J Frailty Aging 2023;12(3)166-174
Published online April 11, 2023, http:/ /dx.doi.org/10.14283 /jfa.2023.22

Original Research

Longitudinal Measurements of FGF23, Sarcopenia, Frailty and Fracture in

Older Community Dwelling Women

L. Egund'*", TK. Paulin'>", H. Ekstubbe', P. Bartosch'?, L. Malmgren'~

1. Lund University, Department of Clinical Sciences Malmg, Clinical and Molecular Osteoporosis Research Unit, Malmo, Sweden; 2. Skéne University Hospital, Department of
Orthopaedics, Malmo, Sweden; 3. Skdne University Hospital, Department of Geriatrics, Malmo, Sweden; * Authors contributed equally to this work.

Corresponding Author: Linnea Malmgren, MD, PhD, Department of Clinical Sciences Malmo, Lund University, Clinical Research Centre, Jan Waldenstroms gata 35, 214 28 Malmo,

E-mail: linnea.malmgren@med.lu.se

Abstract

BACKGROUND: FGF23 has been associated with frailty and functional
performance in older individuals, but the association to sarcopenia is
unknown.

OBJECTIVES: To investigate the association between FGF23, frailty,
sarcopenia and fractures in older community dwelling women.
DESIGN: Prospective longitudinal cohort study.

SETTING: Malmo, Sweden.

PARTICIPANTS: 995 75-year-old women, followed prospectively for
ten years, with re-investigations after five (n=667) and ten (n=324)
years.

MEASUREMENTS: C-terminal levels of FGF23 were measured and
a frailty index of ‘deficits in health’ created. Sarcopenia was defined
by low muscle mass and strength and “probable sarcopenia” by low
muscle mass only. Incident fractures were continuously registered for
10-years. Based on tertiles of FGF23, odds ratio for frailty, sarcopenia
and probable sarcopenia was investigated using logistic regression
models adjusted for: eGFR, PTH, calcium, vitamin D and phosphate.
Fracture-free survival during 10-year follow-up was depicted using
Kaplan Meier curves.

RESULTS: While fracture-free survival did not differ between tertiles,
women in the highest tertile of FGF23 had lower muscle strength and
gait speed, and higher proportion with impaired mobility at baseline. At
age 75, these women had higher odds of also being frail (ORadj 1.6 (95%
CI 1.1-2.4)) and suffering from probable sarcopenia (ORadj 1.8 (95%
CI 1.1-3.1)), but not sarcopenia. At follow-up the association between
FGF23 and probable sarcopenia was not evident. While the association
with frailty was attenuated at age 80 after adjustment (ORadj 1.6 (95%
CI 1.0-2.5)), women in the highest tertile had higher odds of being frail
at age 85 (ORadj 3.4 (95% CI 1.7-6.6)).

CONCLUSIONS: FGF23 may be a promising clinical marker for
muscle strength, functional performance, and frailty in older women,
but not for future fragility fractures. Whether FGF23 is also associated
with sarcopenia requires further investigation.
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Introduction

rapidly. Globally, the proportion of individuals aged
60 or older is anticipated to more than double by
2050, and in Europe, more than one third of the population is
estimated to be over 60 years old in 2050 (1). This expected
shift in demography prompts the need to promote healthy
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The world has an ageing population that is growing

ageing, thus, the research society has striven to find novel
approaches to common disabling conditions of ageing. One
such strategy points towards biomarkers to identify and
possibly treat such conditions. One particular biomarker in the
spotlight is Fibroblast Growth Factor 23 (FGF23).

The hormone FGF23 is a protein produced by osteoclasts
and osteocytes which acts in the parathyroid, bone, heart
and kidney. In the kidney, FGF23 regulates phosphate and
vitamin D homeostasis through two major pathways. Firstly, by
decreasing renal phosphate reabsorption and lowering levels of
calcitriol, the active form of vitamin D (figure 1), and secondly
by increasing renal reabsorption of calcium. FGF23 signalling
mostly occurs through FGF receptors in combination with the
co-receptor Klotho (2-6). High levels of FGF23 have been
linked to cardiovascular outcomes, mortality (7, 8) and possibly
fractures, although studies are inconclusive (9, 10).

