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a b s t r a c t

Objectives: Sarcopenia is a decline in skeletal muscle mass and function. It is associated with adverse
outcomes and increased mortality. Sarcopenia is also reported to be prevalent in the hip fracture pop-
ulation. Our aims in this study are to compare the hormonal profile in women with hip fracture to
controls, and to assess the relationship between hormonal biomarkers to skeletal muscle mass and
function in these women.
Methods: A cross sectional study was performed enrolling women above age 60 years old with hip
fracture as a study group. For comparison healthy women from the community were recruited. Pe-
ripheral blood samples were obtained for analysis of hormonal profiles. Measures of skeletal muscle
mass and function by muscle area on computed tomography, dual energy X-ray absorptiometry,
bioelectrical impedance analysis, and grip strength was performed.
Results: A high proportion of sarcopenic individuals were detected in the hip fracture group (60%).
Women with hip fracture compared to controls were older (P ¼ 0.073), had lower serum albumin levels
(P < 0.001), serum insulin-like growth factor-1 (IGF-1) (P < 0.001), insulin-like growth factor binding
protein �3 (IGFBP-3) (P < 0.001), free testosterone levels (P ¼ 0.001), and impaired beta cell function by
homeostasis model assessment (HOMA beta) (P ¼ 0.038).
Conclusions: There is a high proportion of sarcopenic individuals in the hip fracture group. Lowered
serum levels of IGF-1 and IGFBP-3, HOMA beta cell function, and free testosterone levels were detected in
this group and may serve as potential biomarkers of sarcopenia.
© 2020 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sarcopenia is a decline in skeletal muscle mass and function. It is
more common in the older population but can also be seen in
younger individuals with chronic diseases [1e3]. Since its initial
description by Rosenberg in 1997 [4], sarcopenia is now listed as a
condition in the International Classification of Diseases-10 [5],
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enabling better recognition and detection. Further research have
also shown the association between sarcopenia and the risk of
several adverse outcomes. These include prolonged hospital stay
[6], increased falls and fracture risk [7,8], in addition to increased
morbidity [9] and mortality [10e12]. Despite these findings, there
are currently no pharmacological therapies for sarcopenia and this
lack of progress likely relates to the complex balance between
anabolic and catabolic pathways involved in skeletal muscle regu-
lation [13].

Muscle growth is also affected by hormonal factors such as
serum insulin like growth factor-1 (IGF-1) and testosterone [14]. A
decline in these hormonal levels with increasing age contributes
further to the loss of skeletal muscle mass with aging. In studies
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assessing growth hormone replacement in the older population,
improvement in lean body mass but not muscle strength was
observed [15], whilst physiological testosterone therapy in hypo-
gonadal men only showed modest improvement in muscle mass
and strength [16].

In older women, higher free testosterone levels were also
associated with increased lean body mass [17]. Studies evaluating
the use of dehydroepiandrosterone (DHEA), a precursor androgen,
and its effects on muscle strength in older women have shown
mixed results with 1 study reporting improvements in sitting leg
strength and physical function assessed by the Short Physical Per-
formance Battery Score [18], while another study did not detect any
changes in muscle strength [19].

Hip fracture commonly affects older individuals with increased
mortality risk in the subsequent year [20]. In those who survive,
reduced quality of life and function have been reported [21e24].
The association between falls and fracture risk with sarcopenia is
further strengthened through a recent systematic review [8], and
the 5-year mortality risk is increased in those with concurrent
sarcopenia and osteoporotic hip fractures [25]. Given the increased
prevalence of sarcopenia in the hip fracture population [26e28], we
performed a cross sectional study on this group, evaluating the
hormonal profiles in these women and its association with skeletal
muscle mass and strength.

We also assessed the relationships between hormonal levels to
sarcopenia status (sarcopenia/no sarcopenia) by the European
Working Group on Sarcopenia in Older People (EWGSOP) 1 criteria
[29]. Since commencement of this project the EWGSOP criteria
have been updated to EWGSOP2 [30]. Analysis was reported using
both criteria.

The aim of this study is to describe and compare a panel of
hormonal biomarkers related to skeletal muscle regulation in
women with hip fractures, compared to controls. We hypothesized
womenwith hip fractures compared to controls weremore likely to
be sarcopenic and have altered hormonal biomarker profiles
related to skeletal muscle regulation.

