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. Frailty is characterized by a decline in physiological reserve and increased vulnerability. Previous
. studies have shown that KLOTHO (KL) plays a protective role in several age-related diseases. We
 hypothesize a probable protective effect of KL on frailty in the elderly population and included a cohort
. of Chinese nonagenarians and centenarians for our study. This study is part of a cross-sectional study
. and secondary analysis of the Project of Longevity and Aging in Dujiangyan (PLAD) study, which was
. conducted in Southwest China. Community-dwelling Chinese residents aged 90 years or older were
. included in this study. Frailty was determined using the FRAIL scale as proposed by the International
© Association of Nutrition and Aging. On the FRAIL scale, frailty was defined by a score of >3. G-395A
© (rs1207568) genotyping of the promoter region of the KL gene was performed using TagMan allelic
. discrimination assay. A total of 632 participants (68.4% females; mean age: 93.5 + 3.2 years) were
. included. KL G-395A polymorphism genotype frequencies were 1.7% AA, 25.6% GA, and 72.7% GG
in our sample. GG genotype frequencies for the frailty and control groups were 83.6% and 71.2%,
* respectively. Frailty prevalence was significantly lower in the GA+AA group when compared to the
. GG genotype group (6.9% vs. 13.3%, P=0.026). In addition, subjects with a GA+AA genotype had
- asignificantly lower risk of frailty (odds ratio (OR): 0.47, 95% confidence interval (Cl) 0.23 to 0.97,
. P=0.040) compared to the GG genotype after adjusting for age, gender, education level, smoking,
. alcohol consumption, exercise, body mass index (BMI), cognitive impairment, and other potential
© factors. KL-395A allele carrying genotypes (GA and AA) is associated with a lower risk of frailty relative
. to GG genotypes in a sample of Chinese nonagenarians and centenarians.

© Frailty is defined as the age-related state of increased vulnerability to poor resolution of homeostasis after a
- stressor event and is related to the decline of several physiological systems'. Among the community-dwelling
- elderly, the prevalence of frailty is approximately 10.7%. The proportion of frailty increases with advancing age
and is associated with many adverse clinical outcomes, including falls, delirium, hospitalization, disability, and
. mortality"* About 15% to 61.8% of the very old (older than 80 years) are estimated to be frail®>.

: Although previous studies have shown that several factors are associated with frailty in the elderly, it is still
. challenging to find a single marker or gene to identify frailty*®. In our previous study, we found that there is still
: apopulation (16%) that is not frail, even when over 100 years of age, and are in a stable and similar environment®.
* Inaddition, in a longitudinal study, the additive genetic component accounts for 43% of the overall frailty pheno-
. type variability robustness index ratio!’. Furthermore, this proportion was higher in males than in females and
© older subjects (mean age over 77.7 years of age)'’. Moreover, other studies reported that the black race or color is
© arisk factor of frailty'!. Taken together, these findings indicated that genetic factors contributed to frailty.
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KLOTHO (KL), which was identified by Kuro-o and colleagues, is located on chromosome 13q12 and is
closely related with aging'?. KL-deficient mice have shortened lifespans and die prematurely at 8-9 weeks of age.
In addition, KL-deficient mice show several aging phenotypes that closely resemble those found in human aging
and frailty (e.g., hypokinesis, gait disturbance, osteoporosis, arteriosclerosis, and atrophy of genital organs and
thymus)'2. In previous studies, over 10 mutations or single nucleotide polymorphisms (SNPs) were found in the
human KL gene'®. G-395A (rs1207568) is one of the SNPs that is located in the promoter region of the KL gene.
GA+AA refers to the mutant-type (A is the mutant allele), whereas GG refers to the wild-type in the G-395A
polymorphism. The G-395A polymorphism is associated with several aging-related diseases, including cognitive
impairment, metabolic syndrome, hypertension, osteoarthritis, and cardioembolic stroke!>1%.

The KL gene is related with aging, chronic diseases, and disorders of several physiological systems, all of which
are closely related with frailty in the elderly. Recently, Shardell and colleagues demonstrated that higher plasma
concentrations of KL were associated with lower likelihoods of frailty in the InCHIANTI study®. Given that an
allele can potentially enhance KL levels or activity'?’, we hypothesized that G-395A (rs1207568), located in the
promoter region of KL gene, is significantly correlated to frailty in humans. To the best of our knowledge, no stud-
ies have been performed that have focused on the association of frailty and KL gene polymorphism in humans.
In 2005, we conducted a cross-sectional study of 870 adults aged 90 years and older?'. Most participants were not
immigrants?!, therefore, participants were relatively homogeneous and represented the Chinese Han population
very well. This study provided us with the opportunity to explore the relationship between the KL G-395A SNP
and frailty in this specific cohort.

Methods

Study population. This study involves a secondary analysis of the Project of Longevity and Aging
in Dujiangyan (PLAD), which is a cross-sectional study that was conducted in Dujiangyan in April 2005.
Dujiangyan is a small town in Chengdu in the southwestern part of China. Details of the PLAD study approach
have been previously described?!. In brief, very old residents (n=1115), aged 90 years and older, were screened
using face-to-face interviews. Among this population, a total of 870 individuals agreed to participate in the study.
Trained medical staff collected physical examination data, anthropometric measurements and blood samples
from all participants. In addition, trained volunteers (medical students) collected comprehensive geriatric assess-
ment data using a specific questionnaire. The study details were explained to all participants and written informed
consent was obtained from all subjects or their legal proxies. All methods were in accordance with relevant guide-
line and regulations in this present study. Subjects without blood samples or frailty assessment variable (198
cases) or missing variables of relevant covariates (40 cases) were excluded from the study. Taken together, 632
participants were enrolled in this analysis, including 200 males and 432 females.

