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ABSTRACTS

Objective. Arterial hypertension, type 2 diabetes mellitus
(T2DM), and obesity increase cardiovascular risk, including
heart failure (HF). The neutrophil-to-lymphocyte ratio (NLR),
a systemic inflammation marker, has been linked to adverse
cardiovascular outcomes, but its role in HF development
remains unclear. This study evaluated NLR as a predictor of
HF in these patients.

Methods. A total of 293 patients with essential
hypertension, T2DM, and obesity were enrolled in a
prospective study. They were categorized into two groups: HF
group (n=85) and non-HF group (n=208). NLR was
calculated from complete blood count results. HF was
diagnosed based on the 2023 ESC guidelines and confirmed
via biomarkers (NT-proBNP) or echocardiography. Patients
were followed for 24 months.

Results. Patients who developed HF had significantly
higher NLR (3.39 + 1.23 vs. 2.66 £ 1.14, p<0.001), longer
durations of type 2 diabetes mellitus (12.75 £ 5.86 vs. 10.25 £
4.39 years, p<0.001) and hypertension (18.87 + 8.54 vs. 16.05
+ 7.14 years, p=0.004), and a more frequent non-dipper blood
pressure profile (36.5% vs. 20.7%, p=0.005), compared to
patients who did not develop HF. In multivariate regression,
NLR (OR 1.383; 95% CI 1.073-2.222; p=0.037), non-dipper
BP profile (OR 2.193; 95% CI 1.181-5.502; p=0.021),
hypertension duration (OR 1.052; 95% CI 1.005-3.190;
p=0.032), and diabetes duration (OR 1.040; 95% CI
1.007—1.215; p=0.044) remained independent HF predictors.

Conclusion. NLR is independently associated with HF
onset in patients with hypertension, T2DM, and obesity. It may
serve as a simple, cost-effective biomarker for HF risk
stratification, facilitating early intervention and improved
outcomes.

Key words: heart failure; hypertension, diabetes mellitus,
type 2, obesity.

CA>KETAK

Lum. Apmepujcka xunepmensuja, oujabemec muna 2
(T2DM) u 2ojasnocm noeehasajy KapOuosacKyniapHu pusux,
yrmyuyjyhu u  cpuany uncypuyujenyujy (HF). Oonoc
neympogpuna u aumpoyuma (NLR), mapxep cucmemcke
ungpnamayuje, nosezam je ¢ HenoGOLHUM KAPOUOBACKYIAPHUM
ucxodom, anu mweeosa ynoza y paszeojy HF ocmaje nejacua.
Osa cmyouja je npoyerusana NLR kao npeduxmop HF koo
08UxX nayujenama.

Memooe. VY npocnexmusny cmyoujy yKayyena cy yKynHo
293 nayujenma ca ecenyujanrnom xunepmensujom, T2DM u
eojaznowhy. Ilodemenu cy y dse epyne. epyna ca HF (n = 835)
u epyna b6e3 HF (n = 208). NLR je uzpauynam uz pezyimama
Komniemue kpsue cauxe. JQujacnosa HF nocmaemwena je na
ocnogy ESC cmepnuya uz 2023. u nomephena duomapkepuma
(NT-proBNP) unu exoxapouoepagpujom. Ilayujenmu cy
npahenu 24 meceya.

Peszynmamu. Ilayujenmu xoju cy pazeunu HF umanu cy
sHauajHo euwu NLR (3,39 = 1,23 vs 2,66 £ 1,14, p < 0,001),
Oyarce mpajarve oujabemeca muna 2 (12,75 + 5,86 vs 10,25
4,39 200une, p < 0,001) u xunepmensuje (18,87 £ 8,54 vs
16,05 + 7,14 2o0una, p = 0,004), u uewhu non-dipper npoghun
Kperoe npumucka (36,5% vs 20,7%, p = 0,005) y nopehery c
nayujenmuma xoju Hucy pazeunu HF. Y mynmueapujanmnoj
peepecuju, NLR (OR 1,383; 95% CI 1,073-2,222; p = 0,037),
non-dipper BP npogun (OR 2,193; 95% CI 1,181-5,502; p =
0,021), mpajawe xunepmensuje (OR 1,052, 95% CI
1,005-3,190; p = 0,032) u mpajarve oujabemeca (OR 1,040;
95% CI 1,007-1,215; p = 0,044) ocmanu cy HesasucHu
npeduxkmopu HF.

3akmwyuak. NLR je nezasucro nosesan ca nacmankom HF
K00 nayujenama c¢ xunepmensujom, T2DM u ecojasznowhy.
Mooice nocayscumu xao jednocmasam, Uchiamus oGuomaprep
3a cmpamuguxayujy pusuxka oo HF, onaxwasajyhu pary
uUHmMepseHYUjy U nobObULAIE UCXOOd.

