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Abstract. Malnutrition is prevalent and strongly predicts adverse outcomes in maintenance
hemodialysis (MHD) patients. The Geriatric Nutritional Risk Index (GNRI) is a validated nutritional
risk screening tool for this population. This study determined the prevalence of nutritional risk and
identified independent factors associated with GNRI scores in Vietnamese MHD patients.

Methods. A cross-sectional study enrolled 125 end-stage kidney disease (ESKD) patients on MHD
for > 3 months at the Dialysis Unit of the Rehabilitation and Occupational Disease Hospital, Ho
Chi Minh City, Vietnam, from January to June 2025. Nutritional risk was assessed using the GNRI,
calculated from serum albumin, actual body weight, and ideal body weight, and classified into four
categories (no risk: GNRI > 98; low risk: 92—98; moderate risk: §2—<92; major risk: < 82). For
binary prevalence reporting, patients were dichotomised as at any nutritional risk (GNRI < 98) versus
no risk (GNRI > 98), consistent with the original Bouillanne classification. Univariate analysis
used Spearman’s correlation and the Mann—Whitney U test. Multivariable linear regression with
backward elimination identified independent factors associated with GNRI scores.

Results. The mean GNRI score was 94.74 + 6.75. Overall, 77 patients (61.6%) had any nutritional
risk (GNRI < 98), including 38 (30.4%) with low risk, 32 (25.6%) with moderate risk, and 7 (5.6%)
with major risk. Multivariable regression identified five independent associated factors of lower
GNRI scores: advanced age (B =-0.142; 95% CI: —0.216, —0.069; p < 0.001), diabetes mellitus
(B =-2229; 95% CI: -4.714, —0.085; p = 0.042), active hepatitis C virus (HCV) infection
(B =-3.055; 95% CI: —5.847, —0.263; p = 0.032), higher epoetin alfa dose (B = —0.020; 95%
CI: —-0.033, -0.006; p = 0.005), and elevated parathyroid hormone (PTH) levels (B = —0.002;
95% CI:-0.003, —0.0001; p = 0.027). The final model explained 32.4% of the variance (adjusted
R2=10.324).

Conclusions. Nutritional risk is prevalent in Vietnamese MHD patients, affecting 61.6% of the cohort.
Malnutrition severity is independently associated with advanced age, diabetes mellitus, active HCV
infection, ESA hyporesponsiveness, and secondary hyperparathyroidism. Targeted interventions,
including HCV treatment, optimisation of anaemia management, and mineral-bone disorder control,
are essential to improve nutritional outcomes in this population.

Keywords: chronic kidney disease, hemodialysis, geriatric nutritional risk index, malnutrition,
protein-energy wasting..

Conflict of interest. The author declares no conflict of interest.
© D. M. Nguyen, M. H. Nguyen, L.T. Nguyen, 2026.

Correspondence should be addressed to Minh Hoang Nguyen: hoangnguyencv@gmail.com

() Er-3n |

12

OpUriHOABHI HOYKOBI POBOTU YKPAIHCbKMIN )XYPHOA HEPROAOTIT Ta Aiaaizy N22 (90) 2026


mailto:hoangnguyencv@gmail.com
https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/
doi:%2010.31450/ukrjnd.2(90).2026.02
https://en.pnt.edu.vn/
https://en.pnt.edu.vn/
https://lutfikirdareah.saglik.gov.tr/EN,194978/our-vision-and-mission.html

Ukrainian Journal of Nephrology and Dialysis, 2 (90)’2026 Original Papers

© . M. Hryen, M. X. Hryen, JI. T. Hryen, 2026
VIK: 616.61-085.38-073.27:616.39](597)

Jyx Manb Hryen, Minb Xoanr Hryen, Jle Txyan Hryen

JleTepMiHAHTH HYTPUTHUBHOTO PU3UKY, OLIIHEHOr0 3a repiaTpuYHUM
iHIEKCOM HYTPUTHBHOTO PU3UKY, Y B’€ETHAMCHKMX MALIEHTIB, SIKi JIKYIOTbCS
reMoJiajizoM: nonepeyHe KOropTHe A0CaiIKeHHs

Kadenpa BHyTpirHboi Meauimau, Meanunuii yaisepcuteT @am Hrok Txars, XommMin, B’eTHam
y 5 y 5 s

Pestome. Manvnympuuisn € nowupenum ycKaaOHeHHAM ma 6i00MUM NPeOUKMOPOM HECHPUSMAUBUX HACAIOKIE Y
nayieumis, axi aikyromocs eemodianizom (I7),. Iepiampuunuii indexc nympumuenoeo puzuky (GNRI) € éaridosanum
iHCMPYMEHMOM CKPUHIHEY HYMPUMUBHO20 PUBUKY 6 Uill nonyaayii. Memoro yboeo docaidicenus Oyn0 6U3HAHUMU NO-
WuUpeHicms HympumueHo2o pu3uKy ma idenmugixysamu neszanedxncHi pakmopu, acouyitiogani 3 GNRI y 6’ emnamcokux
I/l nayicumis.

