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Abstract
Background This cohort study investigates the association between insulin growth factor-1 (IGF-1), bone mineral density, and
frailty phenotype in children with chronic kidney disease (CKD).
Methods Forty-six patients (median age 14.5 years) were prospectively enrolled. Frailty phenotype was defined as the presence
≥ 3 of the following indicators: suboptimal growth/weight gain (body mass index height age < 5th percentile or height < 3rd
percentile or loss of ≥ 10 percentiles/year in at least one parameter), lowmuscle mass (lean tissuemass height age < 5th percentile
or loss of ≥ 10 percentiles/year), general fatigue reported by parent or child, and C-reactive protein > 3 mg/l. Lumbar bone
mineral apparent density (LBMAD) was measured by dual-energy X-ray absorptiometry, body composition by bioimpedance
spectroscopy, and IGF-1 by enzyme-labeled chemiluminescent immunometric assay.
Results Frailty phenotype (seven patients) was more frequent in advanced CKD (estimated glomerular filtration rate < 30 ml/
min/1.73m2) (p = 0.014). IGF-1 and LBMAD z-scores were lower in patients with suboptimal growth/weight gain (14 patients)
(p = 0.013, p = 0.012), low muscle mass (nine patients) (p = 0.001, p = 0.009), and general fatigue (eight patients) (p < 0.001, p =
0.004). IFG-1 and LBMAD z-scores were associated with frailty phenotype (OR 0.109, 95%CI 0.015–0.798 and OR 0.277, 95%
CI 0.085–0.903) after adjustment for CKD stage. IGF-1 z-score was associated with LBMAD < 5th percentile (six patients) (OR
0.020, 95% CI 0.001–0.450) after adjustment for CKD stage. The association between LBMAD and frailty phenotype lost
significance after adjustment for IGF-1.
Conclusion Frailty phenotype is more frequent in advanced pediatric CKD. IGF-1 is negatively associated with frailty phenotype
and interferes in the association between frailty and LBMAD.

Keywords Frailty .Bonemineral apparentdensity . Insulingrowthfactor-1 .Chronickidneydisease .Children .Fatigue .Muscle
mass

Introduction

Frailty is a condition, initially recognized in elderly popula-
tions, characterized by a decline in resistance to minor stress

events due to reduced biological reserves [1]. It is the outcome
of accelerated and cumulative damage across multiple homeo-
static mechanisms and physiological processes, at a molecular
and cellular level, resulting in increased vulnerability to
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adverse health outcomes, such as falls, disability, fractures,
hospitalization, and mortality [1]. Genetic factors, aging, en-
vironmental factors, and chronic diseases are the major under-
lying pathogenetic mechanisms. Frailty phenotype, including
weight loss, muscle weakness, poor endurance, and low phys-
ical activity, is frequently reported in adult patients with
chronic kidney disease (CKD); it concerns more than 60%
of patients with chronic kidney disease stage 5 treated by
dialysis (CKD 5D) [2]. According to a recent large-scale
study, this condition may also affect pediatric patients and is
associated with increased infection and hospitalization rates
[3]. Understanding the multifaceted etiology of frailty is of
high interest in the pediatric population, because it may open
windows toward early recognition, prevention, and manage-
ment of this condition. In general, chronic inflammation, mus-
culoskeletal damage, alterations in the hypothalamic-pituitary
axis, nutritional changes, and physical impairment have been
implicated in the pathogenesis of frailty [4–6]. In adult CKD,
anorexia and reduced physical activity combined with the ac-
cumulation of pro-inflammatory cytokines, metabolic acido-
sis, and hormonal imbalance, such as vitamin D deficiency
and insulin-like growth factor-1 (IGF-1) signaling derange-
ment, may contribute to the development of frailty [2, 7].
Data regarding the risk factors of frailty in pediatric CKD
are lacking.

