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ABSTRACT

Objective: To evaluate the accuracy of the revised Sampson-NIH equation (2025) in
estimating low-density lipoprotein cholesterol (LDL-C) among Vietnamese patients,
particularly at low LDL-C and high triglyceride levels.

Subjects and Methods: A cross-sectional study was conducted on 7,101 patients at
Phenikaa University Hospital from February to August 2025. Serum lipid parameters,
including total cholesterol (TC), triglycerides (TG), HDL-C, and directly measured LDL-C,
were obtained. Estimated LDL-C was calculated using four equations: Friedewald (1972),
Martin—Hopkins (2013), Sampson (2020), and the revised Sampson (2025). Accuracy was
assessed by Pearson’s correlation coefficient (r), coefficient of determination (R?), Lin’s
concordance correlation coefficient (CCC), bias, mean absolute deviation (MAD), root
mean square error (RMSE), and net reclassification index (NRI).

Results: The revised Sampson (2025) equation demonstrated the highest concordance
with directly measured LDL-C (r = 0.966; Lin’s CCC = 0.935; RMSE = 0.35 mmol/L).
Across TG ranges (<1.7, 1.7-4.5, and >4.5 mmol/L), this formula maintained the greatest
accuracy (CCC=0.942-0.891). Compared with Friedewald, the revised Sampson showed
positive NRI values at all therapeutic thresholds (1.8, 1.4, and 1.0 mmol/L), indicating
improved risk classification.

Conclusion: The revised Sampson-NIH (2025) equation provides significantly enhanced
accuracy for LDL-C estimation compared with previous methods, especially in low-LDL
and high-TG settings. This equation is suitable for routine clinical and laboratory
application in Viethamese populations.
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TOM TAT

Muc tiéu: Banh gia do chinh xac ctia phuong trinh Sampson-NIH hiéu chinh (2025) trong
udc tinh nong d6 LDL-Cholesterol (LDL-C) huyét tuong.

Pai twong va phuong phap: Nghién cliru md ta cat ngang trén 7.101 bénh nhan tai Bénh
vién Pai hoc Phenikaa tir thang 2 dén thang 8 nam 2025. Cac chi so lipid mau gom
cholesterol toan phan (TC), triglycerid (TG), HDL-C va LDL-C dugc do bang phuong phap
tryc tiép. LDL-C udc tinh dugc tinh theo bén céng thirc: Friedewald (1972), Martin—
Hopkins (2013), Sampson (2020) va Sampson hiéu chinh (2025). D6 chinh xac duoc so
sanh vai LDL-C do truc tiép bang hé s& tuong quan Pearson (r), hé s xac dinh (R?), hé sd
tuwang hgp Lin’s CCC, sai s6 trung binh (Bias), sai s6 tuyét ddi trung binh (MAD), sai s6 binh
phuong trung binh (RMSE) va chi sé cai thién phan loai rong (NRI).

K&t qua: Phuong trinh Sampson 2025 cho dd tuong hgp cao nhét véi LDL-C do truc tiép
(r = 0,966; Lin’s CCC = 0,935; RMSE = 0,35 mmol/L). O céc dai TG <1,7; 1,7-4,5 va >4,5
mmol/L, Sampson 2025 van duy tri CCC cao nhat (0,942-0,891) va sai s& nhd nhat. So vdi
Friedewald, Sampson 2025 cho NRI duong tai ca ba nguéng LDL-C (1,8; 1,4; 1,0 mmol/L),
phan anh kha nang phan loai diéu tri chinh xac hon.

Két luan: Phuong trinh Sampson hiéu chinh (2025) cai thién dang ké do chinh xac udc tinh
LDL-C so vdi cac cong thic trude day, dac biét trong viing LDL-C thép va TG cao. Cong
thi'c nay phu hgp ap dung trong thuc hanh xét nghiém lam sang tai Viét Nam.

TP khda: LDL-C, phuong trinh Sampson, triglyceride, dé chinh xac.

1. DAT VAN PE

Bénh tim mach la nguyén nhan hang dau gaytlirvong  dac biét trong vung nong do thap.
trén toan cau. Theo T6 chirc Y té Thé gigi (WHO),
nam 2022 cé khodng 19,8 triéu ngudi t& vong do
bénh tim mach, chiém 32% téng s6 ca tlrvong, trong
do 85% la do nhdi mau co tim va dot quy. Nong do
cholesterol lipoprotein ty trong thap (LDL-C) la yéu
té quan trong trong danh gia nguy co'tim mach va chi
dinh diéu tri ha lipid mau.

