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1. PAT VAN PE

Bénh than man tinh (BTM) 14 van dé strc khoe toan cau véi ty 1
mac va tir vong gia tang nhanh chong. Nam 2017, wéc tinh c6 843,6
triéu nguoi mac BTM; & nhém > 20 tudi, ty 1¢ 1a 10,4% & nam va
11,8% & nit. BTM phé bién & nguoi cao tudi do murc loc cau than
(MLCT) giam theo tudi, déng thoi lién quan chat ché dén dai thao
duong, ting huyet ap va yéu té chung toc. Theo To chire Ganh nang
Bénh tat Toan céu, tir vong do BTM tang 41,5% tir nam 1990 dén
2017; bénh xép thir 12 vé nguyén nhan giam tudi tho nam 2017 va
du bao ding thir 5 vao nam 2040.

BTM gay nhiéu bién ching, trong d6 rbi loan chuyén héa xwong
va khoang chit (CKD-MBD) 1a bién chimg quan trong, lam ting
nguy co gy xuong va tir vong do tim mach. Phat hién sém BTM va
CKD-MBD co y nghia 16n trong kiém soat bénh va giam ganh ning
y té.

Protein Klotho gin day dugc chi y nhu mot ddu 4n sinh hoc tiém
nang lién quan dén chirc nang noi tiét ctia than. Klotho do té bao dng
than tiét ra, dong vai tro dong thy thé voi FGF23 trong diéu hoa
phospho va vitamin D. Nhiéu nghién ctru cho thdy Klotho giam sém
trong bénh than man va lién quan dén CKD-MBD, nhung két qua
clia mot so tac gia khong ching minh dugc diéu d6 v6i mdi cong bd
co cac khoang trong nghién ctru khac nhau, din dén con tranh luin
vé vai tro clia dau an nay.

Tai Viét Nam, nghién ciru vé CKD-MBD chi yéu tap trung vao
canxi, phospho, PTH va vitamin D, trong khi dit liéu vé Klotho va
mat d§ xuong con thiéu. Vi vay, chiing t6i thyc hién dé tai: “Nghién
ciru ndng dd Klotho huyét thanh va méi lién quan dén mét s6 rdi
loan khoang xwong ¢ bénh nhian bénh thin man” v4i muc tiéu:
1. Xac dinh n(;ng do Klotho huyét thanh ¢ bénh nhan bénh than man
tir giai doan 1 dén giai doan 5 dang loc mdu chu ky.

2. Phdn tich méi lién quan giita nong dg Klotho huyét thanh véi mirc
loc cdu than o nhom bénh than man chua loc mau, cdc yéu 16 khoang
xwong (canxi, phospho, PTH, 25-hydroxyvitamin D huyét thanh) va
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mdt do xuong.
2. PONG GOP CUA LUAN AN

Day la nghién ctru dau tién trong nudc khao sat ndng do Klotho
huyét thanh va méi lién quan voi roi loan khoang xuong — mét do
xuong & bénh nhan bénh than man.

Y nghia khoa hoc: Nghién ctru bo sung dit lidu vé bién dbi nong
d6 Klotho huyét thanh theo cac giai doan bénh than man va mdi lién
quan véi rdi loan khoang xuong — mat d¢ xuong, gop phan lam rd
dic diém sinh hoc cia CKD-MBD. Két qua dong thoi mé ra huéng
nghién ciru vé gia tri tién luong cua Klotho trong bénh than man va
xdy dung co so dit lidu trong nude vé ddu 4n sinh hoc mai nay.

Y nghia thue tién: Két qua nghién ciru gitip nhan dién sém tinh
trang tién trién bénh than man thong qua giam Klotho huyét thanh,
hd trg danh gia nguy co CKD-MBD va goi y tmg dung phdi hop
Klotho v&i cac chi s6 khoang xurong khac trong quéan 1y bénh nhén.
Két qua con gitip dinh hudng cac giai phap theo dbi va can thiép
sém nham han ché bién chung xuong — tim mach ¢ bénh nhan bénh
than man.

3. BO CUC CUA LUAN AN

Luan 4n gdm 148 trang: Dit van d& 3 trang, tong quan tai liéu 39
trang, ddi twong va phuong phap nghién ctru 29 trang, két qua nghién
ctru 35 trang, ban ludn 39 trang, két luan 2 trang, kién nghi 1 trang.
Luan an c¢6 56 bang, 10 hinh, 1 so dd, 15 biéu d6, 172 tai liéu tham
khao, trong d6 c6 12 tai lidu tiéng Viét va 160 tai lidu tiéng Anh.

Chuong 1
TONG QUAN TAI LIEU

1.1. BENH THAN MAN VA ROI LOAN CHUYEN HOA
XUONG VA KHOANG CHAT DO BENH THAN MAN
1.1.1. Chan doan bénh thin man va cic bién chimg ciia bénh
thin man
1.1.1.1. Chan dodn bénh thdn man

Theo KDIGO 2012, BTM duoc xac dinh khi c6 ton thuong cu
trac hodc thay dbi chire nang than kéo dai > 3 thang, giy anh hudng
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suc khoe. Thay ddi chire nang than dugc chan doan khi muc loc cau
than < 60 mL/phut/1,73m?2. T6n thuong cau tric c¢6 thé phat hién qua
sinh thiét than hodc gian tiép qua ty sd albumin niéu hodc protein
niéu, can léng nuée tiéu, hinh anh hoc, rdi loan nude - dién giai, bat
thuong 6ng than hay tién st ghép than. Bénh thdn man duoc chan
doan khi co it nhat mot trong hai tiéu chi trén, ké ca khi mic loc cau
than > 60 mL/phut/1,73m?.
1.1.1.2. Bién chung cua bénh thdn man

Bénh than man thuong gay nhiéu bién chuing nang né, dic biét khi
mure loc cu than giam. Tang huyét 4p 1a bién chirng phd bién, vira
thic day tién trién bénh vira 1am ting nguy co tim mach. Bénh tim
mach 1a nguyén nhan tir vong chinh, bao gom x0 vita dong mach,
phi dai that trai va voi hoa mach mau. Thiéu mau do giam san xuét
erythrop01et1n gilt mudi nude gy phu vatang huyet ap, toan chuyén
hoa va rbi loan dién giai déu co thé gay nguy hlem Hoi chimg tang
ure huyet véi cac trleu ching ngira, mét moi, rbi loan gidc ngi 1am
giam chét lugng song. Ngoai ra, roi loan ndi tiét va viém man tinh
cling gop phan 1am ning thém bién chung toan than. Pac biét, rdi
loan chuyén héa khoang-xuong (CKD-MBD) géy loang xuong, gy
xuong va gop phan lam tang nguy co tir vong. Viéc phat hién som
va kiém soat bién chimg niy c6 y nghia quan trong trong diéu tri
toan dién BTM.
1.1.2. Réi loan chuyén héa xwong va khoang chit do bénh thian
man
1.1.2.1. Pinh nghia réi loan chuyén héa xwong va khodng chdt do
bénh than man

Nam 2005, KDIGO dé cap dén CKD-MBD la mot tinh trang roi
loan hé théng vé chuyen hoa xuong va khoang chét do BTM biéu
hién bang mét hoic két hop cac yéu td: (1) bat thudng vé chuyen
hoa canxi, phospho, PTH hoic vitamin D; (2) bat thuong vé chu
chuyén xuong, khoang hoa, khbi lugng xwong, ting trudng tuyén
tinh hodc strc manh ctia xuong; hodc (3) voi hoa mach mau hoac mé
mém khéc.



1.1.2.2. Réi loan chuyén hoa khodng xwong do bénh than man

CKD-MBD 4 réi loan khoi phat sém nhung biéu hién rd khi mirc
loc cau than (MLCT) < 45-50 mL/phat/1,73 m?, véi dic trung la
cuong can giap thir phat, tang phosphate méu, ha canxi va rdi loan
vitamin D. Theo gia thuyet nephron nguyén ven, nephron con lai
tang hoat dong bu trir din dén mat cAn bang ndi modi phosphate-
canxi. Du phosphate mau duoc duy tri binh thuong nho tang FGF23
va PTH, song khi MLCT < 30-40 mL/phut/1,73 m?, co ché nay suy
yeu gdy ting phosphate méau, giam calcitriol va cudng cin giap tién
trién.

FGF23 (Fibroblast Growth Factor 23 - yéu t6 ting trudong nguyén
bao soi 23), bai tiét chii yéu tir xwong, phdi hop véi dong thu thé
Klotho tai thin dé tiang thai phosphate va lam giam téng hop
1,25(0OH)2Ds. Thiéu hut Klotho 1am giam hiéu luc cua FGF23, dan
dén mat kiém soat phosphate mau. Sy giam calcitriol kéo theo giam
hoat héa CaSR (Calcium-Sensing Receptor — thy thé cam nhén
canxi) va VDR (Vitamin D Receptor — thu thé vitamin D, cang thic
day tang tiét PTH. Mit khac, PTH lam ting tai hap thu canxi va thai
phosphate & than, song vé lau dai giy tiéu xuong, ting canxi-
phosphate huyét, thuc ddy v6i hoa mach méau. Su twong tac phtc tap
gitra FGF23-PTH-calcitriol-Klotho tao nén mét truc bénh 1y CKD-
MBD mang tinh hé thong va tién trién, doi hoi can thiép sém va toan
dién.

2. CHUC NANG CUA KLOTHO TRONG BENH THAN
MAN VA MOI LIEN QUAN VOI ROI LOAN CHUYEN HOA
KHOANG XUONG
1.2.1. Chirc nang cia Klotho trong bénh thin man
1.2.1.1. Téng quan vé Klotho:

Klotho chu yéu dugc biéu hién ¢ than dudi dang protein xuyén
mang, dong vai tro 1a dong thy thé, giap FGF23 gan va hoat hoa thy
thé FGF (FGFR) d¢é phat huy tac dung sinh hoc. Mién ngoai bao ctia
Klotho (gém K11 va K12) bi protease ADAM-10, ADAM-17 cit, giai
phong vao tuan hoan duéi dang protein hoa tan hodc cac manh K1,
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K12. Klotho hoa tan dugc tim thdy trong mau, dich nio tiiy va nudc
tieu.
1.2.1.4. Chirc nang va sinh ly bénh cua Klotho trong bénh than man

Dong thy thé ciia FGF23: FGF23 gén vdi phitc hop FGFR-Klotho
mang & 6ng luon gan, 1am giam biéu hién kénh NaPi-2a, gy ting
bai tiét phosphate; dong thoi rc ché men 1a-hydroxylase, lam giam
tong hop 1,25(0H).Ds. O 6ng luon xa, phitc hop nay diéu hoa kénh
TRPVS5 (Transient Receptor Potential Vanilloid 5) giup tai hap thu
canxi va ting tai hép thu natri qua kénh NCC (Na'—Cl
Cotransporter).

Klotho hoa tan duoc giai phong vao tuan hoan va phan anh gian
tiép hoat dong cua Klotho mang. Dang hoa tan nay co thé diéu hoa
kénh TRPV5 mot cach dgc lap voi FGF23, gitp 6n dinh kénh trén
mang t& bao va ting tai hip thu canxi tai ong luon xa. Klotho hoa
tan dugc ghi nhén co6 tac dung bao vé nhu chong oxy hoa, chong X0
hoéa, bao vé ndi mé mach mau, diéu hoa kénh ion va trc ché tin hiéu
IGF-1, gop phan 1am chdm qua trinh I30 hoa, duy tri chtrc ning than.
1.2.2. Moi lién quan giira Klotho huyét thanh véi mirc loc ciu
than, réi loan chuyén héa khoang xwong
1.3. TINH HINH NGHIEN CUU
1.3.1. Cac nghién ciru ngoai nwoc
Nhom bénh thin man chwa loc mau

Tac gia Pavik (2013) ghi nhan Klotho giam tir 1078,6 £ 1810,2
pg/mL & nhém chimg xudng 460,2 + 222.8 pg/mL & giai doan 5. Tac
gia Rotondi (2015) ghi nhan ndng d6 Klotho & BTM c¢6 gia tri 519
+ 183 pg/mL, thdp hon rd rét so v6i nhoém chimg, bat dau giam tir
BTM giai doan 2.

Klotho twong quan thuin véi MLCT va mot s chi s khoang
xuong nhu canxi, phospho, PTH, FGF23, (Téc gia Rotondi, 2015;
Khodeir, 2019). Ngugc lai, Ozeki (2014) khong thy tuong quan véi
canxi, phosphate, va Edmonston (2024) ciing cho rang Klotho khong
lién quan tir vong hay tién trién BTM, trong khi FGF23 1a yéu t6 du



bao ddc 1ap. Cac dir liéu vé mbi lién hé gitra Klotho va mat d6 xuwong
con han ché va chua thong nhat.
Nhom bénh nhén lgc mau chu ky (LMCK)

Nong do Klotho & nhém LMCK thap hon nhém chimg trong nhiéu
nghién ctu. Ling Yu (2018) ghi nhan Klotho 1a 379,93 + 143,66
pg/mL, khong twong quan v&i canxi, PTH, twong quan nghich yéu
v6i phospho. Wei (2019) ghi nhan Klotho 1a 119,10 +47,29 pg/mL,
khong c6 twong quan voi canxi, phospho, PTH . Tac gia Pasaoglu
(2021) ghi nhan Klotho khéng c6 twong quan véi cac yéu td trén va
vitamin D.

