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Introduction: Klotho is an anti-aging protein that reduces adiposity and
increases caloric expenditure, among others. Although associations between
secreted a-Klotho levels and obesity have been described, its relationship with
central obesity and visceral fat accumulation during childhood is poorly
understood. Our objective was to study the longitudinal associations between
serum a-Klotho concentrations and obesity-related parameters in apparently
healthy children.

Subjects and methods: We studied a cohort of 208 apparently healthy school-
age children (107 girls and 101 boys) assessed at baseline (mean age 8.5 + 1.8
years) and at follow-up 4 years later. Serum o-Klotho concentrations were
measured at baseline in all subjects. Obesity-related parameters, such as BMI,
waist circumference, body fat, visceral fat, triglyceride levels, HOMA-IR index,
and C-reactive protein were studied. Boys and girls were classified into 3 groups
according to weight change between baseline and follow-up visits: weight loss,
stable weight, or weight gain (based on a BMI-SDS change cut-off > 0.35 SD).

Results: In girls (N=107), but not in boys, we observed negative associations of
serum a-Klotho protein with BMI, waist circumference, body fat, visceral fat,
HOMA IR index, and C-reactive protein at baseline and also at follow-up. The
associations of a-Klotho and obesity-related parameters were more evident in
girls who exhibited weight gain. In such girls, multivariate regression analyses
(adjusting for age, puberty and baseline weight/height ratio) showed that o-
Klotho protein was negatively associated with follow-up BMI, waist
circumference, and visceral fat (p = 0.003 to 0.028). For each 1 SD-increase in
baseline o-Klotho, follow-up waist circumference decreased by 4.15 cm and
visceral fat by 1.38 mm.
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Conclusions: In school-age girls, serum oa-Klotho concentrations are
longitudinally related to a more favorable metabolic profile. In girls
experiencing weight gain, a-Klotho may prove to be a protective factor against
the accumulation of visceral fat.
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1 Introduction

Klotho is a transmembrane protein widely known for its anti-
aging effects (1) as well as for its protective effect on the prevention
of cardiovascular diseases (2). Although Klotho is mainly expressed
in the kidneys with a major role in ion homeostasis and mineral
metabolism (3), it is also known to be expressed in adipose tissue
with implications in insulin signaling, adipogenesis and glucose
metabolism (4).

Klotho has been related to caloric expenditure (5) and to
reduced adiposity in adults (6) as well as in children (7).
Specifically, studies have associated reduced o-Klotho with higher
abdominal obesity in middle-aged and older women (8). In this
study, women who developed obesity during their lifetime had
consistently lower klotho levels than their never-obese counterparts
(8). Others have shown increased o-Klotho levels to be associated
with a reduction of visceral fat after a moderate intensity endurance
training in adult men (9).

Recently, klotho has gained broad attention in female
reproductive diseases, with various physiological and pathological
role of Klotho in the hypothalamus-pituitary-ovary axis. In women,
klotho plays a vital role in regulating the secretion of GnRH and is
also needed to sustain normal ovary function. Hence, klotho is
involved in female central hypogonadotropic hypogonadism,
polycystic ovary syndrome and primary ovarian failure (10).

Despite these recent studies, little is known about the
association between a-Klotho and central obesity or visceral fat
accumulation in children.

We hypothesized that higher levels of circulating o-Klotho would
be associated with less central obesity in apparently healthy children.
Therefore, our objective was to study the longitudinal associations
between serum o-Klotho and several obesity-related parameters in a
population of apparently healthy children at baseline and also at
follow-up (after 4 years), and to study whether sex or weight gain
could modulate any potential associations.

2 Methods

A study population of 208 apparently healthy school-age
children (107 girls and 101 boys) were consecutively recruited
among those seen in primary care settings in Girona, a region in

North-eastern Spain, as previously reported (11). A follow-up visit
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was offered to all the families after 4 years of the initial baseline visit,
and longitudinal follow-up data was available in all the studied
children. The study protocol was approved by the Ethics Review
Committee of the Institutional Review Board of Dr Josep Trueta
Hospital and was performed in accordance with their code of ethics,
guidelines and regulations. Informed written consent was obtained
from the parents. Briefly, inclusion criteria were age between 6 and
10 years. Exclusion criteria were (i) major congenital anomalies; (ii)
abnormal blood count, abnormal liver, kidney or thyroid functions;
(iii) evidence of chronic illness or prolonged use of medication; (iv)
acute illness or use of medication in the month preceding
potential enrolment.