Cong thuc Friedewald (1972) la phuong phap tinh
LDL-C phd bién nhat nh& dan gian va chi phi thap,
nhung doé chinh xac giam roé khi triglycerid (TG) tang
>4,5 mmol/L hodc & bénh nhan c6 r6i loan chuyén
héa lipoprotein [2]. Cac cOng thi’c md&i nhu Martin—-
Hopkins (2013) va Sampson-NIH (2020) da dugc
phat trién nham cai thién sai s8, tuy nhién & vung

Theo hudng dan cua Hiép hdi Tim mach Hoa Ky
(AHA/ACC, 2018) va Hiép hoi Tim mach chau Au
(ESC/EAS, 2019), muc tiéu diéu tri LDL-C ngay cang
dugc ha thap, xuéng dudi 1,8 mmol/L (70 mg/dL) &
nhém nguy co rat cao, thdm chi dudi 1,4 mmol/L
hodc 1,0 mmol/L & bénh nhan c6 bién cb tim mach
tai phat [5,6]. Do d6, yéu cau vé do chinh xac cla
cac congthurc uvdc tinh LDL-C ngay cang quan trong,

*Tac gia lien hé

LDL-C th&p, cac phuaong trinh nay van cho két qua
chua t6i wu [3,4].

Gan day, phuong trinh Sampson-NIH hiéu chinh
(2025) dugc cong bd véi muc tiéu téi wu hoa do
chinh xac & néng do LDL thap, dac biét trong baoi
canh TG tang cao. DI liéu ban dau cho thay cong
thirc nay giup giam 10-20% sai léch so vdi cac cong
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thirc trude day [4]. Tuy nhién, tai Viét Nam, chua cé
nghién clru nao danh gia tinh &rng dung clia cong
thirc nay trong quan thé nguoi Viét.

Vi vay, chung t6i thyc hién nghién citu ndy nham
danh gia va so sanh do chinh xac cliia phuong trinh
Sampson-NIH hiéu chinh (2025) véi cac cong thirc
uwdc tinh LDL-C hién hanh.

2. POI TWONG VA PHUONG PHAP NGHIEN CU'U
2.1. Thiét k& nghién ctu: Nghién clru mé ta cat
ngang.

2.2. Thoi gian va dia diém nghién cttu

- Thoi gian: Trthang 02 nam 2025 dén thang 08 nam
2025.

- Pia diém: Khoa Hda sinh — Huyét hoc, Bénh vién
Pai hoc Phenikaa.

2.3. Déi twgng nghién clru

Nghién ctu dugc thuc hién trén 7.101 bénh nhéan
dén kham va diéu tri tai Bénh vién Dai hoc Phenikaa
tirthang 02 dén thang 08 nam 2025.

- Tiéu chuan chon mau:

+Bénh nhan =18 tudi.

+ C6 day du két qua xét nghidm bd m& mau (TC,
TG, HDL-C va LDL-C do truc ti€p).
- Tiéu chuéan loai trur:

+ Bénh nhan khong phai ngudgi Viét Nam.

+ HO6 so bénh an thi€u dir liéu vé céc bién can
nghién cuu.
2.4. C& mau, chon mau

C& mau dugc chon theo phuong phap thuan tién,
gdomtoanbd7.101 hd sodattiéu chuantrongkhoang
thoi gian nghién clu.

2.5. Chi s8 nghién ctru

- Chi s6 co ban: Tubi, gidi, TC, TG, HDL-C, dLDL-C
(mmol/L).

- LDL-C udc tinh (cLDL-C): tinh theo bdn céng thirc:

+ Friedewald (1972): F-LDL = TC - HDL-C - TG/5
(mg/dL) [1]

+ Martin-Hopkins (2013): M- LDL = TC — HDL-C
— TG / Hé s6 Martin (mg/dL) [2] (Hé s6 Martin theo
bang phan tang non- HDL va TG s&n c6 tir bang tinh
Martin-Hopkins LDL calculator)

+Sampson (2020): S- LDL=(TC/0.948) - (HDL-C

/0.971) - (TG / 8.56) + (TG x non-HDL-C / 2140) -
(TG®/16100)) - 9.44 (mg/dL) [3]
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+ Sampson hiéu chinh (2025): SM-LDL = non-
HDLC - TG/8.37 - (TG xnonHDLC)/2640 + TG2
/17400 (mg/dL) [4]

2.6. Ky thuat, céng cu va quy trinh thu thap sé liéu

MAu dugdc phan tich bang hé théng may Beckman
Coulter AU5800 tai Khoa Héa sinh — Huyét hoc, str
dung thuéc thirva quy trinh chuan cia nha san xuét.
K&t qua do truc ti€p LDL-C dugc s dung lam gia tri
tham chiéu chuén.

