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TOM TAT: Bénh tim mach hién la mét trong nhiing nguyén nhan hang dau gay tl vong va
LDL-C la yéu t6 nguy cc quan trong. Tuy do truc tlep LDL-C cho két qua chinh xac nhUng van
con tén kém, trong khi phuang trinh Friedewald gidm do chinh xac khi udc tinh LDL-C & ngudi
bénh c6 triglyceride (TG) cao thi phuang trinh Martin-Hopkins cai tién (eMH) dugc dé xuat dé
khac phuc diéu nay. Nghién clru mé ta cat ngang trén 626 ngudi bénh tai Bénh vién Théng
Nhat véi TG 400-800 mg/dL, LDL-C dugc xac dinh bang phuang phap enzyme dong nhat va
udc tinh bang phuang trinh Friedewald, eMH. So sanh dé chinh xac qua hé sé tuong quan
Pearson/Spearman, sai s6 trung binh tuyét déi (MAE), sai s6 can bac hai trung binh (RMSE) va
ty 1é téi phan nhom phu hgp. Két qua cho thay phuong trinh eMH c6 tugng quan cao hon so
V@i Friedewald (0,74 > 0,70), MAE va RMSE thap han (20,6 mg/dL va 27,8 mg/dL so véi 42,3
mg/dL va 52,2 mg/dL), dong thgi ty |é tai phan nhdom phu hgp cao hon (39% vs 29%). Tém lai,
phuang trinh eMH cé dé chinh xac va tinh tuang hgp tét hon trong khoang TG 400-800 mg/dL
so vdi phuong trinh Friedewald. Tuy nhién can nghién clu trén mau da trung tdm va so sanh
vGi phuang phap tham chiéu dinh lugng B trudc khi st dung réng réi.

Tu khéa: LDL-C; Martin-Hopkins cai tién; Friedewald; TG cao; do truc tiép; tuong hgp; MAE;
RMSE.

CONCORDANCE BETWEEN DIRECT MEASUREMENT
OF LDL-C AND ESTIMATION BY THE EXTENDED
MARTIN-HOPKINS EQUATION AT HIGH TRIGLYCERIDE

Mai Phung Huyen My, Thai Huu Khoa, Cao Thi Van

ABSTRACT: Cardiovascular disease remains one of the leading causes of mortality worldwide,
and LDL-C is a critical risk factor. Although direct measurement of LDL-C using homogeneous
enzymatic assays provides high accuracy, it remains costly and time-consuming. The Friedewald
equation, while widely applied, reduces accuracy in patients with elevated triglyceride, whereas
the extended Martin-Hopkins (eMH) equation has been proposed to overcome this limitation.
This cross-sectional study was conducted on 626 patients at Thong Nhat Hospital with TG levels
ranging from 400-800 mg/dL. LDL-C concentrations were determined using a homogeneous
enzymatic method and estimated using both the Friedewald and eMH equations. Accuracy
was assessed by Pearson’s/Spearman’s correlation coefficient, mean absolute error (MAE), root
mean square error (RMSE), and concordance rate for risk reclassification. The eMH equation
demonstrated a higher correlation with direct measurement compared to Friedewald (0,74 >
0,70), lower MAE and RMSE values (20,6 mg/dL and 27,8 mg/dL vs 42,3 mg/dL and 52,2 mg/
dL), and a higher concordance rate (39% vs 29%). In conclusion, the eMH equation showed
superior accuracy and concordance within the TG range of 400-800 mg/dL compared with the
Friedewald equation. Nevertheless, further multicenter studies and comparisons with reference
B-quantification methods are warranted before broad public implementation.