Clinical examination followed by venous blood sampling in the
fasting state was performed in the morning as previously reported
(11). Briefly, weight and height were measured with a calibrated
scale and a Harpenden stadiometer, respectively. BMI was
calculated as weight divided by the square of height in meters.
Age-adjusted and sex-adjusted standard deviation scores (SDS) for
BMI were calculated using regional normative data (12). Waist
circumference was measured in the supine position at the umbilical
level and hip circumference was measured at the widest part, at the
level of the greater trochanters, with a metric tape. Body surface area
(BSA) was calculated using Mosteller’s formula: (\/weight*height)/
60 (13). Body composition was assessed by bioelectric impedance
(Hydra Bioimpedance Analyzer 4200, Xitron Technologies, San
Diego, CA). Fat mass (FM) percentage was calculated using the
body weight and lean mass parameters [FM = (body weight - lean
mass)/*100]. Puberty was evaluated according to Tanner criteria.
Visceral fat was estimated by ultrasonography (MyLab 25; Esaote,
Italy) and calculated as described by Hirooka et al. (14) using the
distance between the internal surface of the abdominal wall and the
posterior wall of the aorta at the umbilical level and the thickness of
the fat layer of the posterior right renal wall in the perinephric
space. Visceral fat measured by ultrasound has been shown to
correlate well with that measured by computed tomography (14).
Images were obtained in the supine position at the end of a normal
exhalation, using a convex 3.5-MHz transducer. Averages of three
measurements of each parameter were used in the study. The same
observer, who was unaware of the clinical and laboratory
characteristics of the subjects, performed all ultrasound
measurements. Intra-subject coefficient of variation for ultrasound
measurements was less than 6%. All serum samples were obtained
between 8:00 and 9:00 AM under fasting conditions. Fasting serum
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immunoreactive glucose was assayed by the hexokinase method
(Cobas C, Roche Diagnostics, Indianapolis, USA) and insulin was
measured by immunochemiluminiscence (IMMULITE 2000,
Diagnostic Products, Los Angeles, CA, USA). The lower detection
limit was 2.0 mg/dL 0.4 mIU/L and intra- and inter-assay CVs
were < 3% and < 10%, respectively. Insulin resistance was estimated
by the homeostasis model assessment index: HOMA-IR = (fasting
insulin in mU/L * fasting glucose in mg/dL)/405. Total serum
triacylglycerol (triglycerides) was measured by glycerol-phosphate
oxidase method (ARCHITECT, Abbott Laboratories, Abbott Park,
IL, USA). Lower detection limit was 5.0 mg/dL, and intra- and
inter-assay CVs < 5%. Serum levels of high-sensitivity C-reactive
protein (hsCRP) were measured using the ultrasensitive latex
immunoassay CRP Vario (Sentinel Diagnostics, Milan, Italy).
Lower detection limit was 0.1 mg/l, and the intra- and interassay
CVs were <3%. o.-Klotho was measured using the Human soluble
o-Klotho assay kit (Immuno-Biological Laboratories Co. IBL, Ltd.,
Japan), with a measurement range of 93.75-6000 pg/mL, sensitivity
of 6.15 pg/mL and intra- and inter-assay CV value of 3.1% and
6.9% respectively.

Follow-up data was obtained 4 years after the baseline visit and
the same anthropometric, and clinical and laboratory variables were
assessed following the same methodology. BMI-SDS change
between baseline and follow-up visits was calculated and the
studied children were classified into 3 groups: those experiencing
weight loss, those having a stable weight, and those experiencing
weight gain. The cut-off value chosen to define these groups was set
at BMI-SDS change > 0.35 SD (which corresponds approximately to
half the change in BMI defined as rapid weight change (15). This
weight change cutoff value also provided fairly balanced groups of
subjects in our studied cohort).

Statistical analyses were performed using SPSS version 22.0
(SPSS Inc.). Results are expressed as mean * standard deviation
(SD) for the continuous variables or percentage (%) for categorical
variables. Logarithmic transformation was used to obtain normally
distributed values for triglycerides and a-Klotho. Differences across

10.3389/fendo.2023.1218949

weight change subgroups defined by BMI-SDS change tertiles were
examined by one-way ANOVA test (continuous data) and by Chi-
square (categorical data). The ANOVA results were corrected for
multiple comparisons using the Bonferroni post-hoc test. Levels of
o-Klotho were correlated with anthropometric and clinical
variables using Pearson bivariate correlations. Correlation
analyses were followed by multivariate linear regression analyses
in which the enter method was used for computing the independent
variables (multivariate analyses were adjusted for covariates: sex,
baseline age and baseline BSA or weight-to-height ratio) and the
step wise method was used for computing effect size of the observed
associations. The significance level was set at p < 0.05.