S6 liéu dudc thu thdp qua hé thdng bénh an dién t&r
clia bénh vién Dai hoc Phenikaa.

2.7. Xt ly va phan tich sé liéu

S6 lieu duoc nhap va xir ly bang phan mém SPSS
20.0vaR4.1.1.

D6 chinh xac cua cac cong thirc uwée tinh LDL-C so
vGi LDL-C do tryc tiép (dLDL-C) dugc danh gia thong
qua: Hé s6 tuang quan Pearson (r), Hé s6 tuong hgp
Lin (Lin’s Concordance Correlation Coefficient -
CCC. C4c chi so sai s6: sai so trung binh (Bias), sai
s6 tuyét dai trung binh (MAD) va sai s6 binh phuong
trung binh (RMSE). Ty l& phéan loai sai, hé sé Kappa
va chisé caithién phan loairong (NRI) clia tirng cong
thi'c dugc so sanh vdi cong thirc Friedewald (1972).

Toan b phép tinh theo cbéng thirc Friedewald Mar-
tin-Hopkins, Sampson 2020/2025 dugc thuc hién
trén mg/dL sau khi quy déi, dugc chuyén vé mmol/L
dé mo ta va phan tich (1 mmol/L cholesterol = 38,67
mg/dL; 1 mmol/L triglycerid = 88,57 mg/dL)

3. KET QUA NGHIEN CUU
3.1. Pac diém chung cla déi twong nghién ciru

Bang 1. Dac diém chung
clia déi twgng nghién ctru (n =7.101)

Trung binh £ SD
hoac Trung vi (IQR)

49,4 16,4
2.728 (38,4%)
4.373 (61,6%)

Chisd

Tudi (nam)

Nam gidi, n (%)
N gidi, n (%)

Cholesterol toan phan
(TC, mmol/L)

Triglycerid (TG, mmol/L)
HDL-C (mmol/L) 1,35+0,32
LDL-C do truc ti€p (mmol/L) 3,40+0,84

Tudi trung binh cha déi tugng la 49,4 + 16,4, nir gidi
chiém da s6 (61,6%). Néng d6 TC va LDL-C trung
binh ndm trong gigi han binh thudng, trong khi TG
c6 do bién thién kha L&n, phan anh sy da dang vé
tinh trang chuyén hoa lipid.

516+1,17

1,69 (1,10 - 2,59)
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3.2. So sanh do6 chinh xac ctia cac cong thirc uwdce tinh LDL-C
Bang 2. So sanh cac cong thirc wéc tinh LDL-C so véi LDL-C do truc ti€p (toan bé mau)

Cong thuc r Lin’s CCC Bias (mmol/L) | MAD (mmol/L) | RMSE (mmol/L)
Friedewald 0,865 0,714 -0,576 0,58 0,77
Martin-Hopkins 0,968 0,876 -0,395 0,40 0,46
Sampson 0,931 0,752 +0,579 0,68 0,80
Sampson hiéu chinh 0,966 0,935 +0,028 0,19 0,35

Trén toan bé mau, phuong trinh Sampson 2025 dat hé s8 twong quan cao nhat v6i LDL-C do tryc tiép (r =
0,966; CCC =0,935), sai s0 binh phugng trung binh thap nhat (RMSE = 0,35 mmol/L) va sai s6 trung binh gan
bang 0 (Bias = +0,028 mmol/L). Martin-Hopkins cling cho két qua tuong quan tét (r = 0,968; RMSE = 0,46
mmol/L). Ngugc lai, Friedewald va Sampson 2020 cho sai s6 ldn hon (RMSE lan lugt 0,77 va 0,80 mmol/L)

3.3. So sanh do6 chinh xac clia cac cong thirc theo dai triglyceride

Bang 3. So sanh dd chinh xac clia cac cong thirc LDL-C theo cac dai TG

(n?r?qloTl(/;L) Congthirc n r ces (mﬁlﬁ/u (nmglEL)
Friedewald (1972) 2.986 | 0,902 | 0,802 | -0,39 0,46
<17 Martin—Hopkins (2013) 2.986 0,977 0,913 -0,25 0,38
Sampson (2020) 2.986 | 0,952 | 0,877 | +0,28 0,47
Sampson (2025) 2.986 | 0,973 | 0,942 | +0,02 0,31
Friedewald (1972) 3.450 | 0,855 | 0,682 | -0,60 0,78
s Martin-Hopkins (2013) 3.450 | 0,961 | 0,861 | -0,37 0,44
Sampson (2020) 3.450 | 0,926 | 0,741 | +0,53 0,63
Sampson (2025) 3.450 | 0,966 | 0,914 | +0,03 0,34
Friedewald (1972) 665 | 0,711 | 0,534 | -0,95 1,05
as Martin-Hopkins (2013) 665 | 0,857 | 0,718 | -0,64 0,84
Sampson (2020) 665 | 0,813 | 0,663 | +0,74 0,92
Sampson (2025) 665 | 0,912 | 0,891 | +0,07 0,41