Keywords: LDL-C; extended Martin-Hopkins; Friedewald; high TG; homogenous enzymatic;
concordance; MAE; RMSE.
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1. DAT VAN DE

Hién nay, bénh tim mach la nguyén
nhan hang dau gay tu I vong trén toan cau.
[1] Theo Hudng dan cla H|ep hoi Tim mach
Hoa Ky (AHA) va Hoc vién Tim mach Hoa
Ky (ACC) nam 2023 da khang dinh trong
cac yeu t6 nguy cad tim mach, LDL-C vua la
nguyén nhan va muc tiéu kiém soat lipid,
ddng vai trd then chét trong du phong.[2]

Hién nay ta c6 phudng phap do tryc
tiép, bao ‘gom dinh lugng b(phuong phap
tham chiéu) va enzyme dong nhat cho ket
qua chinh xac nhung ton tai nhiéu han
ché.[3] Dinh Iu‘dng b doi hoi thé tich mau
I&n, chi phi cao va thdi gian phan tich kéo
dai.[4,5] Trong khi do, xét nghiém enzyme
déng nhat co uu diém nhanh va tién trén
cac hé théng may sinh héa nhung van tén
chi ph| thdi gian va cong suc. Do vay, viéc
udc tinh LDL-C bang cac phuang trinh
toan hoc la mét giai phap thay thé hgp ly.

Tai Viét Nam, BO Y té hién khuyén cao
st dung phUdng trinh Friedewald dé

udc tinh LDL-C.[6,7] Tuy nhién, cho dén
gan day, phuong trinh nay duoc ching
minh co nhiéu han ché khi giam d6 chinh
xac khi TG 18n hon khoang 250 mg/dL,
khéng khuyén cao st dung khi TG >4OO
mg/dL,[8] va khdong phu hgp véi ngudi
bénh tang lipid mau loai I, c6 LDL-C rat
thap (<70 mg/dL), hoac dang diéu tri véi
thuoc ha lipid mau.[9]

Dé khac phuc nhugc diém nay, nhiéu
phuong trinh mai da dugc phat trién,
trong do c6 phuang trinh eMH.[10] biém
dac biét cua eMH la thay vi st dung hé s
6 dinh nhu Friedewald, phuang trinh nay
phan chia TG thanh nhigu khoang gia tri
va ap dung hé s6 linh hoat han, nha vay it
bi anh hudng khi TG ¢ muc cao hoac thap.
[11] Mot sO nghlen cUu da chUng minh do
chinh xac vugt tréi cia eMH & nhoém ngudi
bénh c6 TG cao. Nghién clfu cta Aparna
SaJJa (2021) cho thay phuadng trinh eMH
c6 do chinh xac tot nhat khi so sanh vai
Frledewald 3 muc TG 400-799 mg/dL.[12]
Tuy vay, hién chua c6 nhiéu nghién ctu tai
Viét Nam danh gi4 truc tiép su khac biét
gita eMH, Friedewald va phUdng phap do
truc tiép bang enzym 8 nhdm ngudi bénh
c6 TG trén 400 mg/dL.

Vi vay, nghién ctu nay dugc tién hanh
nham xac dinh gia tri st dung cta phuang
trinh eMH trong nhém ngudi bénh co
nong d6 TG 400-800 mg/dL. Két qua thu
dugc dugc ky vong sé& cung cap bang
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ching khoa hoc quan trong phuc vu viéc
lya chon phuang trinh uGc tinh LDL-C phu
hgp cho ngudi bénh c6 TG cao tai Viét
Nam.

Viéc nay khéng chi giup giam nguy co
danh gié thdp LDL-C, von c6 thé dan dén
diéu tri thiéu cho ngudi c6 nguy cg tim
mach cao ma con gép phan t6i uu hoéa chi
ph| diéu tri. Dya trén thuc t€ nay, nghién
clu tap trung vao mdi tuong quan va dé
tuong hgp gilta LDL-C do tryc ti€p va
LDL-C udc tinh theo phuong trinh eMH &
muc

TG cao, v8i muc tiéu chinh [a xac nhan
gia tri si dung cta phuong trinh eMH
trong udc tinh LDL-C theo cac ngudng
TG va phan loai ngugi bénh theo ngudng
LDL-C.