1.3.2. Cac nghién ciru trong nuéc

Céc nghién ctru trong nudc cho thdy rdi loan CKD-MBD thuong
gip ¢ bénh nhan BTM va LMCK. Té4c gia Nguyén Hiru Vii Quang,
V5 Tam (2020) ghi nhan FGF23 ting & BTM tién trién va LMCK,
trong khi Nguyén Thanh Minh (2021) bao c4o chi 4,91% bénh nhan
LMCK dat > 3 tiéu chuan KDIGO. Nguyén Vin Chi (2024) ciing
ghi nhan Klotho huyét tuong ¢ bénh nhan LMCK thap hon nhom
chtng nhung chua c¢6 ¥ nghia thdng ké (p > 0,05).

Chuong 2

POI TUQONG VA PHUONG PHAP NGHIEN CU'U
2.1. POI TUQNG NGHIEN CUU
2.1.1. Thoi gian va dia diém nghién ciru: tir 10/2022 dén 06/2024,
chon mau tai phong khdam No6i Théan (khoa Kham bénh) va khoa Noi
Thén - Loc Mau, céc xét nghiém dugc thuc hién tai khoa Huyét hoc,
Hoéa sinh, do mat d6 xuong tai khoa Chén doan hinh anh, Bénh vién
Thong Nht.
2.1.2. Nhém bénh

Tiéu chuén chon nhém bénh: Bénh nhan BTM giai doan 1-5 chua
loc méau va bénh nhén loc mau chu ky diéu tri tai phong kham Noi
Thén (khoa Kham bénh) va tai khoa N6i Than — Loc méu, Bénh vién
Thong Nhat; tir 18 tudi trd 1én va dong y tham gia nghién ctru.

Tiéu chuén loai trir: bénh nhan c¢6 bénh 1y nang hodc ¢6 anh hudng
dén Klotho nhu ton thuong than cdp, Lupus, ung thu, nhiém tring
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nang, r6i loan ndi tiét, viem gan, xo gan, BTM giai doan 5 chua loc
mau ¢6 MLCT < 7 mL/ph/1,73 m?, thai ky hodc cho con bi. Céac
truong hop dung thube tac dong Klotho hodc mat d§ xuong
(corticosteroid kéo dai, bisphosphonate, denosumab, vitamin D liéu
cao), phau thuat xwong, thay khép trong 6 thang hoic chéng chi dinh
do mat d6 xuong.

2.1.3. Nhom chirng: ngudi khoée manh kham ste khoe dinh ky tai
phong kham Noi Than (khoa Kham bénh), Bénh vién Thong Nhit,
¢6 két qua kham 1am sang va xét nghiém co ban (cong thirc méu;
duong huyét; chuc nang than men gan; ion d6 gdm natri, kali, clo,
canxi; nudc tiéu 10 thong sd; dién tam do; X- -quang phdi; siéu am
bung) trong giGi han binh thudng, khong cé tiéu chuan loai trir, dong
y tham gia nghién cuu.

2.2. NQI DUNG VA PHUONG PHAP NGHIEN CUU

2.2.1. Thiét ké nghién ciru: mé ta cit ngang c6 phan tich.

2.2.2. Tinh ¢& miu:

C6& mau t6i thiéu mdi nhom duoc tinh dua trén so sanh trung binh
ndng d6 Klotho giita nhém bénh va nhom chimg.

2xC
~ (ES)?

Theo Rotondi, nong d6 Klotho trung binh ¢ bénh nhan BTM 13 519
+ 183 pg/mL, thip hon nhém chung 845 £330 pg/mL. Vi o= 0,05
va Power = 95% (B = 0,05), hang s C = 13,0. Tur d6, c& mau udc
tinh khoang hai muoi bay dbi trong cho mdi nhom. Nghién ctru nay
chon 300 ddi tuong gdm 60 ngudi khoe manh (nhém chimg), 150
bénh nhan bénh than man giai doan 1-5 chua loc méau va 90 bénh
nhan loc méu chu ky.

Chon méu theo phuwong phap khong xac suét, c6 chu dich.

2.2.3. Phwong tién nghién ciru: may DxH 900 (Beckman Coulter)
dung cho téng phan tich t& bao mau, may AUS5800, DxI 800
(Beckman Coulter) va Cobas 8000 (Roche) cho cac xét nghiém sinh
hoa, may ELISA ty dong Immunomat 4 khay (Puc) dé dinh luong
Klotho huyét thanh, may do mat d6 xwong DXA Hologic Di.
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2.2.4. Céc buéc tién hanh nghién ciru
2.2.4.5. Pinh nghia va cach do lwong cdc bién nghién ciru:

Cac bién s6 1am sang gom: chiéu cao, can ning, BMI, huyét 4p,
luong nudc tiéu 24 gid, tién can: dai thdo dudng, ting huyét ap, dot
quy, nh6i méau co tim, hit thude 14, gia dinh ¢6 nguoi mac bénh than,
thoi gian mic BTM, thoi gian loc méau.

Céc bién sb can 1am sang gém: dinh lugng ure, creatinin, cac chi
s6 khoang xuong (canxi, phospho, PTH, 25(OH)D), lipid méau
(cholesterol, triglyceride, LDL-C, HDL-C), albumin, cong thuc
mau, ty s6 albumin niéu/creatinin niéu. Céc xét nghiém dugc thyc
hién theo quy trinh, dat chuin ISO 15189:2012 tai khoa Huyét hoc,
Hoba Sinh cta bénh vién.

2.2.4.6. Bo mdt do xwong va cach danh gia: Mat 46 xuong do
bang phuong phap hap thy tia X ning luong kép (DXA), sir dung
may Hologic Discovery Wi, do tai cot séng thit lung va xuong dui,
danh gia lodng xwong qua T-score. Theo T6 chirc Y té Thé gidi,
lodng xuong dugc chan doan khi T-score < -2,5 SD; thiéu xuwong khi
T-score tir -1,0 dén -2,5 SD.
2.2.4.7. Pinh lwong nong do Klotho va cach danh gid két qua:

Dung phuong phap hap thu mién dich lién két v6i enzyme (ELISA)
trén may Immunomat (Puc) voi by kit Human soluble a-Klotho
Assay Kit (do hang IBL, Nhat Ban san xuét), do nhay 6,15 pg/mL,
do lap lai ndi kiém < 3,5% va do6 lap lai gitra cac 16 < 11,4%.

Mau tinh mach dugc 1iy vao dng khong chira chit chong dong, dé
dong tu 30 phut, dem quay ly tdm lanh 3.000 vong/phut ¢ nhiét 6
4°C trong 15 phut, sau d6 tach huyét thanh va bao quan & -40°C.
Mau chi ri dong mot 1an, phan tich dong thoi dé giam sai s6 ky thuat.
Nong d6 Klotho huyét thanh dugc xac dinh bang noi suy tir dudng
cong chuan (93,75-6.000 pg/mL).

2.2.5. Phwong phap xir Iy s li¢u: phan tich bang SPSS 22.0.

Bién dinh tinh trinh bay s luong va %, bién dinh luong bang trung
binh £ SD hodc trung vi, p < 0,05 1a c6 y nghia.

So sanh ty 1€ dung ¥2, Fisher; so sanh trung binh dung t-test,
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ANOVA (phan phbi chuén) hodc Mann-Whitney, Kruskal-Wallis
(phan ph01 khong chuan).

He¢ s6 tuong quan Pearson/Spearman va hdi quy (tuyén tlnh hoac
logistic) don bién—da bién duogc sir dung dé phén tich cac yéu 6 lién
quan; ROC danh gia gié tri chan doan thong qua AUC.

2.3. PAO PUC TRONG NGHIEN CUU

Nghién ctru duoc chap thuan boi Hoi dong dao durc trong nghién
ciu Y Sinh hoc Truong Pai hoc Y - Dugc, Pai hoc Hué (sé
H2022/502) va Bénh vién Théng Nhat (s6 61/2022/BVIN-HDYD).

Chi phi xét nghiém Klotho huyét thanh va cac chi phi phat sinh
do nghién ciru vién chi tra, dam bao quyén loi bénh nhan.
2.4.S0 PO THIET KE NGHIEN CUU

Chuwong 3
KET QUA NGHIEN CUU
3.1. PAC PIEM CUA POI TUQNG NGHIEN CUU
3.2.NONG PQ KLOTHO HUYET THANH O BENH NHAN
BENH THAN MAN
3.2.1. Nong d¢ Klotho ciia d6i twong nghién ctru

600 550,80 - 160,49 p <0,0001 (ANOVA)

500
407,68 = 156,20

_ 400
E 313,19+ 118,03
@ 300
]

200

100

Nhom ching Nhém BTM Nhom LMCK
(n=60) (n=130) (n=90)

Nong do Klotho huyét thanh

Biéu do 3.2. Nong d6 Klotho ciia cac dbi tugng nghién ciru
Nhin xét: Klotho giam déan theo thtr tw nhém ching, nhém bénh
than man va nhém loc mau chu ky



Bang 3.17. Néng d6 Klotho theo giai doan bénh thin man

Nhém Ching® | GP1* | GP2° | GD3® | GP4¢| GD5
nghién ciru | (n=60) |(n=30) |(n=30)|(n=30) |(n=30)| (n=30)
T [Nho nhdt 313,84 |225,52(176,25|196,53 (127,50 116,25
£ _|Lén nhét| 1058,17 | 882,43 | 885,44 | 598,40 [515,02| 623,67
gg TB+ 552,89+ (497,95 (490,46 | 395,17 [335,44|319,38
£ 2 DLC | 160,49 [+151,32+183,16:£116,12::98,231:128,97
E p P> 0,05; p*e> 0,05; p*&d < 0,0001;
N p**¢ < 0,0001; p**f<0,0001; p**!<0,05

Nhan xét: Klotho giam dén theo tién trién cta bénh than man, bit

dau giam c6 ¥ nghia tir BTM giai doan 3.

- O nhém LMCK, ndng do Klotho huyét thanh trung binh ¢ bénh

nhan loc mau < 5 ndm 13 337,95 + 117,09 pg/mL, cao hon ¢6 y nghia

$0 v&i nhém > 5 nam (258,36 £ 102,17 pg/mL p<0,05)(Biéu db 3.3)
Bang 3.20. Nong d6 Klotho theo rdi loan canxi-phospho

6 nhom bénh (n=240)

£ ~ , Klotho
1 (1)
Chi so Phin nhém | n Yo (pg/mL) p
Giam . 326,49
<2.10) | 30| % | L3379
Canxi_hc | Binh thuong o 379,31
(mmol/L) | (2,10-2,54) | 186 | 773% | 14909 | =005
Tang ., | 390,79
(>2,54) 181 7.5% +180,48
Phospho Binh thuong 190 | 79.2% 389,38
, (<1,78) +152,50
mau Tang 307,15 | ~ %001
0 9
(mmol/L) > 1,78) 50 | 20,8% £120.76
Binh thuong . | 382,71
Cax P (<ad) | 200|894 | 415330 | 0.05
(mmol?/L?) Tang 35 | 14.6% 310,94 ’
=44 70 £111,64
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Nhén xét: Klotho khong khac biét gilta cac nhom canxi mau hiéu
chinh, nhung giam dang ké & nhom ting phospho va nhom ting tich

s6 canxi x phospho.
- O nhém bénh, néng d6 Klotho huyét thanh & nhom 25(OH)D < 30
ng/mL 1a 379,09 + 153,20 pg/mL, va 6 nhom > 30 ng/mL la 363,30
+ 145,97 pg/mL; su khac biét khong co y nghia nghia théng ké (p >
0,05) (Biéu d6 3.5)

Bang 3.21. Nong do Klotho theo phan 16p PTH ciia cac nhom.

Nhom chirng!Bénh thin man? LMCK?

Klotho (pg/mL) | = _ ¢ I (m=150) | (n=90)
TB 552,89 431,66 343,35

<150 @+ PLC| =+ 160,49 + 156,68 + 141,08

2 (=192 _p [ p'*<0.0001;p'*<0,0001; p*** > 0,05

E) n(%) | 60(100) 120 (80) 12 (13,3)
E TB 311,74 308,55
E >150 ®|+ PLC +112,79 + 14,46

(n=108) p p?>0,05
n (%) 30 (20) 78 (86,7)
p @&b< 0,001 p(a)&(b) > 0,05

Nhian xét: O nhom BTM, Klotho cao hon rd rét khi PTH < 150
pg/mL, trong khi nhém loc mau khong ghi nhan su khac biét.
Bang 3.25. Nong d6 Klotho giita cac nhom bénh nhan
theo mat d§ xuong tai cac vi tri do khac nhau @ nhém LMCK

Vi tri Nhém Klotho trung
A R n| % | . P
do bénh nhin binh (pg/mL)
Loang xuong | 18 | 20,0 | 269,50 + 106,54
CSTL | Thiéuxuong | 31 | 34,4 | 328,78 + 142,62 | >0,05
Binh thuong | 41 | 45,6 | 320,58 £ 99,12
CXDb | Loang xuong | 33 | 36,7 | 292,85+ 133,03 | >0,05
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Thiéu xuong | 40 | 44,4 | 321,19+ 110,37
Binh thuong | 17 | 18,9 | 333,85+ 104,72
Loang xwong | 19 | 21,1 | 255,99 + 110,28
Toan bo —~

<P Thiéu xuwong | 30 | 33,3 | 346,57+ 117,96 | <0,05
Binh thuong | 41 | 45,6 | 315,27 114,24

Toin Loﬁrrlg xuong | 36 | 40,0 | 297,91 £ 132,46

than Thiéu xuong | 40 | 44,4 | 319,45+ 106,18 | >0,05
Binh thuong | 14 | 15,6 | 334,59 £ 114,40

Nhin xét: Nong do Klotho trung binh khong khac biét giita cac
nhom tai CSTL, CXP va toan than (p > 0,05); riéng tai TBXD ¢o
khéc biét c6 y nghia (p < 0,05), thép nhit & nhom lodng xuong.