Phan tich theo cac dai TG cho thdy Sampson 2025 duy tri d6 twong hgp cao va sai s6 thap & moi mic TG.
3.4. Phan loai bénh nhan theo ngudng LDL-C diéu tri
Bang 4. Kha nang phén loai bénh nhan theo ngudng LDL-C diéu tri

Ngudng LDL-C (mmol/L) Coéng thuc Kappa | Ty l&é phan loai sai (%) | NRI so v&i Friedewald
Martin-Hopkins | 0,61 4,8 +0,056
1,8 Sampson (2020) | 0,58 6,3 -0,031
Sampson (2025) | 0,69 3,5 +0,088
Martin-Hopkins | 0,55 6,1 +0,032
1,4 Sampson (2020) | 0,47 8,0 -0,080
Sampson (2025) | 0,62 5,2 +0,042
Martin-Hopkins | 0,44 8,6 +0,020
1,0 Sampson (2020) | 0,31 12,3 -0,309
Sampson (2025) | 0,51 7,1 +0,024

g Crossrefd)) 5 29 -
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Coéng thirc Sampson 2025 dat hé s6 Kappa cao nhat
(0,69; 0,62; 0,51) va ty & phan loai sai thdp nhéat
(3,5-7,1%) & ca ba ngudng LDL-C diéu tri (1,8; 1,4;
1,0 mmol/L). So v&i Friedewald, Sampson 2025 cé
NRI duong & tat ca cac ngudng, phan anh kha nang
cai thién phan loai ldm sang va gidm nguy ca xép
nham bac diéu tri. Trong khi do, Sampson 2020 cho
NRI &m, biéu hién xu hudng danh gia qua cao LDL-C,
dac biét khindng d6 thap. Martin-Hopkins duy tri d6
chinh xac trung gian, tuy nhién van cé bias 4&m nhe.

4. BAN LUAN

K&t qua nghién cltu clia chuing téi cho thay phuong
trinh Sampson-NIH hiéu chinh (2025) c6 dd chinh
Xac VU gt troi trong udce tinh néng dé LDL-C so vdi cac
cong thirc trudc day. Trén toan bd mau nghién clu,
cong thirc nay dat hé sé tuong quan cao (r = 0,966),
do tuwong hgp Lin’s CCC = 0,935 va RMSE thap nhat
(0,35 mmol/L), dong thdi sai s6 trung binh Bias gan
bang 0. Diéu nay chi*ng t6 kha nang hiéu chinh t6t
cla phuong trinh mdi trong toan bé phd gia tri lip-
id. K&t qua nay hoan toan phu hop véi bédo céo cua
Sampson va céng su (Clin Chem, 2025), trong dé
cong thirc hiéu chinh dat CCC = 0,992 va giam sai
s6 tuyét ddi trung binh MAD khoang 15-20% so vdi
Sampson 2020, dac biét & viing LDL thap [4].

So véi Friedewald (1972) — coéng thic van dang phé
bién trong thuc hanh lam sang — d6 chinh xac cua
cobng thirc nay gidm dang ké khi TG > 4,5 mmol/L
ho&c LDL-C < 1,4 mmol/L. K&t qua cula chung toi
cling cho thdy RMSE = 0,77 mmol/L, sai s6 lén nhat
trong bén cong thirc. Phat hién nay tuang dong vdi
nghién clu cua Martin et al. (JAMA, 2013), trong
do sai s6 trung binh clia Friedewald c6 thé dat tGi
12-15 mg/dL & nhdm TG cao [2]. Trong béi canh céac
huéng dan diéu tri gan day (AHA/ACC 2018, ESC/
EAS 2019) ha thdp muc tiéu LDL-C, viéc tiép tuc s
dung Friedewald tiém &n nguy ca danh gia sai bac
diau tri [5,6].