Memoou. Jlo nonepeuroco Kocopmuoeo docaioxceHus 0ya0 ekaoueno 125 nauyienmis, aKi AlKysanrucb memooom
I/l nonad 3 micaui y 6iddinenni diaaizy aikapui peabisimauyii ma npogeciiinux 3axeoproeanv, Xowumin, B’emuam, y
nepiod i3 ciuns do uepgna 2025 poxy. Hympumuenuii pusux oyinrosaru 3a donomozoio GNRI, akuii po3paxogysearu Ha
OCHO8I PiBHS CUPOBAMK06020 ANbOYMIHY, (hakmuuHoi Macu minra ma idearvHoi macu mina, i Kaacugikyseaiu 3a Hvomupma
Kameeopiamu: eiocymuicmo pusuky (GNRI > 98); nuzvkuit puzuk (92— 98); nomipuuit puzuk (82—<92); eucokuii puzuk
(< 82). lns binapnoeo npedcmaesieHHs NOWUPEHOCMI MAAbHYMPUYi, NAyicHmMié noodinsau Ha mux, Xmo mMae 0yov-aKuil
nympumuenuti puzuxk (GNRI < 98), i mux, xmo ne mas puzuxy (GNRI > 98), 8idnosiono do opueinanvhoi kaacugixayii
Bouillanne. B oonogpaxmoprnomy ananizi euxopucmogyeanru kopeasyiro Cnipmena ma U-kpumepiii Manna— Bimui. ba-
2amopakmopHy AiHIIIHY pe2peciio 3 NOKPOKOBUM GUKAIOHYEHHIM 3MIHHUX 3ACMOC08Y8ANU 045 BU3HAUEHHS He3ANEHCHUX
taxmopis, acoyiiiosanux i3 noxaznuxamu GNRI.

Pezyaomamu. Cepeoniii nokaznux GNRI cmanosue 94,74 £ 6,75. 3aeanom 77 nayicumie (61,6%) manu 6yoo-
axuti Hympumuenuii puzux (GNRI < 98). 3okpema, 38 (30,4%) xeopux masu nuzekuii pusux, 32 (25,6%) — nomipruii
pusuk i 7(5,6%) — eucokuii pusux. Baeamogaxmopra peepecisi 6u3HauuAQ n’amo He3aredcHUX paxmopis, acoyiiiosa-
Hux 3 Huscuumu nokaswuxamu GNRI: cmapwuii ik (B =-0,142; 95% J1:—0,216, —0,069; p < 0,001), yyxposuii diabem
(B=-2,229; 95% JI1:—4,714,—0,085; p = 0,042), axmuena ingpexuis sipycy eenamumy C (HCV) (B =-3,055; 95% J1:
—5,847,-0,263; p = 0,032), suwa doza enoemuny asvpa (B =-0,020; 95% JI: —0,033, —0,006; p = 0,005) ma nideu-
wenuil pieenb napamupeoionozo copmory (PTH) (B =-0,002; 95% J[1: —0,003, —0,0001; p = 0,027). Dinarvha modens
noscuioeana 32,4% eapiabeavrocmi noxasuura (ckopueosanuii R2 = 0,324).

Bucnosxu. Hympumuenuii puzux eusznaveno y 61,6% nayiecnmis. Taxckicms mMarbHympuyii He3a1eicHo acoyi-
ro8anace 3i cmapwum 8ikom, yykposum diabemom, axmuenoro HCV-ingexuyicro, peaucmenmuicmio 0o epumponoes-
CMUMYAI08AAbHUX 3ac00i6 | emopurHuM einepnapamupeo3om. Llinvosi empyuanus, 30xpema aikysanus HCV-ingeruyii,
ONMUMI3AUis MeHeOICMeHmMY aHeMii ma KOHmMpoab NOpyuleHb MiHepaabHo20 I KicmKo802o 00MiHYy, € HeoOXiOHuUMU 045
NOKPAUeHHs HyMPUMUBHUX HACAIOKIB Y Uill NOnyAsayii.

