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Purpose: Sleep duration is associated with aging. However, the relationship between sleep
duration and the concentration of the protein klotho in the serum remains unknown in the
general population of the United States. Hence, this study aimed at exploring the association
between them.

Methods: Participants whose data included klotho protein and sleep duration variables in
the National Health and Nutrition Examination Survey data from 2007 to 2016 were utilized
for this analysis.

Results: Sleep duration was non-linearly associated with the level of klotho protein in the
serum, with a negative association between sleep duration and serum klotho concentration
after adjusting for confounding variables (B = —7.6; 95% CI: —11.3, —4.0; P < 0.001). The
conversion of the sleep duration from a continuous variable to a categorical variable (tertile:
T1: <5.5 hours; T2: 5.5-7.5 hours; T3: >7.5 hours) revealed that the serum klotho of the
participants in the highest tertile (>7.5 hours) was 21.9 pg/mL lower (95% CI: —38.6, —5.2;
P =0.01) than those in the lowest tertile (<5.5 hours).

Conclusion: Our results revealed that people who sleep more than 7.5 hours per night have
decreased levels of the anti-aging protein klotho in their serum, thus being more at risk of
aging-related syndromes.
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Introduction
The sleep duration recommended by the National Sleep Foundation in 2015 was as
follows: 7-9 hours in young people and adults, and 7—8 hours in elderly people.
Excessive or insufficient sleep duration is disadvantageous for health. Previous
studies have shown that sleep duration is associated with cardiovascular disease,
cognitive decline, and metabolic syndrome,'  and aging.*

Klotho protein is a multifunctional protein encoded by the klotho gene, and its
expression level is associated with aging.” Kuro-o found that mice lacking klotho
suffer from premature aging syndrome,’® the lack of klotho in serum is also

associated with heart aging,”*

and decreased klotho levels are found in patients
with various aging-related diseases, such as metabolic syndrome, cancer, and
hypertension.” ' In contrast, high level of klotho prolongs lifespan.®

Aging is an inevitable process for human beings. Although there is a fixed limit
to human life span,'? the speed of aging is affected by many factors. Aging is
affected by environmental, genetic, and epigenetic factors.'> On the other hand, the
expression level of klotho may be potentially involved in the relationship between

sleep duration and aging. Sleep disorders and aging are common public health
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problems, and the potential association between sleep
duration and the anti-aging protein klotho is largely unex-
plored. Therefore, the purpose of this study was to inves-
tigate the potential association between them using the
data of the National Health and Nutrition Examination
Survey (NHANES) from 2007 to 2016, performed in the
population of the United States. Our hypothesis is that
sleep duration is associated with the serum anti-aging
protein klotho concentration.

Methods

Study Population

The NHANES contains the data related to the anti-aging
protein klotho for the following 5 cycles: 2007-2008,
2009-2010, 2011-2012, 2013-2014, 2015-2016. In this
study, the National Center for Health Statistics was used
to merge the publicly available documents of the 5 cycles
of NHANES.

A total of 13,765 participants included in the NHANES
database who had klotho in the serum measured from 2007
to 2016 were included in this study. Sleep indicators were
considered for those participants who measured klotho.

Klotho

The serum klotho concentration in the participants was
measured using a commercially available Enzyme Linked
Immunosorbent Assay (ELISA) kit produced by Immuno-
Biological Laboratories international in Japan. The serum
samples of the participants were received on dry ice and
stored at —80°C until analysis. The samples were analyzed
in duplicate, and the mean of the two values was used to
calculate the final value. Two quality control samples
containing low and high concentrations of klotho protein
were also analyzed in duplicate by ELISA. Samples with
more than 10% repeated results were considered as
repeated analysis. If the values of the quality control
samples were not within the 2SD range of the specified
value, the entire analysis was discarded, and the sample
analysis was repeated.

Sleep-Related Variables
The following self-reported outcomes related to sleep such
as sleep duration and trouble sleeping were collected. These
questions were asked at home by trained interviewers using
the computer-assisted personal interview system.

Sleep duration: According to the questionnaire about
the sleeping habits of the participants, the mean sleep

duration per night was asked. The range of sleep duration
was 1-12 hours, and the value of more than 12 hours was
defined as 12 hours.

Trouble sleeping: Participants were asked whether they
informed the doctor about their trouble sleeping. The
answer to this question was divided into “Yes” or “No”.