However, recent findings indicate a broader range of
associations. FGF23 has been proposed as a novel muscle
biomarker, with increasing levels associated with progressive
muscle deterioration in amyotrophic lateral sclerosis (11).
In addition to being associated with functional performance
in an older population (12, 13), our own proteomic studies
indicate that FGF23 is a key protein associated with frailty,
encompassing the functional decline in multiple organ systems
(14) (unpublished data, manuscript in revision).

Muscle and bone are both secretory endocrine organs
that interact, affecting each other’s functions (15) beyond
the biomechanical interaction. Given that preservation of
muscle function is essential in maintaining independence and
quality of life into old age, it is not surprising that FGF23,
a bone mineralization hormone, is emerging as a biomarker
for musculoskeletal health. It is well established that in
frailty, the deterioration of the musculoskeletal system plays
a major part, resulting in fragility fractures (16). Likewise,
sarcopenia, the state of low muscle mass and muscle function
(17), is associated with both falls and fractures (18). Thus,
when addressing musculoskeletal health in the elderly, it is
apparent that the complex syndrome of frailty is closely linked
to sarcopenia, with the two concepts overlapping (19).

In an attempt to dissect these complex interactions related to
ageing, this study investigated the association between FGF23,
sarcopenia, frailty and musculoskeletal outcomes in a large
cohort of identically aged, community dwelling older women,
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Figure 1. FGF23, phosphate and vitamin D homeostasis
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followed for ten years. To our knowledge, no study has yet
investigated the association between FGF23 and sarcopenia,
including measures both of low muscle mass and function. Our
hypothesis was that part of the association between FGF23
and frailty may partially be explained by association between
FGF23 and sarcopenia.

Material and Methods

Subjects

The Osteoporosis Prospective Risk Assessment (OPRA)
cohort, previously described (20), is a population-based
study, originally designed to study fracture. During 1995-
1999 women, being 75 years old at point of invitation, were
randomly and without exclusion criteria, selected from the
city archives of Malmo and invited by letter to participate.
Of the 1604 women approached, 152 stated illness and 376
unwillingness as cause for non-participation, while 32 could
not be reached despite several attempts, resulting in 1044
women attending baseline investigation (65% response rate).
Participants were followed up twice over a period of ten years.
The first follow-up investigation took place after five years
(age 80, n=715) and the second after ten years (age 85, n=382).
The present study uses data from women with available FGF23
values, corresponding to 995, 667 and 324 at respective visits.
Missing values reflect a random loss across the cohort (for
example, lack of serum, inability to provide a blood sample,

haemolysis or failed analysis) and not a systematic error or
selection. The study was approved by the Regional Ethics
Committee in Lund (Dnr: 2014804) and in accordance with the
Helsinki declaration. All participants provided written informed
consent.

General chemistry and FGF23

Non-fasting blood samples were collected between 8 a.m.
and 1 p.m, centrifuged and stored at -80°C. Routine blood
chemistry was analysed by standard methods at the time of the
study (21). Kidney function (estimated glomerular filtration
rate, eGFR) was based on cystatin C, using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) study equation
(22).

Serum levels of FGF23 were measured using the C-terminal
assay, which identifies 2 epitopes on the C-terminus
part of the hormone, capturing both intact FGF23 and the
C-terminal fragments of cleaved and inactivated hormone
(23). Samples from all visits (age 75, 80 and 85) were analysed
in batch in 2016 using ELISA (rev.no. 150407, Biomedica
Medizinprodukte GmbH & Co KG, A-1210 Wien, Divischgasse
4). Intra-assay CVs were: <12% at 6 pmol/L and <6% at 10
pmol/L. Inter-assay CVs were: <10% at 6 pmol/L. and <5% at
10 pmol/L.
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Muscle mass, muscle strength, and function

Muscle mass was measured by dual-energy x-ray
absorptiometry (DXA) using the same machine (GE Lunar,
Madison, WI) throughout the study. Appendicular skeletal lean
mass (ASM) was adjusted for body size by dividing with height
squared (ASM/height?, kg/m?). The threshold for low muscle
mass was <5.5 kg/m?.