IGF-1 is synthesized by the liver, in response to growth
hormone (GH) signaling, as well as by themuscle, bone, and
nerve cells. This hormoneplays a significant role in themain-
tenance of skeletal muscle mass and strength by promoting
myoblast proliferation and differentiation and inhibiting
muscle protein breakdown [5, 8], exerts potential neuro-
trophic and neuroprotective effects [5], and regulates bone
growth and remodeling, mediating a muscle-bone cross-talk
[8]. In CKD, IGF-1 secretion and bio-availability are de-
creased through impaired GH signaling and increased accu-
mulation of insulin growth factor binding proteins [9]. In
detail, free bioactive IGF-1 reduction due to increased hepat-
ic production of inhibitory IGF-1 binding proteins may be
accompanied by IGF-1 insufficiency, secondary to de-
creased expression of GH-receptor in target organs and/or
defective GH-induced activation of cellular JAK/STAT
pathway [10]. According to clinical studies, children with
early CKD present low or normal IGF-1 levels, when com-
pared to healthy children [11], while reduced IGF-1 levels
may be more prevalent in advanced CKD [12]. Frailty has
been associatedwith low IGF-1 levels [13, 14] and is consid-
ered a predictive risk factor of osteoporosis and fracture risk
in the adult population [15, 16]. Pediatric CKD is a weaken-
ing bone disease, impairing bone mineralization and turn-
over [17], possibly leading to low bone mineral density
(BMD) and increased fracture risk [18, 19]. The purpose of
this study is to investigate the association between IGF-1,
BMD, and frailty phenotype in children with CKD.

Methodology

We conducted a cohort study from January 2019 to
March 2020 on the prospective collection of data of children
and adolescents with CKD, followed up at the 1st and 3rd
Department of Pediatrics at the Hippokration General
Hospital of Thessaloniki. Inclusion criteria included the fol-
lowing: (i) age of participants ranging from 6 to 19 years old;
(ii) estimated glomerular filtration rate (eGFR) < 90 ml/min/
1.73 m2, as calculated by the revised Schwartz formula; and
(iii) absence of mobility impairment due to neurological dis-
orders. Advanced CKD was defined as eGFR < 30 ml/min/
1.73m2.

Frailty phenotype definition was adapted using the model
proposed by the prospective multi-center cohort study of
North American children with CKD, CKiD (Chronic
Kidney Disease in Children),and was determined as the pres-
ence of ≥ three of the four indicators: suboptimal growth/
weight gain, low muscle mass, fatigue, and inflammation
[4]. Suboptimal growth/weight gain was defined as the pres-
ence of body mass index adjusted to height age (BMI HA)
lower than the 5th percentile (z-score − 1.65) or height lower
than the 3rd percentile (z-score − 1.88 SD), or loss of ≥ 10
percentiles/year in one of two parameters. Weight, height,
and BMI z-scores were calculated according to the World
Health Organization (WHO) reference values for healthy chil-
dren of the same sex and age. Height age (HA) corresponded
to the child’s height when plotted at the 50th percentile on the
WHO height for age growth charts. Low muscle mass was
defined as the presence of lean tissue mass adjusted to height
age (LTM HA) lower than the 5th percentile (z-score − 1.65)
or loss of ≥ 10 percentiles/year, based on the body composi-
tion data using a portable multi-frequency bioimpedance spec-
troscopy (BIS) device (body composition monitor, BCM,
Fresenius) and application of body composition reference
curves for healthy children in the UK [20]. The participants
were instructed to refrain from eating and drinking 8 h before
measurement. All measurements in patients on dialysis were
performed at their dry weight. For patients on peritoneal dial-
ysis, BIS measurement was effectuated 3 h post-dialysis ses-
sion with an empty abdomen, and for patients on hemodialysis
1 h after the end of the session. Electrodes were placed on the
left hand and foot with the patient in the supine position. Fat
tissue mass (FTM) and LTM were derived from the imped-
ance data. The annual assessment of general fatigue was esti-
mated by using the Greek version of the PedsQL
Multidimensional Fatigue Scale questionnaire for the “general
fatigue” subscale, which includes six items, evaluated on a 5-
point Likert scale, where 0 = never a problem, 1 = rarely a
problem, 2 = sometimes a problem, 3 = often a problem, and
4 = always a problem. The items were reverse-scored and
transformed to a 0–100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25,
4 = 0) so that higher scores indicate less fatigue symptoms.
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Subscale score was computed as the sum of the item scores
divided by the number of items. General fatigue was recog-
nized for a score ≤ 50, corresponding to a moderate/severe
response to the questionnaire reported by the child or parent
[21]. A similar approach for the definition of fatigue has been
used in other studies regarding children with CKD [3, 22].
Finally, inflammation was defined as the presence of C-
reactive protein (CRP) > 3 mg/dl during the last year [3].