2. Methods

Thirty-nine women aged above 60 years old were enrolled into
the study between June 2016 and July 2019. Twenty women with
hip fractures were recruited during their hospital admission as the
study group. For comparison 19 healthy women from the com-
munity were recruited by community advertisements. All women
also consented to collection of muscle biopsy for analysis of the
molecular pathways involved in muscle regulation. These findings
will be submitted as a separate paper. All participants provided
informed consent prior to inclusion in the study. All procedures
performed involving human participants were in accordance with
the ethical standards of the Eastern Health Ethics Review Com-
mittee and was performed in accordance with the Helsinki Decla-
ration of 1975, Eastern Health HREC reference number HREC/16/
EH/104.

We were also interested in collecting data on length of stay on
the rehabilitation ward (not reported in this study). As nursing
home residents were generally discharged back to residential
aged care facilities without a period of rehabilitation thus pre-
cluding the ability to collect this data, they were excluded from
the study. Women with pre-existing neurological conditions
which are known to affect skeletal muscle were also excluded.
Women in the healthy control group were excluded if they were
on blood thinning agents which would preclude muscle biopsy.
Sample size calculationwas performed in reference to a study by
Malkov [31] whereby therewas 10% significant difference inmuscle
area reported in between groups. To detect a 10% difference in
skeletal muscle cross sectional area between our groups, with a
calculated power of 80% and 5% alpha, we estimated that a mini-
mum of 31womenwere required for the study. A total of 90women
were screened. Following exclusion, a total of 39 women were
enrolled into the study.

Fasting peripheral blood samples were obtained for analysis of
biochemistry, fasting glucose, insulin and hormonal levels related
to skeletal muscle regulation. In women with hip fractures, fasting
peripheral blood sample was collected within 1e5 days post-
surgery. Frailty status were recorded using the Clinical Frailty
Scale (CFS) [32,33]. This scale ranges from 1 (Very Fit) to 9
(Terminally Ill).

Skeletal muscle mass was assessed using dual energy X-ray
absorptiometry (DXA) (Hologic Discovery, New South Wales,
Australia), muscle cross sectional area on mid-thigh computed to-
mography (CT) scan (Aquillon Prime, Toshiba, Japan), and calcula-
tion of skeletal muscle index using the Janssen regression equation
[34] utilising resistance data from bioelectrical impedance analysis
machine (MDD1500, Body Stat Limited, Isle of Man).

Coefficient of variation for the DXA scan as provided by manu-
facturers are 1.2% lumbar spine, 1.4% total femur, and 1.9% femoral
neck. Due to limitations around access to DXA imaging, all DXAwas
performed on an outpatient basis. DXA data were unavailable in 8
women from the hip fracture group who were either unable to
tolerate the procedure or have declined to return for their imaging.
In view of the relative lack of DXA data, prevalence of sarcopenia
was assessed using data from bioelectrical impedance analysis
(BIA).

Mid-thigh CT in the hip fracture group were performed within
1e3 days post-surgery. As there was a significant amount of muscle
edema observed on the operated leg, muscle area from the non-
operated leg was used for analysis in this study. In healthy con-
trols an average of muscle area in both legs combined were used as
a measure of skeletal muscle mass.

Skeletal muscle function by grip strength was measured on a
Jamar handheld dynamometer. An average reading of 3 attempts
were taken as the final grip strength.

The European Working Group on Sarcopenia in Older People
(EWGSOP) 1 and 2 [29,30,34] criteria were used to define sar-
copenia as all study subjects were Caucasian. Specific cut-off
values used from both criteria to define sarcopenia are as listed:

EWGSOP1: Skeletal muscle mass index by BIA, adjusted for
height <6.75 kg/m2 and grip strength <20 kg.
EWGSOP 2: Skeletal muscle mass index by BIA, adjusted for
height <6.75 kg/m2 and grip strength <16 kg.

We have presented a parallel analysis using both criteria.
Student’s T test were used to compare means between groups.

Chi square test were used to compare sarcopenia status between
groups. Analysis were performed using SPSS statistical software
programme version 25 (IBM). A P value of < 0.05 was considered
statistically significant.