Muscle strength was measured using knee strength, as
hand grip strength (HGS) was not collected at all visits and
isometric torque methods are suggested as an alternative by
the European Working Group on Sarcopenia in Older People
(EWGSOP2) (24). At all visits knee extension was tested
using a computerized isokinetic dynamometer (Biodex Medical
Systems, v4.5.0, Biodex Corporation, New York). The best out
of three maximum isometric contractions (knee extension at
90°) lasting 5 seconds each was recorded (Nms). We identified
a threshold for low knee strength equating to a HGS threshold
of <16kg, previously applied in defining sarcopenic participants
(17), using two steps:

Step 1: Using low gait speed (<0.8 m/s) as the dependent
variable, as suggested by Alley et al (25), and maximum
repetition knee extension (Nms) as the scale dependent variable,
we performed a Classification and Regression Tree (CRT)
analysis to establish a clinically relevant threshold for knee
strength that would closely mirror a HGS <16kg. The CRT
segmented the data and identified the knee strength threshold
with the strongest relationship to low gait speed. Based on this a
threshold for low knee strength at <174.24 Nms was identified.
As an additional check, we performed CRT analysis again, this
time using low HGS (<16kg) as the dependent variable; the
identified threshold was <175.9 Nm which is close to the cutoff
derived from using the recommended low gait speed.

Step 2: To assess how well the tree structure can be
generalized and to ensure selection of the best performing cut-
off, a split-sample validation was also performed, in which
test- and training sample groups were randomly assigned with
50% of the cohort data in each group. Based on this, a threshold
at <174.85 Nms was identified in both segments. Taking the
average from steps 1 and 2, knee strength <175 Nms was
equated to be equivalent to HGS <16kg.

Sarcopenia was defined in accordance with the updated 2018
guidelines from the EWGSOP (17), as low muscle mass (i.e.
ASM<5.5 kg/m?) plus low muscle strength (i.e. knee strength
<175 Nms). With reference to the same guidelines, a group of
women with probable sarcopenia was defined based on muscle
strength alone (i.e. knee strength <175 Nms) without reference
to muscle mass.

Muscle function. Gait speed (m/s) was tested at all visits
through a 10m walk with one turn (i.e. 2x5m); a higher value
indicating a poorer function. The participants wore ordinary
shoes with the instruction to walk as fast as they could.

Frailty index

Using the principles described by Searle et al (26) and
described in full elsewhere (27), a frailty index (FI) was created

LONGITUDINAL MEASUREMENTS OF FGF23, SARCOPENIA, FRAILTY AND FRACTURE

using data collected at each visit (age 75, 80 and 85). Concisely,
this frailty index contains thirteen variables covering several
physiological domains (time spent outdoors, daily physical
activity, balance, walking speed, number of steps taken, muscle
strength, diabetes, cancer/severe disease, diseases affecting
balance, self-reported fall risk, polypharmacy, CRP and
creatinine). The index represents ‘deficits in health’, scored
from 0.0-1.0; the higher the score, the more frail. The FI
correlated very strongly (r=0.80) to a full 40-variable index
(28), created for the two follow-up visits, and both the 13-
and 40-variable frailty index show similar capacity to predict
mortality (27). The frailty index was used as a continuous
variable, but also using a threshold > 0.25 to define frail
individuals. This empirical cutoff is supported by other studies
(29, 30).

Falls and impaired mobility

At each visit, all women completed an extensive
questionnaire, from which information about falls and mobility
was collected. Falls were defined as having had a fall within the
previous year (yes/no). Impaired mobility was defined as using
a walking aid inside or outside or moving with other people or
bedbound.

Fractures

Incident fractures (hip or major osteoporotic, the latter
defined as any of the following: hip, vertebra, distal radius,
shoulder), were followed for ten years through the X-ray
files at the Radiology Department, Malmo, Skane University
Hospital. Since the department of orthopedics was the sole unit
treating fractures in the catchment area, information loss was
exceptionally low (31). Osteoporotic fractures defined as any of
the following: hip, vertebra, distal radius, shoulder. Pathological
and high energy fractures were excluded.