Lumbar bone mineral density was assessed by dual-energy
X-ray absorptiometry (GE Health, Lunar Prodigy), which was
performed within 1 month from the body composition assess-
ment. We used lumbar (L1–L4) bonemineral apparent density
(LBMAD) z-scores, based on reference levels of healthy chil-
dren of the same age and sex [23], while LBMAD z-score < −
1.65 (< 5th percentile) was considered low. LBMAD was cal-
culated by dividing the sum of bonemineral content (BMC) of
the lumbar spine vertebrae by the sum of lumbar spine verte-
bral volume, which was estimated for each vertebra by the
following equation: projected area of the vertebra ^ 1.5 [23].
Finally, insulin growth factor-1 (IFG-1) was measured in all
patients in the same laboratory on the day of body composi-
tion assessment with the patients on an empty stomach, using
a sol id-phase enzyme- labeled chemiluminescent
immunometric assay on the Siemens Immulite 2500 analyzer
(Siemens Healthcare Medical Diagnostics, Bad Nauheim,
Germany). For the purposes of this study, we used IGF-1 z-
scores according to sex, age, and pubertal status of the partic-
ipants based on the reference values of a large cohort study of
Swedish healthy children and adolescents [24]. Finally, treat-
ment with recombinant GH (rGH) therapy was recorded.

Data are expressed as median values and ranges. All statis-
tical tests were performed using SPSS Statistics software for
Windows. Spearman correlation test was used to assess the
correlations between the on-study parameters. Mann Whitney
and Fisher’s exact tests were used to compare the distribution
of the on-study parameters between different patient groups.
Univariate and multiple logistic regression tests were per-
formed to detect risk factors of frailty. A p value of < 0.05
was considered statistically significant.

Results

Forty-six children and adolescents—30 males and 16
females—were included in this study with a median age of
14.5 years (6.2–18.9 years). The etiology of CKD was con-
genital abnormalities of kidney and urinary tract in 28
(60.9%), hemolytic uremic syndrome in five (10.9%),
ciliopathy in four (8.7%), focal segmental glomerulosclerosis
in three (6.5%), autosomal recessive polycystic kidney disease
in one (2.2%), familiar hyperuricemic nephropathy in one
(2.2%), chronic interstitial nephritis in one (2.2%), and un-
known in three (6.5%) patients respectively. Advanced CKD

was present in 13 (28.3%) patients. Among them, nine pa-
tients were on dialysis; seven on peritoneal dialysis, and two
on hemodialysis. Of note, rGH therapy was administered to
six patients for amedian duration of 15months (5–28months).
In total, frailty indicators, including suboptimal growth/
weight gain, low muscle mass, general fatigue, and inflamma-
tion, were remarked in 14 (30.4%), nine (19.6%), eight
(17.4%), and zero patients respectively, leading to frailty phe-
notype in seven patients (15.2%). Presence of at least one
frailty indicator was present in 16 (34.8%) patients.
Suboptimal growth/weight gain and low muscle mass were
more frequent in patients with general fatigue (p < 0.001 and
p < 0.001, respectively) (Fig. 1).

Patient’s age or sex did not influence the presence of frailty
phenotype (Table 1). The distribution of anthropometric pa-
rameters and frailty indicators according to CKD stage is il-
lustrated in Table 2. Frailty indicators, involving suboptimal
growth, low muscle mass, and general fatigue, were more
often observed in patients with advanced CKD (p = 0.041,
p = 0.092, and p = 0.031, respectively), while frailty pheno-
typewas significantly more frequent in patients with advanced
CKD (38.5%) compared to early-stage CKD (6.1%). It is
worth noting that children with ≥ 1 frailty indicators or frailty
phenotype were more frequently under rGH therapy (six pa-
tients) (p = 0.015 and p = 0.037 respectively).

