44].

Our multivariate logistic regression analysis revealed 
that only the protein levels and SARC-F score remained 
significantly associated with sarcopenia, which could 
be explained by possible factors. Regarding the pro-
tein levels, the regression analysis results showed that 
higher protein levels are associated with significantly 
lower odds (95.6% reduction) of having sarcope-
nia. These results coincide with the normal biological 
pathway where skeletal muscle homeostasis relies on 
proper protein intake [56]. Furthermore, maintaining 
adequate protein levels through protein supplemen-
tation helps reduce muscle loss and synergistically 
improve sarcopenic patients’functional outcomes [57]. 
For the SARC-F Score, the regression analysis results 
showed that patients with a sum score of ≥ 4 are associ-
ated with about six times higher odds of having sarco-
penia. For this score to remain a significant predictor 
even after multivariate regression analysis, it might be 
attributed to various factors. First, the screening nature 
of the score should inherently capture probable sarco-
penic patients more than the confirmatory tests. Sec-
ond, the nature of the score is dependent on collecting 
functional parameters related to patients’mobility and 
strength limitations, which might precede the actual 
measurable muscle loss [58]. Notably, 30.4% of sarco-
penic patients in our study had SARC-F ≥ 4 (vs. 11.6% 
non-sarcopenic), suggesting that self-reported difficul-
ties correlate with diagnostic criteria. This aligns with 
studies validating SARC-F as a screening tool in diverse 
populations, though its modest sensitivity underscores 
the need for confirmatory testing [59].

Table 4  Univariate and Multivariate logistic regression analysis for factors associated with developing sarcopenia among the studied 
participants

The p-value is significant if ≤ 0.05 (indicated by bold numbers)

BMR basal metabolic rate. BMI body mass index, CI Confidence interval; OR Odds ratio

Variables Univariate analysis Multivariate analysis

OR 95% CI P‑value OR 95% CI P‑value

Age (years) 1.008 0.95 to 1.07 0.785 0.972 0.89 to 1.07 0.548

Sex Male ref ref

Female 1.254 0.51 to 3.1 0.623 0.238 0.04 to 1.35 0.105

BMI (kg/m2) 0.809 0.72 to 0.91  < 0.001 0.816 0.6 to 1.11 0.199

Fat mass 0.906 0.85 to 0.96 0.002 0.995 0.82 to 1.21 0.964

BMR 0.991 0.99 to 1 0.001 1.001 0.99 to 1.01 0.861

Total water 0.742 0.61 to 0.9 0.003 1.495 0.97 to 2.32 0.072

Protein 0.216 0.11 to 0.44  < 0.001 0.044 0.01 to 0.24  < 0.001
Minerals 0.031 0.01 to 0.19  < 0.001 1.248 0.04 to 42.74 0.902

Sum SARC-F Normal (0—3 points) ref ref

Abnormal (≥ 4 points) 3.332 1.16 to 9.62 0.026 6.365 1.27 to 31.85 0.024
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The incidence of fragility hip fracture in Egypt was 
estimated by the Egyptian Academy of Bone Health by 
assessing the data from a Fracture Liaison Service (FLS) 
National Register database over one year, they included 
patients > 40 years old, and the annual incidence of low 
energy hip fractures was 123.3 per 100,000 in women 
and 55.2 per 100,000 in men, furthermore, the authors 
reported significant differences according to geographi-
cal location northern vs. southern areas (the latter was 
the geographical location from where the current study 
data was collected) [28].

El-Miedany et  al. reported a significant difference in 
BMD based on the geographic location, which might 
have affected the differences in fracture risk; further-
more, they highlighted the paramount role of modifiable 
risk factors in BMD-fracture relationship, where higher 
BMD was reported in population with greater height, 
weight, BMI, and lean mass [28]. In the current study, 
the nutritional status (total water, proteins, and minerals) 
and BMI were significantly lower in patients diagnosed 
with sarcopenia than in those without, which are consid-
ered modifiable risk factors amenable to correction even 
postoperatively. Moreover, correcting protein-energy 
malnutrition was linked to better recovery and functional 
outcomes in hip fracture patients [47, 48].