3.2.2. Pwong cong ROC cia nong do Klotho trong phan biét giai
doan BTM va cic roi loan chuyén héa khoing xwong.

1.0

0,8

Sensitivity
o
(-3

o
e

0.2

s
BTM GD 3.5 (AUC =
BTM GO 3-50 (AUC = 0,832)

01 nhom chimg) (AUC = 0,604

— BTM GD 1-2

-=- Re

0.806)

;"l
290

0_2

04

0,6 0,8 1.0

1 - Specificity

Biéu @ 3.6. Puong cong ROC cua Klotho trong phan biét giam MLCT
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Bang 3.26. Gia tri cia nong do Klotho huyét thanh trong phén biét
tinh trang gidm mic loc cau than va cac giai doan bénh than man

KTC | Piémeit | Chisé | Do | Pp dic
M4 hinh AUC p o
95% | (pg/mL) | Youden | nhay hiéu
Nhom ching voi 0,502—
0,604 | <0,05 4242 0,217 0,81 | 0,400
BTM GbD 1-2 0,706
BTM Gb <2 véi 0,747-
0,806 | <0,01 390,8 0,475 | 0,808 | 0,667
BTM Gb 3-5 0,864
BTM Gb < 2 vdéi 0,787—
0,832 | <0,01 397,1 0,500 | 0,800 | 0,700
BTM Gb 3-5D 0,878

Nhin xét: AUC cua ndng d6 Klotho huyét thanh ting dan qua cac
mo hinh, cao nhat & mé hinh BTM < GP 2 véi BTM GB 3-5D, cho

thiy Klotho c6 kha niang phén biét tot khi BTM & giai doan tién trién.
3.3. MOI LIEN QUAN GIUA NONG PO KLOTHO HUYET
THANH vOl MUC LQC CAU THAN CAC YEU TO
KHOANG XUONG, MAT PO XUONG VA MOQT SO YEU TO
KHAC O BENH NHAN BENH THAN MAN
3.3.1. T1r0’ng quan giira Klotho véi cic yéu to 6 nhom BTM

Bang 3.28. Tuong quan giira Klotho véi cac yéu td can 1am sang &

nhom BTM
Khoidng xwongKlothoCanxi_hcPhosphoCa x PPTH 25(OH)D|
Hb r | 031 0,21 -0,44 1-0,381-0,58| 0,14
p |<0,001] 0,01 |<0,001 |<0,001<0,001] 0,08
Ure r |-0,39 | -0,22 0,5 0,451 0,7 | -0,14
p |<0,001] 0,007 | <0,001 [<0,001<0,001] 0,10
Creatinin - -0,46 | -0,19 0,49 1044 0,74 | -0,11
p [<0,001] 0,20 |<0,001 [<0,001<0,001] 0,18
r | 045 0,23 -0,44 1-0,39-0,61| 0,02
MLCT p [<0,001] 0,004 | <0,001 <0,001<0,001] 0,78

Nhéan xét: Klotho tuong quan thuan voi muc loc cau than va
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hemoglobin, twong quan nghich vdi ure, creatinin trong nhém bénh
nhan bénh than man.

- 0 nhém BTM, Klotho c6 twong quan nghich véi PTH (r = -0,37; p
<0,001), nhung khdong c6 twong quan véi canxi hiéu chinh (r = 0,08;
p = 0,35), phospho (r=-0,13; p=0,12), Cax P (r=-0,11; p=0,17)
va 25(OH)D (r = 0,004; p = 0,96) (Bang 3.29).

Bang 3.30. Phén tich trong quan giita nong d6 Klotho huyét thanh
voi MPX va T-score tai 3 vi tri do 8 nhom BTM GD 3-5 (n=90)

Vi tri do Bién s6 r p
CSTL | soors 001 o
XD T oore 002 X
TBXD | oo 053

Nhin xét: Khong c6 twong quan y nghia giita Klotho huyét thanh
va mat do xuong hodc T-score tai CXD, TBXD, CSTL (p > 0,05).

- Phéan tich h01 quy tuyén tinh don bién & nhém BTM chua loc méau
cho thiy 7 yéu t6 lién quan c6 y nghia voi Klotho (p <0,05), trong
d6 MLCT c6 twong quan cao nhit (R?= 0,206), tiép theo 1a creatinin,
ure, PTH, hemoglobin, $6 r6i loan khoang xuong va tha‘ip nhét 12 tudi
(R*=10,037) (Bang 3.31).

Bang 3.32. Hdi quy tuyén tinh da bién cac yéu 6 lién quan dén ndng

d6 Klotho trong nhom BTM

Chi s6 Hing s6| Hé sf) Béfa ) p
B (Chuan hoa)
Hang s6 307,517 3,061 | 0,003
MLCT (mL/ph/1,73 m?) | 2,172 0,487 4,583 |<0,001
Hemoglobin (g/dL) -1,357 -0,027 -0,188 | 0,851
Tudi (ndm) 0,171 0,014 0,202 | 0,840

Nhan xét: MLCT, hemoglobin va tudi giai thich 20,7% bién thién
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Klotho (R? = 0,207; p < 0,0001). Phan tich hdi quy da bién cho thay
MLCT la yéu t6 c6 anh huéng manh nhét d¢én Klotho (Beta = 0,487).
Phuong trinh hoi quy: Nong d Klotho (pg/mL) = 2,172 x MLCT
(mL/ph/1,73 m?) — 1,357 x Hemoglobin (g/dL) + 0,171 x Tudi
(nam) + 307,517.
- Phan tich héi quy tuyén tinh va logistic don bién giira Klotho véi
MDX, T-score, va tinh trang loang xuong ¢ nhom BTM khong ghi
nhan mbi lién quan c6 y nghia gitra Klotho véi mat d6 xuong, T-
score tai cac vi tri do, hoac nguy co loang xuong trong nhém BTM
tién trién (p > 0,05). Hé s6 R, R? va OR (= 1) déu thip, cho thiy
Klotho khong anh huong dang ké dén lodng xuong & nhom nay
(Bang 3.33; Bang 3.34).
3.2.2. Twong quan giira Klotho v6i cic yéu té trong nhém
LMCK
- Klotho c6 tuong quan nghich véi thoi gian loc méau (r =-0,29; p =
0,005) (Bang 3.35)
- Klotho khéng c6 twong quan véi cac yéu t6 khoang xuwong: canxi
hi€u chinh (r =-0,17; p = 0,11), phospho (r = -0,09; p = 0,40), Ca x
P (r=-0,12; p=0,28), PTH (r = -0,17; p = 0,10) va 25(OH)D (r =-
0,04; p=0,72) (Bang 3.37)

Bang 3.40. Hdi quy tuyén tinh da bién cac yéu t6 lién quan dén

Klotho trong nhom LMCK

Chi 6 Hing s6 B Hé sf) Béfa ¢ p
(Chuan héa)
Hing s 238,123 1,478 | 0,143
Thoi gian loc mau|  -0,655 -0,224 -2,167| 0,033
Hemoglobin 26,180 0,292 2,905 | 0,005
HATTr -2,084 -0,152 -1.508 | 0,135

Nhin xét: Vi R = 0,413 va R2=0,170, ba yéu to thoi gian loc mau,
hemoglobin va huyét 4p tam truong giai thich 17% bien thién nong
d6 Klotho. Tuy nhién, chi Hemoglobin (f = 0,292; p = 0,005) va thoi
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gian loc méu (B = —0,224; p = 0,033) c6 y nghia thuc su. Phuong
trinh hoi quy: Nong dé Klotho (pg/mL) = —0,655 x Thoi gian lgc
mau (thang) + 26,180 x Hemoglobin (g/dL) — 2,084 x HATTr
(mmHg) + 238,123.
- Phan tich hdi quy tuyén tinh don bién khong cho thdy méi lién
quan c6 y nghia gitra Klotho va mat d¢ xuong, T-score & nhom
LMCK (p > 0,05).
Chuwong 4

BAN LUAN
4.1. PAC PIEM CUA POI TUQNG NGHIEN CUU
4.2. NONG PO KLOTHO HUYET THANH G BENH NHAN
BENH THAN MAN
4.2.1. Nong dd Klotho huyét thanh giira cAc nhém nghién ciru

Nbng d6 Klotho huyét thanh giam dan theo thir ty nhom ching dén
nhom BTM va thap nhit & nhom LMCK (p < 0,05), phu hop véi xu
huong ghi nhan trong nhiéu nghién ctru tai Nhat Ban, Dic, Thuy S,
Y va Trung Quéc. Tuy nhién, gia tri tuyét dbi giita cac nghién ciru
con khac biét co thé do khac bigt vé phuong phap do, bo kit xét
nghiém va déc diém déan s6. Cac yéu té nhu viém, stress oxy hoa,
doc t6 uré, hé renin- angiotensin va anh hudng cua diéu tri (vitamin
D, thudc gin phosphate) c6 thé anh huéng dén biéu hién Klotho,
nhin manh sy can thiét cta chuan héa quy trinh xét nghiém va kiém
soat cac yéu to di kém.

O nhém LMCK, Klotho giam rd so véi nhém ching, tuwong tu céc
nghién ctru cua Yokoyama, Ling Yu, Wei, Pasaoglu va Yan Lin.
Ngoai anh hudng cua thoi gian loc mau, Klotho thap con lién quan
dén cac bién chimg tim mach va réi loan chuyén héa khoang chat.
Tuy nhién, nhiéu yéu td khac nhu phuong thirc loc mau, viém man
tinh, bénh 1y kém theo va diéu tri c6 thé 1am bién dong ndng do
Klotho. Do dé, can thém cac nghién ciru chuan héa dé 1am rd gia tri
tién lwong va vai trd trong danh gia dién tién bénh ctia Klotho & bénh
nhan loc mau.

4.2.2. Nong d¢ Klotho huyét thanh theo giai doan ciia BTM
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Nghién ciru cho thdy Klotho huyét thanh giam dan theo tién trién
BTM, bét dau c6 y nghia tir giai doan 3 (p < 0,05) va rd hon ¢ giai
doan 4-5 (p <0,001), goi y vai tro phan anh mtc d6 bénh than man.
Két qua nay phti hop véi cac nghién ctru ciia Shimamura, Pavik, Liu,
Rotondi, khi mét sd tac gia ghi nhan Klotho giam tir giai doan 2 va
xem nhu du 4n sinh hoc sém. Tuy nhién, gia tri tuyét ddi giira cac
nghién ciru con khac biét c6 thé do khac nhau vé phuong phap do,
bo kit va dan sb nghién ciru. Ngoai ra, ton thuong ong than, viém va
yéu t6 diéu tri ciing anh hudng dén ndng do Klotho. Mot vai nghién
ctru nhu Seiler khong ghi nhan sy khac biét r6 theo cac giai doan
BTM. Tém lai, Klotho c6 tiém ning 13 chi dau phan 4nh tién trién
BTM, nhung cin thém nghién ctru dé 1am 6 vai trd chin doan sém.
4.2.3. Nong d¢ Klotho huyét thanh theo thoi gian loc mau (<5
nam va > 5 nam)

Nbng do Klotho giam déng ké ¢ bénh nhan loc mau > 60 thang (5
nim) so véi < 60 thang (p < 0,05) va c6 mdi trong quan nghich véi
thoi gian loc mau (r = -0,29; p = 0,005), cho théy thoi gian loc mau
kéo dai c6 thé gop phan lam giam Klotho. Khac v&i nghién ciru cua
Memmos khong ghi nhan mdi lién quan nay, su khac biét c¢6 thé do
déc diém dan s6 va phuong phap do. Klotho con chiu anh huong boi
t6n thuong dng than, chirc ning than ton du, viém man va stress oxy
hoa. Nhin chung, két qua ciia chung t6i goi y thoi gian loc mau 1a
yéu té ¢6 lién quan dén giam Klotho va mirc Klotho thap c6 thé gitip
danh gia dién tién bénh ¢ bénh nhan LMCK lau nam.