Statistics

Descriptive fdata is presented as mean with standard
deviation or median with interquartile range, as appropriate.
In case of non-normally distributed data, non-parametric
tests were performed. At all three visits (age 75, 80 and 85),
women were stratified into tertiles of FGF23 (T1 = lowest
FGF23 level; T3 = highest FGF23 level). Overall comparisons
between tertiles of FGF23 with outcomes frailty, sarcopenia,
muscle strength, muscle function and muscle mass, were
performed using ANOVA, Kruskal-Wallis or Chi-square test as
appropriate.

To investigate if women in the highest FGF23 tertile had
higher odds of a) sarcopenia, b) probable sarcopenia and c)
frailty, logistic regression analyses were performed at age 75,
and then repeated at age 80 (based on FGF23 measurements
at age 80) and 85 (based on FGF23 measurements at age 85).
These analyses are presented unadjusted (model 1) and adjusted
for: PTH, vitamin D, estimated kidney function (eGFR),
phosphate and calcium (model 2). Additionally, to investigate
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Table 1. Characteristics of the OPRA cohort at baseline (age 75) and follow-up visits at age 80 and 85

Baseline visit n=995

Characteristics Mean (SD)
Age (years) 752 0.1
Body Mass Index (kg/m?) 263 42
Weight (kg) 68 12
Height (cm) 161 6
s-FGF23 (pmol/L) 0.8*% 0.7
s-25(OH)D3 (nmol/L) 62 19
s-PTH* (pmol/L) 42% 23
p-CRP* (mg/L) 1.9*% 3.1
p-calcium (mmol/L) 241 0.07
p-albumin (g/L) 408 25
p-phosphate (mmol/L) 1.12 0.19
s-PTH* (pmol/L) 42*% 23
p-ALP (ukat/L) 14*% 05
b-hemoglobin (g/L) NA
p-creatinine (#mol/L) 66* 16
p-Cystatin C (mg/L) 1.06* 0.30
eGFR** (mL/min/1.73m?) 63 18
Muscle strength (Nms) 269 79
Muscle mass (kg/m?) 6.20 0.65
Gait speed (m/s) 12 03
Frailty index (FI) 0.16% 0.13*

n (%)
Sarcopenia (n) 28 3
Probable sarcopenia (n) 115 13
Frail individuals (n) 227 23
Fallen within the last year (n) 247 28
Impaired mobility (n) 99 10

Follow up visit 1 n=667 Follow up visit 2 n=324
Mean (SD) Mean (SD)
802 0.2 852 0.1
260 42 254 40
66 11 64 11
159 6 159 6
1.1* 09 09* 1.1
73% 38 79 26
39% 34 42 32
1.9% 34 1.7% 3.0
241 0.13 234 0.09
399 30 399 22
1.10 0.15 1.12 0.13
39*% 34 42 32
13*% 04 1.1 03
131 11 132 11
71% 19 78% 22
1.19% 0.34 1.26% 0.37
54 15 48 14
246 71 221 64
592 0.61 5.85 0.60
1.1 03 1.0 03
021* 0.17* 0.27* 0.19*

n (%) n (%)
31 5 28 9
84 16 56 22
256 39 186 57
204 31 139 43
129 20 118 36

NA = not analysed; *Median with interquartile range. ** eGFR based on cystatin C; Sarcopenia defined using both muscle strength and mass. Probable sarcopenia defined using only

muscle strength. Frail individuals defined as having a frailty index >0.25

if FGF23 at baseline (age 75) was associated with outcomes
at follow up, longitudinal analyses were performed. Using
logistic regression analyses and tertiles of FGF23 at age 75,
association with sarcopenia, probable sarcopenia and frailty at
age 80 and 85 was investigated. Data is presented unadjusted
and adjusted for PTH, vitamin D, estimated kidney function
(eGFR), phosphate and calcium at age 75. Kaplan Meier curves
describe fracture free survival during the ten-year study period
(i.e. from age 75-85) for hip and major osteoporotic fractures.
P-value for difference was calculated using the log rank test.

All statistical analyses were performed using SPSS (IBM
Corp. Released 2021. IBM SPSS Statistics for Windows,
Version 28.0. Armonk, NY). A p-value <0.05 was considered
nominally significant.