Covariates
Information about age (years), gender, race, education
level, marital status, and income level was obtained from
the demographic documents. Race was divided into
Mexican American, other Hispanic, non-Hispanic white,
non-Hispanic black, and other races. Education was
divided into <9th grade, 9-11th grade, high-school grade,
college, and >college graduate. The marital status was
classified as follows: married, widowed, divorced, sepa-
rated, never married, living with partner. The income level
was based on the poverty income ratio, which was con-
sidered as a continuous variable in this study. Body mass
index (BMI) was obtained from the examination docu-
ment. Participants who smoke at least 100 cigarettes in
their lifetime were considered as smokers. Alcohol use
was defined as the consumption of at least 12 cups of
alcoholic beverages in the last 12 months. The information
regarding the presence of diabetes, hypertension, coronary
heart disease, stroke, liver disease, and cancer were
obtained from the questionnaire.

Detailed information about klotho, sleep-related vari-
ables and covariates is available at http://www.cdc.gov/

nchs/nhanes/.

Statistical Analysis
Statistical analysis was performed using R software (The
R Foundation; https://www.r-project.org). The factors that

influence the levels of klotho in the serum were detected
using the univariate analysis. The association between
sleep duration and serum klotho levels was assessed
using multiple regression model. The threshold effect of
sleep duration on serum klotho levels and the smoothing
function were calculated using piecewise linear regression.
The potential bias of the results due to the use of indicator
variables with missing data was assessed by multiple
imputation analysis.'*

Two adjustment models were evaluated for the levels
of klotho in the serum: the adjusted model I, which
included variables in which the regression coefficients
changed >10% after the basic model was introduced or
removed from the full model (age, race); the model II,
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which included variables in the model I and the regression
coefficient of covariable to dependent variable of P < 0.1
(age, race, gender, education level, marital status, smok-
ing, alcohol use, hypertension, coronary heart disease,
stroke, liver disease, cancer).15 A value of P < 0.05 was
considered to be statistically significant.

Results

The baseline characteristics of the study population are
listed in Table 1. The mean age of the participants was
57.7 £ 10.9 years, and 51.6% were females. The mean
sleep duration of the participants was 6.9 = 1.5 hours, and
29.5% of them had trouble sleeping. The mean serum
klotho concentration was 854.3 = 308.2 pg/mL.

A univariate analysis of the potential influencing fac-
tors of the serum klotho level shown in Table 2 revealed
that the concentration of klotho protein in the serum
decreased when sleep duration increased (P<0.001). In
addition, trouble sleeping, age, gender, race, education
level, marital status, smoking, alcohol use, hypertension,
coronary heart disease, stroke, liver disease, and cancer
were associated with the levels of klotho in the serum.

The correlation of the smooth curve fitting suggested
a non-linear association between sleep duration and the
level of klotho in the serum (Figure 1), and a two-piece linear
regression model revealed an inflection point of 5.5 hours
(Table 3). The multiple regression analysis shown in Table 4
after adjustment for model I and model II revealed a negative
association between sleep duration and the concentration of
klotho in the serum in the non-adjustment model (5 =—11.1;
95% CI: —14.5, =7.6; P<0.001), adjustment model I (f =
=7.3; 95% CI: —10.8, —3.8; P<0.001) and adjustment model
II (B =7.6; 95% CI. —11.3, —4.0; P<0.001). The conversion
of the sleep duration from a continuous variable to
a categorical variable (tertile: T1: <5.5 hours; T2: 5.5-7.5
hours; T3: >7.5 hours) revealed that the level of klotho in the
serum of the participants in the highest tertile (>7.5 hours)
was 21.9 pg/mL (95% CI: —38.6, —5.2; P=0.010) lower than
that in the lowest tertile (<5.5 hours). No statistical difference
on the concentration of klotho in the serum of the participants
was observed between the middle tertile (5.5-7.5 hours) and
the lowest tertile (<5.5 hours) (5 = 3.9; 95% CI: —12.1, 20.0;
P=0.633). Substitution analysis yielded consistent results,
including multiple imputation of missing variables.