4.3. MOI LIEN QUAN GIUA NONG PQ KLOTHO HUYET
THANH VOI MUC LQC CAU THAN, CAC YEU TO
KHOANG XUONG, MAT PQ XUONG VA MQT SO YEU TO
KHAC O BENH NHAN BENH THAN MAN

4.3.1. Lién quan giira Klotho véi mirc loc ciu thian

Nghién ciru cua chung t6i cho thy Klotho huyét thanh giam dan
theo tién trién bénh than man va c6 mbi tuong quan thuén mac do
vira v6i MLCT (r = 0,45; p < 0,001). Klotho bit dau giam co ¥ nghia
tir giai doan 3, giam sdu hon & giai doan 4-5 (p < 0,001). Két qua
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nay pht hop véi nhiéu nghién ciru qudc té: Liu va cong sy (r=0,593;
p <0,001) trén bénh nhan BTM giai doan 3-5; Pavik va cong sy (1*
=0,41; p < 0,0001) trén bénh nhan giai doan 1-5; Shimamura va
cong sy (r=0,441; p <0,0001). Nguoc lai, nghién ctru cia Seiler (p
=0,098) khong ghi nhan mdi lién hé rd rét. Phan tich gop ctia Wang
va cong sy (2018) trén 1.457 bénh nhén tir 9 nghién ciru bao cao hé
sd tuong quan téng hop gitta Klotho va MLCT la 0,35 (p < 0,05),
khong bi anh huong boi tudi, khu vuc hay mitc MLCT. Mbi lién
quan nay phan anh ton thuong 6ng than - noi tong hop chinh Klotho
- cung vo6i anh huong cua viém, xo hoa va doc t6 uré mau. Do do,
Klotho c6 thé dong vai tro nhu diu an sinh hoc phan 4nh suy giam
chuc nang than, dac biét tur giai doan 3 trd di.

Phén tich ROC ciing cho thay diéu twong tu khi Klotho c6 kha
nang phan biét tt mirc d6 suy than. O nhém BTM GB 3-5D (so véi
BTM Gb <2), AUC dat 0,832 (KTC 95%: 0,787-0,878; p < 0,01)
v6i diém cét 397,1 pg/mL, d6 nhay 80,0% va do dic hiéu 70,0%
(Youden = 0,500), goi y gia tri chin doan tiém ning ciia Klotho trong
nhan dién suy than tién trién.

4.3.2. Lién quan giira Klotho véi cac yéu t6 khoang xwong

Nghién ctru phan tich mdi lién quan giita Klotho va cac yéu tb
khoang xuong, két qua cho thiy:

Canxi mau hiéu chinh: Nong d6 Klotho c¢6 xu huéng giam nhe &
nhom ha canxi mau, tuy nhién sy khac biét chwa dat y nghia thong
ké va khong ghi nhan twong quan tuyén tinh giita Klotho va canxi &
ca hai nhém BTM va LMCK. Phan tich ROC cho thay Klotho phan
biét tinh trang ha canxi mau ¢ mirc trung binh (AUC = 0,655; p <
0,05). Mac du Klotho ¢o6 vai tro diéu hoa kénh TRPVS va truc
FGF23-vitamin D, cac nghién clru trude day van cho két qua chua
dong nhét, c6 thé do khac biét vé quan the nghién ciru, giai doan
bénh, tinh trang viém man, rdi loan ndi tiét va cac yéu to diéu tri
(nhu b6 sung canxi hodc thude gan phosphate). O bénh nhan LMCK,
bién dong canxi lién quan dén loc mau va diéu tri di kém c6 thé lam
giam kha ning phat hién mdi lién quan nay. Du vay, dit liéu van goi
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¥ Klotho ¢6 thé tham gia vao co ché diéu hoa canxi trong CKD—
MBD.

Phospho mau: Nong d6 Klotho giam c6 ¥ nghia & nhém ting
phospho mau (p < 0,001), tuy nhién khong ghi nhén tuwong quan
tuyén tinh trong nhém BTM (r = —0,13; p = 0,12) va LMCK (r =
—0,09; p = 0,40). Phan tich ROC cho thdy Klotho c6 kha ning phan
biét tinh trang ting phospho mau véi AUC = 0,654 (p < 0,01), thap
hon so véi PTH (AUC = 0,839; p < 0,001). Cac phéan tich gop trudc
day cling ghi nhan mdi twong quan nghich mirc d6 yéu giita Klotho
va phospho, ddc biét & nhém BTM, phu hop véi vai tro sinh 1y ctia
Klotho trong ting thai phosphate qua thén. Sy khac biét gitra cac
nghién ctru ¢6 thé lién quan dén muc d6 suy than, tinh trang viém
man tinh va cac liéu phap diéu tri. O bénh nhan LMCK, dao dong
phospho chiu dnh huong boi qua trinh loc méau va sir dung thudc gin
phosphate c6 thé 1am thay d6i mdi lién quan quan sat duoc giita
Klotho va phospho.

PTH mau: Nghién ctru ghi nhan mdi tuong quan nghich gitta
Klotho va PTH ¢ nhom BTM chua loc mau (r = —0,37; p <0 001)
trong khi khong ¢6 y nghia 6 nhom LMCK. Két qua nay gop phan

cing ¢ vai tro diéu hoa nguoc glua Klotho va PTH thong qua truc
Klotho-FGF23. Su khong ddng nhat giita cic nghién ctru cho thiy
mdi lién quan Klotho—PTH c6 thé chiju anh hudng béi nhiéu yéu td,
trong d6 co ché bénh sinh CKD-MBD déng vai tro trung tdm. Ngoai
ra, phan tich ROC cho thdy Klotho phan biét tinh trang taing PTH
(=150 pg/mL) 6 bénh nhan BTM v6i AUC =0, 712 (p<0,01), goiy
Klotho c6 thé c6 gia tri ho tro trong danh gia rdi loan cén giap &
bénh than man giai doan tién trién.

25(OH)D: Nghién ciru khong ghi nhan méi lién quan c6 ¥ nghia
giita Klotho va nong d6 25(0OH)D huyét thanh (p > 0,05). Mic du
mot s6 nghién ctru can thiép cho thay vitamin D hoat hoa c6 thé lam
tang biéu hién Klotho, cac dit liéu quan sat hién nay van chua du dé
khing dinh méi lién quan nhit quan giita Klotho va vitamin D dang
du trir.
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4.3.3. Lién quan giira Klotho véi mat do xwong, loang xuong

O nhém BTM chua loc mau, Klotho khong lién quan dang ké dén
mat d6 xuong tai tat ca cac vi tri do (p > 0,05). O LMCK, Klotho
giam & bénh nhan loang xuong tai toan by xuwong dui (p = 0,030),
nhung phan tich hdi quy khéng cho thay ¥ nghia thong ké. Két qua
nay co6 thé do khéac biét chuyén hoa giira xwong vo va xuong bé trong
CKD-MBD. Ngoai ra, MPX cot song do bang DXA ¢ bénh nhan
loc méu dé bi nhiéu boi thoai hoa hodc voi hoa giy ting gia tao, va
¢& mau phan nhom lodng xwong con nho, do dé can xac nhan thém
bang cac nghién ciru véi c& mau 16n hon.

Mbt s6 nghién ctu, nhu cia Chewcharat (2022), khong ghi nhan
mdi lién hé giita Klotho va lodng xwong, trong khi cc nghién ctru
khac (Zhang, Jiang, Zheng) lai cho thay Klotho thap c6 thé lién quan
dén glam mat d§ xuong hodc tang nguy co lodng xuong tai mot s0
vi trf nhét dinh va trén cac dbi tuong cu thé. Nhin chung, két qua van
chua théng nhat va can thém bang chung dé 1am rd méi lién quan
nay. Mic du chua ghi nhan mdi lién quan ¢ ¥ nghia, két qua am tinh
nay van cé gia tri khoa hoc, goi y rang Klotho c6 thé khong phan
anh tryuc tiép thay d6i MPX tai mot thoi diém, dic biét trong thiét
ké cit ngang va bdi canh CKD-MBD da yéu t6 (PTH, FGF23,
vitamin D hoat héa va cac yéu t6 1am sang lién quan).

Toém lai, Klotho khong lién quan ro voi MPX & BTM, nhung xu
huéng giam & bénh nhan LMCK c6 lodng xwong goi y vai tro tiém
ning cua Klotho trong CKD-MBD. Céan thém céc nghién ciru doan
hé theo ddi doc, da trung tdm va phan tich da bién dé xac dinh gia
tri ciia Klotho trong danh gia strc khde xuong.

4.3.4. Phan tich hdi quy tuyén tinh giira Klotho va cac yéu t6

Hoi quy tuyén tinh cho thdy MLCT la yéu t6 lién quan doc lap
manh nhét cta Klotho & nhdom BTM (R? ctia md hinh 13 0,207), trong
khi hemoglobin va thoi gian loc mau 13 yéu t6 chinh & nhém LMCK
(R? ctia m6 hinh 14 0,170). Cac nghién ctru quc té ciing ghi nhan
MLCT, Hb, phospho, hoic tudi c6 thé 1a yéu t6 lién quan dén Klotho,
nhung chua nhét quan. Két qua trén phan anh co ché diéu hoa Klotho
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khac nhau theo giai doan bénh. Klotho cé tiém nang trd thanh dau
4n sinh hoc danh gia tién trién BTM va tinh trang ndi méi & BN
LMCK.

Tém lai, nghién ctru ghi nhan nong d6 Klotho huyét thanh giam
dan tir nhém chimg dén nhom bénh than man va thap nhat & nhom
loc méu chu ky. Klotho twong quan thuan rd rét vai muc loc cau than
va phan tich ROC cho thiy gia tri phan biét t6t d6i voi bénh than
man tién trién (giai doan 3A—5D). O nhém loc mau chu ky, ndng do
Klotho gidm c6 y nghia ¢ bénh nhan lodng xuong tai ving xuong
dui. Trong nhoém bénh than man chua loc mau, Klotho ¢6 twong quan
nghich véi PTH; tuy nhién, khong ghi nhan mdi lién quan c6 ¥ nghia
thdng ké giita Klotho véi canxi, phospho va 25(OH)D & ca hai nhom
bénh than man va loc méau chu ky. Vi ¢& mau phu hop, phén tang
bénh than man 13 rang, c6 nhom chimg di chiéu va quy trinh xét
nghiém dugc chuin hoa, két qua cua chiing t6i trong ddng véi nhiéu
nghién ctru qudc té va gop phan bd sung dit lidu cho bénh nhan Viét
Nam. Qua d6, Klotho cho thay tiém ning tro thanh dau an sinh hoc
phan anh suy giam chuc nang than va 16i loan CKD-MBD; tuy
nhién, cin thém cac nghién ctru quy mé 16n va theo ddi doc dé khing
dinh gia tri tng dung trén lam sang.

KET LUAN

Qua nghién ciru ndng do Klotho huyét thanh va mdi lién quan
v6i mot sb yéu té 1am sang, chi sb xét nghiém, rdi loan khoang
xuong va mat do xuong trén 300 d6i tuong, bao gdm 60 ngudi khoe
manh (nhém chirng) va 240 bénh nhan bénh than man (150 bénh
nhan bénh than man giai doan 1 dén giai doan 5 chua loc mau va 90
bénh nhan loc méau chu ky) tai Bénh vién Théng Nht, tir ‘thang 10
nam 2022 dén thang 06 nam 2024, ching t6i rat ra mot s6 két luan
sau:
1. NONG PQ KLOTHO HUYET THANH G BENH NHAN
BENH THAN MAN

Nong d6 klotho huyét thanh giam 3 rét & bénh nhin bénh than
man va ¢6 xu hudéng giam dén theo mirc do tién trién cua bénh, dic

21



biét & bénh nhan loc mau chu ky. Nhitng két qua chinh bao gdm:
- Nong d6 Klotho huyét thanh giam dan tir nhém chimg (552,89 +
160,49 pg/mL) dén nhom bénh than man giai doan 1-5 chua loc mau
(407,68 + 156,20 pg/mL) va thip nhit & nhom loc méau chu ky
(313,19 + 118,05 pg/mL), v6i su khac biét c6 ¥ nghia thong ké (p <
0,0001).
- Néng d6 Klotho trung binh & cac giai doan BTM 1, 2,3,4va 5 co
gia tri 1an luot 1a 497,95 + 151,32; 490,46 + 183,16; 395,17 +
116,12; 335,44 + 98,23; va 319,38 + 128,97 pg/mL, cho théy Xu
huéng giam dan khi bénh tién trién. Sy giam nay c6 ¥ nghia tir giai
doan 3 trd di so vdi nhom chung, cling nhu so véi giai doan 1 va 2.
- O bénh nhan LMCK, nhém c6 thoi gian loc mau > 60 thang co
ndng do Klotho trung binh 258,36 + 102,17 pg/mL, thap hon cé y
nghfa so véi nhom loc mau < 60 thang (337,95 + 117,09 pg/mL).
2. MOI LIEN QUAN GIUA NONG PO KLOTHO HUYET
THANH VOI MUC LQC CAU THAN, CAC YEU TO
KHOANG XUONG VA MAT PQ XUONG

Nong do Klotho huyét thanh ¢6 mdi lién quan véi chirc ning
than, mot s6 yéu t6 khoang—xwong va mat do xuong ¢ bénh nhan
bénh than man, thé hién qua cac Kkét qua sau:
2.1. Mbi lién quan giira Klotho va mirc loc cAu than
- Nong d6 Klotho huyét thanh c6 trong quan thuan véi mirc loc cau
than (r=0,45; p <0,001) va hemoglobin (r=0,31; p<0,001); twong
quan nghich véi ure (r =-0,39; p < 0,001) va creatinin (r = -0,46; p
<0,001).
- Phan tich ROC cho thay Klotho c¢6 kha ning phan biét kha tdt tinh
trang giam muc loc cdu than (< 60 mL/ph/1,73 m? hay bénh than
man giai doan 3-5D), vai AUC = 0,832 (KTC 95%: 0,787-0,878;
dd nhay 80%; do dac hiéu 70%; p < 0,01).
- Hoi quy da bién cho thiy mirc loc ciu than 1a yéu t6 lién quan doc
1ap manh nhét ciia néng d6 Klotho huyét thanh, véi phuong trinh:
Nong d¢ Klotho (pg/mL) = 2,172 x MLCT (mL/ph/1,73 m?) —
1,357 x Hemoglobin (g/dL) + 0,171 x Tubi (nim) + 307,517.
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Mo hinh ¢6 y nghia thong ké (p < 0,001), véi hé sé xac dinh R?
= 0,207, giai thich khoang 20,7% su bién thién ndng d6 Klotho.