KL genotype analysis. Commercial DNA isolation kits were obtained from QIAGEN (Chatsworth, CA,
USA) and standard procedures to isolate genomic DNA from whole vein blood samples were performed as per
the manufacturer’s guidelines. Moreover, to identify the KL promoter region G-395A (rs1207568) genotype, the
TagMan allelic discrimination assay (Takara, Dalian, China), was performed as previously described by Wang et al.
(Wang et al.'*). The following primers and probes were used:

Forward primer 5-TAGGGCCCGGCAGGAT-3';

Reverse primer 5-CCTGGAGCGGCTTCGTC-3/;

Probe A 5'-(FAM) CCCCAAGTCGGGAAAAGTTGGTC (TAMRA)-3';
Probe G 5'-(HEX) CCCCCAAGTCGGGGAAAGTTGGTC (TAMRA)-3'.

The PCR reaction was carried out in 20 ul of total reaction volume, containing 10 pl of Premix Ex Taq, 1.5pl of
each forward and reverse primer, 0.5 ul of probe A, 1l of probe G, 1l of diluted genomic DNA (10 ng/pl), and
4.25pl of sterile, double-distilled water. The standard procedures were as follows: an initial denaturation step at
95°C for 30 sec, 40 cycles of denaturation at 95 °C for 5 sec and annealing at 60 °C for 30 sec. A Thermal Cycler
Dice Real Time System (Takara, Dalian, China) was used to perform and analyze the PCR reaction. The promoter
region KL G-395A genotype was confirmed by randomly selecting 10% of the samples for forward and reverse
sequencing. We determined that the results were identical to those obtained by the TagMan allelic discrimination
assay.

Evaluation of frailty. Frailty was assessed using the FRAIL scale that was proposed by the International
Association of Nutrition and Aging?. The FRAIL scale included five items: fatigue, resistance, ambulation, illness,
and loss of weight. These data were collected using self-reported information obtained from participants using
different questionnaires in face-to-face interviews. One of the Geriatric depression scale (GDS) items was used
to assess the symptoms of fatigue (Do you feel full of energy most of the time? or Do you feel obvious decline in
energy compared with previous year?). Regarding resistance and ambulation, the following sentences were used
to acquire this information: Do you have difficulty climbing a flight of stairs or lifting small purchases when you
shopping? Do you have difficulty walking approximately 100 meters? Participants who suffered from 5 or more
of the following illnesses (diagnosed by physicians) were categorized in the “illness” state: hypertension, coronary
heart disease, other cardiovascular disease, peripheral vascular disease, Parkinson’s disease, diabetes, respiratory
disease, digestive disease, chronic renal disease, arthritis, and cancer. We used one of the items from the Mini
nutritional assessment (MNA) to assess weight loss (Have you lost weight in the past three months?). In this study,
pre-frailty was defined as a score of 1-2 on the FRAIL scale, and frailty was defined as a score of >3. This scoring
system has been validated and used in several previous studies?**.
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Evaluation of potential confounders. In this study, the following variables were included: age, gender,
educational level (illiteracy, primary school, secondary school, and advanced), exercise habit (yes or no), cigarette
smoking status (smoking or not), and alcohol consumption status (drinking or not). Height, weight, and waist cir-
cumference (WC) were measured using a wall-mounted stadiometer, digital floor scale, and measuring tape to the
nearest 0.1 cm, 0.1kg, and 0.1 cm, respectively. These measures were performed from a standing position on the
naked skin at the end of light exhalation. Body mass index (BMI) was calculated by dividing weight (kilograms)
by height (m) squared (kg/m?). Cognitive function was assessed by a 30-item Mini-Mental Status Examination
(MMSE). Cognitive impairment and no cognitive impairment were defined as MMSE scores of 0-18 and 19-30,
respectively. This cutoff point in the scoring system was shown to be 80% to 100% specific and 80% to 90%
sensitive for a diagnosis of cognitive impairment in the Chinese population®-%". Previous studies have shown
that frailty and G-395A polymorphism were associated with lipid levels**-*. Therefore, total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
and serum uric acid (SUA) were included in our analysis.

Statistical analysis. The chi-square test was used to assess allelic and genotypic frequencies that were
calculated from observed genotypic counts and to confirm that genotype frequencies were conform the
Hardy-Weinberg equilibrium®. The chi-square test and unpaired Student’s t-test were used to test statistical
differences between groups for categorical and continuous variables, respectively. Baseline characteristics were
compared between those with or without frailty and the KL gene -395A allele. To account for the limited number
of individuals with the AA genotype (n=11), GA and AA were combined as the A allele carrier group. Thus, we
constructed a dominate model for the -395A allele with logistic regression. In this model, the odds ratio (OR)
and 95% confidence interval (CI) of the G-395A allele as a function of increased frailty was calculated. In brief,
we first ran a non-adjusted model in the raw model. In our study, age, gender and education level was selected as
confounding factors in adjusted model A, for these factors closely related with frailty clinically, even though they
had a P >0.20 when compared between the frailty and no-frailty group. We further adjusted several co-variables
(P < 0.20 when compared between the frailty and no-frailty group) in an additional adjusted model B. Statistical
analyses were performed using the Statistical Program for Social Sciences for Windows software package, version
16.0 (SPSS Inc., Chicago, IL, USA). Two-tailed P values of <0.05 were considered statistically significant.