KmouoBi ciioBa: xponiuna xeopoba nupok, eemodianiz, eepiampuvHuil in0eKkc HympumueHo2o pusuKy, MaibHy-
mpuuyis, 0i1K080-eHepeemu4Ha HeOOCMamHICb.

Introduction. Chronic kidney disease (CKD) af-
fects approximately 650 million people worldwide and
is a leading cause of death globally [1]with both preva-
lence and incidence rates on the rise globally. There-
fore, the study employed the Global Burden of Disease
(GBD. End-stage renal disease (ESRD) requires renal
replacement therapy (RRT), of which hemodialysis re-
mains the predominant modality [2].

Protein-energy wasting (PEW) and malnutrition
affect 20—75% of patients on maintenance hemodialy-

Minh Hoang Nguyen
hoangnguyencv@gmail.com

sis (MHD), driven by uremic anorexia, dialysis-relat-
ed nutrient losses, systemic inflammation, metabolic
acidosis, hormonal derangements, and comorbidities
such as diabetes mellitus and chronic viral hepatitis
[3]. Nutritional status independently predicts car-
diovascular events, hospitalisation, and mortality in
MHD patients.

The Geriatric Nutritional Risk Index (GNRI), de-
veloped by Bouillanne et al. [4], uses serum albumin,
actual body weight, and ideal body weight to screen nu-
tritional risk. The formula is: GNRI = (1.489 x albu-
min [g/L]) + (41.7 x [actual body weight / ideal body
weight]). Four risk categories are defined: major risk
(GNRI <82), moderate risk (82—<92), low risk (92—
98), and no risk (GNRI > 98). Lower scores indicate
more severe malnutrition and predict increased car-
diovascular events and mortality [5, 6]. Each 1-point
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GNRI increment has been associated with approxi-
mately 5% mortality reduction in MHD patients [5].
Despite the clinical utility of the GNRI, data on
Vietnamese MHD patients remain scarce. The exist-
ing Vietnamese studies on malnutrition in hemodialy-
sis have employed different assessment tools: Lan et al.
used the DMS (Dialysis Malnutrition Score), while a
study of Le et al used SGA-DMS (Subjective Global
Assessment — Dialysis Malnutrition Score) [6, 7]. Only
the study of Tran et al surveyed GNRI combined with
PNI (Prognostic Nutritional Index), CONUT (Con-
trolling Nutritional Status), mGPS (modified Glasgow
Prognostic Score), and SII (Systemic Immune-Inflam-
mation Index) but has not yet stratified nutritional risk
and identified risk factors predicting nutritional status
based on GNRI [8]. No Vietnamese study has yet used
multivariable regression to identify independent factors
associated with GNRI scores. This gap is clinically im-
portant because GNRI has important practical advan-
tages over subjective tools such as the Subjective Global
Assessment or the Malnutrition — Inflammation Score,
which require trained dietitians and are time-consum-
ing. The GNRI relies solely on serum albumin and body
weight, both routinely measured in hemodialysis units.
This makes it particularly suited for resource-limited
settings such as Vietnam, where many local dialysis
centres lack dedicated nutrition professionals. Howev-
er, while the GNRI has been used descriptively in Viet-
namese MHD populations, no study has yet identified
the independent clinical and biochemical factors asso-
ciated with GNRI scores using multivariable analysis.
This study aimed to: (1) describe the prevalence
and distribution of malnutrition risk classified by the
GNRI in Vietnamese MHD patients; and (2) identify
independent clinical and biochemical factors associ-
ated with GNRI scores. We hypothesised that, in ad-
dition to age and diabetes mellitus, HCV infection and
CKD-related complications, including anaemia and
secondary hyperparathyroidism, would be indepen-
dently associated with poorer nutritional status.
Patients and methods. Study design and setting. A
single-centre cross-sectional study was conducted at
the Dialysis Unit of the Rehabilitation and Professional
Disease Hospital, Ho Chi Minh City, Vietnam, from
January to June 2025. The unit provides outpatient
MHD three times weekly using standard bicarbonate
haemodialysis with high-flux membranes, targeting a
single-pool Kt/V of > 1.2 per session. The study was
approved by the Institutional Review Board of the Re-
habilitation and Occupational Disease Hospital, Ho
Chi Minh City (Approval No. 15/HPDb-BVPHCN-
DTBNN). All participants provided written informed
consent prior to enrolment. Patient data were ano-
nymised and used solely for research purposes, in ac-
cordance with the Declaration of Helsinki.
Participants. Inclusion criteria: (1) Age >18 years;
(2) diagnosis of ESRD undergoing outpatient MHD
for >3 consecutive months; (3) clinically stable, defined
as absence of acute illness, hospitalisation, trauma, or

surgery within the preceding 4 weeks; (4) provision of
voluntary written informed consent.