Distribution of IGF-1 levels did not differ between pa-
tients with or without advanced CKD (Table 2). IGF-1 z-
score level was significantly lower in patients with subop-
timal growth, low muscle mass, and general fatigue (p =
0.013, p = 0.001, and p < 0.001, respectively) (Fig. 2) and
was associated with suboptimal growth (OR 0.482, 95% CI
0.241–0.966, p = 0.04), low muscle mass (OR 0.218, 95%
CI 0.061–0.780, p = 0.019), and general fatigue (OR 0.144,
95% CI 0.028–0.747, p = 0.021) after adjustment for CKD
stage. Moreover, a significant negative association was ob-
served between IGF-1 z-score and presence of ≥ 1 frailty
indicators (p = 0.012) or frailty phenotype (p < 0.001)
(Table 1). Among the correlation tests between IGF-1 z-
score and anthropometric parameters, we found that IGF-1
z-score was significantly correlated to height (rs = 0.378,
p = 0.010) and LTM HA (rs = 0.353, p = 0.016) z-score.
No correlation was observed between IGF-1 and weight
(rs = 0.211, p = 0.159), FTM (rs = 0.066, p = 0.661), or
BMI HA (rs = − 0.023, p = 0.881) z-scores. Of note, no
statistically significant association was observed between
rGH therapy and IGF-1 z-score levels (p = 0.108).

In the current study, LBMAD level was low (< 5th percen-
tile) in six patients (13%) and did not differ between patients
presenting or not advanced CKD (Table 2). LBMAD z-score
level was significantly lower in patients with suboptimal
growth, low muscle mass, and general fatigue (p = 0.012,
p = 0.009, and p = 0.004, respectively) (Fig. 2) and was asso-
ciated with suboptimal growth (OR 0.501, 95% CI 0.275–
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0.911, p = 0.024), low muscle mass (OR 0.394, 95% CI
0.175–0.889, p = 0.025), and general fatigue (OR 0.308,
95% CI 0.112–0.818, p = 0.023) after adjustment for CKD
stage. LBMAD z-score was significantly lower in patients
with ≥ 1 frailty indicators (p = 0.011) or frailty phenotype
(p = 0.005) (Table 1). Among the correlation tests between
LBMAD and anthropometric parameters, we found that

LBMAD z-score was significantly correlated only to LTM
HA (rs = 0.324, p = 0.028). No correlation was observed be-
tween LBMAD and weight (rs = 0.210, p = 0.161), height
(rs = 0.103, p = 0.496), FTM (rs = 0.197, p = 0.190), or BMI
HA (rs = 0.153, p = 0.309) z-scores. Of note, no statistically
significant association was observed between rGH therapy
and LBMAD z-score levels (p = 0.115).
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Table 1 Distribution of body composition data, insulin growth factor-1 (IGF-1), lumbar bonemineral apparent density (LBMAD) levels, and treatment
with recombinant growth hormone (rGH) therapy according to the presence or not of ≥ 1 frailty indicators and frailty phenotype

No frailty phenotype,
39 patients

Frailty phenotype,
7 patients

p No frailty indicators,
30 patients

≥1 frailty indicators,
16 patients

p

Age (years) 14.4 (6.2–18.9) 15.2 (10.1–18.7) 0.675 14.3 (6.2–18.7) 15.5 (10.1–18.9) 0.177

Height age (years) 12.6 (5.2–18.8) 11.8 (8.1–13) 0.204 12.6 (5.2–18.8) 11.8 (8.1–18.8) 0.350

Sex (male) 25 (64.1%) 5 (71.4%) 1.00 18 (60%) 12 (75%) 0.352

Weight (kg) 50 (17–82) 37 (20–89) 0.239 50.5 (17–70) 41 (20–89) 0.612

Weight z-score −0.19 (−3.34–2.31) −2.50 (−3.62–1.48) 0.010* −0.16 (−2.48–2.31) −0.71 (−3.62–1.52) 0.035*

Height (cm) 154 (110–178) 139 (116–156) 0.136 154.5 (110–176) 144.5 (119–178) 0.288

Height z-score −0.37 (−3.70–2.00) −2.50 (−3.36 to −1.88) <0.001* −0.06 (−1.57–2.00) −2.03 (−3.70–0.70) <0.001*