Ethics. We explained the study details and obtained written informed consent to all subjects or their legal
proxies. The study protocol was approved by the Research Ethics Committee of Sichuan University (No.
20100325) (Chengdu, China).

Results

Characteristics of study samples.  In the current study, a total of 632 participants were enrolled. The mean
age was 93.5+ 3.2 years (range 90 to 105 years). Frailty and pre-frailty prevalence was 11.6% and 64.7%, respec-
tively. All subjects included in this study were of the Chinese Han population.

Table 1 shows the characteristics of subjects with or without frailty. Although more females were present in
the frailty group compared to the control group, this difference was not statistically significant (72.6% vs. 67.8%,
respectively, P=0.407). Subjects with frailty had a significantly lower weight and height. In addition, the mean
MMSE score was significantly lower in the frailty group when compared to the control group (12.6 £6.2 vs.
15.3 4 5.4, respectively, P < 0.001). Exercise was less common in the frailty group (26.4% vs. 42.9%, respectively,
P<0.001).

KL G-395A genotype distribution. In the entire cohort, KL G-395A polymorphism genotype frequencies
were 1.7% AA, 25.6% GA, and 72.7% GG. The included participants followed the Hardy-Weinberg equilibrium
(P=0.746). G and A allele frequencies were 0.854 and 0.146, respectively.

The frailty prevalence was significantly lower in the GA+AA genotype when compared to the GG genotype
group (6.9% vs. 13.3%, respectively, P=0.026). The observed power between frailty and KL genotype is 0.606
(computed using a=0.05). In addition, mean age and systolic blood pressure were significantly lower in the
GA+AA genotype group compared to the GG genotype group (92.9 £2.6 vs. 93.3£5.4; and 133.0 £ 19.4 vs.
144.1 4 24.0, respectively, P < 0.01) (Table 2). In the frailty group, frequencies of the GG and GA+AA genotypes
were 83.6% and 16.4%, respectively. However, frequencies of the GG and GA+AA genotypes were 71.2% and
28.8% in the control group, respectively (Table 1). In addition, G and A allele frequencies for the frailty group
were 0.918 and 0.082, respectively. Control group frequencies for G and A alleles were 0.846 and 0.154, respec-
tively (P=0.021). No significant differences were observed between GA+AA and GG genotype groups for other
variables tested. Participant characteristics, according to the GG and GA+AA genotype, are shown in Table 2.

Association between frailty and the KL G-395A polymorphism.  Table 3 shows the results from the
unadjusted and adjusted logistic regression models of frailty and KL G-395A polymorphism. Compared to sub-
jects with the GG genotype, -395A allele carriers (GA+AA genotype) had a significantly lower risk of frailty (OR
0.49, 95% CI 0.26 to 0.93). In addition, after adjusting for age, gender, educational levels, height, weight, cognitive
impairment, alcohol drinking, smoking, exercise habit, and triglycerides, the GA+AA genotype had a lower
frailty risk (OR 0.47, 95% CI 0.23 to 0.97).

Discussion

To increase our understanding of the genetic risk factors for frailty in humans, we investigated the association
between KL G-395A polymorphism and frailty in individuals aged 90-105 years in Dujiangyan (Sichuan prov-
ince, China). To the best of our knowledge, this is the first study in which the relationship of KL G-395A polymor-
phism with frailty is examined in humans. In the present study, we showed that compared with the GG genotype,
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Age (years) 93.4+3.1 93.7+33 0.479
Female (%) 67.8 72.6 0.407
BMI (kg/m?) 19.0+4.7 193432 0.471
Weight (kg) 41.6+8.3 38.8+8.1 0.008
Height (cm) 146.74+9.8 143.54+10.9 0.012
WC (cm) 77.6+8.1 76.8+9.6 0.481
SBP (mmHg) 140.8 +23.2 142.7£25.1 0.517
DBP (mmHg) 72.6£12.0 73.6£12.3 0.542
MMSE 153454 12.6+6.2 <0.001
Cognitive impairment (%) 72.5 80.9 0.141
Education level (%)

Illiteracy 724 74.0

Primary school 24.6 23.3

Secondary school or advanced 3.1 2.7 0.956
Smoking (%) 44.6 35.6 0.144
Alcohol drinking (%) 26.6 15.3 0.038
Having exercise habit (%) 4.9 26.4 <0.001
TG (mmol/l) 12407 14409 0.165
TC (mmol/l) 42408 41408 0.360
HDL-C (mmol/l) 1.6+0.7 1.6+1.1 0.899
LDL-C (mmol/l) 23+0.6 22405 0.643
SUA (pmol/l) 319.1+89.0 324.1+£87.6 0.657
Hypertension (%) 10.9 9.6 0.731
Cardiovascular disease (%) 5.0 4.1 0.738
Cerebrovascular disease (%) 2.1 14 0.660
Diabetes (%) 1.1 0 0.804
Respiratory disease (%) 15.4 15.1 0.944
Digestive disease (%) 154 17.8 0.592
Chronic renal disease (%) 2.5 2.7 0.904
Osteoarthritis (%) 30.1 28.8 0.821
Genotype distribution