Exclusion criteria: (1) Incomplete laboratory data
or essential anthropometric measurements; (2) preg-
nancy; (3) active malignancy or other conditions caus-
ing acute, unintentional weight change.

Sample size. Sample size was estimated using a
minimum of 10 subjects per predictor variable. Based
on 8 — 10 anticipated candidate variables, at least 80
— 100 patients were required. Accounting for 20% po-
tential incomplete data, a target of >100 patients was
set. All eligible patients during the study period were
consecutively enrolled, yielding a final sample of 125.

Data collection. Clinical and demographic data in-
cluded age, sex, dialysis vintage (years), history of dia-
betes mellitus (DM), hepatitis B virus (HBV) infection
(HBsAg seropositivity), and hepatitis C virus (HCV) in-
fection (anti-HCV seropositivity with detectable HCV
RNA), collected from structured interviews and medi-
cal records.

Anthropometric measurements included dry body
weight (post-dialysis target weight) and height. Ideal
body weight (IBW) was calculated using the Lorentz
formula.

Epoetin alfa dose was recorded as the mean week-
ly dose (IU/kg/week) averaged over the preceding 3
months.

Venous blood samples were collected from the arte-
riovenous fistula before mid-week dialysis after an over-
night fast of > 8 hours. Parameters measured included
haemoglobin (g/dL), lymphocyte count (K/mm3), se-
rum albumin (g/L, bromocresol green method), total
cholesterol (mmol/L), HDL-cholesterol (mmol/L),
LDL-cholesterol (mmol/L), triglycerides (mmol/L),
serum phosphate (mmol/L), and intact PTH (iPTH,
pg/mL, chemiluminescent immunoassay). Dialysis
adequacy was assessed by single-pool Kt/V (Daugirdas
second-generation formula).

Nutritional assessment. Nutritional risk was as-
sessed using the GNRI formula [4]:

GNRI = (1.489 x Albumin [g/L]) + (41.7 x [Dry
Weight / Ideal Body Weight (kg)])

When actual body weight exceeded IBW, the ratio
was capped at 1.0. Patients were classified into four nu-
tritional risk categories according to established GNRI
cut-off values (Table 1).

Table 1
Nutritional risk categories
GNRI range Risk category

GNRI>98 No nutritional risk
92 <GNRI <98 Low nutritional risk
82 < GNRI < 92 Moderate nutritional risk
GNRI < 82 Major nutritional risk (severe)
GNRI <98 Any risk (combined)

GNRI: Geriatric Nutritional Risk Index
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For binary prevalence reporting, patients were
dichotomised as at-risk (GNRI < 98) versus no risk
(GNRI > 98), consistent with the original Bouillanne
classification [4]. For regression analysis, GNRI was
treated as a continuous outcome variable.

Statistical analysis. Analyses were performed us-
ing SPSS version 22.0 (IBM Corp., Armonk, NY,
USA). Continuous variables are presented as mean *
SD or median (IQR: 25th — 75th percentile). Categori-
cal variables are reported as frequencies and percent-
ages. Normality was assessed using the Kolmogorov—
Smirnov test.

For univariate analysis, Spearman’s rank corre-
lation was used for continuous variables. The Mann-
Whitney U test compared GNRI scores between groups
for binary categorical variables (sex, DM, HBV, HCV),
with effect size r, calculated as r = Z/ . All variables
with univariate p < 0.25 were entered into the multi-
variable model [9].

Multivariable linear regression with backward
elimination (removal threshold: p > 0.10) identified

independent predictors of GNRI. Assumptions veri-
fied included linearity (partial regression plots), in-
dependence of residuals (Durbin-Watson statistic),
homoscedasticity (Breusch-Pagan test), normality of
residuals (Shapiro-Wilk test), and absence of multi-
collinearity (VIF < 5). Results are presented as un-
standardised B coefficients with 95% confidence in-
tervals (CI). Statistical significance was set at p < 0.05
(two-tailed).

