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ABSTRACT

Anemia is a frequent complication of maintenance hemodialysis, and chronic
inflammation is one of its central drivers. The malnutrition-inflammation-
atherosclerosis (MIA) syndrome comprises three interacting axes that can be
reflected by routine surrogate indices: the lymphocyte-to-hs-CRP ratio (LCR), the
prognostic nutritional index (PNI), and the neutrophil-to-HDL-cholesterol ratio
(NHR). This study examined how these three indices relate to anemia in patients
on maintenance hemodialysis. We conducted a cross-sectional study of 116
patients, defining moderate anemia as a hemoglobin (Hb) concentration below 11
g/dL. Groups were compared using the t-test or Mann-Whitney test and the chi-
square test, and independent associations were assessed with multivariable linear
and logistic regression; the discriminatory ability of the combined model was
evaluated by the area under the receiver operating characteristic curve (AUC).
Anemia was present in 61 patients (52.6%). Compared with non-anemic patients,
anemic patients had lower LCR and lower PNI (both p < 0.05), whereas NHR did
not differ significantly. In the multivariable models, both LCR and NHR were
independently associated with Hb concentration and with anemia status (all p <
0.05), while PNI lost significance after adjustment. The combined three-index
model discriminated anemia with an AUC of 0.717 (95% CI, 0.63-0.81). In
conclusion, LCR and NHR were relevant and consistent correlates of anemia,
whereas PNI added little independent information. The combined model achieved
acceptable discrimination, supporting a multi-index rather than a single-index
approach when the inflammatory background of anemia is assessed in
hemodialysis patients.
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1. Introduction

Anemia is among the most common
complications in patients with end-stage renal

disease receiving maintenance hemodialysis,
contributing to cardiovascular events,
hospitalization, impaired quality of life, and

mortality [1]. Its pathogenesis is multifactorial,
involving relative deficiency of endogenous
erythropoietin, disordered iron metabolism,
shortened erythrocyte survival, blood loss during
dialysis, and—prominently—chronic inflammation
[1, 2].

In dialysis patients, inflammation rarely occurs
in isolation; it typically coexists with malnutrition
and atherosclerosis, together forming the
malnutrition—inflammation—atherosclerosis  (MIA)
syndrome, a complex closely tied to poor prognosis
[3]. Each of its three axes can be reflected indirectly
by simple indices derived from the routine
complete blood count and biochemistry panel. The
lymphocyte-to-hs-CRP ratio (LCR) integrates the
lymphocyte count and high-sensitivity C-reactive
protein (hs-CRP), capturing both inflammatory
intensity and immune competence, and has been
shown to be an independent predictor of outcomes
in hemodialysis patients [4]. The prognostic
nutritional index (PNI), calculated from albumin and
the  lymphocyte  count, represents  the
inflammation—nutrition axis and predicts mortality
in dialysis populations [5]. The neutrophil-to-HDL-
cholesterol ratio (NHR) combines the neutrophil
count with HDL-cholesterol, simultaneously
reflecting inflammation and the lipid dysregulation
of the atherosclerotic axis [6].

Importantly, these indices are derived entirely
from routine blood tests and serve as accessible
surrogates of the three MIA axes rather than as a
diagnostic label of the syndrome; accordingly, the
present study enrolled unselected maintenance
hemodialysis patients and examined the three
axes through these surrogate indices, without
requiring a formal diagnosis of MIA syndrome.
Although each index has been studied in different
settings, data directly comparing the three indices
that represent the three MIA axes, in relation to
anemia in maintenance hemodialysis patients,
remain limited. We therefore conducted this study
to examine and compare the associations of LCR,
PNI, and NHR with anemia, and to evaluate the
ability of a combined model to discriminate anemia
status.
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2. Subjects and Methods

2.1. Study subjects

This was a cross-sectional study of 116 patients
receiving maintenance hemodialysis at the
Department of Nephrology, Ho Chi Minh City
Hospital for Rehabilitation—Professional Diseases.

Inclusion criteria: age = 18 years and clinically
stable maintenance hemodialysis for 2 3 months.

Exclusion criteria: acute infection or an acute
exacerbation within the preceding 4 weeks,
malignancy, decompensated chronic liver disease,
primary hematologic disease, and acute blood
loss.