2.2. Mbi lién hé giira Klotho va cac yéu t6 khoang xwong
- O nhém bénh than man chua loc méu, Klotho ¢ tuong quan nghich
v6i PTH (r = -0,37; p < 0,001) nhung khong co mdi lién hé ¢co y
nghia véi canxi, phospho hoidc 25(OH)D huyét thanh (p > 0,05).
- O nhém loc mau chu ky, Klotho twong quan nghich v&i thoi gian
loc mau (r =-0,29; p = 0,005) va thuan véi hemoglobin (r = 0,34; p
< 0,001); khong ghi nhan tuwong quan c6 y nghia gitta Klotho va
canxi, phospho, 25(OH)D hodc PTH.
- Hoi quy da bién xé4c dinh thoi gian loc mau va hemoglobin 14 hai
yéu t6 anh huong chinh dén ndng d6 Klotho huyét thanh ¢ nhom
LMCK. Phuong trinh héi quy ddy du:
Nong d Klotho (pg/mL) = —0,655 x Thoi gian loc mau (thang)
+ 26,180 x Hemoglobin (g/dL) — 2,084 x Huyét ap tAm trwong
(mmHg) + 238,123.

Mo hinh ¢6 ¥ nghia thong ké (p < 0,001), véi hé s6 x4c dinh R?
= 0,170, giai thich khoang 17% su bién thién néng d6 Klotho.
2.3. Méi lién hé giira Klotho va mat dd xuong
- O bénh nhan loc mau chu ky, ndng do Klotho giam c6 y nghia &
nhom c¢6 lodng xuwong tai vi tri toan b xuong dui (255,99 + 110,28
pg/mL) so v6i nhom thiéu xwong hodc mat dé xuong binh thuong
(315,27 £ 114,24 pg/mL; p < 0,05). Tuy nhién, chua ghi nhén tuong
quan tuyén tinh c6 y nghia gitra Klotho va mat d6 xuong tai cac vi
tri khac.
KIEN NGHI

Dua trén két qua nghién ctru, chung to6i dé xuit mot sb kién nghi sau:
1. Ung dung Klotho trong thwe hanh 1im sang
- Néng d0 klotho huyét thanh giam dan theo tién trién bénh than man
va thoi gian loc mau, déc biét gidm ro tur giai doan 3 tr¢ di. Do do,
xét nghi€ém Klotho c6 thé dugc can nhéc str dung nhu mot dau 4n
sinh hoc bd sung & cac nhom bénh nhéan chon loc, bao gdm: bénh
nhan bénh than man tr giai doan 3 trd 1én; bénh nhan co roi loan
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khoang—xuong (PTH tang, phospho tang, mat d§ xuong gidm); bénh
nhén loc mau chu ky, dac bi¢t & nhom c6 thoi gian loc mau kéo dai.
- Phan tich ROC cho thiy Klotho c6 kha ning phan biét tmh trang
giam mirc loc cau than (< 60 ml/ph/1,73 m?) kha tdt, goi y tiém ning
tmg dung hd trg danh gia mirc d6 suy giam chic ning than & cac
nhom nguy co cao, trong diéu kién xét nghiém ELISA hién co.

2. Theo doi va can thi€¢p som CKD-MBD

- Xét nghiém Klotho co thé dugce sir dung phéi hop cung véi Ca, P,
PTH, 25(OH)D va mat d6 xwong dé phat hién som ri loan CKD—
MBD va theo doi dap ung diéu tri & bénh nhan bénh thadn man.

- Mic du thiét ke nghién ctru cat ngang chwa cho phep két luan quan
hé nhén—qua, can uu tién klem soat cac yéu to thuong di kém véi
ndng d6 Klotho thap, bao gdm ting phospho mau, PTH ting va thiéu
mau, nhim gdp phan cai thién tinh trang CKD-MBD va han ché cac
bién chimg xuong—mach mau & bénh nhan bénh than man.

3. Pinh huéng nghién ciru tiép theo

- Can nghién ctru doan hé doc dé theo ddi bién d6i nong do Klotho
theo tién trién bénh va dap tung diéu tri.

- Két hop phan tich dong thoi cac dau 4n khac nhur FGF23, sclerostin
hodc 25(0OH)D hoat tinh dé xay dung mé hinh tién lugng toan dién
CKD-MBD va danh gia ngudng Klotho c6 y nghia lam sang cho
ting giai doan bénh.
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1. INTRODUCTION

Chronic kidney disease (CKD) is a major global health issue with
rapidly increasing morbidity and mortality. In 2017, an estimated
843.6 million individuals were affected by CKD; among adults aged
> 20 years, the prevalence was 10.4% in men and 11.8% in women.
CKD is particularly common in the elderly due to the age-related
decline in glomerular filtration rate (GFR) and is strongly associated
with diabetes, hypertension, and race-related factors. According to
the Global Burden of Disease (GBD) report, CKD-related mortality
increased by 41.5% from 1990 to 2017; CKD ranked 12th among
causes of reduced life expectancy in 2017 and is projected to rise to
Sth place by 2040.

CKD results in a wide range of complications, among which
chronic kidney disease—mineral and bone disorder (CKD-MBD) is
especially important, as it contributes significantly to fracture risk
and cardiovascular mortality. Early detection of CKD and CKD-
MBD is therefore crucial for disease control and reducing the
healthcare burden.

Klotho, a protein predominantly secreted by renal tubular cells, has
recently emerged as a potential biomarker of interest, given its close
association with the endocrine function of the kidney. Klotho acts as
an obligate co-receptor for fibroblast growth factor 23 (FGF23),
thereby participating in the regulation of phosphate and vitamin D
metabolism. Numerous studies have reported early reductions in
Klotho levels in CKD and associations with CKD-MBD; however,
some investigations have failed to confirm these findings.
Variability in study designs and existing research gaps have led to
ongoing debate regarding the clinical significance of this biomarker.

In Vietnam, research on CKD-MBD has largely focused on
calcium, phosphate, parathyroid hormone (PTH), and vitamin D,
while data on Klotho and bone mineral density remain limited. For
this reason, we conducted the study entitled “Serum Klotho levels
and their association with mineral and bone disorders in
patients with chronic kidney disease”, with the following
objectives:

1. To determine serum Klotho levels in patients with chronic kidney
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disease from stages I to 5, including those undergoing maintenance
hemodialysis.

2. To investigate the relationship between serum Klotho levels and
glomerular filtration rate in non-dialysis CKD patients, and to
assess their associations with mineral-bone parameters (serum
calcium, phosphate, parathyroid hormone, and 25-hydroxyvitamin
D) and bone mineral density.

2. CONTRIBUTIONS OF THE DISSERTATION

This is the first study in Vietnam to investigate serum Klotho levels
and their association with mineral-bone disorders and bone mineral
density in patients with chronic kidney disease.

Scientific significance:

The study clarifies how serum Klotho levels change across CKD
stages and relate to mineral-bone abnormalities and bone density,
improving understanding of CKD-MBD and highlighting the
biomarker’s potential prognostic value.

Practical significance:

The study supports early detection of CKD progression through
declining Klotho levels, helps identify the risk of CKD-MBD, and
suggests combining Klotho with standard mineral-bone markers for
clinical management. The findings also guide early monitoring and
interventions to reduce skeletal and cardiovascular complications.

3. STRUCTURE OF THE DISSERTATION

The dissertation comprises 148 pages: Introduction (3 pages),
Literature Review (39 pages), Subjects and Methods (29 pages),
Results (35 pages), Discussion (39 pages), Conclusion (2 pages), and
Recommendations (1 page). It includes 56 tables, 10 figures, 1
diagram, 15 charts, and 172 references (12 Vietnamese, 160 English)

Chapter 1
LITERATURE REVIEW
1.1. CHRONIC KIDNEY DISEASE AND CKD-RELATED
MINERAL AND BONE DISORDERS
1.1.1. Diagnosis of CKD and Its Complications
1.1.1.1. Diagnosis of CKD

According to KDIGO 2012, chronic kidney disease (CKD) is

defined by the presence of kidney structural damage and/or
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decreased kidney function lasting for at least 3 months, with
implications for health. Decreased kidney function is diagnosed
when the estimated glomerular filtration rate (eGFR) is < 60
mL/min/1.73 m?. Structural kidney damage can be detected directly
by kidney biopsy or indirectly through markers such as the urinary
albumin-to-creatinine ratio or proteinuria, abnormal urinary
sediment, imaging abnormalities, disturbances in fluid and
electrolyte balance, tubular dysfunction, or a history of kidney
transplantation. CKD is diagnosed when at least one of these two
criteria is present, even when eGFR is > 60 mL/min/1.73 m?.
1.1.1.2. Complications of Chronic Kidney Disease
CKD is associated with multiple severe complications, particularly
as eGFR declines. Hypertension is common, accelerating disease
progression and increasing cardiovascular risk. Cardiovascular
disease—including atherosclerosis, left ventricular hypertrophy, and
vascular calcification—remains the leading cause of death. Other
major complications include anemia due to reduced erythropoietin
production, fluid overload with edema and hypertension, metabolic
acidosis, and electrolyte disturbances. Uremic syndrome,
manifested by pruritus, fatigue, and sleep disturbances, significantly
impairs quality of life. Endocrine dysfunction and chronic
inflammation further contribute to systemic complications. Notably,
CKD-mineral and bone disorder (CKD-MBD) increases the risk of
osteoporosis and fractures and is also associated with higher
cardiovascular mortality. Therefore, early detection and appropriate
management of CKD-MBD are essential components of
comprehensive CKD care.
1.1.2. Chronic Kkidney disease—-mineral and bone disorder
(CKD-MBD)
1.1.2.1. Definition of CKD-MBD

In 2005, KDIGO defined CKD-MBD as a systemic disorder of
mineral and bone metabolism due to CKD, characterized by one or
more of the following: (1) abnormalities in calcium, phosphate,
parathyroid hormone (PTH), or vitamin D metabolism; (2)
abnormalities in bone turnover, mineralization, volume, linear
growth, or strength; and (3) vascular or soft-tissue calcification.
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1.1.2.2. Mineral Metabolism Disorders in CKD

CKD-MBD develops early in the course of CKD and becomes
more clinically apparent as eGFR declines, particularly below 45—
50 mL/min/1.73 m? It is characterized by secondary
hyperparathyroidism, hyperphosphatemia, hypocalcemia, and
disturbances in vitamin D metabolism. In the early stages,
compensatory increases in phosphate excretion by the remaining
nephrons help maintain phosphate homeostasis, largely mediated by
elevated FGF23 and PTH. However, as eGFR falls below 30-40
mL/min/1.73 m?, these adaptive mechanisms become insufficient,
resulting in hyperphosphatemia, reduced calcitriol levels, and
progressive secondary hyperparathyroidism.

FGF23 (fibroblast growth factor 23), produced mainly by
osteocytes and osteoblasts, acts in concert with its co-receptor
Klotho in the kidney to promote phosphaturia and suppress renal
1,25(OH):Ds synthesis. Klotho deficiency attenuates FGF23
signaling, thereby impairing phosphate regulation. Reduced
calcitriol further decreases calcium-sensing receptor (CaSR) and
vitamin D receptor (VDR) activation, leading to increased PTH
secretion. Although PTH initially enhances renal calcium
reabsorption and phosphate excretion, sustained elevation promotes
bone  resorption and  contributes to  hypercalcemia,
hyperphosphatemia, and vascular calcification.

Collectively, the interplay among FGF23, PTH, calcitriol, and
Klotho constitutes a progressive pathophysiological axis underlying
CKD-MBD, underscoring the importance of early recognition and
comprehensive management.

1.2. THE ROLE OF KLOTHO IN CHRONIC KIDNEY
DISEASE AND ITS RELATIONSHIP WITH MINERAL-
BONE DISORDERS

1.2.1. Functions of Klotho in chronic kidney disease

1.2.1.1. Overview of Klotho

Klotho is predominantly expressed in the kidney as a
transmembrane protein that serves as a co-receptor facilitating
FGF23 binding to fibroblast growth factor receptors (FGFRs). Its
extracellular domain, consisting of two homologous subunits (K11
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and K12), can be cleaved by the proteases ADAM10 and ADAM17,
generating soluble Klotho or K11/KI2 fragments that are released
into the circulation. Soluble Klotho is detectable in blood,
cerebrospinal fluid, and urine.