GG (%) 712 83.6

GA+AA (%) 28.8 16.4 0.026

Table 1. Characteristics of the study population according to frailty. Data are presented as the mean & SD
unless otherwise indicated. Abbreviations: BMI, body mass index; CAD, coronary artery disease; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MMSE, mini-mental status
examination; SUA, serum uric acid; TC, total cholesterol; TG, triglycerides; WC, waist circumference.

which provided novel evidence for the genetic factors of frailty in the elderly, GA and AA genotypes (-395A allele
carries) were associated with a lower risk of frailty. Thus, these data indicated that the KL G-395A polymorphism
may be a potential biomarker for frailty in the elderly population.

Previous studies have shown that age is an independent risk factor for frailty. In particular, in one study, it was
stated that there is a certain age beyond which everyone would be considered frail*>. In this elderly population,
the prevalence of frailty and pre-frailty was 11.6% and 64.7%, respectively. Even in individuals who were 100 years
of age (n=35), these proportions were only 14.3% (n=5), and 14.3% (n = 5) of subjects were robust according
to the FRAIL scale score, which was similar to the results when we used fraity index to define frailty®. Thus, the
results of our study did not seem to support the assertion of presumed universal frailty beyond a certain age®.
We showed that the prevalence of frailty was lower compared to that of a study by Li and colleagues that was
conducted in West China Hospital (11.6% vs. 15.1%) and in which patients with type 2 diabetes (median age of 80
years) were included®*. The Li et al. study also used the 5-item FRAIL scale to determine frailty*. Although in our
study, older participants were included when compared to the previous study (93.5 vs. 80), subjects in our study
were community-dwelling older residents, who may have had better functioning levels compared to patients
with diabetes. Another reason for this inconsistency may be that most participants lived in rural areas, and most
illnesses may have been underdiagnosed. For example, when judging the illness item for the FRAIL scale in the
present study, only 2 participants were identified who had 5 illnesses or more. These findings may underestimate
the prevalence of frailty in this patient group.

It has been shown that the prevalence of the A allele varies among different races". The present study demon-
strated that in a population of long-lived Chinese community-dwelling people, the frequency of the A allele was
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Age (years) 929426 93.7+3.3 0.004
Female (%) 72.8 66.7 0.137
BMI (kg/m?) 19.3+3.2 193435 0.955
Weight (kg) 41.2+8.1 413484 0.952
Height (cm) 146.1+10.0 146.34+10.0 0.803
WC (cm) 771+7.6 77.7+£8.6 0.462
SBP (mmHg) 133.04+19.4 144.14+24.0 <0.001
DBP (mmHg) 71.3+11.3 733+£123 0.060
MMSE 15.14+5.2 15.0+5.7 0.774
Cognitive impairment (%) 75.3 72.7 0.525
Education level (%)

Tlliteracy 75.1 71.6

Primary school 23.1 24.9

Secondary school or advanced 1.7 35 0.429
Smoking (%) 454 38.7 0.131
Alcohol drinking (%) 249 26.2 0.754
Having exercise habit (%) 39.5 41.5 0.627
Frailty (%) 6.9 13.3 0.026
TG (mmol/l) 12405 1.3+0.8 0.069
TC (mmol/l) 41+0.9 42408 0.763
HDL-C (mmol/l) 1.6+1.0 1.6+0.7 0.529
LDL-C (mmol/l) 23406 23+£0.6 0.774
SUA (pmol/1) 316.7+£90.1 320.8+88.3 0.599
Hypertension (%) 8.4 12.8 0.074
Cardiovascular disease (%) 5.1 4.8 0.873
Cerebrovascular disease (%) 2.7 1.5 0.288
Diabetes (%) 0.3 15 0.135
Respiratory disease (%) 13.1 17.3 0.145
Digestive disease (%) 14.1 17.0 0.321
Chronic renal disease (%) 2.0 3.0 0.441
Osteoarthritis (%) 28.6 31.0 0.506

Table 2. Characteristics of the study population according to the G-395A polymorphism in the KL gene.
Data are presented as the mean = SD unless otherwise indicated. Abbreviations: BMI, body mass index;
CAD, coronary artery disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; MMSE, mini-mental status examination; SUA, serum uric acid; TC, total cholesterol; TG,
triglycerides; WC, waist circumference.

GA+AA 0.49 (0.26, 0.93) 0.029 | 0.48 (0.25,0.92) 0.028 0.47 (0.23, 0.97) 0.040

Dominant

GG 1 (reference) 1 (reference) 1 (reference)

Table 3. Effect of the G-395A polymorphism on frailty modeled with dominant model (A allele). *Adjusted
for age, gender, and educational levels. "Adjusted for age, gender, educational levels, weight, height, cognitive
impairment, alcohol consumption, smoking, exercise habit, and triglycerides.