2.2. Variables and definitions

The three inflammatory-nutritional indices were
calculated as follows:

LCR = lymphocyte count (10°L) / hs-CRP
(mg/L);

PNI = albumin (g/L) + 5 x lymphocyte count
(10°/L);

NHR = neutrophil
cholesterol (mmol/L).

count (10%L) / HDL-

Each index was selected as a routinely
available surrogate of one axis of the MIA
syndrome and was interpreted accordingly. The
LCR reflects the inflammatory axis: hs-CRP is an
interleukin-6—driven acute-phase reactant that
rises with inflammatory intensity, whereas the
lymphocyte count falls with uraemia-related
immune dysregulation, so a lower LCR denotes a
heavier inflammatory burden [4, 7]. The PNI,
originally derived by Onodera and computed here
in Sl units as albumin (g/L) + 5 x lymphocyte count
(10°/L), summarises the combined nutrition—
inflammation axis, with lower values indicating a
poorer nutritional-inflammatory state [5]. The NHR
represents the atherosclerotic—metabolic axis,
combining the pro-inflammatory neutrophil count
with  anti-inflammatory, anti-atherogenic HDL-
cholesterol, so that a higher value conventionally
denotes a greater inflammatory—atherogenic load
[6]. Higher LCR and PNI therefore indicate a more
favourable inflammatory—nutritional state, whereas
a higher NHR conventionally indicates a less
favourable one.

Moderate anemia was defined as a hemoglobin
(Hb) concentration below 11 g/dL. Baseline
variables collected included age, sex, body mass
index (BMI), diabetes status, and the lipid profile.
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2.3. Statistical analysis

Data were analyzed with Stata. Continuous
variables are presented as mean * standard
deviation or as median (interquartile range)
according to their distribution; categorical variables
are presented as frequencies and proportions.
Two-group comparisons used the t-test or Mann—
Whitney test for continuous variables and the chi-
square test for categorical variables. The
independent associations of the three indices with
Hb concentration and with anemia status (a binary
outcome) were assessed using multivariable linear
regression and multivariable logistic regression,
respectively; the variance inflation factor (VIF) was
examined to exclude multicollinearity. The ability of
the combined model to discriminate anemia was
evaluated by the area under the receiver operating
characteristic curve (AUC). A two-sided p < 0.05
was considered statistically significant.

ISSN: 1859 — 2376

2.4. Research Ethics

The study was approved by the Ethics
Committee of Ho Chi Minh City Hospital for
Rehabilitation—Professional Diseases (approval
No. 09.1/HDbDDb-BVPHCN-DTBNN, dated 24 April
2024).

3. Results

Among the 116 patients, the mean age was
54.1 + 15.1 years and 57.8% were male. Anemia,
defined by an Hb concentration below 11 g/dL, was
present in 61 patients (52.6%). Compared with
non-anemic patients, anemic patients had a lower
prevalence of diabetes (26.2% versus 49.1%; p =
0.011) and a lower triglyceride concentration (p =
0.036). Among the inflammatory indices, both LCR
and PNI were significantly lower in the anemic
group, whereas NHR did not differ significantly
between groups (Table 1).

Table 1. Characteristics of the study patients by anemia status

Characteristic Total (N = 116) Anemia (N = 61) Non-anemia (N = 55) P
Age (years) 54.1+15.1 54.7 +14.7 53.6 £ 15.6 0.675
Male, n (%) 67 (57.8) 33 (54.1) 34 (61.8) 0.401
BMI (kg/m?) 21.8+3.6 21.5+3.3 222+39 0.272
Diabetes, n (%) 43 (37.1) 16 (26.2) 27 (49.1) 0.011
Hb (g/dL) 10.9+1.6 9.7+0.9 122+1.0 <0.001
Albumin (g/L) 370+ 36 36.8+3.7 372+35 0.609
Triglyceride (mmol/L) 1.6 (1.0-2.2) 1.4 (1.0-1.9) 1.7 (1.1-2.7) 0.036
Cholesterol (mmol/L) 3.7+0.9 3.6+0.7 3.8+1.1 0.250
HDL-c (mmol/L) 1.0+£0.3 1.0+£0.2 1.0+£0.3 0.780
LDL-c (mmol/L) 1.9+07 20107 19+0.8 0.566
hs-CRP (mg/L) 2.1(0.9-4.4) 2.2 (0.8-54) 1.8 (1.0-4.0) 0.274
Lymphocyte count (10%/L) 1.5+05 1.6+0.6 1.5+05 0.620
Neutrophil count (10°/L) 43+18 44+20 40116 0.280
LCR (lymphocyte/hs-CRP) 0.7 (0.4-1.9) 0.5(0.2-1.2) 0.8 (0.4-2.9) 0.009
PNI 447 +43 439146 456 +3.8 0.027
NHR (neutrophil/HDL-c) 4.1(2.9-5.7) 3.8 (2.8-5.3) 4.2(2.9-6.1) 0.212