1.2.1.4. Functions and pathophysiology of Klotho in chronic kidney
disease

As a co-receptor for fibroblast growth factor 23 (FGF23), the
FGFR—Klotho complex mediates key effects on mineral
metabolism. In the kidney, it reduces the expression of the NaPi-2a
cotransporter, thereby enhancing urinary phosphate excretion. In
addition, it suppresses 1a-hydroxylase activity, leading to decreased
synthesis of 1,25(OH):Ds. In the distal convoluted tubule, Klotho
also regulates the TRPVS (transient receptor potential vanilloid 5)
channel to promote calcium reabsorption and enhances sodium
reabsorption via the NCC (Na*—Cl~ cotransporter).

Soluble Klotho, released into the circulation, may reflect the
activity of membrane-bound Klotho. This soluble form can also
regulate TRPVS5 in an FGF23-independent manner by stabilizing the
channel on the cell membrane, thereby increasing distal tubular
calcium reabsorption. Moreover, soluble Klotho has been reported
to exert protective effects, including antioxidant and anti-fibrotic
actions, endothelial protection, ion channel regulation, and
inhibition of insulin-like growth factor-1 (IGF-1) signaling. These
mechanisms may contribute to anti-aging effects and help preserve
renal function.

1.2.2. Association between serum Klotho levels and glomerular
filtration rate and mineral-bone metabolism disorders

1.3. CURRENT RESEARCH STATUS

1.3.1. International Studies

Studies in non-dialysis CKD populations have consistently
demonstrated a decline in circulating Klotho levels with worsening
kidney function. Pavik et al. (2013) reported that serum Klotho
decreased from 1078.6 = 1810.2 pg/mL in healthy controls to 460.2
+ 222.8 pg/mL in patients with CKD stage 5. Similarly, Rotondi et
al. (2015) found significantly lower Klotho levels in CKD patients
(519 + 183 pg/mL) compared with controls, with reductions
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observed as early as CKD stage 2. Several studies have reported a
positive correlation between serum Klotho and eGFR, as well as
associations with mineral-bone markers such as calcium, phosphate,
PTH, and FGF23 (Rotondi et al., 2015; Khodeir et al., 2019).
However, findings remain inconsistent. Ozeki et al. (2014) did not
observe significant correlations between Klotho and calcium or
phosphate, while Edmonston et al. (2024) reported that Klotho was
not associated with mortality or CKD progression, whereas FGF23
remained an independent predictor. To date, evidence regarding the
relationship between Klotho and bone mineral density remains
limited and inconclusive.

In maintenance hemodialysis populations, multiple studies have
shown lower Klotho levels compared with healthy controls. Ling Yu
et al. (2018) reported a mean Klotho level of 379.93 + 143.66
pg/mL, with no correlation with calcium or PTH and only a weak
inverse correlation with phosphate. Wei et al. (2019) observed
markedly lower Klotho levels (119.10 + 47.29 pg/mL) and found no
significant associations with calcium, phosphate, or PTH. Similarly,
Pasaoglu et al. (2021) reported no significant correlations between
Klotho and mineral metabolism markers or vitamin D levels.

1.3.2. Domestic Studies

In Vietnam, available evidence remains limited. Nguyen Huu Vu
Quang and Vo Tam (2020) reported elevated FGF23 levels in
patients with advanced CKD and those receiving hemodialysis.
Nguyen Thanh Minh (2021) described a high prevalence of CKD—
MBD among maintenance hemodialysis patients, with only 4.91%
meeting at least three KDIGO target criteria. More recently, Nguyen
Van Chi (2024) reported lower plasma Klotho levels in maintenance
hemodialysis patients compared with controls; however, the
difference was not statistically significant (p > 0.05).

Chapter 2
STUDY PARTICIPANTS AND METHODS
2.1. STUDY PARTICIPANTS
2.1.1. Study period and setting

The study was conducted from October 2022 to June 2024 at

Thong Nhat Hospital. Participants were recruited from the
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Nephrology Outpatient Clinic (Department of Outpatient Services)
and the Department of Nephrology—Hemodialysis. Laboratory
analyses were performed at the Departments of Hematology and
Biochemistry, and bone mineral density measurements were
conducted at the Department of Diagnostic Imaging.

2.1.2. Patient group

Inclusion criteria: Patients with CKD stages 1-5 not on dialysis
and patients receiving maintenance hemodialysis, who were treated
at the Nephrology Outpatient Clinic (Department of Outpatient
Services) and the Department of Nephrology—Hemodialysis, Thong
Nhat Hospital; aged >18 years; and providing written informed
consent.

Exclusion criteria: Patients were excluded if they had severe
comorbidities or conditions potentially affecting Klotho levels,
including acute kidney injury, systemic lupus erythematosus,
malignancy, severe infection, endocrine disorders, hepatitis, or
cirrhosis. Patients with stage 5 chronic kidney disease not yet on
dialysis and eGFR < 7 mL/min/1.73 m? were also excluded. In
addition, pregnant or breastfeeding women, patients receiving
medications that may influence Klotho levels or bone mineral
density (long-term corticosteroids, bisphosphonates, denosumab, or
high-dose vitamin D), those who had undergone bone surgery or
joint replacement within the previous 6 months, and those with
contraindications to bone mineral density measurement were
excluded.

2.1.3. Control group

Controls were individuals undergoing routine health check-ups at
the Nephrology Outpatient Clinic (Department of Outpatient
Services), Thong Nhat Hospital, with normal clinical examination
and basic laboratory test results (complete blood count; blood
glucose; renal function; liver enzymes; electrolytes including
sodium, potassium, chloride, and calcium; urinalysis using 10
parameters; electrocardiography; chest X-ray; and abdominal
ultrasound), meeting no exclusion criteria and providing informed
consent.

2.2. STUDY CONTENTS AND METHODS
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2.2.1. Study design

This was a cross-sectional descriptive study with analytical
components.

2.2.2. Sample size calculation

The minimum required sample size for each group was calculated
based on the comparison of mean serum Klotho levels between the
CKD group and the control group.

2xC

T @y
According to Rotondi, the mean serum Klotho level in CKD patients
was 519 + 183 pg/mL, which was lower than that in controls (845 =
330 pg/mL). With o= 0.05 and power = 95% (p = 0.05), the constant
C = 13.0. The calculated sample size was approximately 27
participants per group. This study included 300 participants: 60
healthy controls, 150 non-dialysis CKD patients (stages 1-5), and
90 maintenance hemodialysis patients.
A non-probability purposive sampling method was applied.
2.2.3. Study instruments and equipment

The DxH 900 analyzer (Beckman Coulter) was used for complete
blood count testing. The AU5800 and DxI 800 systems (Beckman
Coulter) and Cobas 8000 (Roche) were used for biochemical tests.
Serum Klotho was quantified using an automated ELISA system
(Immunomat, 4-plate, Germany). Bone mineral density was
measured using a DXA Hologic system.

2.2.4. Study procedures
2.2.4.5. Definitions and measurement of study variables

Clinical variables included height, weight, body mass index
(BMI), blood pressure, 24-hour urine volume, medical history
(diabetes mellitus, hypertension, stroke, myocardial infarction,
smoking), family history of kidney disease, duration of CKD, and
dialysis vintage.

Laboratory variables included serum urea and creatinine, mineral—
bone parameters (calcium, phosphate, parathyroid hormone [PTH],
and 25-hydroxyvitamin D [25(OH)D]), lipid profile (total
cholesterol, triglycerides, LDL-C, HDL-C), serum albumin,
complete blood count, and the urinary albumin-to-creatinine ratio.

8




Laboratory testing was conducted according to standardized
procedures and met ISO 15189:2012 requirements at the
Hematology and Biochemistry Departments of the hospital.
2.2.4.6. Bone mineral density measurement and assessment

Bone mineral density was measured using dual-energy X-ray
absorptiometry (DXA) with a Hologic Discovery Wi system at the
lumbar spine and proximal femur. Osteoporosis was assessed using
the T-score. According to the World Health Organization,
osteoporosis was diagnosed when T-score < —2.5 SD, and
osteopenia was defined as a T-score between —1.0 and —2.5 SD.
2.2.4.7. Measurement of serum Klotho and interpretation

Serum Klotho was measured using an enzyme-linked
immunosorbent assay (ELISA) on the Immunomat system
(Germany) with the Human soluble a-Klotho Assay Kit (IBL,
Japan), with a sensitivity of 6.15 pg/mL, intra-assay coefficient of
variation < 3.5%, and inter-assay coefficient of variation < 11.4%.

Venous blood samples were collected in tubes without
anticoagulant, allowed to clot for 30 minutes, and centrifuged at
3,000 rpm at 4°C for 15 minutes. Serum was separated and stored at
—40°C. Each sample was thawed only once and analyzed in a single
batch to minimize technical wvariability. Serum Klotho
concentrations were determined by interpolation from the standard
curve (93.75-6,000 pg/mL).
2.2.5. Statistical analysis: Data were analyzed using SPSS version
22.0.

Categorical variables were presented as frequency and
percentage, and continuous variables as mean = SD or median.
Statistical significance was set at p < 0.05.

Proportions were compared using the chi-square test or Fisher’s
exact test. Means were compared using the t-test or one-way
ANOVA (for normally distributed data), and the Mann—Whitney U
test or Kruskal-Wallis test (for non-normally distributed data).

Pearson or Spearman correlation coefficients and
univariable/multivariable regression models (linear or logistic) were
used to analyze associated factors. Receiver operating characteristic
(ROC) curve analysis was performed to evaluate diagnostic
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performance using the area under the curve (AUC).
2.3. RESEARCH ETHICS

The study was approved by the Ethics Committee in Biomedical
Research of Hue University of Medicine and Pharmacy, Hue
University (No. H2022/502) and Thong Nhat Hospital (No.
61/2022/BVTIN-HDYD).

The costs of serum Klotho testing and other study-related expenses
were covered by the investigators to ensure participants’ benefits.
2.4.STUDY FLOW DIAGRAM

Chapter 3
RESEARCH RESULTS
3.1. CHARACTERISTICS OF THE STUDY POPULATION
3.2. SERUM KLOTHO LEVELS IN PATIENTS WITH
CHRONIC KIDNEY DISEASE
3.2.1. Serum Klotho Levels in the Study Subjects

5 000 552.89 + 160.49 p < 0.0001 (ANOVA)

500
407.68 + 156.20
400
313.19x118.05

300 T ]
200
100

(J’

Control group  Non-dialysis  Hemodialysis group
(m=60) CKD group(n = 150) (m=90)

Serum Klotho level (pg/ml

Figure 3.2. Serum Klotho Levels Across Study Groups
Observation: Serum Klotho levels progressively decreased from
the control group to the chronic kidney disease group and were
lowest in the hemodialysis group.
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Table 3.17. Serum Klotho Levels by CKD Stage
Group Control|Stage 1|Stage 2|Stage 3|Stage 4/Stage 5
(n=60)*|(n=30)"|(n=30)° (n=30)"|(n=30)¢(n=30)"
Minimum| 313.84 [225.52176.25]196.53[127.50|116.25
Maximum|1058.17| 882.43 | 885.44 | 598.40(515.02|623.67
Mean+SD |552.89+497.9+ 490.4+ 395.1+ (335.44319.3+
160.49 [151.32 [183.16 |116.12 |+98.23]128.97
p-value [p**>0.05; p***> 0.05; p*4¢ < 0.0001;

a&e < 0.0001; p*f < 0.0001; p**!<0.05

Observation: Serum Klotho levels declined progressively with
advancing CKD stages, with a statistically significant reduction
beginning from stage 3.

In the hemodialysis group, patients on dialysis for < 5 years had
significantly higher mean serum Klotho levels (337.95 + 117.09
pg/mL) compared with those on dialysis for > 5 years (258.36 +
102.17 pg/mL, p < 0.05; Mann—Whitney test) (Figure 3.3).

Table 3.20. Serum Klotho Levels According to Calcium—Phosphate
Disorders in the CKD Group (n = 240)

Serum Klotho
level (pg/mL)

Klotho
Parameter Subgrou n % /mL -value
group pg p
Mean+SD
Low 326.49
<2.10) | 3¢ | D% | 113319
Corrected =G0l 37931
: ) .
(fsrlg;‘f/?) (2.10-2.54) | 186 | 773% | {14909 | 7003
High s | 7500 | 39079
(>2.54) P70 | 118048
Serum Normal 190 | 79.29% 389.38
(< 1.78) 270 | 1159 50
phosphate - <0.001
VL High 20.8° 307.15
(mmol/L) | gy | 50 | 208% | [1n4 76
Calcium x Normal o 382.71
Phosphate | (<44) | 2| 8% | 15339 |
product. High 35 | 14.6% | 310.94
(mmol?/L?)
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| | =44 | | | £111.64 | |

Observation: Serum Klotho levels did not differ across corrected
calcium subgroups; however, they were significantly lower in
patients with hyperphosphatemia and in those with an elevated
calcium—phosphate product.

In the CKD group, mean serum Klotho levels were 379.09 +
153.20 pg/mL in patients with 25(OH)D < 30 ng/mL and 363.30 +
145.97 pg/mL in those with > 30 ng/mL, with no statistically
significant difference (p > 0.05) (Figure 3.5).

