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Objectives. Previous studies have reported con�icting results regarding the relationship between obesity and the antiaging
humoral factor klotho.�us, the present study aimed to examine the association of anthropometric measurements, weight history
change, and vitamin D status with serum klotho levels. Methods. �e National Health and Nutrition Examination Survey data
were used to compare sex-speci�c logarithm transformed serum klotho levels across standardized anthropometric measurements
and weight change history in subjects aged 40–79 years. �e baseline measured height, and self-reported weight were used to
calculate the body mass index (BMI) at two-time intervals: age 25 and ten years before the measured BMI. Subjects were then
categorized as never obese, obese to nonobese, nonobese to obese, and always obese. Results. Of 4,971 participants, the prevalence
of general obesity was 41%, and abdominal obesity (waist circumference ≥88 cm) was present in 75% of women. Overall, lower
serum klotho levels were seen in older adults, men, nonsmokers, alcohol users, and those with an estimated glomerular �ltration
rate (eGFR)< 60ml/min. Multivariate models demonstrated that general and abdominal obesity in women was inversely as-
sociated with serum klotho levels. Moreover, women who developed obesity from age 25 and ten years before the baseline BMI
had signi�cantly lower mean klotho levels at 765.0 and 757.4 pg/ml compared with 820.5 pg/ml (p< 0.05) among those that were
never obese, respectively. In contrast, serum klotho levels did not signi�cantly di�er among men, irrespective of their weight
history. In a subanalysis, higher klotho levels were seen in participants with an adequate vitamin D status (≥50 nmol/L) than their
overweight and obese counterparts (p< 0.05). Conclusions. Obesity among women was signi�cantly and inversely associated with
serum klotho levels. Similarly, women who developed obesity during their lifetime had consistently lower klotho levels than their
never-obese counterparts.

1. Introduction

�e klotho gene, expressed primarily in the distal tubule of
the kidney, encodes a single-pass transmembrane protein
and a soluble form resulting from proteolytic cleavage of the
extracellular domain by membrane-anchored proteases [1].
�e membrane klotho functions as an obligate coreceptor
with �broblast growth factor 23 (FGF23), a bone-derived
hormone that inhibits phosphate reabsorption in the kidney
and mediates regulation of vitamin D metabolism [2]. �e
soluble klotho is a humoral factor with several extra-renal
pleiotropic e�ects [3].

Kuro-o et al. initially reported that a mutation of the
mouse klotho gene produces a phenotype resembling pre-
mature aging [4]. Subsequently, several observational studies

in older adults have demonstrated that lower serum klotho
levels correlate with poor grip strength and decreased knee
strength, prevalent cardiovascular disease, abdominal aortic
calci�cation, and vascular dementia [5–9].

Although obesity is a signi�cant public health problem
associated with increased risk of cardiovascular disease, type
2 diabetes mellitus, cancer, mortality, and an inadequate
vitamin D status, previous research has reported con�icting
results regarding the association between obesity and serum
klotho levels [10–14]. Indeed, sedentary middle-aged obese
subjects had higher serum klotho levels than their normal
body weight counterparts [12]. Likewise, increased serum
klotho levels were reported among obese children and ad-
olescents hospitalized with gastrointestinal symptoms [13].
In contrast, young Japanese women with restrictive-type
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anorexia nervosa or obesity had significantly lower serum
klotho levels than those with a healthy body weight [14].
Recent studies also demonstrated that serum klotho levels
were negatively correlated with waist circumference in
young women with polycystic ovary syndrome and among
community-dwelling adults with abdominal obesity [15–17].
Whether the obesity history is associated with lower klotho
levels has not been previously explored. *us, the present
study aimed to examine the association of anthropometric
measurements and weight change history with serum klotho
levels in adults aged 40–79 years. A secondary objective was
to determine the effect of the vitamin D status on serum
klotho levels according to the body weight.

2. Material and Methods

2.1. Study Participants. *e present study was based on
participants in the National Health and Nutrition Exami-
nation Survey (NHANES) cycles 2013–2014 and 2015–2016.
*e NHANES is designed to continuously assess the health
and nutritional status of the civilian noninstitutionalized
U.S. population. *e survey protocol was approved by the
National Center for Health Statistics Research Ethics Review
Board (study protocol# 2011–17), and all participants gave
informed consent. A detailed description of the methods and
analytic guidelines are found at https://wwwn.cdc.gov/nchs/
nhanes/analyticguidelines.aspx.