3 Results

3.1 Associations between baseline o-klotho
and obesity-related parametres

In the subgroup of children who experienced weight gain,
baseline o-klotho levels were associated inversely and
independently with baseline BMI, waist, waist-to-height ratio,
visceral fat, triglycerides and hsCRP and longitudinally with
follow-up weight, BMI, waist, waist-to-height ratio, body fat mass
and visceral fat (all p <0.05, Table 1). Most of these associations
were independent from sex, baseline age, puberty and either
baseline BSA or baseline weight-for-height (as proxies for BMI)
in multivariate analyses (Table 1).

At baseline, the subgroup of children who had a stable weight
had lower values for most of the obesity parameters, as compared to
the other subgroups; (all p<0.05, Table 2), whereas at follow-up, the
subgroup of children who experienced weight gain showed higher
values for the obesity parameters, as compared to other subgroups,
(all p<0.05, Table 2). Indeed, at follow up, there were no differences
in the studied parametres between children who had lost weight and
those who had maintained a stable weight.

TABLE 1 Correlations between baseline a-Klotho and the obesity-related parameters studied in all population and according to subgroups of weight

change between baseline and follow-up.

All population (N=208)

Weight loss (N=59)

Stable weight (N=76) Weight gain (N=74)

Baseline Baseline o-Klotho (log) Baseline o-Klotho (log) Baseline o-Klotho (log) Baseline a-Klotho (log)
BMI -0,310%** -0,419%* -0,183 -0,362**

BMI SDS -0,272%** -0,368%* -0,118 -0,357**

Waist -0,301*** -0,334* 1 -0,215 -0,369**
Waist-to-height ratio -0,250%** -0,216 -0,148 -0,365**

Body fat mass -0,304%%* -0,457%* -0,294% -0,244

Visceral fat -0,313%0%* -0,234 -0,291* -0,395**
Triglycerides (log) -0,177* -0,216 -0,065 -0,262* +
HOMA-IR -0,212%* -0,405%* -0,179 -0,130

(Continued)
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TABLE 1 Continued

All population (N=2

Weight loss (N=59)

Stable weight (N=76)

10.3389/fendo.2023.1218949

Weight gain (N=74)

hsCRP (log)

-0,207**

-0,219

-0,032

-0,346** +

Follow-up Baseline o-Klotho (log) Baseline o-Klotho (log) Baseline o-Klotho (log) Baseline o.-Klotho (log)
BMI -0,237** -0,263* -0,170 -0,402**

BMI SDS -0,193** -0,223 -0,114 -0,345**

Waist -0,284*** -0,358** -0,207 -0,4274%*
Waist-to-height ratio -0,215%* -0,194 -0,146 -0,400%*

Body fat mass -0,107 -0,036 -0,032 -0,278*
Visceral fat -0,272%** -0,252 -0,195 -0,473*%*
Triglycerides (log) -0,113 -0,252 -0,074 -0,126
HOMA-IR -0,142* -0,225 -0,081 -0,191

hsCRP (log) -0,151* -0,193 -0,172 -0,167

Pearson correlation coefficients (r) are shown; *p value <0.05, ** p value <0.01, and ***p value <0.001.
Significant independent associations after correcting for sex, baseline age, baseline puberty status and baseline body surface area (BSA) are highlighted in bold; and significant independent
associations after correcting for sex, baseline age, baseline puberty status and baseline weight-for-height ratio are highlighted with .

TABLE 2 Descriptive values of the studied parameters in all population and according to subgroups of weight change between baseline and follow-up.