The relationship between different biochemistry and hormonal
variables to muscle mass and function were analyzed using uni-
variate regression analysis followed bymultiple regression analysis.
As the groups differed by age, multiple regression analysis were
performed adjusted for age as a confounder.

Binary logistic regression analysis were performed with the
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participants further divided into sarcopenia status (yes/no)
assessing the relationship between the different hormonal vari-
ables to sarcopenia status.
3. Results

3.1. Groupwise comparison: Participant’s characteristics

Mean age in the whole group was 77.82 ± 10.31 years old (range
61e99). Women with hip fractures were older (80.70 ± 11.30 vs
74.79 ± 8.43 years, P ¼ 0.073), frailer (3 ± 2 vs 2 ± 1, P < 0.001) and
were on more medications (6 ± 4 vs 3 ± 2, P ¼ 0.001) compared to
healthy women from the community (Table 1).

Muscle cross sectional area (82.82 ± 16.61 vs
100.01 ± 19.09 cm2, P ¼ 0.005) and grip strength (14.01 ± 6.83 vs
22.93 ± 5.94 kg, P < 0.001) were lower inwomen in the hip fracture
group, indicating increased sarcopenia risk in this group. A higher
proportion of women in the hip fracture group were sarcopenic
based on the EWSGOP1 criteria (60% vs 16% P ¼ 0.005). Using
EWGSOP2 criteria, 50% in the hip fracture group compared to 5% in
Table 3a
Comparison of biomarkers (biochemistry and hormonal levels) between groups.

Variable Hip fracture (n ¼ 20)

Corrected calcium, mmol/L 2.43 ± 1.45
Albumin, g/L 30.25 ± 4.71
Parathyroid Hormone, pmol/L 6.38 ± 3.69
Vitamin D, nmol/L 58.70 ± 33.56
Thyroid stimulating hormone, mU/L 2.35 ± 2.27
Free T4, pmoL/L 18.13 ± 3.66
Free T3, pmol/L 3.61 ± 0.73
Free testosterone, nmol/L 5.00 ± 2.07
IGF-1, nmol/L 11.08 ± 4.11
Growth Hormone, ug/L 1.40 ± 1.75
IGFBP-3, nmol/L 73.57 ± 28.08
IGF-1/IGFBP-3 ratio 0.17 ± 0.11

Values are presented as mean ± standard deviation.
IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor binding protein-3

Table 2
Skeletal muscle mass (muscle cross sectional area on CT and bioelectrical impedance ana

Variable

Muscle cross sectional area: non operated leg or average reading of both legs combine
Janssen skeletal muscle mass, kg
Dry lean mass by BIA, kg
Lean mass by DXA, kg

Grip strength, kg
Sarcopenia by EWGSOP 1 criteriay
Sarcopenia by EWGSOP 2 criteria*

Values are presented as mean ± standard deviation or number (%).
BIA, bioelectrical impedance analysis; DXA, dual energy X-ray absorptiometry; EWGSOP

y Sarcopenia defined by EWGSOP 1 criteria: low skeletal muscle mass by BIA (skeletal
* Sarcopenia defined by EWGSOP 2 criteria: low skeletal muscle mass by BIA (skeletal

Table 1
Demographics of participants.

Variable Hip fracture (n ¼ 20)

Age, yr 80.70 ± 11.30
Weight, kg 67.79 ± 13.32
Body mass index, kg/m2 26.27 ± 5.36
Number of medication use 6 ± 4
Clinical frailty scale score a 3 ± 2

Values are presented as mean ± standard deviation.
a Clinical frailty scale score: 1-Very fit, 2-Well, 3-Managing well, 4-Vulnerable, 5-Mild
the healthy controls were sarcopenic (P ¼ 0.002) (Table 2).
3.2. Group wise comparison (hip fracture to healthy controls):
biochemistry and hormonal profile

There was no difference in corrected calcium, parathyroid hor-
mone, and vitamin D levels between groups. Albumin levels
(30.25 ± 4.71 vs 40 ± 2.58 g/L, P < 0.001), free T3 (3.61 ± 0.73 vs
4.93 ± 0.74 pmol/L, P < 0.001), and free testosterone levels by mass
spectrometry were significantly lower in the hip fracture group
(5.00 ± 2.07 vs 8.85 ± 3.28 nmol/L, P-value ¼ 0.001).