Results

In the OPRA cohort, levels of FGF23 were non-normally
distributed and increased slightly over the ten-years of follow-
up, from age 75 to 85 (median FGF23 level 0.8 (0.7) pmol/L
at 75y and 0.9 (1.1) pmol/L at 85y) (table 1). Women who

attended the first follow-up at 80y had lower median FGF23
values at 75y compared to those who did not attend (0.7 (0.6)
vs 0.9 (1.1) pmol/L, p<0.001). However, at the second follow-
up at 85y, FGF23 levels at age 80 were similar in those who
did and those who did not attend (1.1 (0.9) vs 1.1 (1.0) pmol/L,
p=0.761). For the analyses in this study, women were divided
into tertiles of FGF23 (T3 highest tertile; T1 lowest tertile).
While a majority of women (58%) in T3 of FGF23 at baseline
remained in that category at the first follow up (age 80), 28%
were now classed in T2 and 13% in T1. Correspondingly, 57%
of the women in T3 at age 80 were also in T3 at age 85, with
36% being categorized in T2 and 7% in T1.

Using the stringent definition of the latest EWGSOP
guidelines, prevalence of sarcopenia at baseline (age 75) was
low, only 3%. At the first follow up (age 80), prevalence
increased to 5% and at the second follow up (age 85),
prevalence had reached 9%. Similarly, prevalence of probable
sarcopenia increased during the ten year follow up from 13% at
age 75 to 22% at age 85, as did proportion of frail individuals
(23% age 75; 57% age 85). Correspondingly, percentage of
women with a recent history of falls increased during the follow
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Table 2. Frailty, sarcopenia, muscle strength, muscle function and muscle mass stratified by tertiles of FGF23 at age 75, 80 and 85

T1 T2 T3

Mean (SD) Mean (SD) Mean (SD)
Age 75 n=374 n=296 n=325 p for trend**
s-FGF23 (pmol/L) 0.4%(0.2) 0.8%(0.2) 1.6% (1.2)
Sarcopenia (n) 7 (2%) 8 (3%) 13 (5%) 0.170
Probable sarcopenia (n) 33 (9%) 28 (10%) 54 (19%) <0.001
Frailty index (FI) 0.14* (0.12) 0.15*% (0.12) 0.19* (0.16) <0.001
Frail individuals (n) 64 (17%) 58 (20%) 105 (32%) <0.001
Muscle strength (Nms) 277 (77) 270 (75) 258 (84) 0.01
Muscle mass (kg/m?) 6.22 (0.64) 6.17 (0.63) 6.21 (0.59) 0.637
Gait speed (m/s) 1.3%(0.3) 1.3* (0.4) 1.1(0.3) <0.001
Fallen within the last year (n) 92 (29%) 68 (25%) 87 (30%) 0.382
Impaired mobility (n) 19 (5%) 25 (9%) 55 (17%) <0.001
Age 80 n=233 n=224 n=210 p for trend**
s-FGF23 (pmol/L) 0.6% (0.2) 1.1*%(0.3) 22%(14)
Sarcopenia (n) 14 (7%) 10 (5%) 7 (4%) 0.442
Probable sarcopenia (n) 33 (18%) 28 (16%) 23 (14%) 0.736
Frailty index (FI) 0.20* (0.16) 0.21%* (0.16) 0.25%* (0.16) <0.001
Frail individuals (n) 71 (32%) 76 (35%) 97 (49%) <0.001
Muscle strength (Nms) 245 (74) 246 (71) 247 (70) 0.970
Muscle mass (kg/m?) 5.91 (0.58) 5.88 (0.64) 5.98 (0.62) 0.221
Gait speed (m/s) 1.1(0.3) 1.1 (0.3) 1.0 (0.3) 0.041
Fallen within the last year (n) 76 (33%) 68 (30%) 60 (29%) 0.650
Impaired mobility (n) 38 (17%) 37 (17%) 54 (26%) 0.015
Age 85 n=108 n=119 n=97 p for trend**
s-FGF23 (pmol/L) 04 (0.1) 0.9% (0.3) 2.2%(1.8)
Sarcopenia (n) 7 (71%) 9 (8%) 12 (13%) 0.338
Probable sarcopenia (n) 18 (20%) 17 (18%) 21 (27%) 0.331
Frailty index (FI) 0.22* (0.17) 0.28% (0.20) 0.32* (0.18) <0.001
Frail individuals (n) 44 (41%) 70 (59%) 70 (75%) <0.001
Muscle strength (Nms) 225 (68) 222 (62) 222* (89) 0.707
Muscle mass (kg/m?) 5.80 (0.59) 5.82 (0.62) 5.93 (0.56) 0.265
Gait speed (m/s) 1.1(0.3) 1.0 (0.3) 0.9 (0.3) <0.001
Fallen within the last year (n) 45 (42%) 53 (45%) 41 (42%) 0.899
Impaired mobility (n) 31 (29%) 41 (35%) 46 (47%) 0.018