All &oz;:);(;g';ion Weight loss (N=59) Stable weight (N=76) Weight gain (N=74)
Baseline Mean = SD Mean + SD Mean + SD Mean + SD
Sex (female %) 51.4 45.8 52.6 54.8
Age (years) 85+18 83+ 1.8 83+ 17 88+ 1.8
Puberty (M/G Tanner > 2; %) 14.4 13.6 6.6 233
Obesity (BMI-SDS > 2; %) 20.2 254 11.8 24.7
Weight (kg) 37.8 £ 14.7 39.6 + 14.3 33112947 41.3 £ 15.7
Weight-SDS (z-score) 0.85 + 1.47 1.29 + 1.39 0.36 + 1.45 1.00 + 1.42
Height (cm) 1351 £ 12.9 1352 + 125 1322 + 125 138.2 + 13.1
Height-SDS (z-score) 0.68 + 1.14 091 + 1.08 0.38 +1.21 0.81 + 1.04
BMI (kg/m2) 19.95 + 4.73 20.98 + 4.26 18.36 + 4.33 1 20.77 +5.09
BMI-SDS (z-score) 0.65 + 1.42 1.08 + 1.30 0.20 + 1.39 0.77 £ 1.44
Weight-for-height (kg/m) 0.27 £ 0.08 0.28 + 0.08 0.24 + 0.07 » 0.29 + 0.09
Body surface area (BSA) (m?) 1.18 £ 0.28 1.21 +£0.27 1.09 £ 0.24 A 1.24 £0.29
Waist (cm) 66.8 £ 13.4 69.2 £ 12.9 62.6 + 12.2 A 69.1 +14.1
Waist-to-height ratio 0.49 + 0.07 0.51 +0.07 0.47 + 0.07 A 0.50 + 0.07
Body fat mass (kg) 125+ 8.2 13.7 £ 8.0 10.0 £ 6.9 ~ 139 £9.0
Visceral fat (mm) 6.63 + 231 6.86 +2.23 5.99 +2.20 7 7.10 = 2.36
Triglycerides (mg/dL) 61 £ 35 68 + 44 512547 65+ 33
Glucose (mg/dL) 86 +7 88+ 6 85+ 8 87 +6
Insulin (mcU/mL) 58+57 6.1+59 38+37A7 6.9 +6.7
HOMA-IR 1.20 + 1.04 1.33 £ 1.07 0.81 + 0.72 A 1.50 + 1.43
(Continued)
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TABLE 2 Continued

10.3389/fendo.2023.1218949

Al &052“(;3;‘0” Weight loss (N=59) Stable weight (N=76)  Weight gain (N=74)
hsCRP (mg/L) 2.10 £ 2.03 246 +2.25 1.52 £ 1.05 242 +231
o-Klotho (pg/mL) 2286 + 987 2202 + 890 2284 + 898 2357 + 1144
Follow-up Mean + SD Mean + SD Mean + SD Mean + SD
Age (years) 129 £ 1.9 127 £ 1.9 12.6 £ 1.9 133 + 1.9
Puberty (M/G Tanner > 2; %) 68.8 66.7 60.0 80.0 *
Obesity (BMI-SDS > 2; %) 21.6 15.8 25*
Weight (kg) 59.0 = 20.0 54.8 + 16.1 52.4 +18.0 69.4 +21.2*
Weight-SDS 0.85 + 1.52 0.46 + 1.05 0.34 £ 1.39 1.72 £ 1.62 *
Height (cm) 158.3 + 12.2 159.2 £ 125 155.8 + 12.8 160.2 + 11.2
Height-SDS 042 + 1.04 0.62 + 1.00 025+ 1.15 0.44 +0.93
BMI (kg/m2) 23.19 + 6.05 21.34 + 432 21.14 £ 5.14 26.87 + 6.49 *
BMI-SDS 0.77 + 1.59 0.24 + 1.08 0.25 + 1.39 1.74 + 1.70 *
Weight-for-height (kg/m) 0.36 £ 0.11 0.34 + 0.08 0.33 £ 0.09 0.43 +0.11 *
Body surface area (BSA) (m?) 1.59 + 0.32 1.54 +0.28 1.49 +0.30 1.74 £ 0.32 *
Waist (cm) 77.0 £ 152 73.1 £12.0 71.7 +12.7 86.0 + 16.0 *
Waist-to-height ratio 0.48 + 0.08 0.46 + 0.07 0.46 + 0.07 0.53 + 0.08 *
Body fat mass (kg) 26.5+89 236+73 241+78 313+93*
Visceral fat (mm) 7.20 £2.10 6.42 + 1.45 6.66 + 1.83 8.38 + 2.31 *
Triglycerides (mg/dL) 69 + 36 60 + 25 67 + 46 78 £29*
Glucose (mg/dL) 86 +7 86+ 6 86 +7 86 + 8
Insulin (mcU/mL) 114 + 6.8 95+ 54 99 +5.1 144 +£ 83 *
HOMA-IR 2.44 £ 1.53 2.06 + 1.26 213 +1.16 3.07 + 1.84 *
hsCRP (mg/L) 1.26 + 1.09 0.89 + 0.57 0.99 + 0.47 1.83 £ 1.63 *

Data are shown as mean + standard deviation (SD).
*Significant Chi-square test, p value <0.05.