Women with hip fractures had comparatively lower serum IGF-
1 (11.08 ± 4.11 vs 18.75 ± 5.48 nmol/L, P-value < 0.001), Growth
Hormone (1.40 ± 1.75 vs 3.00 ± 3.31 ug/L, P ¼ 0.065) and IGF
Binding Protein 3 levels (IGFBP-3) (73.57 ± 28.08 vs
121.37 ± 28.60 nmol/L, P-value < 0.001) (Table 3a).

Elevated fasting glucose levels (6.04 ± 1.12 vs 5.43 ± 0.37 mmol/
L, P ¼ 0.035) and impaired beta cell function by homeostasis model
assessment beta (HOMA Beta) (76.12 ± 21.72 vs 95.12 ± 29.77,
P¼ 0.038) were detected in the hip fracture group (Table 3b). Three
Healthy controls (n ¼ 19) P-value

2.40 ± 0.63 0.388
40.00 ± 2.58 <0.001
6.56 ± 2.56 0.858
67 ± 23.10 0.373
2.45 ± 2.08 0.890
16.62 ± 2.78 0.157
4.93 ± 0.74 <0.001
8.85 ± 3.28 0.001
18.75 ± 5.48 <0.001
3.00 ± 3.31 0.065
121.37 ± 28.60 <0.001
0.16 ± 0.03 0.657

.

lysis) and function (grip strength), and sarcopenia prevalence (by EWSGOP criteria).

Hip fracture (n ¼ 20) Healthy controls (n ¼ 19) P-value

d, cm2 82.82 ± 16.61 100.01 ± 19.09 0.005
16.60 ± 3.49 17.70 ± 3.74 0.349
5.78 ± 3.60 6.87 ± 2.52 0.279
n ¼ 12
36.85 ± 4.75

n ¼ 19
38.18 ± 6.52

0.521

14.01 ± 6.83 22.93 ± 5.94 <0.001
12 (60) 3 (16) 0.005
10 (50) 1([5) 0.002

, European Working Group on Sarcopenia in Older People.
muscle mass index < 6.75 kg/m2) combined with low grip strength (<20 kg).
muscle mass index < 6.75 kg/m2) combined with low grip strength (<16 kg).

Healthy controls (n ¼ 19) P-value

74.79 ± 8.43 0.073
67.57 ± 14.47 0.962
26.20 ± 4.56 0.968
3 ± 2 0.001
2 ± 1 <0.001

ly frail, 6-Moderately frail, 7-Severely frail, 8-Very Severely frail, 9-Terminally ill.
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women in this groupwere on therapy for diabetes; 2 on insulin and
the other on a combination of metformin and a dipeptidyl pepti-
dase 4 inhibitor. After exclusion individuals who were on insulin
secretagogue and insulin treatment from the analysis, the reduced
beta cell function observed in the hip fracture group was still
maintained.
3.3. Regression analysis on the whole study population: hormonal
variables to muscle mass and strength

Univariate regression analysis on the whole study population
was performed to assess the relationship between variables which
were significantly different between groups to skeletal muscle
mass (muscle cross sectional area on CT) and muscle function
(grip strength). To correct for the effect of age, regression analysis
was also performed adjusting for age as a confounder. After
correction for age, serum IGF-1, IGFBP-3 levels and HOMA beta
were associated with skeletal muscle area on CT and grip strength
(Table 4).
3.4. Comparison sarcopenic to non-sarcopenic women:
biochemistry and hormonal profile

The whole population was divided into the sarcopenic and non-
sarcopenic group by EWGSOP2 criteria for comparison of hormonal
profile between sarcopenic to non-sarcopenic women. Albumin
and serum IGFBP-3 levels were significantly lowered in the sarco-
penic group (P < 0.05). There was a trend towards lower free
testosterone levels, serum IGF-1 levels, and HOMA beta in the
sarcopenic group. However, the difference between groups in these
variables did not reach statistical significance (P > 0.05) (Table 5a).
There was no significant difference detected in glucose or insulin
levels when groups were divided by sarcopenia criteria by EWG-
SOP2 (Table 5b).
Table 4
Univariate linear regression analysis with muscle area on CT and grip strength as depen