2. DOI TUQONG VA PHUONG
PHAP NGHIEN CUU

2.1. Poi tugng nghién ciru

Ngudi bénh ndi trd va ngoai trd du
18 tudi tra 1én, c6 chi dinh thuc hién xét
nghiém bo I|p|d mau (LDL-C, Cholesterol
toan phan (TC), HDL-C, TG) va c6 két qua
nong do TG 400-800 mg/dL tai Bénh vién
Théng Nhat.

Tiéu chuan loai trir khi ngudi bénh
khéng phai la ngudi Viet Nam va cac mau
mau cla ngudi bénh bi tan huyét, bilirubin
cao.

2.2. Phuang phap nghién ciru

Thiét k& nghién clru: Nghién citu mé ta
cat ngang két hgp héi clu.

Trong khoang thdi gian hoi clu, c6 626
ngudi bénh thoa tiéu chi chon mau, dua
trén néng dé TG dugc chia thanh 2 nhém:
336 trudng hgp c6 TG tir 400 - 499 mg/dL
(nhdm 1) va 290 trudng hgp ¢6 TG tur 500 -
799 mg/dL (nhom 11).

2.3. Phuaong phap xur ly phan tich sé
liéu

D liéu dugc thu thap, nhap va lam sach
bang phan mém Microsoft Excel 365, sau
dé phan tich bang Stata 17.0 va RStudio
4.4.2. Nong do LDL-C dugc xac dinh bang
phuang phap enzyme dong nhat (do truc
ti€p) va udc tinh bang hai phuong trinh:

- Phuang trinh Friedewald: (mg/dL)
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- Phuang trinh eMH: (mg/dL), trong do
X la hé s6 dugc xac dinh theo bang phan
loai TG va non-HDL-C.

Cac thong s6 lipid (TC, TG, HDL-C,
LDL-C) va tuoi dugc md ta bang gia tri
trung binh, trung vi, do léch chuan (SD)
va khoang tu phan vi (IQR). Bién gidi tinh
dugc biéu dién bang tan s6 va ti lé phan
tram.

Phan phdi chuan cta cac bién lipid
dugc ki€ém dinh béng phép Shapiro-Wilk.
MGi tuong quan gilfa LDL-C do truc tiép
(dLDL-C) va LDL-C udc tinh ‘theo hai
phuong trinh dugc xac dinh bang hé s6
tuong quan Pearson hoéac Spearman, kem
phuang trinh hoi quy tuyén tinh.

Sai s6 dugc danh gia qua do léch tuyét
doi trung binh (MAE) va sai s can bac hai
trung binh (RMSE):

https://doi.org/10.63947/bvtn.v2i6.15

Su tuong hop trong phan loai nguy co
dugc danh gid bang bang tai phan nhom
dleu tri. Néu LDL-C udc tinh va dLDL-C
cung nhém dugc xem 13 ‘phu hdp néu
LDL-C udc tinh cao han goi la danh g|a
cao”, va thap haon goi la “danh gia thap”.

2.4. Pao duc trong nghién ciru

Nghién ciu dugc Hoi dong dao dic
trong nghién ctu y sinh Bénh vién Théng
Nhat chap thuan ve cac khia canh dao dirc
va tinh an toan cua deé tai nghlen clu s6
43/2025/CN-BVTN-HDPDD ngay 17 thang
03 nam 2025.