*Significant post-hoc tests for ANOVA between weight gain group versus other groups, p value <0.05.
ASignificant post-hoc tests for ANOVA between stable weight group versus other groups, p value <0.05.

3.2 Associations between baseline a-klotho
and obesity-related parametres in girls

At baseline, girls presented higher values of triglycerides,
HOMA-IR and o-Klotho as compared to boys (all p<0.05,
Table 3). At follow-up, girls showed higher values for body fat,
insulin and HOMA-IR; as well as higher percentage of pubertal
subjects (all p<0.05, Table 3) as compared to boys. Of note, higher
baseline a-Klotho concentrations in girls as compared to boys were
observed in parallel to higher baseline HOMA-IR, higher follow-up
body fat mass and HOMA-IR, but not with higher follow-up
visceral fat (Figure 1).

We also assessed associations between baseline o-klotho and
obesity-related parameters separately in girls and boys.

In the studied girls, and especially in those girls who experienced
weight gain, a-Klotho showed inverse and independent longitudinal

Frontiers in Endocrinology

associations with weight, BMI, waist, waist-to-height ratio, body fat
and visceral fat (all p<0.05, Table 4) at baseline and at follow-up after
adjusting for baseline age, puberty and either baseline BSA or baseline
weight-for-height (Table 4). The associations between o-Klotho and
BMI, waist-to-height ratio, and visceral fat in all girls and in girls
experiencing weight gain are shown in Figure 2. The effect size of the
observed associations for the outcome variables related to central
obesity and/or visceral fat were as follows: per each 1 SD-increase in
baseline o-Klotho, follow-up waist decreased by 4.15 cm + 1.38
(p=0.003) and follow-up visceral fat decreased by 1.38 mm * 0.31
(p=0.003; Table 5).

These results remained essentially unchanged if pubertal
subjects were excluded from the study or if different cutoff points
were used to define weight change (such as BMI-SDS change > 0.5
SD), but statistical power decreased as a result of smaller sample
sizes (data not shown).
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TABLE 3 Descriptives values of the studied parameters according to sex subgroups: girls versus boys.

10.3389/fendo.2023.1218949

Baseline Mean + SD Mean + SD
Age (years) 84+18 86+18
Puberty (M/G Tanner > 2; %) 14.0 14.9
Obesity (BMI-SDS > 2; %) 20.6 19.8
Weight (kg) 369 + 147 387 + 14.8
Weight-SDS 0.79 + 1.39 091 + 1.55
Height (cm) 133.8 £ 13.2 136.6 £ 12.6
Height-SDS 0.60 £ 1.11 0.77 £ 1.16
BMI (kg/m2) 19.86 + 4.75 20.05 + 4.73
BMI-SDS 0.63 + 1.37 0.67 + 1.48
Weight-for-height (kg/m) 0.27 +0.08 0.28 + 0.08
Body surface area (BSA) (m?) 1.16 + 0.28 1.20 + 0.28
Waist (cm) 65.7 £ 13.0 67.9 +13.7
Waist-to-height ratio 0.49 + 0.07 0.49 + 0.08
Body fat mass (kg) 13.1 £85 119 +79
Visceral fat (mm) 6.58 + 2.54 6.68 + 2.08
Triglycerides (mg/dL) 66 + 34 A 55 + 35
Glucose (mg/dL) 87 £7 86 +7
Insulin (mcU/mL) 63 +59 4.6 +38
HOMA-IR 1.38 £ 1.12 A 1.01 + 0.98
hsCRP (mg/L) 2.36 + 2.05 1.84 + 1.71
o-Klotho (pg/mL) 2541 + 1118 A 2016 + 740
Follow-up Mean + SD Mean + SD
Age (years) 128 + 1.9 13.0 + 1.9
Puberty (M/G Tanner > 2; %) 78.8 * 58.2
Obesity (BMI-SDS > 2; %) 243 18.8
Weight (kg) 57.9 +19.5 602 +20.7
Weight-SDS 0.96 + 1.58 0.76 + 1.47
Height (cm) 156.5 + 10.7 160.2 £ 13.5
Height-SDS 0.45 + 1.04 0.40 + 1.04
BMI (kg/m2) 23.46 + 6.46 2291 +5.62
BMI-SDS 0.88 + 1.68 0.65 + 1.49
Weight-for-height (kg/m) 0.36 + 0.11 0.37 £ 0.11
Body surface area (BSA) (m?) 1.56 + 0.30 1.62 + 0.34
Waist (cm) 76.7 +15.3 775+ 15.2
Waist-to-height ratio 0.49 + 0.08 0.48 + 0.08
Body fat mass (kg) 294+ 85 A 234 + 84
Visceral fat (mm) 7.06 + 2.15 7.35 + 2.05
(Continued)
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TABLE 3 Continued