Outcome variable
Independent variable Unadjusted model

Adjusted r2 P-value (9

Muscle area on CT, cm2
Serum albumin 0.11 0.022 (0.1
Serum IGF-1 0.17 0.007 (0.4
IGFBP-3 0.22 0.003 (0.0
HOMA Beta 0.31 <0.001 (0.
Free testosterone 0.19 0.006 (0.8

Grip Strength, kg
Serum albumin 0.34 <0.001 (0.
Serum IGF-1 0.18 0.004 (0.2
IGFBP-3 0.28 0.001 (0.0
HOMA Beta 0.08 0.051 (0.0
Free testosterone 0.15 0.016 (0.2

CT, computed tomography; IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like gro

Table 3b
Comparison of fasting glucose, insulin and beta cell function between groups.

Variable Hip fracture (n ¼ 17) y

Fasting glucose, mmol/L 6.04 ± 1.14
Fasting insulin, mU/L 9.58 ± 5.19
HOMA Beta 76.12 ± 21.72

Values are presented as mean ± standard deviation.
HOMA, Homeostasis Model Assessment.

y Individual of insulin secretagogue and insulin excluded from analysis.
3.5. Binary logistic regression: hormonal variables to sarcopenia
status

Binary logistic regression was performed on the whole popu-
lation assessing the relationship between hormonal variables to
sarcopenia status adjusted for age by EWGSOP1 criteria. For
completion, analysis was also performed using the EWGSOP2
criteria. Results are reported as the odds of developing sarcopenia
for every unit reduction in the independent variable.

When the populationwas assessed using the EWGSOP 1 criteria,
insulin was the only variable which was significantly associated
with sarcopenia status. For every 1mu/L decrease in insulin levels,
the odds of developing sarcopenia increased by a factor of 1.40 (OR
1.40, P-value ¼ 0.045) (Table 6). When the populationwas assessed
using the EWGSOP2 criteria, age was a stronger predictor of
sarcopenia.
4. Discussion

This study was performed on older women with hip fractures
and were compared to healthy women from the community.
Consistent with previous studies, there was a significant proportion
of sarcopenic women in the hip fracture group. This was further
supported by the presence of low muscle cross sectional area on
mid-thigh CT and reduced grip strength. This confirms that women
with hip fractures are a good model for sarcopenia in older women.

Low albumin levels, a marker of nutritional state were observed
in the hip fracture group. These findings were consistent with other
studies [35], and suggests impaired nutrition may be a risk factor
for hip fracture. Alternatively, loss of albumin from inflammation
and leakage into the extravascular space can occur in critically ill
patients [36], and could be another reason for the low albumin
levels seen in the hip fracture group.

Insulin-like growth factor-1 (IGF-1) positively affects skeletal
muscle growth through its interaction and activation of the
dent variables. b Analysis adjusted for age as a confounder.

Adjusted model corrected for age b

5% confidence interval) Adjusted r2 P-value (95% confidence interval)

7, 2.14) 0.11 0.059 (�0.03, 2.06)
0, 2.33) 0.16 0.017 (0.24, 2.26)
9, 0.43) 0.21 0.013 (0.05, 0.43)
21, 0.61) 0.34 <0.001 (0.21, 0.61)
6,4.81) 0.19 0.018 (0.46, 4.58)

41, 1.08) 0.61 0.001 (0.23, 0.77)
0, 0.95) 0.55 0.012 (0.09, 0.66)
5, 0.19) 0.60 0.026 (0.01, 0.12)
0, 0.18) 0.56 0.008 (0.03, 0.15)
1, 1.89) 0.58 0.078 (�0.06, 1.17)

wth factor binding protein-3; HOMA, Homeostasis Model Assessment.

Healthy controls (n ¼ 19) P-value

5.43 ± 0.37 0.035
10.37 ± 5.86 0.663
95.12 ± 29.77 0.038



Table 5a
Comparison of biomarkers (biochemistry and hormonal levels) between sarcopenic and non-sarcopenic groups.