0.146, which was similar to the levels found in both a very old and in a younger Asian (Japanese and Korean) pop-
ulation (0.146 and 0.155; age of participants: 4079 years and 60 & 11 years, respectively)**** and lower compared
to rates reported in Caucasians (0.201; 53.69 = 8.09 years)*>*.

KL encodes a transmembrane protein that is secreted by many organs and tissues and can be detected in
blood, urine, and cerebrospinal fluid!**¥’. Previous studies have shown that compared with wild-type mice, KL
mutant mice showed obvious age-like phenotypes, including loss of skeletal muscle mass, atherosclerosis, and
osteopenia'>***. In addition, data from the INCHIANTI study (n =802, age: 65 years or older) showed that low
plasma KL concentrations in humans independently associated with frailty, disability, mortality, and poor skeletal
muscle strength'40-%2, However, these studies did not evaluate KL polymorphisms. The A allele can potentially
enhance KL levels or activity'®. The data obtained in the present study revealed that the G-395A polymorphism
in the KL gene may be one reason for the relationship between frailty and plasma KL concentrations and may
provide new insights of the impact of the KL gene on frailty.
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KL SNPs can influence many variables in serum, such as KL expression, lipid/lipoprotein, and (insulin-like
growth factor) IGF-1 levels*>**. However, changes in IGF signaling and lower IGF-I levels were observed in the
frail elderly**. These results indicated that the KL gene may be one of the mediators of frailty, skeletal muscle
strength, and several important adverse outcomes. Thus, the KL G-395A polymorphism may affect frailty through
other signal pathways, and further studies would be highly desirable to explore the underlying mechanism of the
KL G-395A polymorphism in the pathogenesis of frailty.

Although the data are promising, there are some limitations in our study that need to be mentioned, therefore
our findings must be interpreted with caution. First, data for 4 items of the FRAIL were collected from self-reported
questionnaires. Although face-to-face interviews were used to enhance the reliability of our study, there may poten-
tially have been some recall bias. Second, subjects who refused to participate in the PLAD study may have had a
lower functioning level and could have been frailer than the included participants. Therefore, in the present study,
there may have been some non-response or selection bias. Third, only individuals of the Chinese Han population
were included in the present study, which may not be generalizable to other ethnicities. Fourth, serum KL protein
(or mRNA) levels were not investigated in our study, therefore we were not able to adjust for some important
potential confounders, including socio-economic status and family history of frailty, which may have introduced
additional bias. At present, no precise laboratory assays are available to measure circulating KL levels**. The SNPs of
the KL gene are involved in selective serotonin reuptake inhibitors treatment responses in old patients with major
depressive disorders*. Frailty and depression were closely related*’, which indicated that the KL gene may affect the
intervention of frailty in the elderly. Given the multi-functional role of the KL gene, additional studies are required
to identify the underlying mechanism involved. Finally, survival bias is inevitable in studies with participants at
such advance ages. Therefore, the sample size of the present study was limited for performing the genetic studies.
Additional studies with larger sample sizes and younger participants are clearly warranted to confirm our findings.

Conclusions

In summary, the KL -395A allele, carrying genotypes GA and AA, is associated with a lower risk of frailty relative
to GG genotypes in Chinese community-dwelling individuals aged >90 years. A allele carriers (GA and AA gen-
otypes) were associated with a lower risk of frailty compared to the GG genotype.

References

1. Clegg, A., Young, J., Iliffe, S., Rikkert, M. O. & Rockwood, K. Frailty in elderly people. Lancet 381, 752-762, https://doi.org/10.1016/
S0140-6736(12)62167-9 (2013).

2. Collard, R. M., Boter, H., Schoevers, R. A. & Oude Voshaar, R. C. Prevalence of frailty in community-dwelling older persons: a
systematic review. ] Am Geriatr Soc 60, 1487-1492, https://doi.org/10.1111/j.1532-5415.2012.04054.x (2012).

3. Hao, Q,, Song, X., Yang, M., Dong, B. & Rockwood, K. Understanding Risk in the Oldest Old: Frailty and the Metabolic Syndrome
in a Chinese Community Sample Aged 90+ Years. The journal of nutrition, health & aging 20, 82-88, https://doi.org/10.1007/
§12603-015-0553-5 (2016).

4. Calvani, R. et al. Biomarkers for physical frailty and sarcopenia: state of the science and future developments. Journal of cachexia,
sarcopenia and muscle 6, 278-286, https://doi.org/10.1002/jcsm.12051 (2015).

5. El Assar, M. et al. Frailty Is Associated With Lower Expression of Genes Involved in Cellular Response to Stress: Results From the
Toledo Study for Healthy Aging. Journal of the American Medical Directors Association 18, 734 e731-734 €737, https://doi.
org/10.1016/j.jamda.2017.04.019 (2017).

6. Razi, S. et al. SIRT1 Polymorphisms and Serum-Induced SIRT1 Protein Expression in Aging and Frailty: The CHAMP Study. The
journals of gerontology. Series A, Biological sciences and medical sciences 72, 870-876, https://doi.org/10.1093/gerona/glx018 (2017).

7. Velissaris, D. et al. C-Reactive Protein and Frailty in the Elderly: A Literature Review. Journal of clinical medicine research 9, 461-465,

https://doi.org/10.14740/jocmr2959w (2017).