BMI (kg/m2) 19.5 (13.9–28.5) 18.5 (14.1–36.6) 0.549 19.3 (13.9–28.5) 19.2 (14.1–36.6) 0.564

BMI z-score −0.16 (−3.16–2.3) −1.56 (−2.12–2.49) 0.071 −0.25 (−2.16–2.30) 0.04 (−3.16–2.49) 0.695

BMI HA z-score 0.3 (−2.11–2.38) 0.37 (−1.32–2.55) 0.788 0.17 (−1.62–2.38) 1.14 (−2.11–2.55) 0.226

LTM (kg) 30.4 (13.3–53.6) 24.5 (16.5–27.5) 0.066 30.5 (13.3–53.6) 24.7 (16.5–44.9) 0.140

LTM z-score −1.42 (−3.34–1.37) −2.89 (−4.01 to −1.89) <0.001* −1.31 (−2.52–1.37) −2.79 (−4.01 to −0.53) <0.001*

LTM HA z-score −0.83 (−2.64–0.93) −1.98 (−2.89 to −1.7) <0.001* −0.78 (−1.62–0.93) −1.69 (−2.89 to −0.16) 0.003*

FTM (kg) 9.7 (2.6–32.7) 5.8 (2.8–29.1) 0.320 9.3 (2.6–28.2) 9.5 (2.8–32.7) 0.489

FTM z-score 0.21 (−2.81–2.32) −0.64 (−3.35–1.33) 0.173 −0.19 (−2.81–2.32) 0.17 (−3.35–1.91) 0.791

IGF-1 (μg/L) 267 (103–498) 200 (71–248) 0.019* 271 (103–498) 229.5 (71–375) 0.076

IGF-1 z-score 0.11 (−1.53–3.18) −1.26 (−2.56 to −0.32) <0.001* 0.14 (−1.38–3.18) −0.7 (−2.56–1.72) 0.012*

LBMAD (g/cm3) 0.287 (0.189–0.370) 0.235 (0.213–0.300) 0.007* 0.295 (0.189–0.364) 0.256 (0.213–0.370) 0.053

LBMAD z-score 0.23 (−2.38–2.65) −1.17 (−2.55 to −0.03) 0.005* 0.375 (−2.38–2.65) −0.78 (−2.55–2.21) 0.011*

rGH therapy 3 (7.7%) 3 (42.9%) 0.037* 1 (3.3%) 5 (31.3%) 0.015*

BMI body mass index, FTM fat tissue mass, HA height age,IGF-1 insulin growth factor-1, LBMAD lumbar bone mineral apparent density, LTM lean
tissue mass, rGH recombinant growth hormone *p<0.05
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In this study, LBMAD was correlated to IGF-1 z-score level
(rs = 0.437, p = 0.002), and patients with low LBMAD z-score
levels presented significantly lower IGF-1 z-score levels (p =
0.002) (Fig. 3). IGF-1 was significantly associated with low
LBMAD z-score after adjustment for CKD stage (OR 0.020,
95%CI 0.001–0.450, p = 0.014). In univariate logistic regression
analysis, IGF-1 z-score, LBMAD z-score, and CKD stage were
identified as risk factors for frailty phenotype (OR 0.065, 95%CI
0.008–0.558, p= 0.013; OR 0.343, 95% CI 0.138–0.850, p =
0.021; and OR 3.076, 95% CI 1.263–7.489, p = 0.013, respec-
tively) (Table 3). Both IGF-1 z-score and LBMAD z-score were
significantly associated with frailty phenotype after adjustment
for CKD stage. Nevertheless, the association between frailty
phenotype and LBMAD or CKD stage lost significance after
adjustment for IGF-1 z-score level.