Results. Baseline characteristics. Of 125 enrolled
patients, the mean age was 56.89 £ 15.47 years (49.60%
male). The most prevalent comorbidity was diabetes
mellitus (43.20%), followed by active HCV infection
(16.80%). Notably, mean serum albumin was below
the recommended target (37.13 £ 3.31 g/L; target > 40
g/L), haemoglobin reflected suboptimal anaemia con-
trol (10.16 £ 1.59 g/dL), and median iPTH was mark-
edly elevated at 514.70 pg/mL (IQR: 289.05—-946.50),
indicating widespread secondary hyperparathyroidism.
Dialysis adequacy was satisfactory (mean Kt/V: 1.38 £
0.18). Full details are presented in Table 2.

Table 2

Baseline characteristics of the study population (n = 125)

Variable Value
Demographic and clinical characteristic
Age (years), mean + SD 56.89 + 1547
Male sex, n (%) 62 (49.60%)
History of Diabetes Mellitus, n (%) b4 (43.20%)
Active HBV infection (HBsAg+), n (%) 7 (5.60%)
Active HCV infection (anti-HCV+ /HCV RNA+), n (%) 21(16.80%)
Dialysis vintage, median years (IQR) 2.50 (150 - 4.00)
Epoetin alfa dose (IU/kg/week), mean + SD 155.84 + 80.76
Kt/V (single-pool), mean + SD 138 +018
Laboratory characteristic
Haemoglobin (g/dL), mean + SD 1016 +1.59
Lymphocyte count (K/mm?3), median (IQR) 152 (120 - 2.02)
Serum albumin (g/L), mean = SD 373+ 3.31
Total Cholesterol (mmol/L), median (IQR) 3.22 (277 - 3.84)
HDL-cholesterol (mmol/L), median (IQR) 0.91(0.77-112)
LDL-cholesterol (mmol/L), median (IQR) 148 (174 - 1.94)
Triglycerides (mmol/L), median (IQR) 134(0.98 - 2.30)
Serum phosphate (mmol/L), median (IQR] 172 (147 - 2.20)
iPTH (pg/mL), median (IQR) 51470 (289.05 - 946.50)

HBYV: Hepatitis B Virus; HCV: Hepatitis C Virus; HDL: High-density lipoprotein; IQR: Interquartile Range; iPTH: Intact
parathyroid hormone; LDL: Low-density lipoprotein; SD: Standard Deviation.

GNRI scores and nutritional risk classification.
The mean GNRI was 94.74 £ 6.75. Using the four-
tier Bouillanne classification (Table 1), 48 patients
(38.40%) had no risk (GNRI > 98), 38 (30.40%)
low risk, 32 (25.60%) moderate risk, and 7 (5.60%)

major risk. Overall, 77 patients (61.60%) had
GNRI < 98, indicating any degree of nutritional risk.
Of these, 39 patients (31.20%) had moderate to major
risk (GNRI < 92), representing clinically significant
malnutrition.
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Univariate analysis. Table 3 presents univariate as-
sociations between clinical and laboratory variables and
GNRI scores. Variables significantly associated with
lower GNRI scores were advanced age (p < 0.001),
female sex (p = 0.013), higher epoetin alfa dose (p =

0.002), lower haemoglobin (p = 0.013), lower lympho-
cyte count (p = 0.011), and higher serum phosphate
(p <0.001). History of DM (p =0.059) and HCV infec-
tion (p = 0.054). All variables with p < 0.25 were en-
tered into the multivariable model.

Table 3
Univariate analysis of associations between clinical variables and GNRI scores
Variable Test r p-value
Age (years) Spearman -0.353 <0.001
Female sex Mann-Whitney U -0.222 0.013
History of diabetes mellitus Mann-Whitney U -0170 0.059
Active HBV infection Mann-Whitney U -0.064 0477
Active HCV infection Mann-Whitney U -0173 0.054
Dialysis vintage (years) Spearman 0.042 0640
Epoetin alfa dose (IU/kg/week) Spearman -0.277 0.002
Haemoglobin (g/dL) Spearman 0222 0.013
Lymphocyte count (K/mm3) Spearman 0.227 0.0M
Total cholesterol (mmol/L) Spearman -0.057 0.526
HDL-cholesterol (mmol/L) Spearman -0164 0.067
LDL-cholesteral (mmol/L) Spearman -0134 0139
Triglycerides (mmol/L) Spearman 0105 0.248
Serum phosphate (mmol/L) Spearman 0316 <0.001
iPTH (pg/mL) Spearman 0104 0.249
Note: For continuous variables, Spearman’s rank correlation coefficient (r) was reported as the measure of association and
effect size. For binary categorical variables (sex, DM, HBV, HCV), the Mann— Whitney U test was used to compare
GNRI score between groups.
DM: diabetes mellitus; HBV: hepatitis B virus; HCV: hepatitis C virus; iPTH: intact parathyroid hormone; r: correlation

coefficient and effect size (Mann—Whitney U test)