*Median with IQR ** P values calculated using ANOVA, Kruskal-Wallis or Chi-square test as appropriate

up, while proportion of women with impaired mobility more
than tripled, from 1/10 at age 75 to almost 4/10 at age 85 (table

1.
FGF23, muscle parameters and frailty

Table 2 show frailty, sarcopenia, muscle strength, muscle
function and muscle mass stratified by tertiles of FGF23
at age 75, 80 and 85. Looking at cross sectional data from
age 75, prevalence of probable sarcopenia differed between
tertiles; 19% in T3 compared to 9% in T1 (p<0.001 for overall
difference between tertiles). Women in the highest FGF23
tertile had a higher frailty index (median 0.19 in T3 vs 0.14
in T1, p<0.001 for overall difference between tertiles) and
correspondingly, a higher proportion of frail individuals (32%

in T3 vs 17% in T1, p<0.001 for overall difference). Muscle
strength was also lower (mean 258 Nms in T3 vs 277 in T1,
p<0.01 for overall difference), as was gait speed (mean 1.1 vs
1.3 m/s, p<0.001 for overall difference). Compared to tertile
1, tertile 3 had three times higher proportion of women with
impaired mobility (17% vs 5%, p<0.001 for overall difference).
In contrast, no difference between tertiles was seen in
prevalence of sarcopenia, muscle mass or recent history of falls.

At follow-up investigations (age 80 and 85), the observed
difference in frailty and functional performance was also
apparent; using cross sectional data at age 80 women in the
highest tertile of FGF23 had higher frailty index compared to
women in the lowest tertile (median 0.25 vs 0.20, p<0.001)
and correspondingly higher proportion of frail individuals
(49% vs 32%, p<0.001), in addition to lower gait speed (mean
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Table 3. Odds ratio for having sarcopenia, probable sarcopenia and being frail, for women in the highest tertile of FGF23

Age 75 Age 80 Age 85

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Sarcopenia
Model 1 2.4 (0.9-6.0) 0.070 0.6 (0.2-1.4) 0210 2.0(0.7-5.2) 0.176
Model 2 2.3 (0.8-6.4)" 0.114 0.6 (0.2-1.6)* 0.290 1.2 (0.4-3.7) 0.780
Probable sarcopenia
Model 1 2.3(14-3.6) <0.001 0.8 (04-14) 0435 1.5(0.7-3.1) 0.270
Model 2 1.8 (1.1-3.1)® 0.017 0.7 (0.3-1.3)® 0215 1.1 (0.5-2.5) 0.839
Frail
Model 1 23(1.6-3.3) <0.001 2.1(14-3.1) <0.001 42 (2.3-7.6) <0.001
Model 2 1.6 (1.1-2.4) 0.019 1.6 (1.0-2.5) 0.050 34 (1.7-6.6)* <0.001

Odds ratio (OR); Reference category T1 (tertile with the lowest FGF23 values); Frail individuals defined as a frailty index > 0.25 Model 1: unadjusted. Model 2 adjusted for: PTH, esti-

mated kidney function (¢GFR), vitamin D, calcium and phosphate

Figure 2. Tertiles of FGF23 at age 75 and 10-year fracture free survival for a) hip and b) osteoporotic fracture
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1.0 vs 1.1, p=0.041) and higher proportion of individuals with
impaired mobility (26% vs 17%, p=0.015)(table 2). However,
the association between FGF23 and muscle strength and
probable sarcopenia was attenuated. Comparable results were
observed using cross sectional data at age 85.