Kwyune peuu: cpuana uncyguyujenyuja; xunepmensuja;
dujabemec muna 2; 20jazHocm.
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INTRODUCTION

Heart failure (HF) remains one of the leading causes of
morbidity and mortality worldwide, particularly among
patients with multiple cardiometabolic risk factors such as
hypertension (HTN), type 2 diabetes mellitus (T2DM),
and obesity (1).

These conditions contribute to the development of
chronic inflammation, endothelial dysfunction, and
myocardial remodeling, thereby increasing the risk of HF
even in individuals with a preserved left ventricular
ejection fraction (2). In recent years, increasing attention
has been directed towards systemic inflammation markers
that may play a crucial role in the pathogenesis of HF.

One such biomarker is the neutrophil-to-lymphocyte
ratio (NLR), which reflects the balance between pro-
inflammatory (neutrophils) and immunoregulatory
(lymphocytes) processes in the body. Elevated NLR levels
have been associated with adverse cardiometabolic
outcomes, including left ventricular hypertrophy,
atherosclerosis (3, 4). Notably, recent studies have
demonstrated that in patients with obesity, hypertension,
and T2DM, high NLR values correlate with an increased
risk of cardiovascular complications, making this
parameter a promising candidate as a prognostic marker
for HF (5).

Despite the growing body of research on NLR, its
clinical significance in the context of HF development in
patients with concurrent HTN, T2DM, and obesity
remains insufficiently explored. Most studies either focus
on individual components of the metabolic syndrome or
on populations with established HF, while the role of NLR
in the early identification of patients at high risk for HF
requires further investigation (6). Specifically, it remains
unclear whether increased NLR serves as an independent
predictor of HF development and what threshold values
could be utilized for clinical risk stratification.

An additional factor that underscores the relevance of
this topic is the alteration of circadian blood pressure (BP)
profiles. It is well established that patients with a "non-
dipper" BP profile — characterized by the absence of a
normal nocturnal BP decline — have a higher risk of
cardiovascular complications, including HF. Studies
suggest that such patients also exhibit elevated levels of
inflammatory biomarkers, including NLR, indicating a
possible link between chronic inflammation and
disruptions in circadian BP rhythms (7).

Thus, the present study aims to assess the role of NLR
as a predictor of HF development in patients with
concomitant HTN, T2DM, and obesity. We hypothesize
that elevated NLR levels will be associated with an
increased risk of HF over a 24-month follow-up period
and that this marker could be utilized for the early
identification of patients requiring intensive cardiac
monitoring and timely intervention.

PATIENTS AND METHODS

This study was designed as a prospective cohort study
and conducted in accordance with the international
STROBE reporting guidelines to ensure high
methodological quality and reproducibility of results.
Patients with HTN, T2DM, and obesity were recruited
from the cardiology department of a multidisciplinary
medical center, with a follow-up period of 24 months.
Throughout the study, patients attended regular clinical
visits and underwent additional assessments at baseline,
12 months, and 24 months, as well as in cases where the
symptoms of heart failure emerged. In addition to these
visits, telephone follow-ups were conducted every three
months to assess participants’ well-being and promptly
detect complications. All procedures were carried out in
compliance with the principles of the 2013 Declaration of
Helsinki and were approved by the institutional review
board. Each participant provided written informed consent
for voluntary participation.

Inclusion criteria required patients to be over 40 years
old, have a confirmed diagnosis of hypertension for at
least five years, a documented history of T2DM for a
minimum of three years, and obesity classified as grade
I-III. Participants were excluded if they had acute
inflammatory conditions or active chronic infections,
malignancies (including those in remission for less than
five years), severe renal insufficiency (defined per
KDIGO 2024 as eGFR < 30 mL/min/1.73 m? (CKD stage
4-5) or the need for chronic renal replacement therapy),
severe hepatic insufficiency (defined per EASL 2023 as
Child—Pugh class C or clinical decompensation including
ascites, variceal bleeding, hepatic encephalopathy, or total
bilirubin > 3 mg/dL), ongoing immunomodulatory
therapy, or a history of myocardial infarction or stroke.
Additionally, patients with heart failure at baseline,
defined according to ESC 2023 and ACC/AHA 2022
criteria, were excluded from enrollment in order to
evaluate the development of incident HF during follow-
up. The study cohort comprised 293 individuals who met
the diagnostic criteria established by leading professional
associations: the European Society of Cardiology/
European Society of Hypertension (ESC/ESH) 2023
guidelines for arterial hypertension, the American
Diabetes Association/European Association for the Study
of Diabetes (ADA/EASD) 2022 guidelines for type 2
diabetes mellitus, and the World Health Organization
(WHO) classification for obesity (body mass index (BMI)
> 30 kg/m?).