Values are mean + SD, median (interquartile range), or n (%). hs-CRP: high-sensitivity C-reactive protein; BMI: body
mass index; Hb: hemoglobin; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein cholesterol; LCR:
lymphocyte-to-hs-CRP ratio; PNI: prognostic nutritional index; NHR: neutrophil-to-HDL-cholesterol ratio.

In the multivariable linear regression model with
Hb concentration as the dependent variable, LCR
showed the strongest positive and independent
association with Hb, NHR showed a weaker

https://tapchisinhlyhoc.com.vn/

positive association, and PNI was not significant. All

VIF values were close to 1 (£ 1.11), indicating no

meaningful multicollinearity (Table 2).
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Table 2. Multivariable linear regression with hemoglobin concentration as the dependent variable

Variable B SE VIF p 95% ClI
LCR 0.29 0.08 1.11 <0.001 0.13t0 0.44
PNI 0.02 0.03 1.08 0.504 -0.04 to 0.09
NHR 0.10 0.05 1.03 0.040 0.01t0 0.19

Model: R? = 0.130; adjusted R? = 0.107; F(3, 112) = 5.59; p = 0.0013. B: unstandardized regression coefficient; SE:
standard error; VIF: variance inflation factor; Cl: confidence interval.

Similarly, in the multivariable logistic regression
model with anemia status as the dependent
variable, LCR was the strongest independent
correlate, followed by NHR, whereas PNI showed
only a non-significant trend. Higher LCR and higher

NHR were each associated with lower odds of
anemia (Table 3). The combined three-index model
discriminated anemia with acceptable ability,
achieving an AUC of 0.717 (95% CI, 0.63-0.81;
Figure 1).

Table 3. Multivariable logistic regression with anemia status as the dependent variable

Variable OR SE VIF p 95% CI
LCR 0.66 0.09 1.11 0.003 0.491t0 0.87
PNI 0.92 0.05 1.08 0.091 0.83 to 1.01
NHR 0.80 0.07 1.03 0.016 0.67 to 0.96

Model: likelihood-ratio x?*(3) = 20.59; p < 0.001; pseudo-R?= 0.128; AUC = 0.717 (95% CI, 0.63-0.81). OR: odds ratio;
SE: standard error; VIF: variance inflation factor; Cl: confidence interval.
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Figure 1. Receiver operating characteristic (ROC) curve of the combined three-index model for
discriminating anemia status.
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4. Discussion

This study simultaneously examined three
indices representing the three axes of the MIA
syndrome in relation to anemia in maintenance
hemodialysis patients. LCR and NHR were
associated with anemia status, whereas PNI
showed no statistically significant independent
association. The combined three-index model
achieved acceptable discrimination of anemia
(AUC 0.717). The differences among the three
indices reflect the distinct biology of their individual
components.

LCR was the most prominent index: it was lower
in the anemic group and was independently
associated with both Hb concentration and the risk
of anemia. This result is concordant with the
international literature. In hemodialysis patients,
Chen et al. (2023) reported that a low LCR was an
independent predictor of mortality [4], and a low
LCR has likewise been linked to poor prognosis
across inflammatory and oncological diseases [7].
LCR integrates two signals that reflect
inflammatory burden in the same direction: hs-CRP
is an acute-phase reactant regulated by IL-6 and
represents the intensity of inflammation, which
directly drives hepcidin-mediated functional iron
deficiency and erythropoietin resistance, whereas
a falling lymphocyte count reflects immune
dysregulation and exhaustion induced by uremia
and sustained chronic inflammation [2, 4]. As
inflammation intensifies, the lymphocyte count
declines and hs-CRP rises, so LCR falls steeply in
parallel with suppressed erythropoiesis. LCR
therefore captures the inflammatory axis, the core
determinant of the anemia of inflammation.