. Chen, S. et al. Association between Angiotensin-converting enzyme insertion/deletion polymorphisms and frailty among chinese older
people. Journal of the American Medical Directors Association 16, 438 e431-436, https://doi.org/10.1016/j.jamda.2015.01.094 (2015).

. Gray, S. L. et al. Angiotensin-converting enzyme inhibitor use and incident frailty in women aged 65 and older: prospective findings from
the Women'’s Health Initiative Observational Study. ] Am Geriatr Soc 57, 297-303, https://doi.org/10.1111/j.1532-5415.2008.02121.x
(2009).

10. Dato, S. et al. Frailty phenotypes in the elderly based on cluster analysis: a longitudinal study of two Danish cohorts. Evidence for a

genetic influence on frailty. Age (Dordrecht, Netherlands) 34, 571-582, https://doi.org/10.1007/s11357-011-9257-x (2012).

11. Mello Ade, C., Engstrom, E. M. & Alves, L. C. Health-related and socio-demographic factors associated with frailty in the elderly: a
systematic literature review. Cadernos de saude publica / Ministerio da Saude, Fundacao Oswaldo Cruz, Escola Nacional de Saude
Publica 30, 1143-1168 (2014).

12. Kuro-o, M. et al. Mutation of the mouse klotho gene leads to a syndrome resembling ageing. Nature 390, 45-51, https://doi.
0rg/10.1038/36285 (1997).

13. Wang, Y. & Sun, Z. Current understanding of klotho. Ageing Res Rev 8, 43-51, https://doi.org/10.1016/j.arr.2008.10.002 (2009).

14. Wang, H. L. et al. A potential regulatory single nucleotide polymorphism in the promoter of the Klotho gene may be associated with
essential hypertension in the Chinese Han population. Clinica chimica acta; international journal of clinical chemistry 411, 386-390,
https://doi.org/10.1016/j.cca.2009.12.004 (2010).

15. Kim, Y. et al. Klotho is a genetic risk factor for ischemic stroke caused by cardioembolism in Korean females. Neurosci. Lett. 407,
189-194, https://doi.org/10.1016/j.neulet.2006.08.039 (2006).

16. Tsezou, A. et al. Association of KLOTHO gene polymorphisms with knee osteoarthritis in Greek population. Journal of orthopaedic
research: official publication of the Orthopaedic Research Society 26, 1466-1470, https://doi.org/10.1002/jor.20634 (2008).

17. Luo, L., Hao, Q,, Dong, B. & Yang, M. The Klotho gene G-395A polymorphism and metabolic syndrome in very elderly people. BMC
Geriatr 16, 46, https://doi.org/10.1186/s12877-016-0221-6 (2016).

18. Hao, Q, Ding, X., Gao, L., Yang, M. & Dong, B. G-395A polymorphism in the promoter region of the KLOTHO gene associates with
reduced cognitive impairment among the oldest old. Age (Dordrecht, Netherlands) 38, 7, https://doi.org/10.1007/s11357-015-9869-7
(2016).

19. Shardell, M. et al. Plasma klotho and frailty in older adults: Findings from the INCHIANTI Study. The journals of gerontology. Series
A, Biological sciences and medical sciences, https://doi.org/10.1093/gerona/glx202 (2017).

20. Kawano, K. et al. Klotho gene polymorphisms associated with bone density of aged postmenopausal women. Journal of bone and
mineral research: the official journal of the American Society for Bone and Mineral Research 17, 1744-1751, https://doi.org/10.1359/
jbmr.2002.17.10.1744 (2002).

oo

o

SCIENTIFICREPORTS | (2018) 8:6735 | DOI:10.1038/s41598-018-25040-4 6


http://dx.doi.org/10.1016/S0140-6736(12)62167-9
http://dx.doi.org/10.1016/S0140-6736(12)62167-9
http://dx.doi.org/10.1111/j.1532-5415.2012.04054.x
http://dx.doi.org/10.1007/s12603-015-0553-5
http://dx.doi.org/10.1007/s12603-015-0553-5
http://dx.doi.org/10.1002/jcsm.12051
http://dx.doi.org/10.1016/j.jamda.2017.04.019
http://dx.doi.org/10.1016/j.jamda.2017.04.019
http://dx.doi.org/10.1093/gerona/glx018
http://dx.doi.org/10.14740/jocmr2959w
http://dx.doi.org/10.1016/j.jamda.2015.01.094
http://dx.doi.org/10.1111/j.1532-5415.2008.02121.x
http://dx.doi.org/10.1007/s11357-011-9257-x
http://dx.doi.org/10.1038/36285
http://dx.doi.org/10.1038/36285
http://dx.doi.org/10.1016/j.arr.2008.10.002
http://dx.doi.org/10.1016/j.cca.2009.12.004
http://dx.doi.org/10.1016/j.neulet.2006.08.039
http://dx.doi.org/10.1002/jor.20634
http://dx.doi.org/10.1186/s12877-016-0221-6
http://dx.doi.org/10.1007/s11357-015-9869-7
http://dx.doi.org/10.1093/gerona/glx202
http://dx.doi.org/10.1359/jbmr.2002.17.10.1744
http://dx.doi.org/10.1359/jbmr.2002.17.10.1744

www.nature.com/scientificreports/

21. Huang, C. Q. et al. Association of cognitive impairment with serum lipid/lipoprotein among Chinese nonagenarians and
centenarians. Dementia and geriatric cognitive disorders 27, 111-116, https://doi.org/10.1159/000194660 (2009).