Multivariable linear regression. Twelve candidate
variables with p < 0.25 at univariate analysis were en-
tered into the model: age, sex, diabetes mellitus, active
HCV infection, epoetin alfa dose, haemoglobin, lym-
phocyte count, HDL-cholesterol, LDL-cholesterol,
triglycerides, serum phosphate, and iPTH.

All regression assumptions were satisfied. No
first — order autocorrelation of residuals was detected
(Durbin — Watson = 1.97, close to the ideal value of
2.0). Residuals were approximately normally distri-
buted (Shapiro — Wilk p = 0.14, failing to reject the
null hypothesis of normality). Homoscedasticity was

validated (Breusch — Pagan p =0.21, indicating no sig-
nificant heteroscedasticity). Multicollinearity was ab-
sent: all VIF values were < 2.5 (well below the thresh-
old of 5), indicating that the independent variables
were sufficiently independent of one another and that
coefficient estimates were stable. Linearity was visually
assessed via partial regression plots and found accept-
able. After backward elimination, five independent as-
sociated factors of GNRI scores remained (Table 4).
The model explained 32.4% of the variance in GNRI
scores (RZ = 0.352; adjusted R?Z = 0.324; F-statistic
p <0.001).

Table 4
Multivariable linear regression model for independent associated factors of GNRI score

Variable B 95% Cl p-value VIF
Age (years) -0142 -0.216; -0.069 <0.001 1.23
History of diabetes mellitus -2.229 -4.714; -0.085 0.042 118
Active HCV infection -3.055 -5.847; -0.263 0.032 1.09
Epoetin alfa dose (IU/kg/week) -0.020 -0.033; -0.006 0.005 141
iPTH (pg/mL} -0.002 -0.003; -0.0001 0.027 137

R? = 0.352; Adjusted R? = 0.324; F-statistic p < 0.001. Variables removed by backward elimination (p > 0.10): haemoglobin,
lymphocyte count, female sex, serum phosphate, HDL-cholesterol, L DL-cholesterol, and triglycerides.

B: unstandardised regression coefficient; CI: confidence interval; HCV: hepatitis C virus; iPTH: intact parathyroid hormone;

VIF: variance inflation factor.
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Age was the strongest associated factor: each addi-
tional year was associated with a 0.142-point decrease in
GNRI(B=-0.142;95% CI:-0.216,—0.069; p<0.001).
Patients with DM had GNRI scores 2.229 points
lower than non-diabetic patients (B = —2.229; 95%
CI: —4.714, —0.085; p = 0.042). Active HCV infec-
tion was associated with a 3.055-point reduction
(B = —3.055; 95% CI: —5.847, —0.263; p = 0.032),
the largest effect among comorbidities. Each 1 TU/kg/
week increase in epoetin alfa dose was associated with
a 0.020-point decrease (B = —0.020; 95% CI: —0.033,
—0.006; p=0.005). Each 1 pg/mL increase in iPTH was
associated with a 0.002-point decrease (B=-0.002;95%
CI: —0.003, —0.0001; p = 0.027).

Discussion. This study demonstrated a high preva-
lence of nutritional risk among Vietnamese MHD pa-
tients: 61.60% had GNRI < 98, and 31.20% had mo-
derate to major risk (GNRI < 92), including 25.60%
with moderate risk and 5.60% with major risk. The
mean GNRI of 94.74 + 6.75 places this population in
the low to moderate risk range. Five independent fac-
tors were independently correlated with lower GNRI
scores: advanced age, diabetes mellitus, active HCV
infection, higher epoetin alfa dose, and elevated iPTH.
These findings highlight several clinically modifiable
targets for nutritional intervention.