Discussion
To our knowledge, this work is the first reporting on the
association between sleep duration and serum anti-aging

Table | Baseline Characteristics of the Study Participants

Characteristics Values
Age(years), Mean + SD 57.7 £ 10.9
Gender, N (%)

Female 7076 (51.6)

Male 6649 (48.4)
Race, N (%)

Mexican American 2183 (15.9)

Other Hispanic 1574 (11.5)

Non-Hispanic White 5906 (43.0)

Non-Hispanic Black 2712 (19.8)

Other Races 1350 (9.8)
Education levels, N (%)

< 9th Grade 1871 (13.6)

9—11th Grade 2005 (14.6)

High School Grade 3041 (22.2)

College 3701 (27.0)

2College Graduate 3099 (22.6)
Marital status, N (%)

Married 8196 (59.7)

Widowed 1148 (8.4)

Divorced 2028 (14.8)

Separated 542 (4.0)

Never married 1147 (8.4)

Living with partner 659 (4.8)
BMI (kg/m?), Mean + SD 297 67
Smoking, N (%)

Yes 6662 (48.6)

No 7057 (51.4)
Alcohol use, N (%)

Yes 8996 (70.6)

No 3738 (29.4)
Diabetes, N (%)

Yes 2462 (18.0)

No 10,862 (79.2)

Borderline 391 (2.9)
Hypertension, N (%)

Yes 6375 (46.5)

No 7335 (53.5)
CHD, N (%)

Yes 696 (5.1)

No 12,974 (94.9)
Stroke, N (%)

Yes 619 (4.5)

No 13,086 (95.5)
Liver Disease, N (%)

Yes 719 (5.2)

No 12,977 (94.8)
Cancer, N (%)

Yes 1593 (11.6)

No 12,117 (88.4)
Trouble sleeping, N (%)

Yes 4053 (29.5)

No 9668 (70.5)
Sleep duration(hours), Mean * SD 69+ 15
Klotho(pg/mL), Mean = SD 854.3 + 3082

Abbreviations: SD, Standard deviation; N, Number; BMI, Body mass index; CHD,
Coronary heart disease.
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Table 2 Univariate Analysis of Influencing Factors of the Serum Klotho Level

Variables Values Klotho (pg/mL)
B (95% CI) P value

Age(years), Mean + SD 57.7 £ 109 -2.4 (2.9, -2.0) <0.001
Gender; N (%)

Female 7076 (51.6%) Ref.

Male 6649 (48.4%) —45.4 (-55.7, -35.1) <0.001
Race, N (%)

Mexican American 2183 (15.9%) Ref.

Other Hispanic 1574 (11.5%) 25.7 (5.8, 45.6) 0.011

Non-Hispanic White 5906 (43.0%) —21.5 (—36.6, —6.5) 0.005

Non-Hispanic Black 2712 (19.8%) 51.9 (34.7, 69.2) <0.001

Other Races 1350 (9.8%) 104 (—10.4, 31.3) 0.327
Education level, N (%)

<9th Grade 1871 (13.6%) Ref.

9—1Ith Grade 2005 (14.6%) 29 (-165,223) 0.767

High School Grade 3041 (22.2%) —12.4 (-30.2, 5.3) 0.170

College 3701 (27.0%) 6.9 (—10.3, 24.0) 0.433

2College Graduate 3099 (22.6%) 22.5 (4.8, 40.2) 0.013
Marital status, N (%)

Married 8196 (59.7%) Ref.

Widowed 1148 (8.4%) —-11.7 (-30.7, 7.4) 0.23

Divorced 2028 (14.8%) 10.7 (4.3, 25.7) 0.16

Separated 542 (4.0%) 5.3 (-21.5, 32.1) 0.699

Never married 1147 (8.4%) 31.7 (12.7, 50.8) 0.001

Living with partner 659 (4.8%) —6.8 (-31.2, 17.7) 0.586
BMI (kg/m?), Mean * SD 297 +67 —0.3 (1.1, 0.4) 0.394
Smoking, N (%)

Yes 6662 (48.6%) Ref.

No 7057 (51.4%) 47.7 (37.4, 58.0) <0.001
Alcohol use, N (%)

Yes 8996 (70.6%) Ref.

No 3738 (29.4%) 55.6 (43.9, 67.3) <0.001
Diabetes, N (%)

Yes 2462 (18.0%) Ref.

No 10,862 (79.2%) 9.0 (44, 22.5) 0.189

Borderline 391 (2.9%) 13.5 (194, 46.4) 0.421
Hypertension

Yes 6375 (46.5%) Ref.

No 7335 (53.5%) 18.5 (8.1, 28.8) <0.001
CHD, N (%)

Yes 696 (5.1%) Ref.