22. Morley, J. E. et al. Frailty consensus: a call to action. J. Am. Med. Dir. Assoc. 14, 392-397, https://doi.org/10.1016/j.jamda.2013.03.022
(2013).

23. Morley, J. E., Malmstrom, T. K. & Miller, D. K. A simple frailty questionnaire (FRAIL) predicts outcomes in middle aged African
Americans. The journal of nutrition, health & aging 16, 601-608 (2012).

24. Li, Y. et al. A Pilot Study of the FRAIL Scale on Predicting Outcomes in Chinese Elderly People With Type 2 Diabetes. Journal of the
American Medical Directors Association 16,714 €717-714 €712, https://doi.org/10.1016/j.jamda.2015.05.019 (2015).

25. Cui, G. H. et al. Cognitive impairment using education-based cutoff points for CMMSE scores in elderly Chinese people of agricultural
and rural Shanghai China. Acta neurologica Scandinavica 124, 361-367, https://doi.org/10.1111/.1600-0404.2010.01484.x (2011).

26. Zhu, A. H. et al. A clinical study on a randomized, double-blind control of Chinese medicine granules in treatment of vascular
dementia. Zhongguo Zhong yao za zhi = Zhongguo zhongyao zazhi = China journal of Chinese materia medica 31, 1722-1725 (2006).

27. Tombaugh, T. N. & McIntyre, N. J. The mini-mental state examination: a comprehensive review. ] Am Geriatr Soc 40, 922-935
(1992).

28. Schoufour, J. D., Echteld, M. A., Boonstra, A., Groothuismink, Z. M. & Evenhuis, H. M. Biochemical measures and frailty in people
with intellectual disabilities. Age Ageing 45, 142-148, https://doi.org/10.1093/ageing/afv152 (2016).

29. Shimoyama, Y. et al. KLOTHO gene polymorphisms G-395A and C1818T are associated with low-density lipoprotein cholesterol
and uric acid in Japanese hemodialysis patients. American journal of nephrology 30, 383-388, https://doi.org/10.1159/000235686
(2009).

30. Shimoyama, Y., Nishio, K., Hamajima, N. & Niwa, T. KLOTHO gene polymorphisms G-395A and C1818T are associated with lipid
and glucose metabolism, bone mineral density and systolic blood pressure in Japanese healthy subjects. Clinica chimica acta;
international journal of clinical chemistry 406, 134-138, https://doi.org/10.1016/j.cca.2009.06.011 (2009).

31. Attia, J. et al. How to use an article about genetic association: B: Are the results of the study valid? JAMA 301, 191-197, https://doi.
org/10.1001/jama.2008.946 (2009).

32. Rockwood, K. What would make a definition of frailty successful? Age Ageing 34, 432-434, https://doi.org/10.1093/ageing/afi146
(2005).

33. Shimokata, H., Ando, E, Fukukawa, Y. & Nishita, Y. Klotho gene promoter polymorphism and cognitive impairment. Geriatrics ¢
Gerontology International 6, 136141, https://doi.org/10.1111/j.1447-0594.2006.00335.x (2006).

34. Kim, Y. et al. Polymorphism in the promoter region of the klotho gene (G-395A) is associated with early dysfunction in vascular
access in hemodialysis patients. The Korean journal of internal medicine 23, 201-207, https://doi.org/10.3904/kjim.2008.23.4.201
(2008).

35. Di Bona, D., Accardi, G., Virruso, C., Candore, G. & Caruso, C. Association of Klotho polymorphisms with healthy aging: a
systematic review and meta-analysis. Rejuvenation research 17, 212-216, https://doi.org/10.1089/rej.2013.1523 (2014).

36. Zhang, F. et al. Association between KLOTHO gene and hand osteoarthritis in a female Caucasian population. Osteoarthritis and
cartilage 15, 624-629, https://doi.org/10.1016/j.joca.2006.12.002 (2007).

37. Kuro-o, M. Klotho and aging. Biochimica et biophysica acta 1790, 1049-1058, https://doi.org/10.1016/j.bbagen.2009.02.005 (2009).

38. Iida, R. H., Kanko, S., Suga, T., Morito, M. & Yamane, A. Autophagic-lysosomal pathway functions in the masseter and tongue
muscles in the klotho mouse, a mouse model for aging. Molecular and cellular biochemistry 348, 89-98, https://doi.org/10.1007/
$11010-010-0642-z (2011).

39. Kuro-o, M. K. Pflugers Archiv: European journal of physiology 459, 333-343, https://doi.org/10.1007/s00424-009-0722-7 (2010).

40. Crasto, C. L. et al. Relationship of low-circulating “anti-aging” klotho hormone with disability in activities of daily living among
older community-dwelling adults. Rejuvenation research 15, 295-301, https://doi.org/10.1089/rej.2011.1268 (2012).

41. Semba, R. D. et al. Relationship of low plasma klotho with poor grip strength in older community-dwelling adults: the InCHIANTI
study. European journal of applied physiology 112, 1215-1220, https://doi.org/10.1007/s00421-011-2072-3 (2012).