While associations between malnutrition and fac-
tors such as age or diabetes have been reported in other
MHD populations, this study offers distinct contribu-
tions beyond geographic replication. Previous Vietnam-
ese studies on malnutrition in hemodialysis used either
the Dialysis Malnutrition Score, SGA-DMS or GNRI
combined with other indices, and none employed mul-
tivariable regression to identify independent clinical and
biochemical associated factors of GNRI scores.[6—8]
This study addresses that gap directly. First, it is the first
to evaluate HCV infection as an independent associat-
ed factor of GNRI within a multivariable framework.
HCYV showed the largest effect among comorbidities,
identifying a potent and modifiable determinant of nu-
tritional status. Second, the simultaneous evaluation of
metabolic (diabetes, secondary hyperparathyroidism),
infectious (HCV), and haematological (ESA dose)
determinants in a single model provides an integrated
view of the multifactorial causes of malnutrition in this
population. Third, the identification of modifiable fac-
tors, including HCV (treatable with direct-acting an-
tivirals), secondary hyperparathyroidism (manageable
with phosphate binders and calcimimetics), and ESA
hyporesponsiveness (amenable to iron optimisation),
has direct implications for targeted nutritional inter-
ventions in Vietnamese dialysis practice.

The prevalence of any nutritional risk in our cohort
(61.60%) is consistent with published data from Asian
MHD populations. Study at two hospitals in Ho Chi
Minh City of Lan et al. 2024 and Linh et al, 2025 found
76.3% and 72,26% of hemodialysis patients had mild
to severe malnutrition assessed by the DMS and SGA-
DMS, respectively [6,7]. The difference across studies

likely reflects the use of different assessment tools and
cut-off thresholds, as well as differences in patient de-
mographics and dialysis practices. These findings col-
lectively suggest that malnutrition affects the major-
ity of MHD patients across diverse Asian settings. The
relatively high proportion of moderate and major risk
patients in our cohort likely reflects the elevated burden
of diabetes (43.2%) and chronic viral hepatitis (16.8%
HCV), both of which impair nutritional status through
distinct pathophysiological mechanisms.

Age was the strongest independent correlated fac-
tor (B = —0.142 per year; p < 0.001), consistent with
Takahashi et al. and Tran et al. [8,10]. Malnutrition in
older MHD patients results from physiological anorexia
of ageing, sarcopenia, polypharmacy, cognitive decline,
and social isolation, compounded by uraemic anorexia
and dialysis-related nutrient losses. A multidisciplinary
approach integrating dietitian support, physical reha-
bilitation, and medication review is essential for this
subgroup [11].

Diabetic patients had GNRI scores 2.229 points
lower than non-diabetic patients (p = 0.042). Diabetes
contributes to malnutrition through insulin resistance,
impairing skeletal muscle amino acid uptake, advanced
glycation end-products promoting chronic inflamma-
tion and catabolism, and diabetic gastroparesis, reduc-
ing dietary intake [12]. These findings are consistent
with reports from Asian MHD cohorts [13].

Active HCV infection showed the largest reduc-
tion in GNRI among comorbidities (B = —3.055; p =
0.032), while HBV infection showed no significant as-
sociation (p = 0.477). This asymmetry is biologically
plausible: 60—80% of acute HCV infections progress to
chronicity compared with only 5 — 10% of adult HBV
infections [14]. Chronic HCV drives hepatic fibrosis
and impairs albumin synthesis, directly lowering GNRI
scores. Chronic HCV also promotes systemic inflam-
mation, insulin resistance, and mitochondrial dysfunc-
tion, all of which potentiate PEW. The availability of
direct-acting antiviral (DAA) therapies with > 95%
sustained virological response rates offers a modifiable
intervention to improve nutritional status in HCV-in-
fected MHD patients.

Higherepoetin alfa dose requirements were indepen-
dently associated with lower GNRI scores (B = —0.020
per 1U/kg/week; p = 0.005). Importantly, the erythro-
poiesis resistance index (ERI = weekly ESA dose/body
weight/haemoglobin) was not calculated. Epoetin alfa
dose served only as a surrogate for ESA hyporesponsive-
ness and does not account for the achieved haemoglobin
level. Patients receiving higher doses while maintaining
adequate haemoglobin may be misclassified. This asso-
ciation should therefore be interpreted with caution, as it
may reflect true hyporesponsiveness, inadequate dosing
relative to anaemia severity, or greater overall comor-
bidity burden. In MHD patients, reduced ESA respon-
siveness often reflects underlying chronic inflammation,
iron deficiency, or uraemic inhibition of erythropoiesis.
Inflammatory cytokines (notably IL-6 and TNF-a) si-
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multaneously impair erythropoiesis through hepcidin-
mediated iron sequestration and promote protein ca-
tabolism, creating a bidirectional relationship between
anaemia management difficulty and nutritional deterio-
ration. These findings are consistent with those of Tsai
et al., who demonstrated that lower GNRI scores were
significantly associated with erythropoietin resistance in
dialysis patients [15]. Future studies should incorporate
ERI for a more precise assessment.