Discussion

Chronic diseases are considered a major factor incriminated
for the development of frailty in adult patients, but data in

pediatric populations are scarce [25]. According to a recent
multi-center pediatric study in children with liver disease,
46% of patients with end-stage liver disease were frail. Data
on the prevalence of frailty in children with CKD are limited
to one large-scale North American pediatric study, where
frailty concerned 13% of the pediatric population with early-
stage CKD. After application of the proposed Sgambat et al.
frailty model in our study,we found that only 6.1% of children
with early-stage CKD presented frailty, whereas the overall
prevalence was 15.2%. The discrepancy between the two
studies may be due to the different ethnicity, physical activity,
or nutritional status between the populations. To our knowl-
edge, this is the first European pediatric single-center study on
frailty in children with CKD. Further large-scale studies are
needed to clarify the origin of the differences in the frailty
prevalence among the pediatric nephrology units in Europe.
Moreover, the larger proportion of frail patients with advanced
CKD in our study emphasizes the urgent need for frailty
screening in these patients. Our results are in concordance
with adult studies, where frailty is more frequent in CKD 5D
patients [26]. This observation may be attributed to

Table 2 Distribution of body
composition data, insulin growth
factor-1 (IGF-1), lumbar bone
mineral apparent density
(LBMAD), treatment with re-
combinant growth hormone
(rGH) therapy, and frailty indica-
tors according to chronic kidney
disease (CKD) stage

CKD stages 2–3, 33 patients CKD stages 4–5, 13 patients p

Age (years) 15.4 (6.2–18.8) 14.2 (8.1–18.9) 0.903

Height age (years) 12.6 (5.2–18.8) 11.9 (8.1–14.8) 0.311

Sex (male) 21 (63.6%) 9 (69.2%) 1.000

Weight (kg) 51 (17–89) 37 (20–62) 0.042*

Weight z-score −0.11 (−2.59–2.31) −2.2 (−3.62–1.4) <0.001*

Height (cm) 155 (110–178) 151 (119–169) 0.288

Height z-score −0.20 (−3.70–2.00) −1.50 (−3.36–0.22) 0.003*

BMI (kg/m2) 20.2 (13.9–36.6) 16.9 (14.1–28.5) 0.021*

BMI z-score 0.28 (−1.48–2.49) −1.56 (−3.16–2.14) <0.001*

BMI HA z-score 0.93 (−1.75–2.55) −0.28 (−2.11–2.38) 0.077

LTM (kg) 30.4 (13.3–53.6) 27.5 (16.5–42.5) 0.335

LTM z-score −1.32 (−4.01–1.37) −2.23 (−3.32 to −0.72) 0.013*

LTM HA z-score −0.89 (−2.64–0.64) −1.01 (−2.89–0.93) 0.289

FTM (kg) 11.2 (2.6–32.7) 5.8 (2.7–22.5) 0.007*

FTM z-score 0.43 (−2.11–2.32) −0.72 (−3.35–1.73) 0.004*

IGF-1 (μg/L) 257 (103–495) 234 (71–498) 0.472

IGF-1 z-score 0.03 (−1.38–3.18) −0.32 (−2.56–1.83) 0.262

LBMAD (g/cm3) 0.288 (0.189–0.354) 0.266 (0.213–0.370) 0.534

LBMAD z-score 0.19 (−2.38–2.65) −0.69 (−2.55–2.56) 0.884

rGH therapy 1 (3%) 5 (38.5%) 0.005*

Frailty indicators

Suboptimal growth/weight gain 7 (21.2%) 7 (53.8%) 0.041*

Low muscle mass 4 (12.1%) 5 (38.5%) 0.092

Fatigue 3 (9.1%) 5 (38.5%) 0.031*

≥1 Frailty indicators 9 (27.3%) 7 (53.8%) 0.167

Frailty phenotype 2 (6.1%) 5 (38.5%) 0.014*

BMI body mass index, FTM fat tissue mass, HA height age, IGF-1 insulin growth factor-1, LBMAD lumbar bone
mineral apparent density, LTM lean tissue mass, rGH recombinant growth hormone *p<0.05
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concomitant decreased physical activity and impaired nutri-
tional status combined with the decline in residual kidney
function [26]. In any case, taking into consideration the critical
role of frailty on the overall morbidity, regular monitoring for
frailty parameters is worth applying in all children with CKD.