The diagnosis of HF was established based on current
guidelines from the ESC (2023) and the American College
of Cardiology/American Heart Association (ACC/AHA)
(2022). Clinical manifestations such as dyspnea, fatigue,
and peripheral edema were considered, alongside
objective assessments of cardiac structure and function.
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HF classification included reduced ejection fraction HF
(HFrEF; left ventricular ejection fraction (LVEF) <0
40%), mildly reduced ejection fraction HF (HFmrEF;
LVEF 40-50%), and preserved ejection fraction HF
(HFpEF; LVEF >50% with diastolic dysfunction).
Diastolic function was assessed according to the 2025
ASE/EACVI  recommendations, with  diastolic
dysfunction defined as >2 abnormal parameters among:
average E/e’ ratio > 14, septal e’ velocity < 7 cm/s or
lateral e’ velocity < 10 cm/s, tricuspid regurgitation peak
velocity > 2.8 m/s, left atrial volume index > 34 mL/m?, or
left atrial reservoir strain < 23%. Additional diagnostic
criteria included elevated NT-proBNP (>125 pg/mL in the
absence of atrial fibrillation), electrocardiographic
findings, and chest radiography. The final HF diagnosis
was confirmed independently by two cardiologists. The
participants were divided into two groups based on
whether they developed HF during the two-year follow-up
period. The first group included 85 individuals who
developed HF (New York Heart Association (NYHA)
class 1I-1V), with diagnosis confirmed through clinical
and instrumental methods. The second group consisted of
208 individuals who did not develop HF.

A comprehensive set of laboratory and instrumental
investigations was employed in the study. NLR was
calculated as the ratio of absolute neutrophil count to
absolute lymphocyte count. Other inflammatory markers,
including C-reactive protein (CRP), fibrinogen, and
erythrocyte sedimentation rate (ESR), were measured,
along with standard metabolic profile parameters such as
glycated hemoglobin (HbAlc), total cholesterol and its
fractions, triglycerides, and renal function markers.
Echocardiography was performed using a modern system
with 2D/3D imaging capabilities, measuring LVEF using
Simpson’s method, left ventricular mass using the
Devereux formula, and diastolic function parameters (E/A
and E/e’ ratios).

According to standard definitions based on 24-hour
ambulatory blood pressure monitoring (ABPM), patients
with a 10-20% nocturnal systolic BP drop were classified
as “dippers”. Those with <10% reduction (“non-dippers”),
>20% reduction (“overdippers”), or a rise in nocturnal BP
(“reverse dippers”) were collectively categorized as
having an abnormal BP dipping pattern (“non-dippers”)
for the purposes of this analysis.

All collected data were subjected to statistical analysis
using MedCalc 23.1.7 and SPSS 27.0 software. The
Shapiro—Wilk test was applied to assess the normality of
data distribution. Depending on the results, continuous
variables were expressed as means with standard
deviations or medians with interquartile ranges.
Categorical variables were analyzed using the chi-square
(¥ test. Comparisons between groups were performed
using either the independent t-test (for normally

distributed data) or the Mann—Whitney U test (for non-
normally distributed data). The association of risk factors
with HF was assessed using univariate and multivariate
logistic regression, calculating odds ratios (ORs) with
95% confidence intervals (CIs). The diagnostic and
prognostic value of NLR was evaluated through receiver
operating characteristic (ROC) curve analysis. To reduce
confounding, the final multivariate model was adjusted for
clinically relevant variables, including age, sex, BMI,
glycemic status, blood pressure profile, and NLR. A
backward elimination approach was applied,
incorporating all variables with a p-value < 0.1 from the
univariate analysis.

RESULTS

By the end of the observation period, 85 patients
(29.0%) had developed HF, while the remaining 208
served as the non HF comparison group. Among the HF
group, 77 (90.6%) were classified as HFpEF and 8 (9.4%)
as HFmrEF. No cases of HFrEF were observed, which is
consistent with the study design excluding patients with
baseline heart failure.

In the Table 1 we presented the baseline clinical and
anthropometric measures for the observed groups of
patients (Table 1).

We noted that most participants, regardless of their
final HF status, exhibited a body mass index (BMI) in the
Class I-II obesity range (30.0-39.9 kg/m?). Although
individuals who ultimately developed HF had a slightly
higher BMI on average (34.11 + 4.85 vs. 32.89 + 5.22
kg/m? in the non HF group), this difference did not achieve
statistical significance (p=0.065). Similarly, the mean age
trended older among HF patients (62.12 £ 11.48 vs. 59.83
+ 10.21 years) but again did not reach significance
(p=0.094). Males comprised approximately half of each
subgroup (52.9% vs. 51.4%, p=0.816). In both groups’
population these demographic findings were statistically
equal.