10.3389/fendo.2023.1218949

Triglycerides (mg/dL) 70 + 34 67 + 37
Glucose (mg/dL) 86+ 6 87 +8
Insulin (mcU/mL) 128+ 797 99 + 5.1
HOMA-IR 271 £ 1.75 A 215+ 1.19
hsCRP (mg/L) 1.52 + 0.78 0.99 +0.73

Data are shown as mean + standard deviation (SD).
*Chi-squared test, p value < 0.05; AT-test comparing girls versus boys, p value < 0.05.

Finally, in the studied boys, a-Klotho did not show any independent
association either at baseline or at follow-up (Supplementary Table SI).

4 Discussion

We describe several longitudinal associations between a-Klotho
and obesity-related parameters, such as BMI, waist circumference,
body fat, visceral fat and HOMA-IR in apparently healthy children,
and highlight the inverse and longitudinal association between oi-
Klotho and markers of central obesity in girls experiencing
weight gain.

Klotho is a transmembrane protein that acts as a co-receptor for
the adipokines of the fibroblast growth factor (FGF) family (16),

which regulate adipocyte development and metabolism. Multiple
studies linked FGF signaling and weight change (17-19), but studies
relating Klotho and central obesity in childhood are scarce. High
Klotho levels have been reported in adolescents with obesity (20).
Recent studies focus also on the anti-obesogenic and anti-diabetic
effects of Klotho (5).

Klotho has been found to exert anti-obesogenic effects via
peripheral mechanisms, such as increased lipid oxidation in liver
and adipose tissue and increased whole-body energy expenditure
(5). Along this line, reduced B-Klotho levels (a protein member of
the Klotho subfamily) have been reported in visceral adipose tissue
from adult patients with obesity (21). Studies using animal models
showed that o-Klotho administration decreased lipogenesis and
reduced liver lipid accumulation (22). Others have linked o-Klotho
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FIGURE 1

Comparison of several studied parameters in girls (N=107) and boys (N=101) at (A) baseline (serum o-Klotho levels, baseline HOMA-IR) and at (B) follow-up
(total body fat mass, visceral fat and HOMA-IR). T-test comparing all girls versus boys, *p value <0.05, ***p value <0.001.
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TABLE 4 Correlations between baseline a-Klotho and the obesity-related parameters studied in all girls and according to subgroups of weight
change between baseline and follow-up.

Weight loss (N=27)

Stable weight (N=40) Weight gain (N=40)

Baseline Baseline a-Klotho (log) Baseline a-Klotho (log) Baseline a-Klotho (log) Baseline a-Klotho (log)
BMI -0,387%* -0,474* 0,276 -0,468**

BMI SDS -0,395%** -0,509** -0,226 -0,496**

Waist -0,386*** -0,416* -0,330* -0,448**
Waist-to-height ratio -0,390%%* -0,394* -0,306 -0,460**

Body fat mass -0,354** -0,474* -0,411* -0,362*

Visceral fat -0,326* -0,222 -0,378* -0,494**
Triglycerides (log) -0,286** -0,267 -0,169 -0,410**
HOMA-IR -0,245* -0,345 0,222 0,271

hsCRP (log) -0,327** -0,387 -0,096 -0,503**

Follow-up Baseline 0-Klotho (log) Baseline 0-Klotho (log) Baseline 0-Klotho (log) Baseline 0.-Klotho (log)
BMI -0,347*4** -0,355 -0,244 -0,564** +

BMI SDS -0,323** -0,365 -0,220 -0,503**

Waist -0,381+%* -0,404* -0,323* -0,569%**
Waist-to-height ratio -0,351%%* -0,317 -0,255 -0,586™** 1