Although frailty phenotype has been already introduced as
a clinical syndrome by Fried et al. in the early 2000s, frailty
indicators in CKD are not universal and are adapted to the
available screening tools and the particular characteristics of
the study population [1, 26]. The frailty indicators recently
proposed for pediatric populations are suboptimal growth/
weight gain, sarcopenia or enhanced muscle mass loss, fa-
tigue, and inflammation. Among them, general fatigue was
the predominant factor of frailty in our study; all but one
patient with general fatigue presented frailty. Fatigue has been
reported in children with CKD, with a higher prevalence in
advanced CKD [22]. This clinical finding was observed in our
study as well, emphasizing the need for regular assessment of
fatigue by appropriate questionnaires in this at-risk popula-
tion. Moreover, we remarked that general fatigue was

significantly associated with suboptimal growth/weight gain
and low muscle mass, indicating the role of growth disorders
on the occurrence of low energy in pediatric populations.
Interestingly, FTM distribution did not differ between frail
and not frail patients, which may help differentiate frailty from
protein and energy wasting (PEW) syndrome, where adipose
tissue is generally reduced [27]. In detail, PEW is defined as
loss of body protein and energy reserves, partly induced by
low protein and energy intake, leading to loss of muscle and
ultimately adipose tissue [27]. Therefore, although frailty and
PEW may be combined in certain cases and lead to cachexia
phenotype, frailty is a distinct condition and should be sepa-
rately examined.

In the current study, IGF-1 was significantly inversely as-
sociated with all frailty indicators, and with frailty phenotype,
regardless of CKD stage. Although IGF-1 has been associated
with frailty in elderly populations, this is the first study to
demonstrate such a link in a pediatric CKD population [13,
14]. Apart from its role in growth, IGF-1 is widely considered
a valuable nutritional marker, while lower IGF-1 levels have
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been associated with several adverse events including mortal-
ity and malnutrition in CKD 5D patients [28–31]. In fact, this
hormone may reflect muscle protein reserves, since it medi-
ates growth-stimulating effects of circulating growth hormone
on muscle tissue and exerts independent autocrine and para-
crine effects as well [8]. At a molecular level, IGF-1 isoforms
are suggested to promote mitochondrial biogenesis, autopha-
gy, and neuromuscular junction integrity in muscle tissue and
induce local antioxidant and anti-inflammatory activity, ulti-
mately leading to muscle growth and sarcopenia prevention
[32]. Moreover, in our study, IGF-1 z-score levels were sig-
nificantly lower in patients with fatigue. Association between
fatigue and IGF-1 has already been observed in various pop-
ulations, such as in adult patients with chronic fatigue syn-
drome [33] and in children with inflammatory bowel disease
[34]. This finding is probably due to the exhaustion secondary
to the poor muscle performance observed in these patients.
Nevertheless, newly explored pathways may additionally jus-
tify the link between IGF-1 and fatigue. Depressive behavior,
frequently reported in patients with fatigue, may be due to the
reduced neurotrophic effects of IGF-1 [35]. In addition, sleep
disorders, which are relatively common in exhausted children
with CKD, may interact with GH/IGF-1 axis leading to IGF-1
reduction [22, 36]. Further longitudinal studies are needed to
explore the role of IGF-1 monitoring on the improvement of
prompt diagnosis of physical function impairment and fatigue
in children with CKD.

Another main finding of this study is the significant nega-
tive association between LBMAD and frailty. The relation-
ship between low BMD and frailty, already observed in elder-
ly populations [37, 38], indicates the bidirectional association
between frailty and osteoporosis [15], which is mainly attrib-
uted to muscle-bone interactions [4]. To evaluate BMD in our
study, we used the ante-posterior lumbar site as recommended
for children [39], and adjusted lumbar BMC to corresponding
vertebral volume, to overcome possible underestimation of
BMD in patients with growth retardation [19]. As expected,
LBMAD was significantly lower in patients with low muscle
mass, justifying the displayed link between LBMAD and frail-
ty. Nevertheless, muscle-bone cross-talk may be modulated
by several factors in CKD [40]. In this study, we highlighted
that IGF-1 interferes in the correlation between LBMAD and
frailty, pointing out the possible role of IGF-1 in the impair-
ment of the muscle-bone axis in CKD. Apart from its role in
muscle growth, IGF-1 contributes to bone growth and remod-
eling through stimulation of chondrocyte expansion, enhance-
ment of osteoblastic bone formation, and inhibition of osteo-
clastic bone resorption [8]. As a result, IGF-1 was significant-
ly correlated to LBMAD in this study. Similar correlations
between BMD and IGF-1 have been found in children [41]
and adults [28] with CKD. The results of our study suggest
that the IGF-1 level may serve as an indicator of muscle-bone
integrity in children with CKD. Additional large-scale studies
are necessary to confirm our conclusions.

