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Table 1. A review of previous studies on the relevance of Klotho and cardiovascular disease

AA(AE) AT gz A A4 7
HDL-C, SBP 7} E2E #3134 vy digdf-dxe #do] &
HES By oy

Dan E Arking 525 % 2] oprA A

(2005) el
A Aoz 93t
AVE

Juan F Navarro— 441 2] AH <l A Em Aghe] om

Gonzélez (2013) 3=}

Heterozygous Individuals 7} Wild—type Individuals E.t} ¥ Z o]
F8kA Yokal, Homogenous Individuals 7§84 tt3d4 ol {345
7H7 Aol e 7HE =2 S B

ofy

AEgads APdEe A$E Wild-type Individuals 7} 2.15  Hj
(95%CI1,1.18~3.91), Heterozygous  Individuals 7} 4.49 Ell
(95%CI,1.35~14.97) S7lskes FAE 1Y,

g4y SEE U FA= I 9 A3y {2 A S5
W A TR uet gad 393 FEES #HA-dS 1Y,



Maurits S Buiten
(2014)

Jun—Peng Xu
(2022)

1% ol o

£

B 435

>

a9 2EEY FA7b e BAEA KA W B BAERAR

FIERRIEE 2 )

By WeEEses LS &
off-o} 3 FEEE KT

rlo
Sh
1
=
>,

Ir
i)

>,

>
~
olr
o)
=2
e}

= 84 FEZE9 CACscore, AACscore,
off " A= SYHAHOFT  AFEH
]

2 it

$UY AVAY ePAFe 99 FREY FAT JFOR # A
BAeld 495l dAgett Auvnet 1#95e ekt Al
FOAR A b

B

>
ry
o)
1=
ofN
rlo

Restricted cubic spline curves ®Ao|x &34 ARA
qH FRE £ d-Ayg A AAV} U=

8 ; _H 1 1_'_]'| u]r TU



AT B
D ad7as 2 o4

B oA+ National Health and Nutrition Examination
Survey (NHANES) 9] 255 &8t Atm+ w59 Centers for
Disease Control and Preventiono|A4 =& tAo 2 2Ast= 1] A

S w9l BEHE AR EAL AA AL &9 9 de abelnt, )T

)
Hl
[-'EI
1o
o
o2
o3
=
o,
A
o
flo
B

glebstr] 9ste] AAEH 1999 F-E

A AN 29 e FUA dolEE FAHoR YA]ES B

s wiEgth vl e ® vid 500099 e Adgskar EEe] o
A AFAEe St 59, A, &E 22 AAE ol &3

e A hAAES AAEPT. 2007dRE 2016W7HA sidEts
AA A g2 50,5688 SHEHA Foll dFH FEE AHIL Sle

3320392 AL, AAH A8 JPLABY WEE Fol 52
e

e T A WaE ol d=0] SAsks 4798 = wiAlS AT
HEAORE F 12,0398 A thdAE A8kl =t

AT tdAE A8yl A NHANESe| #eist dA ojd#tel
A A A A1 Aol 57 2 M FoE En & A 2=
E 22 NCHS Research Ethics Review BoardE E38Fo] 59l A

kol <Figure 1>.



NHANES study population
enrolled in 2007-2016

(1=50,588)
Excluded for unavailable serum
alpha klotho data (n=33,203)
e ™
Tested for serum alpha klotho
(n=17.385)
. J Exclusion:
Missing data on cardiovascular disease risk factors
(BML exercise. smoking, alcohol drinking, hypertension, dyslipidemia,
i lipid profiles, systolic. diastolic, HbAlc, fasting glucose)
(n=4.867)
Tested for cardiovascular disease risk factors
(n=12.518)
Exclusion:
Missing data on covariates
(age, race, income, education)
(n=479)
Study population
(n=12,039)