Supplementary table 1 show markers of mineral metabolism
and kidney function by FGF23 tertile. As expected, and
consistent at ages 75, 80 and 85, in the tertile with highest
FGF23, eGFR levels were lowest, while conversely PTH levels
were higher.

FGF23 and musculoskeletal outcomes

FGF23 has been suggested as a novel biomarker for frailty
and musculoskeletal outcomes. In the OPRA cohort, women
in the highest FGF23 tertile at baseline were not at increased
odds of having sarcopenia (p=0.070), but they had higher odds
of suffering from probable sarcopenia (ORadj 1.8 (95% CI 1.1-
3.1)) and of being frail (ORadj 1.6 (96% CI 1.1-2.4)) compared
to women in T1. At follow-up, using cross sectional data from
age 80 and 85, the association between FGF23 and probable
sarcopenia was not evident. While the association with frailty
was attenuated at age 80 after adjustment, women in T3 had

higher odds of being frail at age 85 (ORadj 3.4 (96% CI 1.7-
6.6)) (table 3).

Longitudinally, FGF23 at age 75 was associated with
neither sarcopenia, nor probable sarcopenia at age 80 or 85.
However, women in the highest tertile of FGF23 at age 75
were at increased odds of also being frail at age 80 (OR 1.6
(96% CI 1.1-2.4) and 85 (OR 1.7 (96% CI 1.0-2.8), although
after adjustments these associations were attenuated and non-
significant (data not shown).

Looking at fractures, 126 women suffered a first hip fracture,
while 342 women suffered a first osteoporotic fracture during
the ten-year follow-up period. There was no difference in
number of first hip or osteoporotic fractures based on
tertile of FGF23 at age 75 (p for difference =0.420 for hip
fracture; p=0.787 for osteoporotic fractures, data not shown).
Correspondingly, fracture free survival during the 10yr follow-
up did not differ between FGF23 tertiles at age 75 (figure 2).

Discussion

This study investigates the association between FGF23,
sarcopenia, frailty and musculoskeletal outcomes over ten
years in older community dwelling women. The main finding
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was that, not only did women with the highest levels of FGF23
have increased odds of being frail, FGF23 was also associated
with probable sarcopenia and lower muscle strength at baseline
investigation, and reduced functional performance throughout
the investigation period.

Our observation that FGF23 was associated with lower gait
speed and impaired mobility is in line with a recent cross-
sectional study showing that FGF23 level is associated with
lower muscle strength in individuals over the age of 80 (13).
The present study shows that the association between FGF23
and muscle may be related to quality and not quantity since
baseline data from OPRA shows correlation between FGF23
and muscle strength but not muscle mass. Muscle quality is an
important aspect of ageing, and it has been reported that muscle
strength, but not muscle mass, is associated with mortality (32).
The lack of association between FGF23 and muscle strength
at ages 80 and 85 may be attributed to the reduced number of
women attending follow-up.

To the authors’ knowledge, this is the first study
investigating association between FGF23 and sarcopenia.
Contrary to our initial hypothesis, no association between
FGF23 and sarcopenia (defined by low muscle mass and
strength) was apparent. This may be attributed to the low
number with sarcopenia in the cohort (3 percent at baseline)
since, when using the less stringent definition, women in
the highest tertile of FGF23 had increased odds of ‘probable
sarcopenia’ (defined by muscle strength alone). This supports
the notion of a relationship between FGF23 and muscle quality
but warrants further investigation in a larger cohort.

There are several hypotheses regarding the mechanism
behind FGF23 and muscle function, one being that FGF23,
through inhibiting the action of vitamin D, thereby affects
proximal muscles (12). Another relates to the effect of high
phosphate levels (which in turn increases FGF23) that have
been inversely associated with muscle strength (33). In the
OPRA cohort, while there was no difference in phosphate level,
women in the highest tertile of FGF23 did have lower vitamin
D levels, albeit only at baseline. However, the association
between FGF23 and probable sarcopenia, although attenuated,
remained after adjustment for vitamin D and phosphate in
addition to eGFR, PTH and calcium.