No 12,974 (94.9%) 51.4 (27.9, 74.9) <0.001
Stroke, N (%)

Yes 619 (4.5%) Ref.

No 13,086 (95.5%) 45.7 (20.9, 70.6) <0.001
Liver Disease, N (%)

Yes 719 (5.2%) Ref.

No 12,977 (94.8%) —59.3 (-82.4, -36.1) <0.001
Cancer, N (%)

Yes 1593 (11.6%) Ref.

No 12,117 (88.4%) 32.7 (16.6, 48.8) <0.001

(Continued)
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Table 2 (Continued).

Variables Values Klotho (pg/mL)
B (95% CI) P value
Trouble sleeping, N (%)

Yes 4053 (29.5%) Ref.

No 9668 (70.5%) 12.1 (0.8, 23.4) 0.036
Sleep duration(hours), Mean * SD 69+ 15 =I1.1 (145, -7.6) <0.001
Sleep duration categories

T1(<5.5 hours) 2031 (14.8%) Ref.

T2(5.5-7.5 hours) 6758 (49.2%) —6.3 (-21.6, 9.0) 0418

T3(>7.5 hours) 4936 (36.0%) —37.6 (-53.5, -21.7) <0.001

Abbreviations: SD, Standard deviation; N, Number; BMI, Body mass index; CHD, Coronary heart disease.

protein klotho concentration in the general population of
the United States. A nonlinear association between sleep
duration and serum klotho level was found. The levels of
klotho protein in the serum of the participants whose sleep
duration was more than 7.5 hours showed a downward
trend as the duration of sleep increased.

Klotho protein is a one-way transmembrane protein,
mainly including a-klotho and S-klotho forms performing

different functions.>"'®

o-Klotho is a multifunctional pro-
tein regulating the metabolism of phosphate, calcium and
vitamin D,> while f-klotho is involved in key metabolic
Although klotho gene

expression is tissue specific,'””'® klotho gene defects

processes in various tissues.'®

850
|

The level of klotho (pg/ml)

800
1

750
1

2 4 6 8 10 12

Sleep duration (hours)

Figure | The fitted smooth curve showed the association between sleep duration
and serum klotho levels after adjusting the relative confounding factors (age, race,
gender, education level, marital status, smoking, alcohol use, hypertension, coronary
heart disease, stroke, liver disease, cancer). The area between the dotted lines
represents the 95% confidence interval.

cause systemic phenotypes,'” while klotho protein inhibits
aging,'’ suggesting that klotho protein may be involved in
the regulation of the endocrine system. Mice lacking the
klotho gene or fibroblast growth factor 23 show phosphate
retention and premature aging syndrome, revealing that
phosphate metabolism disorders may be the mechanism
between klotho gene and aging.>° This evidence was used
in this study as a basis to evaluate klotho protein in the
serum as an aging-related marker.

Inappropriate sleep duration mainly determines the
imbalance between the two sympathetic nervous systems
and the hypothalamic—pituitary—adrenal axis.”?! Moderate
sleep duration is crucial for health.?* Insufficient sleep is
a public health epidemic as revealed by the United States
Centers for Disease Control (www.cdc.gov/features/

dssleep/). Insomnia and excessive sleep duration are both
involved in the risk of inflammatory and infectious dis-
eases, which in turn cause all-cause mortality.> ¢ In
addition, sleep duration is also associated with some dis-

eases related to aging, and an inverted U-shaped

Table 3 Threshold Effect Analysis of Sleep Duration on Serum
Klotho Using the Two-Piecewise Regression Model

Sleep Duration Adjusted g (95% CI), P-value

Fitting by the standard linear —7.62 (—11.26, —3.98) <0.0001
model
Fitting by the two-piecewise
linear model
Inflection point (5.5 hours)
Sleep duration< 5.5 hours 12.85 (—0.24, 25.93) 0.0544
—12.64 (—17.41,-7.87) <0.0001

0.001

Sleep duration> 5.5 hours
Log-likelihood ratio

Notes: Adjusted the covariates: age, race, gender, education level, marital status,
smoking, alcohol use, hypertension, coronary heart disease, stroke, liver disease,
cancer.
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Table 4 Multivariate Regression Analysis of the Association Sleep Duration (Hours) and Serum Klotho (pg/mL)

Serum Klotho g (95% CI), P-value

Non-Adjusted

Adjust | Adjust 11

Sleep duration =I1.1 (=145, =7.6) <0.001
Sleep duration categories
TI1(<5.5 hours) Ref.
T2(5.5-7.5 hours) —6.3 (—21.6,9.0) 0.418

T3(>7.5 hours) ~37.6 (-53.5, ~21.7) <0.001

—7.3 (—10.8, —3.8) <0.001 —7.6 (—11.3, —4.0) <0.001
Ref. Ref.