2.2. Covariates. *e age, race/ethnicity, and education of
participants were self-reported. Participants’ smoking status was
categorized as never, former, or current smoker. Alcohol use
was considered if the subjects responded affirmatively to the
question “Have you had at least 12 drinks of any type of al-
coholic beverage in any single year? Physical activity was
assessed by asking participants the number of days andminutes
spent in recreational moderate- or vigorous-intensity aerobic
physical activity in a typical week. *ose who met the Physical
Activity Guidelines for Americans were considered to be
physically active [18]. Diabetes mellitus was considered to be
prevalent if participants reported a physician diagnosis of di-
abetes or had a hemoglobin A1c≥ 6.5% [19]. *e DxC800
modular chemistry side was used to analyze serum creatinine
(mg/dl). Subsequently, the estimated glomerular filtration rate
(eGFR) was calculated according to the modification of diet in
renal disease formula [20]. Serum 25 and hydroxyvitaminD (25
(OH)D) concentrations (nmol/l) were measured by using a
standardized liquid chromatography-tandem mass spectrom-
etry method. 25 (OH) D inadequacy (<50nmol/L) was defined
according to the Institute of Medicine 25 (OH) D cutoff points
relative to bone health [21].

2.3. Anthropometric Measurements. In the mobile examina-
tion center, standing height was measured using a stadiometer
with a fixed vertical board and an adjustable headpiece. Subjects
wore a standard gown and their weight in kilograms was
recorded using a digital weight scale. *e body mass index
(BMI) was calculated as weight in kilograms divided by height
in meters squared and rounded to one decimal place. BMI was

categorized as normal weight (BMI, 18.5 to<25kg/m2),
overweight (BMI, 25 to<30kg/m2), and obesity (BMI ≥30kg/
m2). Because a small number of participants (n� 48) were
defined as underweight (BMI <18.5 kg/m2), they were grouped
into the normal weight category. *e waist circumference (cm)
was measured with participants standing on the right side.
Technicians then marked the right iliac crest with a cosmetic
pencil and extended themeasuring tape around thewaist.Waist
circumference cut-points ≥102 cm in men and ≥88 cm in
women were used to define abdominal obesity [22].

2.4. Weight Change History. Trained interviewers assessed
participants’ weight history by asking, “How much did you
weigh 10 years ago? and “Howmuch do you weigh at age 25? If
you do not know your exact weight, please make your best
guess.” Self-reported weight history in pounds was converted to
kilograms. *e measured height at baseline was used to cal-
culate the BMI at age 25 and 10 years prior. As previously
described, weight change history was calculated for two-time
intervals: BMI at age 25 and baseline BMI and BMI 10 years
before the baseline BMI. *e weight change pattern was then
categorized as never obese, obese to nonobese, nonobese to
obese, and always obese [23].

2.5. SerumSolubleKlotho. Participants aged 40–79 years in the
NHANES 2013–2014 and 2015–2016 cycles gave consent for
their frozen blood samples (surplus) stored at −80°C to be used
in future research. Subsequently, soluble klotho levels (pg/ml)
were analyzed with a commercially available ELISA kit pro-
duced by IBL International, Japan, during the period 2019-2020.
All analyses were performed at the University of Washington
research laboratories. A completed description of the laboratory
methodology can be found at https://wwwn.cdc.gov/Nchs/
Nhanes/2013-2014/SSKL_H.htm.

2.6. Statistical Analysis. *e Shapiro–Wilk test was used to
assess data normality. Because serum klotho levels had a right-
skewed distribution, a natural logarithm (ln) transformation
was performed to achieve a normal distribution. For practical
use, the results of the statistical analysis were back-transformed
to the original soluble klotho levels in pg/ml. *e mean klotho
levels were compared with the t-test and ANOVA according to
the characteristics of participants. Moreover, sex-specific gen-
eral linear models adjusted for age, race/ethnicity, education,
smoking status, alcohol use, physical activity, diabetes, 25 (OH)
D levels, and eGFR were assembled to examine serum klotho
levels across BMI categories, abdominal obesity status, and
weight change pattern. In a subanalysis, the effect of the vitamin
D status on klotho levels was analyzed by BMI categories. SPSS
Complex Sample software V17 was used to account for the
NHANES complex survey design. Of 6,853 participants aged
40–79 years, those with missing data on eGFR, serum klotho,
and anthropometric measurements were excluded (n� 1,882).

3. Results

A total of 4,971 participants with a mean age of 57.4 (SD
10.6) years comprised the study sample. As shown in Table 1,
general obesity was prevalent in 41.8% of participants.
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Table 1: Characteristics of participants and serum soluble klotho levels.