Body fat mass -0,357%* -0,417% -0,274 -0,507%*
Visceral fat -0,341** -0,422* -0,110 -0,647*** +
Triglycerides (log) -0,136 -0,257 -0,044 -0,251
HOMA-IR -0,222* -0,279 -0,146 -0,293

hsCRP (log) -0,236* -0,312 -0,286 -0,232

Pearson correlation coefficients (r) are shown; *p value <0.05, **p value <0.01, and ***p value <0.001.
Significant independent associations after correcting for baseline age, baseline puberty status and baseline body surface area (BSA) are highlighted in bold; and significant independent

associations after correcting for baseline age, baseline puberty status and baseline weight-for-height ratio are highlighted with .

as a mediator of the central action on the whole-body energy
balance and pathophysiology of obesity (23, 24). These reports on
the anti-obesogenic effects of Klotho are in line with our
observation of a-Klotho being related to less central obesity in
school aged children, especially in girls.

Sex differences in circulating Klotho exist and have been linked
to life expectancy in many species (25). Higher o-Klotho levels in
humans are associated with longer life expectancy (26), and lower
rates of morbidity factors such as cardiovascular disease (27). In
agreement with our results, several authors have previously
described that girls and women have higher levels of Klotho than
boys and men of the same age (28-30); however, the mechanism
explaining this sex difference is not known. Some indicated that
Klotho turnover in women is not limited to the classical estrogen
regulation (31), but higher Klotho levels in girls may result from a
feedback mechanism due to higher vitamin D and/or IFG-1 in
school-age girls (30).

Moreover, recent attention has been given to Klotho as being
closely related to the hypothalamus-pituitary-ovary axis (10). Such
observations indicate a role of Klotho in the regulation of the female
reproductive and endocrine systems. The role of Klotho in the

Frontiers in Endocrinology

female endocrine system could be an additional explanations of the
observed sex-dimorphic association of Klotho in relation to central
obesity in our study. It is worth mentioning that despite the fact that
girls in our study showed higher values of body fat, as compared to
boys, the same girls did not show any differences in visceral fat as
compared to boys. This observation, jointly with the observed
higher concentrations of o-Klotho in girls, could indicate a
protective role of o-Klotho, among others, against the
accumulation of visceral fat, especially in girls. It is plausible to
speculate that Klotho could contribute to the sexual dimorphism in
fat accumulation patterns, as females accrue less visceral fat,
especially in late adult life, which affords them protection from
cardio-metabolic risk as compared to males (32, 33).

The main strength of our study is its longitudinal design. As for
limitations, the analyses of subgroups of children (girls versus boys
and girls with weight gain vs. other groups) limited in part the
statistical power of the initial set of subjects, and thus our results
need further confirmation in additional studies. BMI was highly
correlated with a-Klotho (p<0.0001) in our cohort and therefore we
chose to use alternative measures of body mass (such as BSA and
weight-to-height ratio (34)) to analyze the independent association
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between o-Klotho and central obesity parameters. Finally, o-Klotho
measurements were not available at follow-up in the present study.

Another limitation is the lack of physical activity data in our
subjects, as recent studies have described Klotho as an emerging
exerkine (35) and as a factor with ergogenic potential, which can
enhance physical performance (36). Klotho levels increase with
exercise (9, 37), regardless of the health condition of the individual
(35) or the physical fitness (38) and this may explain, at least in part,

TABLE 5 Effect size per 1-SD-increase in baseline a-Klotho (pg/mL) in
girls experiencing weight gain.

Independent
variable:
GIRLS EXPERIENCING WEIGHT GAIN 1 SD-higher
(N=40) baseline
o-Klotho (pg/mL)
Follow-up dependent variables: 4 o
value value
Waist (cm) - 4,15 ** 1.38
Visceral fat (mm) - 1.38 ** 0.31

Unadjusted multivariate regression coefficient (B) and SE are shown; **p value <0.01.

Frontiers in Endocrinology

09

the inverse association between physical fitness and cardiometabolic
risk in school-age children (39, 40).

In conclusion, serum o.-Klotho concentrations are longitudinally
associated with a more favorable metabolic profile and inversely
associated with central obesity parameters in school-aged children. o-
Klotho protein could be a potential protective factor against the
accumulation of visceral fat, especially in girls experiencing
weight gain.
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