3.2 (—12.1, 18.5) 0.679 3.9 (—12.1, 20.0) 0.633
—22.0 (—37.9, —6.0) 0.007 —21.9(-38.6, —5.2) 0.010

Notes: Adjust | adjust for: age, race; Adjust Il adjust for: age, race, gender, education level, marital status, smoking, alcohol use, hypertension, coronary heart disease, stroke,

liver disease, cancer.

association exists between sleep duration and cognitive
aging.”’ Insufficient sleep time is independently associated
with an increased risk of atherosclerosis,' and both insuf-
ficient and excessive sleep duration are related to an
increased risk of cardiovascular disease.”®2° Elderly peo-
ple with excessive sleep duration have a higher prevalence
of stroke compared with elderly people with a sleep dura-
tion less than 9 hours.?® These studies revealed that inap-
propriate sleep duration is a very common and critical
public health problem, but it is still overlooked, despite
being easy to diagnose and treat. Our study demonstrated
that excessive sleep duration (>7.5 hours) was associated
with a significant decrease in the anti-aging protein klotho,
which is consistent with the previous evidence that exces-
sive sleep duration causes aging.

In a randomized controlled study of 74 participants,
Mochén-Benguigui et al report that sleep duration adjusted
for fat mass and lean mass index was positively associated
with soluble klotho levels.>' In comparison, the results of
13,765 American general population included in our work
showed that serum klotho levels increased with sleep
duration when sleep duration was within 5.5 hours after
adjusting for confounding factors. This is consistent with
the conclusion of Mochon-Benguigui et al. However,
serum klotho levels were negatively correlated with sleep
duration when sleep duration exceeded 7.5 hours. It
revealed that excessive sleep duration may be detrimental
to the level of serum anti-aging protein klotho. Although
previous studies have already demonstrated that sleep
duration is related to aging, no studies have reported the
relationship between sleep duration and serum anti-aging
protein klotho as we did in this work. Our research offers
an additional evidence of sleep duration on aging by
providing for the first time the relationship between sleep
duration and the levels of klotho protein in the serum in
the general population of the United States.

This study had several limitations. First of all, this
analysis lacked participants’ sleep details and sleep per-
ception, which may influence the relationship between
sleep duration and the concentration of klotho protein in
the serum. Secondly, this study was a cross-sectional
study. The causal association between sleep duration and
serum klotho levels was not evaluated because of time
constraints. Thus, the sleep duration was reported by the
participants, with inevitable reported bias. Thirdly, this
study may also be disturbed by other uncontrollable fac-
tors. For example, Pako et al pointed out that lower plasma
klotho levels were observed in patients with obstructive
sleep apnea (OSA).*? In addition, Oliveira et al found that
the concentration of klotho decreased in the cerebrospinal
fluid of narcolepsy patients.”> In our study population,
whether the participants suffered from these diseases (eg,
OSA, narcolepsy) and the proportion of these patients
were unknown because such information was not available
in the raw data. However, the evaluation was adjusted for
several possibly important confounding factors (age; race;
gender; education level; marital status; smoking; alcohol
use; hypertension; coronary heart disease; stroke; liver
disease; cancer). Moreover, this study used data from
a large national survey in the United States (NHANES)
from 2007 to 2016, which has a large sample size and
random sampling, and a good representation of the general
population in the United States.

Conclusion

Our study revealed that sleep duration was non-linearly
related to the serum anti-aging protein klotho. Indeed, the
level of the anti-aging protein klotho in the serum showed
a significant downward trend when sleep duration
exceeded 7.5 hours, thus being more at risk of aging-
related syndromes. Therefore, these people should monitor
the level of the anti-aging protein klotho in the serum.
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Further well-designed prospective studies are needed to
evaluate the effect of sleep duration on the anti-aging
protein klotho to better understand the impact of the
results obtained in this work on health, considering the
enormous influence of sleep disorders on public health.
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