PNI was lower in the anemic group in the
univariate analysis, consistent with its established
role as an index of malnutrition and inflammation
and as a predictor of mortality in dialysis patients
[5]. A notable difference, however, was that PNI lost
all significance once it was entered into the
multivariable model alongside LCR and NHR. PNI
and LCR share the lymphocyte component, so
much of the immune-inflammatory signal that PNI
carries is expressed more directly and more
strongly by LCR; meanwhile, the other component
of PNI-albumin-did not differ between the two
groups in our sample. In other words, for a cross-
sectional anemia outcome, the inflammatory axis
expressed through the lymphocyte-to-hs-CRP ratio
outweighs the nutritional axis represented by
albumin. This does not contradict earlier studies,
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because the prominent prognostic value of PNI has
been demonstrated mainly for time-to-mortality
outcomes, in which nutritional status-particularly
albumin-plays a greater role, rather than for
anemia status at a single time point.

In most previous studies, a higher NHR reflects
more severe inflammation and lipid dysregulation
and is therefore linked to worse outcomes, such as
increased cardiovascular risk and mortality [6] or
greater albuminuria. In our study, by contrast, a
higher NHR was associated with a lower risk of
anemia-a direction of association that is opposite
to what would be expected of an inflammatory
marker. In this sample, HDL-cholesterol was
almost uniform between the two groups and very
low, a feature characteristic of the uremic milieu, in
which HDL-cholesterol is not only reduced in
quantity but also loses its anti-inflammatory and
antioxidant functions and may become frankly
dysfunctional [8, 9]. When HDL-cholesterol barely
varies, NHR is in practice driven almost entirely by
the neutrophil count, and the metabolic—
atherosclerotic signal that underlies the prognostic
value of NHR in cardiovascular disease is largely
absent in this population. In hemodialysis patients,
a higher neutrophil count may reflect better-
preserved bone marrow proliferative capacity,
which parallels better erythropoiesis and hence a
higher hemoglobin concentration; conversely,
severe anemia often accompanies diffuse marrow
suppression with simultaneous reduction of
multiple cell lines. In this specific context, therefore,
NHR reflects the hematopoietic activity of the
marrow more than a harmful inflammatory burden.

Overall, although the three indices are viewed
through the three facets of the MIA syndrome, they
contribute very differently to the anemia outcome:
the chronic inflammatory axis (LCR) is the
strongest determinant, the nutritional axis (PNI)
may have been masked by an excessively high
background level of chronic inflammation, and the
metabolic axis (NHR) manifests in a way that
reflects hematopoiesis rather than inflammation
alone. These differences indicate that composite
indices derived from the complete blood count
should not be regarded as interchangeable, and
still less should a single index be used to infer
anemia status. The fact that the combined model
reached an AUC of 0.717-higher than the
discrimination usually reported for any single index
in the literature-supports the value of a multi-index
approach. In practice, these indices should be
used as adjunctive tools, in combination with direct
assessment of anemia.
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This study has several limitations. Its cross-
sectional design does not permit causal inference,
whereas the relationship between inflammation
and anemia is inherently bidirectional. The
regression models were mutually adjusted among
the three indices but were not adjusted for clinical
factors that may act as confounders, such as the
dose of erythropoiesis-stimulating agents (ESAs),
iron stores, dialysis vintage, and comorbidities;
notably, the prevalence of diabetes differed
between the two groups, and the ESA dose-a
strong determinant of hemoglobin concentration-
was not included in the models. Finally, this was a
single-center study with a small sample size; the
associations of these inflammatory indices should
be confirmed in prospective studies with full
multivariable adjustment and larger samples.

It is worth considering the likely direction of the
bias  introduced by these unmeasured
confounders. The most influential is the ESA dose.
In routine care, more inflamed patients-those with
a lower LCR-are more ESA-hyporesponsive and
are therefore given higher ESA doses to reach
hemoglobin targets; in a recent pooled analysis,
patients with higher baseline hs-CRP required
substantially greater ESA doses to achieve
comparable hemoglobin [10, 11]. Because this
compensatory  up-titration selectively raises
hemoglobin in precisely the most inflamed (low-
LCR) patients, it flattens the observed LCR-
hemoglobin gradient. The associations we report
are therefore more likely to be attenuated (shrunk
toward the null) than exaggerated, and the true,
ESA-independent relationship between
inflammation and anemia may be stronger than the
coefficients in Table 2 suggest. Iron status behaves
differently: functional iron deficiency is largely a
downstream mediator of the inflammation —
hepcidin — restricted-erythropoiesis pathway
rather than an independent confounder, so its
omission means our estimates capture the total
effect of inflammation on anemia-including its iron-
restricted component-rather than being biased in a
fixed direction; had iron indices been forced into the
model, part of the genuine inflammatory effect
would have been over-adjusted away. By contrast,
the between-group imbalance in diabetes
prevalence (lower among anemic patients) is a
classical confounder whose net effect on the index-
haemoglobin associations is less predictable and
could act in either direction. Taken together, the
unmeasured ESA dose most plausibly biases our
key associations toward the null, whereas residual
confounding by comorbidity adds uncertainty of
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indeterminate direction-both of which reinforce the
need for the prospective, fully adjusted study
proposed above.