Phuong trinh Martin-Hopkins (2013), v6i hé sé TG
linh hoat theo non-HDL-C, thé hién dd chinh xac t6t
hon Friedewald va hién da dugc FDA chap thuén s
dung trong bao cao xét nghiém tai Hoa Ky. Trong ng-
hién cltu cia chung tbi, cong thirc nay dat r = 0,968,
CCC =0,876, RMSE = 0,46 mmol/L, twong déng vdi
nghién ctru ctia Rohatgi et al. (J Clin Lipidol, 2021),
v&i RMSE khoang 0,43 mmol/L [9]. Tuy nhién, Mar-
tin-Hopkins van cho bias &m nhe & vung LDL thap
(<1,4 mmol/L), nghia la cé xu hudng udc tinh thap
hon thyc té, twong ty két quéa clia Koba et al. (Ath-
erosclerosis, 2023) trén quan thé Nhat Ban [8].

Coéng thirc Sampson (2020) la budc tién quan trong
khi lan dau tién b6 sung yéu t6 phi tuyén (bac hai
clia TG), gilp md hinh héa chinh xac hon méi quan
hé TG-VLDL. Tuy vay, két qua cla chung tbi cho
thady cong thic nay c6 bias duang dang ké (+0,58
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mmol/L), tirc udc tinh cao han thuc té€ khi LDL thap
va TG cao. K&t quéa nay phu hgp véi Ahmadi et al.
(Clin Biochem, 2022), trong dé Sampson 2020 c6
bias duong trung binh 5,8 mg/dL (~0,15 mmol/L) &
nhém TG > 2,3 mmol/L [7].

Viéc diéu chinh trong cong thirc Sampson 2025 gitip
loai bd sai léch duong & ving LDL thép, cai thién
tuong hop dang ké. Trong nghién cltu clia chuiing toi,
CCCtangtur 0,752 (Sampson 2020) lén 0,935, trong
khi bias giam tir +0,58 mmol/L xuéng gan 0 (0,028
mmol/L). Céc cai thién nay nhat quan véi bao céo
clia nhém Sampson (2025), khang dinh hiéu qua
hiéu chinh & vung LDL <1,4 mmol/L [4].

Khi phan tich theo cac dai triglycerid, Sampson
2025 duy tri do chinh xac cao & tat ca cac khoang
TG. O'nhém TG >4,5 mmol/L, cong thiic nay van dat
CCC=0,891 va RMSE = 0,41 mmol/L, trong khi Frie-
dewald giam manh (CCC = 0,534). Martin—-Hopkins
c6 dé tuong hop trung gian (CCC = 0,88) nhung van
giam khi TG cao.

Ngoai d6 chinh xac dinh lugng, Sampson 2025 con
cai thién kha nang phan loai lam sang. Két qua cua
chung t6i cho thdy NRI duong & ca ba ngudng LDL-C
diéu tri (1,8; 1,4; 1,0 mmol/L), ching té kha nang
phan loai bénh nhan chinh xac hon Friedewald.
Theo Grundy et al. (AHA, 2018), chi can sailéch 0,26
mmol/L LDL-C da c6 thé lam thay d6i bac diéu tri &
nhoém nguy co rat cao [5]. Do d6, sy cai thién nay ¢co
y nghia thuc hanh dang ké.

Mot diém dang cha y khac la hiéu nang 6n dinh cla
Sampson 2025 & bénh nhan tang TG, dac biét trong
dan s6 chau A - nai TG trung binh thudng cao hon
ngudi phuong Tay 15-20% [8]. K&t qua clia ching toi
gép phan khang dinh tinh phu hop clia céng thic
nay trong quéan thé Viét Nam, ndi ty L& r6i loan lipid
mau va hoi ching chuyén héa ngay cang gia tang.

Vé mat ing dung thuy'c hanh, phuong trinh Sampson
2025 chistrdung céc chi sé lipid thudng quy (TC, TG,
HDL-C), do d6 c6 thé trién khai ngay trong hé théng
xét nghiém hién c6 ma khéng can thay déi quy trinh
hay phan mém. Trong bdi canh nhiéu co sd'y té tai
Viét Nam sty dung phuaong phap udc tinh LDL-C gian
ti€p, viéc ap dung céng thirc Sampson 2025 sé gop
phan chuén héa, giam chi phi, tang dé tin cay va hd
trg hiéu qua cho quyét dinh ld&m sang.

5. KET LUAN

Phuong trinh Sampson-NIH hiéu chinh (2025) cai
thién dang ké do chinh xac trong udc tinh LDL-C
huyét tuwang so vdi cac cong thic hién hanh, dac
biét & nhém cé LDL-C thap va TG cao. Cong thirc
nay nang cao kha nang phén loai diéu tri va phu hgp
ap dung trong thy'c hanh xét nghiém thuong quy tai
Viét Nam.
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