Figure 1. Flow chart of selecting study population
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Table 2. Demographics of Participants characteristics according to quartile of serum klotho. Values are mean +
SD or n (%)
serum klotho (pg/ml) <655.5 655.5 to 803.5 803.510 992.3 >992.3 p-value
N 3006 3012 3010 3011
Age (y) 59.13 + 11.16 57.78 +10.83 57.33 +10.74 56.31 +10.64 <.0001
Sex <.0001
Male 1577 (26.69) 1579 (26.74) 1432 (24.24) 1319 (22.33)
Female 1429 (23.30) 1433 (23.36) 1578 (25.74) 1692 (27.60)
Race/Ethnicity <.0001
Mexican American 225 (23.83) 241 (25.53) 256 (27.12) 222 (23.52)
White 698 (25.87) 727 (26.95) 702 (26.03) 571 (21.65)
Black 355 (24.81) 304 (21.24) 314 (21.94) 458 (32.01)
Asian 153 (20.08) 202 (26.51) 209 (27.43) 198 (25.98)
Other Race 1575 (25.39) 1538 (24.79) 1529 (24.64) 1562 (25.18)
Income 0.0560
Low 1622 (25.99) 1528 (24.48) 1550 (24.84) 1541 (24.69)
High 1384 (23.87) 1484 (25.60) 1460 (25.18) 1470 (25.35)
Education <.0001
Less than high school 870 (26.24) 830 (25.04) 798 (24.07) 817 (24.65)
High school 735 (27.63) 633 (23.80) 682 (25.64) 610 (22.93)
College or more 1401 (23.10) 1549 (25.54) 1530 (25.23) 1584 (26.13)
BMI 0.1011
Underweight 30 (22.22) 33 (24.44) 36 (26.67) 36 (26.67)
Normal weight 631 (23.01) 687 (25.04) 680 (24.79) 745 (27.16)
Overweight 1066 (25.61) 1061 (25.49) 1044 (25.08) 992 (23.82)
Obesity 1279 (25.59) 1231 (24.63) 1250 (25.01) 1238 (24.77)
Exercise 0.0003
Vigorous 401 (21.84) 449 (24.46) 499 (27.18) 487 (26.52)
Moderate 838 (24.43) 924 (26.93) 849 (24.74) 820 (23.90)
None 1767 (26.09) 1639 (24.20) 1662 (24.54) 1704 (25.17)
Smoking <.0001
Current smoking 680 (28.52) 624 (26.17) 563 (23.62) 517 (21.69)
Experienced at the past 962 (27.40) 904 (25.75) 852 (24.27) 793 (22.59)
None 1364 (22.20) 1484 (24.15) 1595 (25.96) 1701 (27.69)
Alcohol drinking 0.0049
Heavier 481 (26.59) 457 (25.26) 436 (24.10) 435 (24.05)
Moderate 1082 (24.34) 1153 (25.94) 1130 (25.42) 1080 (24.30)
Light 668 (24.26) 692 (25.14) 708 (25.72) 685 (24.88)
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None 775 (25.56) 710 (23.42) 736 (24.27) 811 (26.75)
Hypertension 0.0022
Yes 848 (27.14) 797 (25.50) 731 (23.39) 749 (23.97)
No 2158 (24.21) 2215 (24.85) 2279 (25.57) 2262 (25.37)
Dyslipidemia 0.0094
Yes 1192 (26.19) 1164 (25.57) 1122 (24.65) 1074 (23.59)
No 1814 (24.23) 1848 (24.68) 1888 (25.22) 1937 (25.87)
Lipid Profiles (mg/dL)
HDL 52,90 + 17.12 52.67 + 16.58 53.37 + 16.63 53.88 + 16.94 0.0351
LDL 115.39 + 37.54 118.83 + 35.38 118.16 + 35.70 117.33 + 34.81 0.9451
TG 145.18 + 100.82  137.52 + 96.70 132.26 + 98.84  127.36 + 97.44 <.0001
Total Chol 198.90 + 45.64 198.99 + 41.77 199.27 + 40.26 198.40 + 42.67 0.0254
Blood Pressure (mm Hg)
Systolic blood pressure 129.05 + 19.00 128.11 + 18.66 127.09 + 18.61 127.10 + 18.58 <.0001
Diastolic blood pressure 71.08 + 12.99 72.07 + 12.48 7235 + 12.12 7217 + 1253 0.1639
Glucose (mg/dL) 110.37 + 28.08 112.31 + 36.23 112.51 + 36.25 121.63 + 53.62 <.0001
HbAlc (%) 5.89 + 0.95 591 + 1.06 592 + 1.10 6.12 + 1.49 <.0001
Income: low (Total annual family income <$45,000) and high (Total annual family income >$45,000)
HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; TG: Triglyceride; Total Chol: Total Cholesterol.
HbAlc: Hemoglobin Alc.
22 MET