Table 3 Logistic regression models for frailty phenotype with insulin growth factor-1 (IGF-1) z-score, lumbar bone mineral apparent density
(LBMAD) z-score, and chronic kidney disease (CKD) stage as covariates

Univariate, Odds Ratio (95% CI) Adjusted to LBMAD z-score,
Odds Ratio (95% CI)

Adjusted to IGF-1 z-score,
Odds Ratio (95% CI)

Adjusted to CKD stage,
Odds Ratio (95% CI)

LBMAD z-score 0.343* (0.138–0.850) 0.622 (0.196–1.981) 0.277* (0.085−0.903)
IGF-1 z-score 0.065* (0.008–0.558) 0.098* (0.010−0.925) 0.109* (0.015−0.798)
CKD stage 3.076* (1.263–7.489) 3.797* (1.313−10.981) 2.991 (0.834–10.721)

*p < 0.05
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Targeting the GH/IGF-1 axis is probably the key to assure
optimal musculoskeletal health in children with CKD.
Pediatric studies have shown that rGH therapy leads to an
increase in BMD in parallel with enhancement of muscle mass
in patients with CKD [42, 43], primarily by increasing serum
IGF-1 levels, while concomitant treatment with recombinant
IGF-1 has been shown to act additively on growth in uremic
rats [44]. Interestingly, in our study, rGH therapy was more
frequently administered in frail children and was not signifi-
cantly associated with IGF-1 z-score levels. The limited num-
ber of patients, the short duration of rGH therapy, the higher
rate of rGH therapy in patients with advanced CKD, and the
possible resistance to rGH therapy may explain this result.
Resistance exercise has been shown to trigger skeletal muscle
IGF-1 gene expression in vivo [45] and increase circulating
IGF-1 levels in CKD adult patients [46]. Whether in combi-
nation with long-term physical exercise, rGH therapy, as well
as recombinant IGF-1, if necessary, guarantees prevention of
frailty in children with CKD, is a question that needs to be
answered in the future [47].

Our study has several limitations. The single-center type of
study, which includes a limited number of patients with a broad
spectrum of CKD severity, precludes us from making definite
conclusions. Moreover, the utility of DXA in the estimation of
bone health in pediatric CKD is limited. It cannot distinguish
between trabecular and cortical bone, which is of high impor-
tance in patients with secondary hyperparathyroidism; it does
not provide information on bone microarchitecture, compared
to bone biopsy; while its effectiveness at predicting fracture risk
has not been proven [19, 48]. Besides, this technique is based
on the areal rather than volumetric BMC, resulting in an artifi-
cial underestimation of BMD in children with growth retarda-
tion. According to the Revised 2013 International Society for
Clinical Densitometry Pediatric Official Positions, the best
methods for reporting spine BMD results in children with
growth delay include BMAD or BMD adjusted to HA [49].
Currently, there is no clinical evidence for preference between
the two methods regarding the estimation of BMD in children
with short stature. In our study, we divided BMC by the calcu-
lated vertebrae volume to present the estimated volumetric
BMD. Furthermore, although BIS is a bedside, inexpensive,
and non-irradiant method to assess nutritional status, there is a
large variance of agreement between BIS and reference tech-
niques in the estimation of lean mass, especially in dialysis
patients [50], limiting its accuracy for the evaluation of body
composition at individual level. Considering that bioimpedance
analysis measurements are affected, in part, by the hydration
status of the examined patient, BIS was realized in our study at
the end of a dialysis session in all CKD 5D patients, in order to
minimize the risk of misestimation of body composition
indices.

In conclusion, frailty phenotype occurs in children with
CKD and especially in those with advanced stage. General

fatigue is a key factor of this condition and should be regularly
investigated with appropriate questionnaires in this vulnerable
population. IGF-1 seems to negatively predict frailty pheno-
type and is likely to interfere in the relationship between
LBMAD and frailty in children with CKD. Further multi-
center studies are needed to confirm the role of maintenance
of normal IGF-1 levels on the prevention of frailty phenotype
in these patients.
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