42. Semba, R. D. et al. Plasma klotho and mortality risk in older community-dwelling adults. The journals of gerontology. Series A,
Biological sciences and medical sciences 66, 794-800, https://doi.org/10.1093/gerona/glr058 (2011).

43. Paroni, G. et al. Klotho locus, metabolic traits, and serum hemoglobin in hospitalized older patients: a genetic association analysis.
Age (Dordrecht, Netherlands) 34, 949-968, https://doi.org/10.1007/s11357-011-9273-x (2012).

44. Leng, S. X. et al. Serum levels of insulin-like growth factor-I (IGF-I) and dehydroepiandrosterone sulfate (DHEA-S), and their
relationships with serum interleukin-6, in the geriatric syndrome of frailty. Aging Clin Exp Res 16, 153-157 (2004).

45. Kalaitzidis, R. G., Duni, A. & Siamopoulos, K. C. Klotho, the Holy Grail of the kidney: from salt sensitivity to chronic kidney disease.
Int. Urol. Nephrol. 48, 1657-1666, https://doi.org/10.1007/s11255-016-1325-9 (2016).

46. Paroni, G. et al. Klotho Gene and Selective Serotonin Reuptake Inhibitors: Response to Treatment in Late-Life Major Depressive
Disorder. Mol. Neurobiol. 54, 1340-1351, https://doi.org/10.1007/s12035-016-9711-y (2017).

47. Soysal, P. et al. Relationship between depression and frailty in older adults: A systematic review and meta-analysis. Ageing Res Rev
36, 78-87, https://doi.org/10.1016/j.arr.2017.03.005 (2017).

Acknowledgements

The authors appreciate the assistance of the staff of the department of Geriatrics, Dujiangyan Hospital
(Dujiangyan, China) and thank all participants and legal proxies for their significant contributions. This study was
supported by the National Natural Science Foundation of China (No. 81601220, 81501197), the Project of Science
and Technology Bureau of the Sichuan Province (2017RZ0040, 2006Z09-006-4) and the Science Foundation for
Young Researchers of the Sichuan University (2017SCU11044) (Sichuan, China). None of the sponsors played a
role in the design, methods, data collection, analysis, and preparation of this paper.

Author Contributions

Ming Yang (MY), Qiukui Hao (QKH), Yuting Wang (YTW), Xiang Ding (XD) conducted the KL genotype
assessment, processed data, presented results, and co-drafted the initial manuscript. Birong Dong (BRD) and
Yuquan Wei (YQW) secured funding for data collection and verified the analysis outcomes. Biao Dong (BD)
helped with results interpretation. All authors read and approved the final manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFICREPORTS | (2018) 8:6735 | DOI:10.1038/s41598-018-25040-4 7


http://dx.doi.org/10.1159/000194660
http://dx.doi.org/10.1016/j.jamda.2013.03.022
http://dx.doi.org/10.1016/j.jamda.2015.05.019
http://dx.doi.org/10.1111/j.1600-0404.2010.01484.x
http://dx.doi.org/10.1093/ageing/afv152
http://dx.doi.org/10.1159/000235686
http://dx.doi.org/10.1016/j.cca.2009.06.011
http://dx.doi.org/10.1001/jama.2008.946
http://dx.doi.org/10.1001/jama.2008.946
http://dx.doi.org/10.1093/ageing/afi146
http://dx.doi.org/10.1111/j.1447-0594.2006.00335.x
http://dx.doi.org/10.3904/kjim.2008.23.4.201
http://dx.doi.org/10.1089/rej.2013.1523
http://dx.doi.org/10.1016/j.joca.2006.12.002
http://dx.doi.org/10.1016/j.bbagen.2009.02.005
http://dx.doi.org/10.1007/s11010-010-0642-z
http://dx.doi.org/10.1007/s11010-010-0642-z
http://dx.doi.org/10.1007/s00424-009-0722-7
http://dx.doi.org/10.1089/rej.2011.1268
http://dx.doi.org/10.1007/s00421-011-2072-3
http://dx.doi.org/10.1093/gerona/glr058
http://dx.doi.org/10.1007/s11357-011-9273-x
http://dx.doi.org/10.1007/s11255-016-1325-9
http://dx.doi.org/10.1007/s12035-016-9711-y
http://dx.doi.org/10.1016/j.arr.2017.03.005

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
CE | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS | (2018) 8:6735 | DOI:10.1038/s41598-018-25040-4 8


http://creativecommons.org/licenses/by/4.0/

	G-395A polymorphism in the promoter region of the KLOTHO gene associates with frailty among the oldest-old

	Methods

	Study population. 
	KL genotype analysis. 
	Evaluation of frailty. 
	Evaluation of potential confounders. 
	Statistical analysis. 
	Ethics. 

	Results

	Characteristics of study samples. 
	KL G-395A genotype distribution. 
	Association between frailty and the KL G-395A polymorphism. 

	Discussion

	Conclusions

	Acknowledgements

	Table 1 Characteristics of the study population according to frailty.
	Table 2 Characteristics of the study population according to the G-395A polymorphism in the KL gene.
	Table 3 Effect of the G-395A polymorphism on frailty modeled with dominant model (A allele).