% Klotho levels
(pg/ml) P value

Age (years) <0.0001
40–59 55.4 804.3
≥60 44.6 757.4

Sex <0.05
Men 47.9 765.0
Women 52.1 796.3

Race/ethnicity <0.05
Mexican-American 6.9 804.3
Other Hispanic 4.9 828.8
NHW 72.1 772.8
NHB 8.6 820.6
Multiracial 7.5 812.4

Education <0.001
≤11th grade 12.9 796.3
High school graduate 20.8 742.5
Some college 32.2 772.8
College graduate 34.1 804.3

BMI (kg/m2) <0.0001
Normal weight 23.8 820.6
Overweight 34.4 765.1
Obese 41.8 772.8

Abdominal obesity in men 0.939
Yes 55.8 765.0
No 44.2 765.0

Abdominal obesity in women <0.0001
Yes 75.7 780.5
No 24.3 862.6

BMI 25 years to BMI baseline <0.05
Never obese 56.8 788.3
Obese to nonobese 1.4 788.3
Nonobese to obese 33.6 765.0
Always obese 8.2 804.3

BMI 10 years prior to BMI baseline <0.05
Never obese 52.3 796.3
Obese to nonobese 5.9 765.0
Nonobese to obese 16.9 765.0
Always obese 24.9 780.5

Smoking status <0.0001
Never 52.9 804.3
Former 29.8 772.7
Current 17.3 742.4

Alcohol use <0.0001
Yes 78.3 772.7
No 21.7 812.4

Physical activity 0.499
Yes 33.2 834.4
No 66.8 826.1

Diabetes 0.597
Yes 16.6 828.9
No 83.4 828.7

eGFR (ml/min) <0.0001
<60 10.8 736.7
≥60 89.2 839.8

25(OH)D (nmol/L) 0.835
<50 17.9 829.6
≥50 82.1 828.5

NHW :Non-Hispanic white; NHB: mon-Hispanic black; BMI: body mass index, eGFR: estimated glomerular filtration rate.
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Notably, about 33% and 16% of participants developed
obesity from age 25 and 10 years before the baseline mea-
sured BMI, respectively. Moreover, abdominal obesity was
present in 75.7% of women compared with 55.8% of men. In
general, significantly lower serum klotho levels were seen in
adults aged 60 years and older, men, overweight and obese
subjects, women with abdominal obesity, nonsmokers, al-
cohol users, and those with an eGFR <60ml/min.

As shown in Figure 1, serum soluble klotho levels in
women were significantly and inversely associated with BMI
categories. Moreover, women defined as having abdominal
obesity had lower klotho levels compared with their non-
abdominally obese counterparts (p< 0.05). In contrast,
similar klotho levels were seen in men, irrespective of their
abdominal obese status (Figure 2). As shown in Figure 3,
among participants with an adequate vitamin D status,
serum klotho levels were higher in those with a healthy body
weight compared with their overweight and obese coun-
terparts. However, serum klotho levels did not significantly
differ across BMI categories in subjects with vitamin D
inadequacy.

Table 2 shows sex-specific weight change patterns and
serumklotho levels. After adjustment for potential confounders,
women categorized as always obese or who developed obesity
ten years before the baseline BMI had on average 40 and 63.1pg/
ml lower serum klotho levels compared with their never-obese
counterparts, respectively. Similarly, non-obese women at the
age of 25 who developed obesity later in life had 55.5 pg/ml
lower klotho levels than those that were never obese. In contrast,
comparable klotho levels were seen in men, irrespective of their
weight change pattern.

4. Discussion

*is cross-sectional study demonstrates that general and
abdominal obesity in middle-aged and older women were
significantly associated with low serum klotho levels. No-
tably, even after adjustment for potential confounders,
women who developed obesity from the age of 25 and ten
years before the baseline BMI had consistently lower klotho
levels than their never-obese counterparts. In contrast, se-
rum klotho levels did not significantly differ in men, irre-
spective of their obesity history.