3. KET QUA

3.1. Pac diém dan sé

Bang 1. Dac diém dan sé

Toan nghién
ctru

(TG 400 - 499 mg/dL)

Nhom Il
(TG 500 - 799 mg/
dL)

Nhom |

= 626 -
(n ) (n = 336 [53,7%]) (n =290 [46,3%])
Tudi, trung binh (D), 56 (14) 57 (14) 55 (13)
am
Gidi tinh, s6 lugng (%)
N 231 (36,9%) 134 (39,9%) 97 (33,5%)

Nam 395 (63,1%)

202 (60,1 %) 193 (66,6%)

Gia tri lipid, trung vi (IQR), mg/dL

Cholesterol toan phén 220,3 (71) 213,9 (69,5) 231,7 (73,4)
HDL-C 38,6 (11,6) 39,6 (11,6) 38,6 (11,6)

Non HDL-C 181,5 (61,8) 174,4 (61,8) 193,1 (69,2)

TG 493,4 (140,7) 4425 (52,7) 583,6 (123,9)

LDL-C tryc ti€p 119,7 (42,9) 115,8 (46,3) 123,6 (45,9)
LDL-C (Friedewald) 79,9 (63,8) 85,7 (63,9) 73,2 (64,8)
LDL-C (eMH) 115 (48,9) 116,3 (53,8) 113,6 (44,7)

[Bang 1] cho thay B mau dudgc chia
déu & 2 nhom vdi do tudi trung binh tap
trung & nhom tudi trung nién va ty 1é nam
gidi trong quan thé 13 63,1%. Gia tri LDL-C
cua phuang trinh Friedewald thap hon
dang ké so vai LDL-C do tryc tiép. Ngugc

lai, phuang trinh eMH cho két qua LDL-C
tuong dong han véi phuang phap do truc
tiép & ca hai nhom.

3.2. Tucong quan giira dLDL-C
va udc tinh theo phuong trinh
Friedewald, eMH
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Bang 2. Hé s6 tuang quan va phuang trinh héi quy tuyén tinh gilta gia tri dLDL-C va udc tinh

l\(lr:(;r;d'[f Truc tiép - Friedewald Truc ti€ép - eMH
Toan nghién clru ho = 0.7 rho = 0,74

(n = 679) y = 0,874x - 24,22 y =0,717x + 29,53
p < 0,001 p < 0,001

400 - 499 rho = 0,812 rho = 0,816

(n = 336) y = 0,979 - 25,92 y = 0,813x + 22,07
p < 0,001 p < 0,001

500 - 799 rho = 0,667 rho = 0,681

(n = 290) y = 0,844x - 32,6 y = 0,645x + 34,46
p < 0,001 p < 0,001

Két qué [Bang 2] cho biét trén toan bd
quan thé, LDL-C udc tinh theo Friedewald
va eMH tudng quan cao vai LDL-C do truc
ti€p (rho = 0,70va 0,74; p < 0,007). G nhom
TG 400 499 mg/dL, he s6 tuong quan lan

3.3. 6 sai léch tuyét déi trung binh
(MAE) va can sai so6 binh phucong
trung binh (RMSE) giira dLDL-C

va udc tinh theo phuong trinh
Friedewald, eMH

lugt la rho = 0,812 (Friedewald) va rho =
0,816 (eMH); p <0,001. O nhém TG 500-
799 mg/dL, hé sé tuong quan giam con
rho = 0667 (Friedewald) va rho = 0,681
(eMH). Tuy nhién, eMH duy tri hé sé tuang
quan cao haon & cac muc TG ndi trén.

Bang 3. MAE va RMSE

Nhém TG Truc tiép - Friedewald Truc tiép - eMH
(mg/dL)
MAE RMSE MAE RMSE
Toan nghién clu 42,3 52,2 20,6 27,8
400 - 499 30,36 37,2 16,24 20,8
500 - 799 56,06 65,33 25,72 34,3

Két qua [Bang 3] trén toan bo quan thé,
MAE va RMSE clia eMH lan lugt 1a 20,6 va
27,8, thap han so vdi Friedewald (MAE =
42,3; RMSE = 52,2). G nhém TG 400-499
mg/dL eMH c6 MAE = 16,24 va RMSE =
20,8 so véi Friedewald (MAE = 30,36; RMSE