Variable Sarcopenic (n ¼ 11) Non Sarcopenic (n ¼ 28) P-value

Corrected calcium, mmol/L 2.43 ± 0.16 2.41 ± 0.09 0.666
Albumin, g/L 30.73 ± 6.17 36.68 ± 5.47 0.005
Parathyroid Hormone, pmol/L 7.44 ± 3.52 6.09 ± 2.97 0.234
Vitamin D, nmol/L 58.46 ± 38.00 64.43 ± 25.07 0.638
Thyroid stimulating hormone, mU/L 3.33 ± 2.68 2.03 ± 1.84 0.093
Free T4, pmol/L 18.74 ± 3.67 16.87 ± 3.05 0.113
Free T3, pmol/L 3.66 ± 0.86 4.49 ± 0.95 0.017
Free testosterone, nmol/L 5.60 ± 1.70 7.08 ± 3.67 0.234
IGF-1, nmol/L 12.09 ± 5.14 15.89 ± 6.26 0.082
Growth Hormone, ug/L 1.32 ± 1.58 2.52 ± 3.00 0.220
Insulin like Growth Factor Binding Protein 3, nmol/L 69.94 ± 28.27 104.24 ± 35.57 0.011
IGF-1/IGFBP3 ratio 0.17 ± 0.05 0.17 ± 0.10 0.879

Values are presented as mean ± standard deviation.
IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor binding protein-3.

Table 5b
Comparison of fasting glucose, insulin and beta cell function between sarcopenic and non-sarcopenic groups.

Variable Sarcopenic (n ¼ 11) Non Sarcopenic y (n ¼ 25) P-value

Fasting glucose, mmol/L 5.87 ± 0.68 5.68 ± 0.97 0.549
Fasting insulin, mU/L 8.64 ± 3.44 10.52 ± 6.09 0.343
HOMA Beta 75.06 ± 22.93 91.02 ± 28.53 0.112

Values are presented as mean ± standard deviation.
y Individual on insulin secretagogue and insulin excluded from analysis.

Table 6
Binary logistic regression analysis with sarcopenia status by EWGSOP1 criteria, adjusted for age.

Outcome variable Independent variable adjusted for age OR P-value (95% confidence interval)

Sarcopenia
Status (EWGSOP1)

Serum albumin 1.16 0.061 (0.99, 1.34)
Serum IGF-1 1.05 0.549 (0.90, 1.22)
IGFBP-3 1.02 0.186 (0.99,1.06)
HOMA Beta 1.01 0.377 (0.98, 1.05)
Free testosterone 1.31 0.216 (0.86, 2.01)
Serum insulin levels 1.40 0.045 (1.01, 1.93)

EWGSOP, European Working Group on Sarcopenia in Older People.
Sarcopenia defined by EWGSOP 1 criteria: low skeletal muscle mass by BIA (skeletal muscle mass index < 6.75 kg/m2) combined with low grip strength (<20 kg).
IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor binding protein-3; HOMA, Homeostasis Model Assessment.
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mammalian target of rapamycin (mTOR) pathway. Unbound IGF-1
has a short half-life, and thus the majority of IGF-1 in the circula-
tion is bound to IGF binding proteins [37]. IGF binding protein 3
(IGFBP-3), being the most abundant in the circulation, was
measured in our study to provide further information. In our
cohort, IGF-1 and IGFBP-3 were both positively related to skeletal
muscle mass and function, suggesting a stimulatory effect on
muscle growth. These findings combined with lowered IGF-1 and
IGFBP-3 levels observed in the our hip fracture group were similar
to findings from previous studies in hip fracture [38] and stroke
patients [39]. Additionally, animal models have observed the pro-
tective effect of IGF-1 and IGFBP-3 on the muscle [40], whilst cell
culture models suggests IGFBP-3 upregulates the mTOR pathway
[41]. The positive relationship observed between IGF-1, IGFBP-3 to
skeletal muscle mass and function may suggest a protective effect
of raised IGF-1 and IGFBP-3 against sarcopenia, although this re-
quires further study.