2) AEBATY JPLA A&Y WSFER 20 I

SEEY AR 84 84

21 8% ZF2RES ydx ZdUiHERY AdAAFE
0.02012 EAAoZ Holst A7t Ukl (p—value=0.0275), A
T ZYAEEn9 AuASFE 0015104 EAHoR {93 Art
Uo A= Zodth (p—value=0.2548). SAAEH] FaAAFE 29

Hgkel  —0.0606°.2 Fo3% Ayt vttt (p—value<0.0001). &

o)t}
A E A =9 ARl -0.0455% 3 (p-

o

value<0.0001) o]gt7]elAe] &t FXeh= ol A<l 0.0278
o]ttt (p—value=0.0022). ¥&53d< (r=0.0988, p—value<0.0001),

Fa M= (r=0.0697, p—value<0.0001) &1 I3 S2ES} BT

23 .__:Ix_s _'q.;:-' ok



Table 3. Pearson correlation between CVD risk factors and log-transformed
klotho

log klotho (pg/ml)
Continuous variable
r p-value
Lipid Profiles (mg/dL)
HDL 0.0201 0.0275
LDL 0.0151 0.2548
TG -0.0606 <.0001
Total Chol -0.0099 0.2786
Blood Pressure (mm Hg)

Systolic blood pressure -0.0455 <0.0001
Diastolic blood pressure 0.0278 0.0022
Glucose (mg/dL) 0.0988 <0.0001
HbAlc (%) 0.0697 <0.0001
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Table 4. Multivariate adjusted regression analysis of the association between CVD risk factors and log-

transformed klotho

log klotho (pg/ml) Unadjusted Model Adjusted Model
B (SE) p-value B* (SE) p-value
BMI
Underweight 0.0110 (0.0286) 0.7000 0.0145 (0.0286)  0.6119
Normal weight Reference Reference
Overweight -0.031 (0.0078) <.0001 -0.0290 (0.0081)  0.0003
Obesity -0.025 (0.0075) 0.0010 -0.0257 (0.0079)  0.0012
Exercise
Vigorous 0.0200 (0.0090) 0.0263 0.0040 (0.0093)  0.6666
Moderate Reference Reference
None -0.0016 (0.0065) 0.8067 0.0001 (0.0068)  0.9854
Smoking
Current smoking -0.0633 (0.0077) <.0001 -0.0656 (0.0081)  <.0001
Experienced at the past -0.0530 (0.0065) <.0001 -0.0380 (0.0068) <.0001
None Reference Reference
Alcohol drinking
Heavier -0.0309 (0.0109) 0.0047 -0.0553 (0.0114)  <.0001
Moderate -0.0047 (0.0047) 0.5611 -0.0216 (0.0085)  0.0112
Light -0.0074 (0.0093) 0.4233 -0.0167 (0.0097)  0.0852
None Reference Reference
Hypertension
Yes Reference Reference
No 0.0248 (0.0069) 0.0003 0.0104 (0.0072)  0.1513
Dyslipidemia
Yes Reference Reference
No 0.0231 (0.0058) <.0001 0.0235 (0.0060)  <.0001
1-unit increase in Lipid Profiles (mg/dL)
HDL 0.0004 (0.0001) 0.0233 0.0004 (0.0002)  0.0192
LDL 0.0002 (0.0001) 0.1632 0.0001 (0.0001)  0.2670
TG -0.0002 (0.0001) <.0001 -0.0002 (0.0001)  <.0001
Total Chol -0.0001 (0.0001) 0.1497 -0.0001 (0.0001) 0.0711
1-unit increase in Blood Pressure (mm Hg)
Systolic blood pressure -0.0001 (0.0002) <.0001 -0.0003 (0.0002) 0.0517
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Diastolic blood pressure

0.0007 (0.0003) 0.0036

0.0001 (0.0003) 0.7508
1-unit increase in Glucose (mg/dL)
Glucose 0.0008 (0.0001) <.0001 0.0009 (0.0001) <.0001
1-unit increase in HbAlc (%)
HbAlc 0.0188 (0.0025) <.0001 0.0226 (0.0026)  <.0001
*Adjusted for age, ethnicity, education, and income.
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Figure 2. Generalized additive models showing the association
between log klotho and serum lipids. Shaded areas indicate a 95%

confidence interval.
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Figure 3. Generalized additive models showing the relationship
between log klotho and blood pressure. Shaded areas indicate a

95% confidence interval.