3.4. Tuong hgp giira dLDL-C va
udc tinh theo phuong trinh Friede-
wald, eMH

= 37,2); 8 nhom TG 500-799 mg/dL, eMH
c6 MAE = 25,72 va RMSE = 34,3 so vdi
Friedewald (MAE = 56,06; RMSE = 65,33).
biéu nay cho thady phuadng trinh eMH c6
do chinh xac cao han so vai phuang trinh
Friedewald.
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SU PHU HGP CUA LDL-C TINH THEO CONG THUC FRIEDEWALD (F)
VA MARTIN-HOPKINS CAI TIEN (E) SO VOI PHUONG PHAP TRUC TIEP
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Hinh 1. Biéu d6 tai phan nhém theo dLDL-C cla cac phuaong trinh udc tinh

Két qua tai phan nhom [Hinh 1] trén
toan b6 mau, ty 1€ phan loai phu hogp
cla phudng trinh eMH cao hon so VGi
Friedewald (39% > 29%), vé&i ty 1& danh
gla thdp thap hon (31% < 68%) nhung
ty 1é danh gid cao cua eMH la 30%. O
khoang LDL-C 55-159 mg/dL, eMH cho ty
|é tai phan nhém chinh xac cao han so vdi
Friedewald. O nhém LDL-C rat thap (<55
mg/dL), Friedewald dat ty I&é phu hop 88%
trong khi eMH chi 24% va co 76% mau bi
danh gia cao. G nhém LDL-C cao (>160
mg/dLl), ca hai phuong trinh déu giam d6
phu hgp va c6 xu hudng tang ty & danh
gia thap.

4. BAN LUAN

Phuang trinh eMH thé hién dé chinh
xac trong udc tinh LDL-C vugt trdi hon so
v@i phuong trinh Friedewald, tudng quan
cao han vdi gia tri do truc tiép, sai so trung
binh va sai s6 can bac hai thap hon, cung ti
Ié phan loai phu hdp 16n hon va ti |é danh
gia thap thap hon. Lgi thé vé phan loai
clia eMH dudc quan sat ré rét & khoang
LDL-C thdp-trung binh (55-159 mg/dL).
Nhiing két qua nay goi y rang eMH udc
tinh LDL-C 6n dinh han trong diéu kién TG
tang, dong thdai lam noi bat su khac biét vé
do chinh xac gilra hai phuong trinh & cac

ngudng theo muc tiéu diéu tri cd y nghia
lam sang.

K&t qua nay phu hop vdi nhiéu nghién
cltu quoc té gan day chiing minh rang
phuong trinh eMH c6 do chinh xac hon
so vdi Friedewald, dac biét trong béi canh
nong dé TG tang cao hodc LDL-C thap
[13-15]the accurate estimation of LDL-C
concentration is essential in cardiovascular
disease diagnosis and prognosis. Sampson
recently proposed a new formula for
the estimation of LDL-C. However, little
is known regarding the validation of
this formula.\n\nObjectives\nThis study
aimed to validate this new formula with
other well-known formulas in Turkish
population, composed of adults.\n\
nMethods\nA total of 88,943 participants
above 18 years old at Sivas Cumhuriyet
University Hospital (Sivas, Turkey. Nghién
clu cua Ertark Zararsiz G, et al (2022) trén
hon 88 ngan mau huyet tuang cling ghi
nhan hé s6 tuong quan cao va dé tuong
hop cao hon khi su dung phUdng trinh
eMH so v&i Friedewald, nhat [a 8 nhom TG
>400 mg/dL[13]the accurate estimation
of LDL-C concentration is essential in
cardiovascular disease diagnosis and
prognosis. Sampson recently proposed a
new formula for the estimation of LDL-C.
However, little is known regarding the
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validation of this formula.\n\nObjectives\
nThis study aimed to validate this new
formula with other well-known formulas
in  Turkish population, composed of
adults\n\nMethods\nA total of 88,943
participants above 18 years old at Sivas
Cumbhuriyet University Hospital (Sivas,
Turkey. Tuong tu, nghién cu cua David
Gabriel David-Pardo (2024) da bao cao
phuang trinh Friedewald co ty 1é phu hgp
cao nhat  nhom LDL-C <55 mg/dL trong
khi & cac nhom con lai, ty 1 phu hop cua
Friedewald thdp han so vdi eMH, cho thay
két qua gan tuang dong vdi nghlen ctu
nay[1 6]. O Viét Nam, mot s6 bao cao trucc
day cho thay phUdng trinh Friedewald c6
xu hudng danh gia thap LDL-C khi TG téng,
lam giam d0 tin cay trong phan loai nguy
cg tim mach[17] do do, két qua nghlen
clru hién tai gop phan khang dinh tinh kha
dung cta phuong trinh eMH trong bdi
canh lam sang trong nudc.