Free testosterone levels by mass spectrometry were positively
associated with skeletal muscle mass and strength and were
observed to be lowest in our hip fracture cohort. Using DXA and
bioelectrical impedance analysis, the positive relationship between
elevated free testosterone levels and lean body mass have been
reported before [17,42]. Our analysis strengthens this finding
further by showing the positive association between free testos-
terone levels to skeletal muscle mass on CT, a gold standard
imaging tool for sarcopenia.
There was a positive relationship between free testosterone to

grip strength. However, this relationship became non-significant
after adjustment for age, suggesting that there were other factors
contributing to the loss of muscle function with age. In this setting,
free testosterone levels was a better indicator of low skeletal
muscle mass but not reduced function.

Another finding in our study is that of lowered beta cell function
by the homeostasis model, an indicator of intrinsic insulin pro-
duction in the hip fracture group. Insulin is secreted by the
pancreatic beta cells and works by enhancing glucose uptake into
the target cells through its effect on the glucose transporter. Insulin
appears to have several roles; glucose homeostasis and protein
synthesis, and likely has an indirect effect on the bone. In muscle, in
the presence of amino acids, insulin prevents protein breakdown
and increases protein synthesis through activation of the mTOR 1
signalling [43e45]. In our study HOMA beta remained significantly
associated with skeletal muscle area and function independent of
age. This finding combined with the positive association between
insulin to sarcopenia status further supports the role of insulin on
the skeletal muscle.

When a comparison of hormonal levels was performed with the
population divided into sarcopenic and non-sarcopenic individuals
by EWGSOP2 criteria, IGFBP-3 and albumin levels were signifi-
cantly lower in sarcopenic women. While low levels of albumin are
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indicative and consistent with sarcopenia, low IGFBP-3 detected in
sarcopenic women supports a likely linkwith the skeletal muscle as
highlighted earlier in the discussion.

Analysis by binary logistic regression assessing the relationship
between hormonal variables to sarcopenia status was performed
using EWGSOP 1 and 2 criteria. When adjusted for age using
EWGSOP1 criteria, insulin was associated with increased odds of
sarcopenia. However, this relationship became non-significant
when analysis was performed using EWGSOP2 criteria indicating
age as a stronger predictor of sarcopenia status by EWGSOP2
criteria.

Another alternative explanation is that the EWGSOP2 criteria
may underestimate sarcopenia in our population. Amendments to
grip strength criteria in EWGSOP2 was made based on a study [46]
which was performed in populations in the United Kingdom. To our
knowledge at present there is no normative data for grip strength
for the Australian population. Villani [47] recently compared both
EWGSOP criteria in an Australian population. They report a signif-
icant discordance between both definitions of sarcopenia. Given
this finding further studies are needed to further evaluate and
compare both EWGSOP 1 and 2 criteria in the Australian
population.

To summarise our study findings, women with hip fractures
have a high prevalence of sarcopenia. To our knowledge, impaired
beta cell function and low free testosterone levels have not been
reported in the hip fracture cohort and serves as new knowledge.
Whilst low IGF-1 and IGFBP-3 levels been reported in hip fracture
patients before, the mechanisms underlying these findings requires
further research.

Our study had several limitations. Wewere unable to age match
our study participants, hence limiting direct comparison between
groups. Despite this, our observations can still shed light on
mechanisms of skeletal muscle loss with age. Blood samples for
patients with hip fracture patients were collected between day 1e5
post-operatively, potentially confounding our results with the ef-
fects of acute surgical stress. We did not have follow up blood
samples for hormonal analysis which would allow further com-
parison of hormone levels in the non-stressed state. Our lack of
DXA data limits our ability to use this as a measure of sarcopenia in
our cohort and therefore further analysis. It is possible that those
who were able to return for their DXA scans post-operatively were
less frail and less sarcopenic. This thus explains the lack of differ-
ence seen in skeletal muscle mass between groups by DXA data.
Although dry lean mass measurement by bioelectrical electrical
impedance analysis were available for all participants, we were
unable to showa statistically significant difference between groups.
This likely relates to our small sample size further limiting the
generalisability of our study findings.

Further work would involve exploring the relationship between
the IGF-1 pathway, insulin homeostasis and its effect on skeletal
muscle regulation in these women.

5. Conclusions

Womenwith hip fractures have a high prevalence of sarcopenia.
Low serum IGF-1, IGFBP-3, free testosterone and impaired beta cell
function were detected in these women and may serve as potential
biomarkers for sarcopenia. This is an area for future research.
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