. 2 4 &8 L

% SECUL NATICONAL UNNVERSTY

=
EEL
p S



Log-transformed Klotho

] 160 Fod k] - L]
Glucose (mg'dL)
Figure 4. Generalized additive models showing the association
between log klotho and glucose. Shaded areas indicate a 95%

confidence interval.
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Figure 5. Generalized additive models showing the association
between log klotho and HbAlc. Shaded areas indicate a 95%

confidence interval.

o

33 "j:! }.ﬂ ET‘H E'I-_u_

ya

Al SECUL MATICRMNAL LMNERSTY



Log-transformed Klotho
a0 a P o

Log transformed Klotho
. - -

- " 1 T

HDL (mg/dL) R

Log-transformed Klotho
Log-transformed Klotho
an an a ™

M B w P P o

o ot o (me )
Figure 6. Generalized additive models showing the association
between log klotho and serum lipids considering covariates. Shaded
areas indicate a 95% confidence interval. The model is adjusted for

age, ethnicity, education, and income.
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Figure 7. Generalized additive models showing the association
between log klotho and blood pressure considering covariates.
Shaded areas indicate a 95% confidence interval. The model is

adjusted for age, ethnicity, education, and income.
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Figure 8. Generalized additive models showing the association
between log klotho and glucose considering covariates. Shaded
areas indicate a 95% confidence interval. The model is adjusted for

age, ethnicity, education, and income.
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Figure 9. Generalized additive models showing the association
between log klotho and HbA1lc considering covariates. Shaded areas

indicate a 95% confidence interval. The model is adjusted for age,
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ethnicity, education, and income.
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Figure 10. Restricted cubic spline curve of the association between
log klotho and serum lipids. Shaded areas indicate a 95% confidence

interval.
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Figure 11. Restricted cubic spline curve of the association between
log klotho and blood pressure. Shaded areas indicate a 95%

confidence interval.
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Figure 12. Restricted cubic spline curve of the association between
log klotho and glucose. Shaded areas indicate a 95% confidence

interval.
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Figure 13. Restricted cubic spline curve of the association between
log klotho and HbAlc. Shaded areas indicate a 95% confidence

interval.
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Figure 14. Restricted cubic spline curve of the association between
log klotho and serum lipids considering covariates. Shaded areas
indicate a 95% confidence interval. The model is adjusted for age,

ethnicity, education, and income.
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Figure 15. Restricted cubic spline curve of the association between
log klotho and blood pressure considering covariates. Shaded areas
indicate a 95% confidence interval. The model is adjusted for age,

ethnicity, education, and income.
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Figure 16. Restricted cubic spline curve of the association between
log klotho and glucose considering covariates. Shaded areas indicate
a 95% confidence interval. The model is adjusted for age, ethnicity,

education, and income.
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Figure 17. Restricted cubic spline curve of the association between
log klotho and HbA1lc considering covariates. Shaded areas indicate
a 95% confidence interval. The model is adjusted for age, ethnicity,

education, and income.
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value<0.0001), €A FAS stz A= A9 A A& gd
Aol A= 0.0325%F  FA7F st (p-value=0.0005).
AR R FAS A e gidAERT dA FAdE

skl Sl AFeeld 0.0708%E #A4ad 2O dF FRE FAE

3 S5 e oA 0.0545%F 9 201 8% FERE FAE
et (p—value=0.0005), A9st SFE st HAdelAe=

0.0237% w2 FAE Bt (p—value=0.0405). o= 73t
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=75 ofe tdAelA 0.0578%E Fad FAE yElnt (-

value=0.0005). F&HdTe A% HAoAE= 0.001295F F7hshs

o

27 FRES FAE BIYT  (p—value<0.0001), AANAE
0.0007%tE = SEES FAZ Fr7tedtt (p—value<0.0001).
FtP A= POl 0.02749F 20 2RE AV ST
(p—value<0.0001), oJAelx= 0.0188WE =1 FRES FA7}