A few earlier studies reported conflicting results re-
garding the relationship between BMI and klotho levels.
Amaro-Gahete et al. demonstrated a significant age- and
sex-adjusted positive association between BMI and serum
klotho levels among middle-aged sedentary subjects, which
disappeared after adjustment for lean mass. In that latter
study, the authors concluded that skeletal muscle tissue
might play a significant role in klotho metabolism [10].
Moreover, among older participants in the Invecchiare in
the Chianti (InCHIANTI) study, BMI was comparable
across serum klotho tertile levels [4]. In contrast, young
Japanese women with a mean BMI of 35.7 kg/m2 had sig-
nificantly lower serum klotho levels than their healthy body
weight counterparts, which is consistent with the study
findings [14]. Likewise, serum klotho levels were negatively
correlated with waist circumference and BMI among women
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Figure 1: Sex-specific BMI categories and serum soluble klotho
levels.
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Figure 2: Sex-specific abdominal obesity prevalence and serum
soluble klotho levels.
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Figure 3: Soluble Klotho levels stratified according to the vitamin
D status and BMI categories.
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aged 19–33 years with polycystic ovary syndrome [15]. A
recent large analysis of the NHANES also demonstrated
significantly lower serum klotho levels among participants
with abdominal obesity than those without [16]. *e present
results extend those from previous research by reporting that
prevalent general and abdominal obesity were significantly
associated with lower klotho levels only in women. Although
prior research has demonstrated higher klotho levels in
women and younger age groups; sex differences regarding
serum klotho levels in obese subjects might be explained by a
higher percentage of fat mass in women than that in men
and the effect of estrogen promoting adipocyte precursor
proliferation in both visceral and gluteofemoral regions [24].
*e physiological effects of sex steroid hormones on klotho
levels have not been completely elucidated. However,
Dote–Montero et al. reported that testosterone concentra-
tions were positively correlated with serum klotho levels in
sedentary middle-aged men and women with a mean BMI of
26.7 kg/m2 [25]. Of relevance, after adjusting for age, the
strength of association disappeared in men and remained
unchanged in women.

Observational studies have consistently demonstrated
lower 25 (OH)D levels in adults with obesity, which are
attributed to limited sun exposure, inadequate use of vitamin
D supplements, or simply the dilution of ingested or syn-
thesized vitamin D [26, 27]. Notably, Wojcik et al. reported
that among obese adolescents with normal renal function,
subjects with 25 (OH)D levels <50 nmol/L had marginally
lower FGF-23 concentrations than those with adequate 25
(OH)D levels. *e authors suggested that low vitamin D
levels may cause a slight increase in PTH levels which may
inhibit renal phosphate reabsorption and indirectly FGF-23
secretion [28]. Of interest, higher serum klotho levels were
seen in subjects with normal weight compared with their
overweight and obese counterparts with adequate vitamin D
status. In contrast, serum klotho levels did not significantly

differ across BMI categories in participants with vitamin D
inadequacy. A previous study demonstrated that 25 (OH)D
levels were on average 5.1 nmol/L lower among subjects aged
40 years and older who gained weight ≥5% in the previous
ten years than those who maintained a stable weight, even
after adjustment for vitamin D supplements [27]. *us, it is
feasible that vitamin D may potentially mediate the rela-
tionship between obesity and serum klotho levels.

*e present study has several limitations that should be
mentioned. First, because of its cross-sectional design, the
association between obesity and serum klotho levels do not
necessarily infer causation. Second, the study findings may
be only generalized to subjects aged 40–79 years. *ird, BMI
at age 25 and ten years before baseline was calculated
according to participants’ self-reported weight, which may
be a source of recall bias. Finally, data on body composition
were not available for this analysis. Despite these limitations,
the large sample size representative of community-dwelling
middle-aged and older adults is the main strength of the
present study.

In conclusion, general and abdominal obesity were in-
versely associated with serum klotho levels in women.
Similarly, women who developed obesity during their life-
time had consistently lower klotho levels than their never-
obese counterparts. Further studies are indicated to elucidate
the effect of adipose tissue on serum klotho.

Data Availability

*e data used to conduct the present study may be available
upon request.
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Table 2: Weight change pattern and serum soluble klotho levels (pg/ml) in men and women aged 40–79 years.

Never obese (ref ) Obese to nonobese Nonobese to obese Always obese
Men
BMI 10 years prior to baseline BMI
Model 1 765.0 742.4 757.4 780.5
Model 2 765.0 742.4 765.0 780.5
Model 3 765.0 735.0 765.0 772.7

BMI age 25 years to baseline BMI
Model 1 765.0 749.9 765.0 796.3
Model 2 765.0 757.4 765.0 788.3
Model 3 765.0 765.0 765.0 772.7

Women
BMI 10 years prior to baseline BMI
Model 1 820.5 812.4 765.0∗ 788.3∗
Model 2 820.5 820.5 757.4∗ 780.5∗
Model 3 820.5 828.8 757.4∗ 780.5∗

BMI age 25 years to baseline BMI
Model 1 820.5 871.3 772.7∗ 796.3
Model 2 820.5 897.8 765.0∗ 796.3
Model 3 820.5 888.9 765.0∗ 796.3

∗P< 0.05 compared with the reference category never obese. Model 1: adjusted for age- and gender, model 2: adjusted for model 1 and race/ethnicity,
education, smoking, alcohol use, and physical activity, and model 3: adjusted for model 2 and diabetes, eGFR, and 25 (OH)D levels.
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