Unfortunately, evaluating why the results we obtained 
from the particular population included in our study dif-
fer from those obtained from other studies from Egypt 
and studies from different countries was not among our 
study aims; these could be attributed to the differences 
in socioeconomic conditions, pre-injury physical activity 
levels, dietary patterns, and health care access, includ-
ing periodical check-up assessments. Furthermore, some 
reasons could explain why the incidence of sarcopenia in 
our population (southern Egypt) differs from the previ-
ous studies conducted on the Egyptian population but 
from different regions (northern areas). First, patients 
from southern Egypt are more involved in agriculture and 
manual labor due to their rural residences, which leads 
to less sedentary lifestyles and helps preserve muscle 
mass despite poor nutrition. Second, better community 
support due to the nature of extended family structures 
in rural southern Egypt might help older adults remain 
physically active (e.g., through household chores, walk-
ing, and religious activities), delaying functional decline.

Although the current study’s major strength point 
was related to applying the EWGSOP2 definition for 
diagnosing sarcopenia in hip fracture patients from our 
population (Egyptian, North African), it also has some 
inherent Limitations: First, the sample size is consid-
ered small compared to previous studies, which might 
be attributed to the high selectivity of the inclusion cri-
teria. To compensate for such an issue, we carried out a 

post-hoc power analysis for the differences between the 
primary outcomes, which indicated > 80% power for 
most variables, reinforcing the strength of the resulting 
associations. Second, the study population was limited 
to a specific geographical area (Southern Egypt), and the 
possible effects of geographical disparities and cultural 
and social factors were not thoroughly evaluated, which 
might limit the generalizability of the results. Further-
more, such high selectivity might be a source of selection 
bias. Third, we could not obtain a DXA scan assessment, 
which we clarified is related to some logistical and finan-
cial constraints. Fourth, we evaluated patients during the 
hospital stay only, and further follow up of those patients 
to document their functional and quality of life outcomes 
is paramount. Fifth, due to the study’s cross-sectional 
nature, we could identify the factors associated with sar-
copenia; however, we could not identify its predictors, 
which required a prospective observational study. Sixth, 
some evaluation tools, such as the Chair stands test (cri-
terion 1 in EWGSOP2), Walk test, and Time up and Go 
test (criterion 3), were not feasible or applicable in hip 
fracture patients. Last, a longer follow up for the included 
patients is lacking, which helps in understanding the 
clinical outcomes differences between patients diagnosed 
with sarcopenia compared to those without.

We have to allude to some clinical implications based 
on the current study findings: First, raising awareness 
of the relatively high prevalence of sarcopenia in our 
patients who presented with low-energy trauma hip 
fractures will help early detection of sarcopenia (using a 
simple tool such as SARC-F questionnaire for screening, 
which proved a significant association with sarcopenia in 
our hip fracture patients, followed by the confirmatory 
tests if necessary) facilitating proper intervention, includ-
ing, at least, nutritional support and dedicated rehabilita-
tion programs leading eventually to better outcomes [45]. 
Second, as we found low protein levels to be a strongly 
associated factor with sarcopenia, nutritional supple-
mentation, especially a rich protein diet in the postop-
erative period (which is correlated to better recovery 
[47, 48]), and spreading the importance of such a proper 
diet among the medical community in our area. Third, 
rehabilitation programs should be modified to improve 
patients’reduced muscle mass and strength by introduc-
ing more resistance training and encouraging early mobi-
lization and weight bearing as tolerated. Last, there is a 
need for initiating a multidisciplinary team approach for 
hip fracture patients’care, as most hip fracture patients 
with associated sarcopenia might present with other 
medical comorbidities, which necessitates the involve-
ment of different medical specialties (such as geriatrician, 
internist, nutritionist, and physiotherapist) for better care 
of those patients.
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Some of the challenges and their solutions while imple-
menting sarcopenia screening in our hip fracture popula-
tion are worth noting: First, there is limited awareness of 
such a problem and its clinical and social impact, espe-
cially among our medical community. This issue could be 
addressed by integrating targeted educational programs 
related to sarcopenia, its diagnosis, and its consequences 
into medical training programs.