Z7telE AS geld = rd (p—value<0.0001).
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Table 5. Adjusted multivariate regression analysis of the association between CVD risk factors and log-
transformed klotho by gender stratification

log klotho (pg/ml) N Mean + SD B*(SE) p-value

Male log klotho (pg/ml)

BMI
Underweight 55 6.67 £ 0.29 0.0069 (0.0389) 0.8585
Normal weight 1257 6.68+0.33 Reference
Overweight 2373 6.66 + 0.32 -0.0175 (0.0112) 0.1166
Obesity 2222 6.67 £ 0.33 -0.0129 (0.0116) 0.2655
Exercise
Vigorous 1060 6.69+0.32 0.0157 (0.0124) 0.2072
Moderate 1604 6.66 + 0.31 Reference
None 3243 6.67 £ 0.33 0.0062 (0.0095) 0.5184
Smoking
Current smoking 1352 6.65+0.34 -0.0493 (0.0112) <.0001
Experienced at the past 2121 6.65 + 0.32 -0.0325 (0.0093) 0.0005
None 2434 6.69 + 0.32 Reference

Alcohol drinking

Heavier 761 6.65+ 0.31 -0.0545 (0.0156) 0.0005
Moderate 2433 6.67 £ 0.32 -0.0237 (0.0116) 0.0405
Light 1220 6.66 + 0.32 -0.0234 (0.0134) 0.0821
None 1433 6.68 + 0.34 Reference

Hypertension

Yes 1168 6.71+0.34 Reference

No 4739 6.68 £ 0.32 0.0174 (0.0096) 0.0687
Dyslipidemia

Yes 2656 6.68 + 0.32 Reference

No 3251 6.66 + 0.32 -0.0050 (0.0082) 0.5398

1-unit increase in Lipid Profiles (mg/dL)

HDL 5907 6.67 £ 0.34 -0.0006 (0.0003) 0.0538
LDL 5907 6.67 + 0.34 0.0002 (0.0002) 0.1965
TG 5907 6.67 £ 0.34 0.0001 (0.0001) 0.4540
Total Chol 5907 6.67 + 0.34 -0.0001 (0.0001) 0.2480

1-unit increase in Blood Pressure (mm Hg)

Systolic blood pressure 5907 6.67+0.34 -0.0003 (0.0002) 0.2477
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Diastolic blood pressure 5907 6.67 £ 0.34 0.0003 (0.0004) 0.3708
1-unit increase in Glucose (mg/dL)
Glucose 5907 6.67+£0.34 0.0012 (0.0001) <.0001
1-unit increase in HbAlc (%)
HbAlc 5907 6.67 £ 0.34 0.0274 (0.0037) <.0001
Female
BMI
Underweight 80 6.75+0.39 0.0127 (0.0403) 0.7517
Normal weight 1486 6.74 £ 0.34 Reference
Overweight 1790 6.71+0.35 -0.0302 (0.0118) 0.0106
Obesity 2776 6.71+0.34 -0.0388 (0.0110) 0.0004
Exercise
Vigorous 776 6.75+0.33 0.0078 (0.0140) 0.5742
Moderate 1827 6.72+0.34 Reference
None 3529 6.71+0.34 -0.0041 (0.0095) 0.6699
Smoking
Current smoking 1033 6.67 £ 0.35 -0.0708 (0.0120) <.0001
Experienced at the past 1391 6.70 £ 0.33 -0.0293 (0.0102) 0.0040
None 3708 6.74 £ 0.34 Reference
Alcohol drinking
Heavier 1047 6.68 £ 0.34 -0.0578 (0.0165) 0.0005
Moderate 2014 6.72+0.33 -0.0120 (0.0126) 0.3426
Light 1502 6.71+0.34 -0.0113 (0.0140) 0.4209
None 1569 6.71+0.34 Reference
Hypertension
Yes 1634 6.65+ 0.32 Reference
No 4498 6.72+0.33 -0.0012 (0.0109) 0.9156
Dyslipidemia
Yes 1896 6.69 + 0.34 Reference
No 4236 6.73+0.33 0.0413 (0.0089) <.0001
1-unit increase in Lipid Profiles (mg/dL)
HDL 6132 6.73+0.34 0.0005 (0.0003) 0.0253
LDL 6132 6.73+0.34 -0.0001 (0.0002) 0.8323
TG 6132 6.73+0.34 -0.0003 (0.0001) <.0001
Total Chol 6132 6.73+0.34 -0.0003 (0.0001) 0.0067
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1-unit increase in Blood Pressure (mm Hg)