Table 3.21. Serum Klotho Levels According to PTH Categories
Across Study Group

Control! [Non-dialysis CKD 2| Hemodialysis®

Klotho (pg/mL) | '"_ ¢4 (n= 150) (0 = 90)
Mean | 552.89 431.66 34335

_ <150 @[ £SD | +160.49 + 156.68 + 141.08
2 (0=192)p-valug __ p'® < 0.0001; p"®’< 0.0001; p** > 0.05

E; n (%) | 60(100) 120 (30) 12 (13.3)
= Mean 311.74 308.55
= 1>150 ®| + SD +112.79 + 14.46

A |(n=108)lp-value P’ >0.05
n (%) 30 (20) 78 (86.7)
p @€ 0.001  [p@&®> 0.05

Observation: In the CKD group, serum Klotho levels were
significantly higher in patients with PTH <150 pg/mL, whereas no
difference was observed between PTH categories in the
hemodialysis group.
Table 3.25. Serum Klotho Levels According to Bone Mineral
Density Categories at Different Measurement Sites in the
Hemodialysis Group

. BMD Klotho (pg/mL -
Site category n % Mear(lng SD : vz?lue
Lumbar | Osteoporosis | 18 | 20.0 | 269.50 + 106.54

spine Osteopenia | 31 | 34.4 | 328.78 £ 142.62 | >0.05
(L1-L4) Normal 41| 45.6 | 320.58 £99.12
Femoral | Osteoporosis | 33 | 36.7 | 292.85+ 133.03

neck Osteopenia | 40 | 44.4 | 321.19+110.37
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Normal 17 | 18.9 | 333.85+104.72

Total Osteoporqsis 19 ] 21.1 | 255.99+110.28

Hip Osteopenia | 30 | 33.3 | 346.57 £117.96 | <0.05
Normal 41 | 45.6 | 315.27+114.24

Total Osteoporqsis 36 | 40.0 | 29791 +£132.46

body Osteopenia | 40 | 44.4 | 319.45+£106.18 | >0.05
Normal 14 | 15.6 | 334.59+114.40

Observation: Mean serum Klotho levels did not differ among the
osteoporosis, osteopenia, and normal groups at the lumbar spine,
femoral neck, or total body (p > 0.05). However, at the total hip,
Klotho levels differed significantly (p < 0.05), with the lowest values
observed in the osteoporosis group.
3.2.2. ROC Curves of Serum Klotho for Identifying CKD Stages

and Mineral-Bone Metabolism Disorders

08

Sensitivity

/
+——CKD stage 35 (AUC = 0.806)

D (hemodialysis) (AUC = 0.832)
vs. control group) (AUC = 0.604

, CKD
—CKD

- = Refer

%
0.0

0.2

0.4

0.8 1.0

1 - Specificity
Figure 3.6. ROC Curve of Serum Klotho levels for identifying
decreased eGFR.
Table 3.26. Diagnostic Performance of Serum Klotho in
Identifying Reduced eGFR and CKD Stages.

p- 95% Cutoff | Youden
Model AUC value CI (pg/mL) | Index Se Sp
Controls vs 0.502—
CKD G1-G2 0.604 | <0.05 0.706 4242 0.217 0.81 | 0.400
CKD < G2 vs 0.747—
CKD G3-G5 0.806 | <0.01 0.864 390.8 0.475 | 0.808 | 0.667
CKD < G2 vs 0.832 | <0.01 | 0.787— | 397.1 0.500 | 0.800 | 0.700

13




CKD G3-G5D | | [ 0.878 | | | |

Observation: The AUC of serum Klotho levels increased across the
models and was highest for the comparison between CKD stage < 2
and CKD stages 3-5D, suggesting that Klotho has good
discriminative ability in advanced-stage CKD.

3.3. ASSOCIATION BETWEEN SERUM KLOTHO LEVELS
AND EGFR, MINERAL-BONE PARAMETERS, BONE
MINERAL DENSITY, AND OTHER FACTORS IN PATIENTS
WITH CKD

3.3.1. Correlations Between Klotho and Clinical-Laboratory
Parameters in the Non-Dialysis CKD Group

Table 3.28. Correlation Between Serum Klotho and Laboratory
Parameters in the Non-Dialysis CKD Group

Parameter |Klotho| Cacrr [Phosphate/Ca x P| PTH 25(OH)D
Hemoglobin r | 031 | 0.21 -0.44 |-0.38]-0.58| 0.14
p [<0.001| 0.01 <0.001 [<0.001<0.001] 0.08
Ure r | -0.39 | -0.22 0.5 045 | 0.7 -0.14
p |<0.001| 0.007 | <0.001 [<0.001<0.001] 0.10
Creatinin r | -0.46 | -0.19 0.49 0.44 | 0.74 | -0.11
p |<0.001] 0.20 | <0.001 [<0.001}<0.001] 0.18
MLCT r| 045 | 0.23 -0.44 |-0.39]-0.61 | 0.02
p [<0.001] 0.004 | <0.001 [<0.001<0.001] 0.78

Observation: Serum Klotho levels showed a positive correlation
with eGFR and hemoglobin, and an inverse correlation with urea
and creatinine in the CKD group.

In patients with CKD, Klotho was negatively correlated with
PTH (r=-0.37; p <0.001), whereas no significant correlations were
observed with corrected calcium (r = 0.08; p = 0.35), phosphate (r =
—0.13; p = 0.12), calcium—phosphate product (r =-0.11; p = 0.17),
or 25(OH)D (r = 0.004; p = 0.96) (Table 3.29).
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Table 3.30. Correlation Analysis Between Serum Klotho Levels and
Bone Mineral Density and T-scores at Three Measurement Sites in
the CKD G3—GS5 Group (n = 90)

Site Variable r p-value
Lumbar spine BMD 0.03 0.77
(L1-L4) T-score 0.01 0.89
Femoral neck BMD 0.004 0.97
T-score 0.02 0.86
. BMD -0.00 0.96
Total hip T-score 0.02 0.83

Observation: No significant correlations were observed between
serum Klotho levels and either bone mineral density or T-scores at
the femoral neck, total hip, or lumbar spine (p > 0.05).

Univariable linear regression analysis in the non-dialysis CKD
group identified seven factors significantly associated with serum
Klotho levels (p < 0.05), with eGFR showing the strongest
association (R?> = 0.206), followed by creatinine, urea, PTH,
hemoglobin, the number of mineral-bone abnormalities, and age (R?
=0.037), which had the weakest association (Table 3.31).

Table 3.32. Multivariable Linear Regression Analysis of Factors
Associated With Serum Klotho Levels in the CKD Group

Variable UnstandardizedStandardized ¢ p-
B Beta value
Constant 307.517 - 3.061 | 0.003
eGFR 2.172 0487 | 4.583 [<0.001
(mL/min/1.73 m?) ' ' ' )
Hemoglobin (g/dL) -1.357 -0.027 -0.188 0.851
Age (years) 0.171 0.014 0.202 | 0.840

Observation: eGFR, hemoglobin, and age together explained
20.7% of the variation in serum Klotho levels (R? = 0.207; p <
0.0001). In the multivariable regression model, eGFR was the
strongest independent factor associated with serum Klotho (B =
0.487). Regression equation:

Serum Klotho (pg/mL) = 2.172 x eGFR (mL/min/1.73 m?) —
1.357 x Hemoglobin (g/dL) + 0.171 x Age (years) + 307.517
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Univariable linear and logistic regression analyses showed no
significant associations between Klotho and BMD, T-scores, or
osteoporosis status in patients with advanced CKD (p > 0.05). The
correlation coefficients (R), coefficients of determination (R?), and
odds ratios (=1) were all low, indicating that Klotho did not
meaningfully influence bone density or osteoporosis risk in this
group (Tables 3.33 and 3.34).

3.2.2. Correlations Between Klotho and Clinical Parameters in
the Hemodialysis Group

Serum Klotho levels demonstrated a negative correlation with
dialysis vintage (r = —0.29; p = 0.005) (Table 3.35).

Klotho showed no significant correlations with mineral-bone
parameters, including corrected calcium (r = —0.17; p = 0.11),
phosphate (r = —0.09; p = 0.40), calcium—phosphate product (r = —
0.12; p=0.28), PTH (r =-0.17; p = 0.10), or 25(OH)D (r = —0.04;
p =0.72) (Table 3.37).

Table 3.40. Multivariable Linear Regression Analysis of Factors
Associated With Serum Klotho in the Hemodialysis Group

Variable Unstandardized Standardized ¢ p-
B Beta value
Constant 238.123 - 1.478 | 0.143
Dialysis vintage -0.655 -0.224 -2.167] 0.033
Hemoglobin 26.180 0.292 2.905 | 0.005
Diastolic BP -2.084 -0.152 -1.508 ] 0.135

Observation: With R =0.413 and R? = 0.170, the three variables
- dialysis vintage, hemoglobin, and diastolic blood pressure -
explained 17% of the variation in serum Klotho levels. However,
only hemoglobin (f = 0.292; p = 0.005) and dialysis vintage (f = —
0.224; p = 0.033) remained independently associated with serum
Klotho levels. Regression equation:
Serum Klotho (pg/mL) =-0.655 x Dialysis vintage (months) +
26.180 x Hemoglobin (g/dL) — 2.084 x Diastolic blood pressure
(mmHg) + 238.123

Univariable linear regression analysis showed no significant

associations between Klotho and bone mineral density or T-scores
in the hemodialysis group (p > 0.05).
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Chapter 4
DISCUSSION

4.1. CHARACTERISTICS OF THE STUDY POPULATION
4.2. SERUM KLOTHO LEVELS IN PATIENTS WITH
CHRONIC KIDNEY DISEASE
4.2.1. Serum Klotho levels across study groups

Serum Klotho levels decreased progressively from controls to
CKD patients and were lowest in those receiving hemodialysis (p <
0.05), consistent with international findings. Variations in absolute
values across studies may reflect differences in assay methods,
population characteristics, and confounding factors such as
inflammation, oxidative stress, uremic toxins, and treatment effects.
In hemodialysis patients, Klotho levels were markedly reduced,
consistent with reports by Yokoyama and others. This reduction may
be influenced by dialysis vintage and modality, chronic
inflammation, comorbidities, and therapeutic interventions. Further
standardized and well-controlled studies are warranted to clarify the
prognostic significance of Klotho in hemodialysis populations.
4.2.2. Serum Klotho levels according to CKD stages

This study showed that serum Klotho levels progressively declined
with CKD progression, becoming significantly reduced from stage
3 onward (p < 0.05) and more pronounced in stages 4-5 (p <0.001),
suggesting that Klotho may reflect CKD severity. These findings are
consistent with those reported by Shimamura, Pavik, Liu, and
Rotondi, in which some authors observed a decline as early as stage
2 and proposed Klotho as an early biomarker. However, absolute
Klotho values vary across studies, which may be attributable to
differences in assay methods, commercial kits, and study
populations. In addition, tubular injury, inflammation, and
treatment-related factors may also influence circulating Klotho
levels. Notably, some studies, such as that by Seiler, did not
demonstrate a clear stage-dependent decline. In summary, serum
Klotho appears to have potential as a biomarker reflecting CKD
progression; however, further studies are required to clarify its
diagnostic value for early CKD detection.
4.2.3. Serum Klotho levels according to dialysis vintage (< 5
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years vs > 5 years)

Serum Klotho levels were significantly lower in patients with a
dialysis vintage of > 60 months (5 years) compared with those with
< 60 months (p < 0.05), and were inversely correlated with dialysis
vintage (r = —0.29; p = 0.005), suggesting that prolonged
hemodialysis exposure may contribute to reduced Klotho levels. In
contrast to the study by Memmos, which did not report this
association, the discrepancy may be attributed to differences in
population characteristics and assay methods. Serum Klotho levels
are also influenced by tubular injury, residual kidney function,
chronic inflammation, and oxidative stress. Overall, our findings
suggest that dialysis vintage is associated with decreased Klotho
levels, and that low Klotho may serve as a potential marker for
assessing disease progression in long-term maintenance
hemodialysis patients.

4.3. ASSOCIATION BETWEEN SERUM KLOTHO LEVELS
AND EGFR, MINERAL-BONE PARAMETERS, BONE
MINERAL DENSITY, AND OTHER FACTORS IN PATIENTS
WITH CKD
4.3.1. Association between Klotho and Glomerular Filtration
Rate

Our study demonstrated that serum Klotho levels progressively
declined with CKD progression and showed a moderate positive
correlation with eGFR (r=0.45; p <0.001). The reduction in Klotho
became significant from CKD stage 3 onward and was more
pronounced in stages 4-5 (p < 0.001). These findings are consistent
with several international studies, including those by Liu et al. (r =
0.593; p <0.001) in patients with CKD stages 3—5, Pavik et al. (1> =
0.41; p <0.0001) in patients with CKD stages 1-5, and Shimamura
et al. (r=0.441; p <0.0001). In contrast, Seiler’s study (p = 0.098)
did not demonstrate a clear association. A meta-analysis by Wang et
al. (2018), including 1,457 patients from nine studies, reported a
pooled correlation coefficient of 0.35 (p < 0.05) between Klotho and
eGFR, which was not significantly influenced by age, geographic
region, or baseline eGFR. This association likely reflects tubular
injury—given that the kidney, particularly tubular cells, is the
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primary source of Klotho synthesis—as well as the effects of
inflammation, fibrosis, and uremic toxins. Therefore, Klotho may
serve as a biomarker reflecting declining kidney function,
particularly from CKD stage 3 onward.