The question of whether FGF23 has a direct effect
on skeletal muscle, although highly interesting, cannot be
answered in this population-based study. An investigation
in rats showed that even though skeletal muscle expressed
receptors involved in FGF23 signalling, no direct effect of
FGF23 on skeletal muscle was apparent (34). Tentatively,
our findings indicate that the association between FGF23 and
muscle strength cannot solely be explained through the role of
FGF23 in phosphate and vitamin D regulation.

In contrast to a study in individuals aged 80 or over (13),
FGF23 was not associated with having recently fallen,
somewhat surprising, given the association between FGF23 and
muscle strength. In both studies falls are self-reported, therefore
the possibility of recollection bias cannot be excluded. As with
falls, we found no difference in fracture-free survival based on
FGF23 tertile. Although some previous studies report increased
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fracture risk (35), results are conflicting, possibly dependent on
kidney function (9, 10, 36, 37). At present there is insufficient
evidence to suggest that FGF23 plays a significant role in age-
related osteoporosis (38); our results support this conclusion
as we found no difference in osteoporotic fractures between
FGF23 tertiles.

Throughout the ten-year follow-up, association between
quantitatively measured frailty and FGF23 was observed. This
study is not the first investigating FGF23 as a marker for frailty.
In community dwelling individuals (n=2977; mean age 78)
serum FGF23 was associated both with frailty and pre-frailty
defined through Fried’s frailty phenotype (12). In individuals
with chronic kidney disease (n=2376) higher serum FGF23
was associated with both quantitatively measured frailty and
falls (39), while an unpublished proteomic study in this cohort
suggests FGF23 as a core marker of frailty (unpublished data,
manuscript in revision). The link between FGF23 and frailty
may in part be explained by the association between FGF23 and
muscle strength and functional outcomes, since deterioration
of the musculoskeletal system is a key component of frailty.
However, FGF23 may also be a broader marker of general
health, which is captured by the frailty index.

To our knowledge, this is the first study investigating the
association between fibroblast growth factor 23 (FGF23) and
sarcopenia, and limitations are acknowledged.

Firstly, muscle strength was estimated from knee strength,
in the absence of hand grip strength at all visits. However,
although hand grip strength is the preferred measuring tool,
knee strength is also a validated method for measuring muscle
strength and may even be a more appropriate method in older
women since it decreases more than arm strength with age (40,
41).

Also, FGF23 was measured in samples archived for twenty-
one to twenty-seven-years. A previous study has found that
long-term storage at -80°C induced slight changes (generally
a decline) in FGF23 levels (42). Even if this is a possibility,
we have been rigorous across the study period with regard to
optimal handling, storage and processing, therefore any declines
should be homogenous across all samples.

Furthermore, and similar to many previous studies, we
utilized C-terminal FGF23 which detects both the intact
biologically actively FGF23 and the C-terminal fragments.
C-terminal FGF23 levels may be affected by iron deficiency
and inflammation, through increased cleavage (43), which does
not affect levels of intact FGF23. However, the longitudinal
design of this study with multiple measurements of FGF23 over
time, is a proxy for replication, which makes this population-
based study unique. In addition, analyses are adjusted for
estimated kidney function based on cystatin C, an endogenous
marker not affected by low muscle mass or dietary intake.

The study lacks measurement of co-receptor klotho, which
in this instance would have been an advantage since FGF23
signalling mostly occurs in combination with klotho. Moreover,
the advanced age of participants, in combination with long
follow-up time, resulted in lower participation numbers at
the re-visits, but this is unavoidable in this age group due to
natural reasons. Also, while study participants were randomly

172



JFA - Volume 12, Number 3, 2023

selected without exclusion criteria, they might be healthier
than those who declined (44), which has been described in
older populations (45), possibly reflected in the low number
of women with sarcopenia. Nevertheless, participation rate
was high (65%), thus increasing the probability that we
have a representative sample of typical 75-year-old women.
Importantly, all participants were at the same age at inclusion,
which reduces confounding of chronological age with respect
to the accumulated health deficits captured by the frailty index.
Lastly, since all participants in the OPRA cohort were older
females, the results may not be applicable to other ages and
men, and will be an interesting field for future studies.

In conclusion, our results indicate that FGF23 may be a
promising marker for muscle strength, functional performance,
and frailty in older women, but not for future fragility fractures.
Whether FGF23 is also associated with sarcopenia requires
further investigation.
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