5. Conclusion

In maintenance hemodialysis patients, the three
indices representing the three axes of the MIA
syndrome are associated with anemia in different
ways. LCR was the strongest and most consistent
correlate, directly reflecting the inflammatory axis
that is central to the anemia of inflammation. PNI
had little independent value, owing to its overlap
with LCR and to the absence of a between-group
difference in albumin. NHR showed an unexpected
inverse association, most likely reflecting the
neutrophil count and the hematopoietic activity of
the marrow rather than inflammatory burden. The
combined three-index model achieved acceptable
discrimination, supporting a multi-index approach
combined with direct assessment of anemia rather
than reliance on any single index.
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MOI LIEN QUAN GIU’A CAC CHI SO VIEM PHAN ANH
BA TRUC CUA HOI CHU'NG SUY DINH DUONG — VIEM —

HOISINH LY HOC VIET NAM

XO' VU’A (MIA) VA TiNH TRANG THIEU MAU

Vietnam Society Of Physiology - VIOP 6’ BENH NH AN LQC M AU CHU KY
Lé Trong Nhan', Lwong Linh Ly', Tran Théng Tanh', Thanh Minh Khanh2, Tran Van Tién?,
Nguyén Thi Lé Hwong?, Tran Trwong Trung Tinh**
" Khoa Y, Bai hoc Quéc té Héng Bang
2 Khoa Y, Pai hoc Van Lang
3 Khoa Than hoc, Bénh vién Phuc héi chirc ndng Thanh phd H6 Chi Minh — Bénh nghé nghiép
4 Pai hoc Y duwoc Thanh phé H6 Chi Minh

TOM TAT

Thiéu mau 1a bién chirng phé bién & bénh nhan loc mau chu ky, trong dé viém man tinh gitr vai trd quan
trong. Hoi chirng suy dinh dwéng — viém — xo vira (MIA) gébm ba truc cé thé dwoc phan anh bang cac chi
s6 thay thé tir xét nghiém thwéong quy: ti s6 bach cau lympho/hs-CRP (LCR), chi sé dinh dwéng tién lwong
(PNI) va ti s6 bach cau trung tinh/HDL-c (NHR). Nghién ctru nhdm khao sat mdi lién quan gitra ba chi sé
trén vai thiéu mau & bénh nhan loc mau chu ky. Nghién ctru cat ngang trén 116 bénh nhan loc mau chu ky;
thiéu mau mac do trung binh dwoc dinh nghia khi Hb < 11 g/dL. So sanh hai nhém, hdi quy tuyén tinh va
logistic da bién va phan tich ROC ctia mé hinh phéi hop dwoc thwe hién. Cé 61 bénh nhan (52,6%) thiéu
mau. LCR va PNI & nhém thiéu mau thap hon nhédm khéng thiéu mau (p < 0,05); khac biét NHR khong c6
y nghta. Trong héi quy da bién, LCR va NHR lién quan doc 1ap véi Hb (p < 0,05) va véi tinh trang thiéu mau
(p < 0,05), trong khi PNI mat y nghia sau hiéu chinh. M6 hinh phdi hop ba chi sé dat AUC 0,717 (KTC 95%:
0,63-0,81). LCR va NHR la nhirng chi sb lién quan va nhét quan vai tinh trang thiéu mau; PNI it gié trj doc
lap. M6 hinh phéi hop dat kha n&ng phan biét chdp nhan dwoc, Gng ho tiép can da chi sé khi danh gia nén
viém cla thiéu mau & bénh nhan loc mau.

T khéa: Hoi chirng MIA; thiéu mau; loc mau chu ky; ti s6 lympho/hs-CRP; ti s& neutrophil/HDL-c.
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