Su khac biét quan sat dugc gita
hai phudng trinh chu yéu lién quan téi
phuadng thic udc tinh VLDL-C. Trong khi
Friedewald gia dinh ti 1€ TG/5 c6 dinh de
suy ra VLDL-C, phu‘dng trinh eMH ap dung
hé sé diéu chinh bién thién theo miic TG va
non-HDL-C, tu d6 phan anh t6t hon bién
déi thanh phan va kich thudc hat VLDL
gilfa cac ca thé. 0 ngudi bénh c6 TG 2400
mg/dL, nhiing bién doi vé cdu trac hat
VLDL ¢4 thé lam léch udc tinh ¢6 dinh cla
Friedewald, dandénxu hucngdanhg|athap
LDL-C, con cd ché diéu chinh dong cla
eMH cé thé gop phan duy tri d6 chinh xac
tuong déi cao hon trong diéu kién nay.

Tuy nhién, & nhém LDL-C rét thap (<55
mg/dL), eMH lai 6 xu hudng danh gia cao
han thuc té. Diéu nay cé the do khi LDL-C
¢ muc rat thap, sy sai s6 nhd trong udc
tinh TG/VLDL-C ciing tao ra chénh léch
dang ké vé két qua cudi cung, hoac do
anh hudng cla yéu t6 sinh hoc nhu gidm
téng hop cholesterol hoac diéu tri ha lipid
tich cuc (statin litu cao, PCSK9i)[18], lam
cdu trdc va thanh phan hat LDL-C thay déi
dang ke (giam cholesterol ester, tang ty
trong va kich thudc nhé han). Nhiing bién
doi nay lam pha v& gia dinh vé ty le lipid
trong cac phan doan lipoprotein vén dugc
st dung trong cac phuang trinh udc tinh.

Két qua nghién cltu cho thay phuong
trinh eMH ¢é thé la lya chon tiém nang
trong udc tinh LDL-C, dac biét & nhom
ngudi bénh c¢é TG tang hoac LDL-C nam
trong khoang 55-159 mg/dL. Trong tuong
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lai, can c6 thém cac nghién ctu da trung
tam v4&i ¢@ mau I6n va da dang vé dac
dlem dan s6, nham xac nhan dé chinh xac
cla phuong trinh eMH trong cac nhém
bénh ly va diéu kién lam sang khac nhau
tai Viét Nam.

5. KET LUAN

Phuong trinh Martin-Hopkins cai tién
cho thdy kha nang udc tinh néng d6 LDL-C
chinh xac hon phuong trinh Friedewald &
nhém ngudi benh c6 TG tu 400-800 mg/
dL, thé hién qua hé s6 tuong quan cao
hdn sai sO tuyét déi trung binh (MAE) va
can sai s6 binh phuong trung binh (RMSE)
thap han, cung ty 1€ tai phan nhom diéu tri
chinh xac cao han.
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