Systolic blood pressure 6132 6.73+0.34 -0.0003 (0.0002) 0.2909

Diastolic blood pressure 6132 6.73+0.34 0.0003 (0.0004) 0.4245
1-unit increase in Glucose (mg/dL)
Glucose 6132 6.73+0.34 0.0007 (0.0001) <.0001
1-unit increase in HbAlc (%)
HbAlc 6132 6.73+0.34 0.0188 (0.0036) <.0001
*Adjusted for age, ethnicity, education, and income.
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Table 6. The statistical significance difference of the multivariate regression coefficient estimates of the
association between CVD risk factors and log-transformed klotho by gender stratification

log klotho (pg/ml) B*(SE) B*(SE) p-value**  p-interaction***
Male Female
BMI 0.3430
Underweight 0.0069 (0.0389) 0.0127 (0.0403) 0.9166
Overweight -0.0175 (0.0112) -0.0302 (0.0118) 0.4350
Obesity -0.0129 (0.0116) -0.0388 (0.0110) 0.1052
Exercise 0.6452
Vigorous 0.0157 (0.0124) 0.0078 (0.0140) 0.6727
None 0.0062 (0.0095) -0.0041 (0.0095) 0.4433
Smoking 0.1129
Current smoking -0.0493 (0.0112) -0.0708 (0.0120) 0.1903
Experienced at the past -0.0325 (0.0093) -0.0293 (0.0102) 0.8167
Alcohol drinking 0.4090
Heavier -0.0545 (0.0156) -0.0578 (0.0165) 0.8845
Moderate -0.0237 (0.0116) -0.0120 (0.0126) 0.4945
Light -0.0234 (0.0134) -0.0113 (0.0140) 0.5324
Hypertension 0.0174 (0.0096) -0.0012 (0.0110) 0.0501 0.0786
Dyslipidemia -0.0050 (0.0082) 0.0413 (0.0089) 0.0001 0.0023
1-unit increase in Lipid Profiles
(mg/dL)
HDL -0.0006 (0.0003) 0.0005 (0.0003) 0.0095 <0.0001
LDL 0.0002 (0.0002) -0.0001 (0.0002) 0.1797 0.2130
TG 0.0001 (0.0001) -0.0003 (0.0001) 0.0047 <0.0001
Total Chol -0.0001 (0.0001) -0.0003 (0.0001) 0.1573 0.0143
1-unit increase in Blood Pressure
(mm Hg)
Systolic blood pressure -0.0003 (0.0002) -0.0003 (0.0002) 0.9699 <0.0001
Diastolic blood pressure 0.0003 (0.0004) 0.0003 (0.0004) 0.9198 0.3348
1-unit increase in
(mg/dL)
Glucose 0.0012 (0.0001) 0.0007 (0.0001) 0.0554 <0.0001
1-unit increase in HbAlc (%)
HbAlc 0.0274 (0.0037) 0.0188 (0.0036) 0.0980 <0.0001
*Adjusted for age, ethnicity, education, and income.
**The p-value is based on Wald Statistics.
***The p-value for interaction is based on the cross product of Wald Statistics.
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5) HZA mE dF XA wWEsd 28F EREY
A

Table 72 wHF 3FZ4s ol&sid A AT T
73

A4E& A ¢ odelAE HDLol Img/dL F7He W I3
FRES el 0.0010%F  smobRlARE  frelshA Rkt (p—

value=0.2551). LDL, &=A4AY, & Z¥Y2"H=& 497}

of\

7t o
3y ZEES el #Z 0.0002, 0.0005, 23 0.0001%HF
SRA B A el feet ghel veA okdkth (p-

value=0.6869; p—value=0.1245; p—value=0.8288). o}& A&

(

3

=

ol

AelA &2 oAM= HDLe] 1lmg/dL S7IE W 83 2 EY
ol 0.0010%+F  wolRAqk  fF-o3sk  gro] yex &gt (p-
value=0.9385). LDL?] &7} S71E w] S2E9 X7} 0.0005%F