Second, there is a lack of training on screening sarco-
penia in suspected patients using simple tools such as the 
SARC-F questionnaire; furthermore, it becomes more 
challenging for some hospitals to perform confirmatory 
tests (e.g., DXA scans) due to lacking required equip-
ment. Possible solutions for this obstacle involve broad 
adoption and training on SARC-F questionnaire, espe-
cially as it showed significant association with sarcopenia 
in our patients, furthermore implementing further cheap 
and rapid screening tools such as inquiring about urinary 
incontinence (UI), where its presence showed a signifi-
cant association with rectus abdominis muscle thickness 
(OR: 0.58; 95% CI 0.38–0.89; p = 0.01) according to Sahi-
ner et al.; moreover, the authors reported that the overall 
sarcopenia risk per SARC-F score was significantly higher 
in patients with UI than those without (47.9% vs. %25.6, 
p = 0.03) [60]. The utility of UI assessment as an indica-
tor of muscle mass loss was further confirmed in a study 
by Zhang and Li [61]; they also concluded that UI prev-
alence was significantly higher in sarcopenia patients, 
indicating a close association between UI and sarcopenia.

Third, patient compliance and understanding the 
importance of such screening rather than perceiving it as 
unnecessary cumbersome investigations. This could be 
resolved by initiating patient-targeted educational pro-
grams highlighting the importance of proper nutrition 
and alluding to some of the drawbacks of developing sar-
copenia and the importance of their cooperation in filling 
out the questionnaires and carrying out the investiga-
tions. Furthermore, improving the hospital infrastructure 
by providing the necessary evaluation tools in one place 
and at an affordable cost for more patients’convenience.

Last is the burden of convincing higher authorities 
and stakeholders regarding the importance of integrat-
ing such screening programs as an integral part of hip 
fracture patients’care pathway and financially supporting 
such transformation. The best way to overcome this is by 
performing studies that show the cost-effectiveness of 
early sarcopenia diagnosis and management.

Conclusion
We report a sarcopenia prevalence of 14.8% according 
to SARC-F scores, which increased to 17% when apply-
ing the operational definition of sarcopenia according 

to EWGSOP2 based on muscle mass and power test-
ing among hip fracture adult patients admitted in our 
trauma service as a representative to Egyptian, and 
North African population. According to univariate 
analysis, BMI, fat mass, BMR, and nutritional status 
had a significant negative association with sarcopenia. 
Conversely, the sum of SARC-F (≥ 4 points) had a sig-
nificant positive association. After multivariate analy-
sis, only low protein levels and the sum of SARC-F 
remained the most robust independent associated fac-
tors with the presence of sarcopenia.

Future directions
Based on our results, we believe that future research 
(prospective and, if possible, to be multicenter for 
including a more diverse population) is paramount to 
investigate the predictors of sarcopenia in hip frac-
ture patients. Second, following up patients for more 
extended periods will provide details regarding the 
behavior of sarcopenia (improvement or deterioration) 
after surgical management and its effect on morbid-
ity and mortality rates. Third, cost-effectiveness stud-
ies related to implementing sarcopenia screening and 
management protocols (especially in economically 
challenging environments such as our community) are 
highly recommended. Last, for a better understanding 
of sarcopenia and its associated factors, interventional 
studies should be carried out comparing various nutri-
tional and rehabilitation protocols applied for such 
patients, aiming to develop a standardized management 
protocol for patients with sarcopenia associated with 
hip fractures.
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