Median iPTH was elevated markedly in our cohorts
(514.7 pg/mL). High iPTH was independently associ-
ated with lower GNRI scores (B = —0.002 per pg/mL;
p = 0.027). Notably, iPTH was not significant at the
univariate level (r = 0.104, p = 0.249) but emerged as
significant in the multivariable model. This is consistent
with statistical suppression: serum phosphate was posi-
tively correlated with both iPTH and GNRI at the uni-
variate level (r=0.316, p < 0.001). When phosphate was
included in the model and subsequently removed dur-
ing backward elimination (p = 0.183), the shared vari-
ance between phosphate and iPTH was partitioned out,
unmasking the independent negative effect of iPTH on
GNRI. This inverse association is consistent with Yo-
shida et al., who reported that elevated iPTH was inde-
pendently associated with lower odds of adequate nutri-
tional status (OR = 0.68 for males and 0.83 for females)
in a multicentre cohort of 1342 Japanese hemodialysis
patients [16] their association has not been clarified.
The aim of our study was to clarify the association be-
tween the geriatric nutritional risk index (GNRI. High
PTH levels correlated with low muscle mass in the study
of Liu et al. [17]. These findings show a negative effect
of iPTH on nutritional status rather than a statistical
artefact. Proposed mechanisms include PTH-mediated
increases in resting energy expenditure through protein
and lipid catabolism, and stimulation of brown adipose
tissue thermogenesis [18, 19]. In the context of dietary
restrictions inherent to MHD, chronically elevated en-
ergy expenditure may accelerate PEW.

Our study has several limitations. First, the cross-
sectional design precludes causal inference. Second, this
was a single-centre study. Regional variations in dialysis
practices, comorbidity profiles (particularly the preva-
lence of diabetes and viral hepatitis between Northern
and Southern Vietnam), dietary patterns, socioeco-
nomic factors, and medication access may all influence
GNRI scores. Our urban centre in Ho Chi Minh City
may serve a population differing from rural or North-
ern Vietnamese dialysis units, or from international
cohorts. Multicentre studies across diverse Vietnamese
regions are needed to determine generalisability. Third,
the sample size (n = 125), while meeting the subjects-
per-variable criterion, may limit power for smaller ef-
fects to detect factors with marginally non-significant.
Fourth, serum albumin, the primary biochemical com-
ponent of the GNRI, is a negative acute-phase reactant
reduced by systemic inflammation, fluid overload, and
hepatic dysfunction independently of nutritional intake.
Without inflammatory markers such as CRP or 1L-6,

we cannot distinguish true protein-energy malnutrition
from inflammation-driven hypoalbuminaemia. This is
especially relevant given the prevalence of the malnu-
trition-inflammation complex syndrome (MICS) in
MHD populations. The associations with epoetin alfa
dose and iPTH, both influenced by inflammatory sta-
tus, may partly reflect inflammatory burden rather than
nutrition per se. Future studies incorporating inflam-
matory markers alongside the GNRI would improve
model explanatory power (current adjusted R2 = 0.324)
and enable separation of nutritional from inflammatory
components. Fifth, ERI was not directly calculated.
As discussed, the epoetin alfa dose as a proxy for ESA
hyporesponsiveness does not account for achieved hae-
moglobin, and the observed association should be in-
terpreted accordingly. Sixth, dietary intake data were
not collected. Future longitudinal, multicentre studies
incorporating dietary assessment, inflammatory profil-
ing, and direct ERI measurement are warranted.

Conclusions. Nutritional risk is prevalent in Viet-
namese MHD patients, with 61.6% classified as at-risk
(GNRI £98) and 31.2% having moderate-to-major risk
(GNRI < 92). Advanced age, diabetes, active HCV in-
fection, higher ESA dose, and elevated iPTH were inde-
pendently associated with poorer nutritional status. Ac-
tive HCV infection showed the largest effect among co-
morbidities, identifying a key modifiable target. Routine
GNRI screening, aggressive HCV treatment, and opti-
misation of anaemia and mineral-bone disorder manage-
ment should be integrated into standard MHD care.
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