ROC analysis further supported this finding, showing that Klotho
had good discriminatory ability for advanced CKD. In patients with
CKD stages 3—5D (vs. CKD stage < 2), the AUC was 0.832 (95%
CI: 0.787-0.878; p < 0.01). A cutoff value of 397.1 pg/mL yielded a
sensitivity of 80.0% and a specificity of 70.0% (Youden index =
0.500), suggesting the potential diagnostic value of Klotho in
identifying progressive kidney function decline.

4.3.2. Association between Klotho and Mineral-Bone
Parameters

Analysis of the associations between Klotho and mineral-bone
parameters revealed:

Corrected serum calcium: Serum Klotho levels showed a slight
decrease as calcium levels declined; however, this difference was
not statistically significant, and no significant linear correlation
between Klotho and calcium was observed in either the CKD or
maintenance hemodialysis groups. ROC analysis showed that serum
Klotho had a moderate discriminatory ability for hypocalcemia
(AUC = 0.655; p < 0.05). Although Klotho plays a regulatory role
in TRPVS5 activity and the FGF23—vitamin D axis, previous studies
have reported inconsistent results, which may be attributable to
differences in study populations, disease stages, chronic
inflammation, endocrine disturbances, and treatment-related factors
(e.g., calcium supplementation and phosphate binders). In
maintenance hemodialysis patients, fluctuations in calcium levels
related to dialysis and concomitant therapies may obscure this
association. Nevertheless, the findings still suggest a potential role
of Klotho in calcium regulation within the CKD-MBD context.

Serum phosphate: Serum Klotho levels were significantly lower
in patients with hyperphosphatemia (p < 0.001); however, no
significant linear correlations were observed in the CKD group (r =
—0.13; p = 0.12) or the maintenance hemodialysis group (r = —0.09;
p = 0.40). ROC analysis showed that serum Klotho had a moderate
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discriminatory ability for hyperphosphatemia (AUC = 0.654; p <
0.01), which was lower than that of PTH (AUC = 0.839; p < 0.001).
Meta-analyses have reported a weak inverse correlation between
Klotho and phosphate, particularly in CKD populations, which is
consistent with its physiological role in promoting renal phosphate
excretion. Differences across studies may be influenced by
variations in patient populations, the severity of kidney dysfunction,
chronic inflammation, and treatment strategies. In maintenance
hemodialysis patients, phosphate fluctuations related to dialysis and
the use of phosphate binders may attenuate the observed association
between Klotho and phosphate.

Serum PTH: Serum Klotho levels were inversely correlated with
PTH in the CKD group (r = —0.37; p < 0.001), but this association
was not significant in the maintenance hemodialysis group. These
findings support the inverse regulatory relationship between Klotho
and PTH through the Klotho—FGF23 axis. Variability among studies
suggests that the Klotho—PTH relationship may be influenced by
multiple factors, with CKD-MBD pathophysiology playing a
central role. In addition, ROC analysis showed that serum Klotho
discriminated elevated PTH levels (=150 pg/mL) in patients with
chronic kidney disease, with an AUC of 0.712 (p <0.01), suggesting
that Klotho may have supportive value in assessing parathyroid
dysfunction in advanced CKD.

25(OH)D: No significant association was observed between
Klotho and serum 25(OH)D levels (p > 0.05). Although some
interventional studies have suggested that active vitamin D may
increase Klotho expression, available observational evidence
remains insufficient to establish a consistent relationship.

4.3.3. Association between Klotho and Bone Mineral Density
and Osteoporosis

In the non-dialysis CKD group, serum Klotho levels were not
significantly associated with bone mineral density at any measured
sites (p > 0.05). In the maintenance hemodialysis group, serum
Klotho levels were significantly lower in patients with osteoporosis
at the total hip site (p = 0.030); however, this association was not
statistically significant in regression analysis. These findings may be
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attributable to metabolic differences between cortical and trabecular
bone in the context of CKD-MBD. In addition, lumbar spine BMD
assessed by DXA in dialysis patients may be confounded by
degenerative changes or calcification, leading to falsely elevated
measurements, and the sample size of the osteoporosis subgroups
was limited; therefore, these results should be further confirmed in
studies with larger sample sizes.

Several studies, such as that by Chewcharat (2022), reported no
significant relationship between Klotho and osteoporosis. In
contrast, other studies (e.g., Zhang, Jiang, and Zheng) suggested that
lower Klotho levels may be associated with reduced bone mineral
density or an increased risk of osteoporosis at specific skeletal sites
and in certain populations. Overall, the evidence remains
inconsistent, and further studies are needed to clarify this
association. Although no statistically significant association was
observed, this negative finding remains scientifically meaningful,
suggesting that Klotho may not directly reflect changes in BMD at
a single time point, particularly in a cross-sectional design and
within the multifactorial context of CKD-MBD (including PTH,
FGF23, active vitamin D, and other relevant clinical factors).

In summary, serum Klotho was not clearly associated with bone
mineral density in CKD patients in our study, whereas the observed
reduction in Klotho among hemodialysis patients with osteoporosis
suggests a potential role of Klotho in CKD-MBD. Further
multicenter longitudinal cohort studies with multivariable analyses
are needed to determine the clinical value of Klotho in assessing
bone health.

4.3.4. Regression Analyses Between Klotho and Related
Factors

Linear regression analysis showed that eGFR was the strongest
independent factor associated with serum Klotho levels in the non-
dialysis CKD group (model R? = 0.207), whereas hemoglobin and
dialysis vintage were the main determinants in the maintenance
hemodialysis group (model R? = 0.170). International studies have
also reported that eGFR, hemoglobin, phosphate, or age may be
associated with serum Klotho levels; however, findings rem ain
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inconsistent. These results may reflect differences in Klotho
regulation across CKD stages. Overall, Klotho has potential as a
biomarker for assessing CKD progression and mineral-metabolic
homeostasis in maintenance hemodialysis patients.
In summary, this study demonstrated that serum Klotho levels
progressively declined from the control group to CKD patients and
were lowest in the maintenance hemodialysis group. Serum Klotho
showed a clear positive correlation with eGFR, and ROC analysis
indicated good discriminatory performance for advanced CKD
(stages 3A—5D). Among maintenance hemodialysis patients, Klotho
levels were significantly lower in those with osteoporosis at the hip
region. In the non-dialysis CKD group, Klotho was inversely
correlated with PTH; however, no significant associations were
observed between Klotho and serum calcium, phosphate, or
25(OH)D in either the CKD or hemodialysis groups. With an
adequate sample size, well-defined CKD stratification, an
appropriate control group, and standardized laboratory procedures,
our findings are consistent with international evidence and provide
additional data in Vietnamese patients. Overall, Klotho appears to
be a promising biomarker reflecting kidney function decline and
CKD-MBD; however, further large-scale and longitudinal studies
are warranted to confirm its clinical utility.
CONCLUSION

Based on the assessment of serum Klotho levels and their
associations with selected clinical factors, laboratory parameters,
mineral-bone disorders, and bone mineral density in 300
participants at Thong Nhat Hospital (from October 2022 to June
2024), including 60 healthy controls and 240 patients with chronic
kidney disease (150 patients with non-dialysis CKD stages 1-5 and
90 patients receiving maintenance hemodialysis), we drew the
following conclusions:
1. Serum Klotho levels in chronic kidney disease

Serum Klotho levels were markedly decreased in patients with
chronic kidney disease and tended to decline with disease
progression, particularly among maintenance hemodialysis patients.
The main findings were as follows:
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- Serum Klotho levels progressively decreased from the control
group (552.89 £ 160.49 pg/mL) to the non-dialysis CKD stages 1-5
group (407.68 £ 156.20 pg/mL) and were lowest in the maintenance
hemodialysis group (313.19 £+ 118.05 pg/mL), with a statistically
significant difference (p < 0.0001).

- The mean serum Klotho levels across CKD stages 1, 2, 3, 4, and 5
were 497.95 + 151.32, 490.46 + 183.16, 395.17 = 116.12, 335.44 +
98.23, and 319.38 + 128.97 pg/mL, respectively, demonstrating a
decreasing trend with advancing CKD stage. This reduction became
significant from stage 3 onward compared with the control group, as
well as compared with stages 1 and 2.

- Among maintenance hemodialysis patients, those with dialysis
vintage > 60 months had a significantly lower mean serum Klotho
level (258.36 + 102.17 pg/mL) than those with dialysis vintage < 60
months (337.95 + 117.09 pg/mL).

2. Associations Between Serum Klotho Levels and Estimated
Glomerular Filtration Rate (¢GFR), Mineral-Bone Parameters,
and Bone Mineral Density

Serum Klotho levels were associated with kidney function,
selected mineral-bone parameters, and bone mineral density in
patients with chronic kidney disease, as demonstrated by the
following results:

2.1. Association Between Serum Klotho Levels and Estimated
Glomerular Filtration Rate (eGFR)

Serum Klotho levels were positively correlated with eGFR (r =
0.45; p < 0.001) and hemoglobin (r = 0.31; p < 0.001), and
negatively correlated with urea (r =—0.39; p < 0.001) and creatinine
(r=-0.46; p <0.001).

ROC analysis showed that serum Klotho had good discriminatory
ability for reduced eGFR (eGFR < 60 mL/min/1.73 m?
corresponding to CKD stages 3—5D), with an AUC of 0.832 (95%
CI: 0.787-0.878), sensitivity of 80%, and specificity of 70% (p <
0.01).

In multivariable regression analysis, eGFR was the strongest
independent factor associated with serum Klotho levels. The
regression equation was:
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Klotho (pg/mL) = 2.172 x ¢GFR (mL/min/1.73 m?) — 1.357 %
hemoglobin (g/dL) + 0.171 x age (years) + 307.517

The model was statistically significant (p < 0.001), with an R? of
0.207, explaining approximately 20.7% of the variance in serum
Klotho levels.

2.2. Association Between Serum Klotho Levels and Mineral-
Bone Parameters

In the non-dialysis CKD group, serum Klotho levels were
inversely correlated with PTH (r=—0.37; p < 0.001), but showed no
significant associations with serum calcium, phosphate, or 25(OH)D
(p>0.05).

In the maintenance hemodialysis group, serum Klotho levels were
inversely correlated with dialysis vintage (r =—0.29; p = 0.005) and
positively correlated with hemoglobin (r = 0.34; p < 0.001). No
significant correlations were observed between Klotho and calcium,
phosphate, 25(OH)D, or PTH.

Multivariable regression analysis identified dialysis vintage and
hemoglobin as the two main determinants of serum Klotho levels in
maintenance hemodialysis patients. The full regression equation
was:

Klotho (pg/mL) = —0.655 x dialysis vintage (months) + 26.180 x
hemoglobin (g/dL) — 2.084 x diastolic blood pressure (mmHg) +
238.123

The model was statistically significant (p < 0.001), with an R? of
0.170, explaining approximately 17% of the variance in serum
Klotho levels.

2.3. Association Between Serum Klotho Levels and Bone
Mineral Density

Among maintenance hemodialysis patients, serum Klotho levels
were significantly lower in those with osteoporosis at the total hip
site (255.99 £+ 110.28 pg/mL) compared with those with osteopenia
or normal bone mineral density (315.27 = 114.24 pg/mL; p < 0.05).
However, no significant linear correlations were observed between
Klotho and bone mineral density at other skeletal sites.

RECOMMENDATIONS
1. Application of Klotho in Clinical Practice
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Serum Klotho levels progressively declined with the progression
of chronic kidney disease and with longer dialysis vintage, with a
marked decrease from CKD stage 3 onward. Therefore, serum
Klotho testing may be considered as an additional biomarker in
selected patient groups, including: patients with CKD from stage 3
or higher; those with mineral-bone disturbances (elevated PTH,
hyperphosphatemia, and reduced bone mineral density); and
maintenance hemodialysis patients, particularly those with longer
dialysis vintage.

ROC analysis showed that serum Klotho had good discriminatory
ability for reduced eGFR (eGFR < 60 mL/min/1.73 m?), suggesting
its potential utility as an adjunct biomarker for assessing renal
function decline in high-risk populations, as measured by ELISA in
this study.

2. Early Detection and Intervention for CKD-MBD

Serum Klotho testing may be used in combination with calcium,
phosphate, PTH, 25(OH)D, and bone mineral density to facilitate
early detection of CKD-mineral and bone disorder (CKD-MBD)
and to monitor treatment response in patients with chronic kidney
disease.

Although the cross-sectional design does not allow causal
inference, priority should be given to controlling factors commonly
associated with low Klotho levels, including hyperphosphatemia,
elevated PTH, and anemia, in order to improve CKD-MBD status
and reduce bone—vascular complications in CKD patients.

3. Directions for Future Research

Longitudinal cohort studies are needed to evaluate changes in
serum Klotho levels over the course of CKD progression and in
response to treatment.

In addition, integrating other biomarkers such as FGF23,
sclerostin, or active 25(OH)D may help develop a comprehensive
prognostic model for CKD-MBD and determine clinically
meaningful Klotho thresholds for each CKD stage.
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