=olRa, & FdUaHES @97 SrE W EEES FAUL

ki

0.0002%FF oA BF fo8A] = &sktt (p—value=0.4690;
0.5662). & ZY2HZL 1lmg/dL ZF71E dwjwit} 0.0002%E €%

FRES #hol 0.0002%HE SobgAIRt #HA AF Al i

=

Jol AR® ASE Fushd Aolo] ek Auke] BA gol F2HA
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Table 7. Adjusted multivariate regression analysis of the association between serum lipids and log-transformed
klotho for female by the period of menopause and the statistical difference of the coefficient estimates

log klotho (pg/ml) B*(SE) B*(SE) p-value**

After Menopause Before Menopause

1-unit increase in Lipid Profiles (mg/dL)

HDL 0.0010 (0.0007) -0.0001 (0.0008) 0.3008
LDL -0.0002 (0.0004) 0.0005 (0.0006) 0.3317
TG -0.0005 (0.0003) -0.0008 (0.0002) 0.4054
Total Chol -0.0001 (0.0003) -0.0002 (0.0003) 0.8137

*Adjusted for age, ethnicity, education, and income.
**The p-value is based on Wald Statistics.
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Abstract

Association between
cardiovascular disease risk
factors and serum klotho

Jaeho Lee

Department of Preventive Medicine

Integrated Major in Innovative Medical Science

Seoul National University College of Medicine
Introduction: Cardiovascular disease (CVD) is one of the leading
causes of high mortality and morbidity. It is necessary to minimize
the risk factors to some extent and find out important markers to
reduce the incidence of disease. Klotho deficiency seems important
predictor of CVD related mortality and morbidity. But research
regarding the association between klotho and individual risk factors
of CVD is limited. It is unclear whether CVD risk factors are
independently associated with klotho. Our study hypothesized that
CVD risk factors are associated with the level of serum klotho. The
present study aimed to test our hypothesis by using National Health
and Nutrition Examination Survey (NHANES) with various

statistical approaches.
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Methods: We analyzed the association between CVD risk factors
and serum klotho among 12,039 participants with measurements of
klotho from 2007 to 2016 in the NHANES. BMI, exercise, smoking,
alcohol consumption, hypertension, dyslipidemia, serum lipid
parameters, blood pressure, glucose, and HbAlc were considered
as CVD risk factors. Multivariate multiple regression models,
Generalized Additive Model (GAM), Restricted cubic spline curves

and gender stratification analyses were conducted for analysis.

Results: Log serum klotho levels were negatively associated with
being overweight (8 =-0.0290, p—value=0.0003), obesity (B=—
0.0257, p—value=0.0012), current smoking (B=—-0.0656, p—
value<0.0001), experienced at the past (A=—-0.0380, p—
value<0.0001), heavier alcohol drinking (8=-0.0553, p-—
value<0.0001), moderate alcohol drinking (B=-0.0216, p—
value=0.0112). There was a positive association between log
serum klotho levels and dyslipidemia when the reference was
designated as the disease (£=0.0235, p—value<0.0001). Log
serum klotho levels were significantly decreased by a unit increase
in triglycerides (8 =-0.0002, p—value<0.0001)and increased by a
unit increase in hdl (£ =0.0004, p—value=0.0192). Also, log serum

klotho levels were significantly increased by a unit increase in
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glucose (B=0.0009, p—value<0.0001) and HbAlc (£ =0.0226, p—
value<0.0001). GAM and Restricted Cubic Splines revealed that
there was a significant non-—linear relationship between lipid

parameters, glucose, HbAlc, and serum klotho.

Conclusions: Lower serum klotho levels are associated with certain
CVD risk factors, including high BMI, smoking, alcohol consumption,

hyperlipidemia, lipid parameters, glucose, and HbAlc.

Keywords: Klotho, Cardiovascular Disease, Aging, CVD risk factors,
Cholesterol
Student Number: 2021—24723
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