In contrast, two parameters were clearly distinguished
in the HF cohort: their history of hypertension extended an
average of 18.87 + 8.54 years, significantly longer than in
patients who did not develop HF (16.05 + 7.14 years,
p=0.004), and same statistical significance was observed
for diabetes duration (12.75 £ 5.86 vs. 10.25 £+ 4.39 years,
p<0.001). This suggests that the cumulative burden of
elevated blood pressure and prolonged hyperglycemia
may be crucial to precipitating overt HF.

Although the mean systolic and diastolic pressures
were statistically similar between HF and non HF
groups—I152.11 + 14.03 vs. 149.22 + 13.64 mmHg
(p=0.104) and 92.32 + 9.88 vs. 94.56 + 9.14 mmHg
(p=0.064), respectively — 24-hour blood pressure profile
differed significantly. We found that a significantly larger
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Table 1. Baseline characteristics of the participants.

Characteristics All patients HF Non-HF p-value
(n=293) (n=85) (n=208)
Age, years (mean £ SD) 61 +12 62+11 60+ 10 0.094
Males, n (%)* 152 (52%) 45 (53%) 107 (51%) 0.816
Body mass index, kg/m? (mean + SD) 332+£5.5 34.1+£49 329+£5.2 0.065
Hypertension duration, years (mean = SD) 17+8 19+9 16+7 0.004
Diabetes duration, years (mean + SD) 11£5 13+£6 10+4 <0.001
History of smoking, n (%)* 88 (30%) 28 (33%) 60 (29%) 0.488
Systolic BP, mmHg (mean + SD) 150+ 14 152 + 14 149 + 14 0.104
Diastolic BP, mmHg (mean + SD) 94+9 92+ 10 95+9 0.064
Non-dipper BP profile, n (%)* 74 (25%) 31 (37%) 43 (21%) 0.005
Serum glucose, mg/dL (mean + SD) 140.06 + 29.30 146.8 +31.2 137.3 +£28.1 0.012
HbAlc, % (mean + SD) 7.52+1.55 7.78 £1.61 7.42+1.52 0.072
Serum creatinine, mg/dL (mean = SD) 0.90 £ 0.27 0.95+£0.25 0.88 £ 0.27 0.040
Total cholesterol, mg/dL (mean + SD) 203.16 £35.17 207.55£39.11 201.37 £34.22 0.180
Triglycerides, mg/dL (mean = SD) 138.09 +£25.9 142.36 +£28.3 136.22 +£24.7 0.065
HDL-C, mg/dL (mean + SD) 48.76 + 8.94 48.11 £ 8.54 49.02+£9.11 0.430
LDL-C, mg/dL (mean + SD) 121.68 +£31.14 128.05 +31.77 119.08 +30.57 0.025
Left ventricular ejection fraction, % (mean + 56.36 £4.82 55.71+4.12 57.05+5.03 0.030
SD)
NLR (neutrophil-to-lymphocyte ratio) 2.87+1.21 339+1.23 2.66+1.14 <0.001
(mean = SD)

*categorical variables (used a two-proportion test / chi-square); HF — heart failure; BP — blood pressure; HbAlc —

glycated hemoglobin; HDL-C — high-density lipoprotein cholesterol; LDL-C —

NLR — neutrophil-to-lymphocyte ratio.

low-density lipoprotein cholesterol;

Table 2. Univariate and multivariate logistic regression analysis of factors associated with heart failure.

Variable Univariate Logistic Regression Multivariate Logistic Regression
OR (95% CI) p-value OR (95% CI) p-value

NLR 1.450 (1.090-2.110) 0.018 1.383 (1.073-2.222) 0.037
Systolic BP (mmHg) 1.020 (0.989-1.045) 0.140 —

Diastolic BP (mmHg) 1.021 (0.995-1.067) 0.091 — -
Non-dipper BP profile (yes/no) 2.561 (1.324-5.665) 0.004 2.193 (1.181-5.502) 0.021
Gender (M/F) 1.020 (0.661-1.829) 0.711 — —
Age (years) 1.027 (0.975-1.049) 0.067 - —
Body mass index (kg/m?) 1.068 (1.013-1.211) 0.059 — —
History of smoking (yes/no) 1.211 (0.785-2.554) 0.301 — —
Duration of hypertension 1.067 (1.012-3.310) 0.037 1.052 (1.005-3.190) 0.032
Duration of diabetes 1.052 (1.014-1.210) 0.049 1.040 (1.007-1.215) 0.044
Serum glucose (mg/dL) 1.021 (1.002—1.043) 0.032 — —
HbAlc (%) 1.325 (1.042-1.821) 0.028 — —
Serum creatinine (mg/dL) 3.112 (0.990-9.880) 0.052 — —
LVEF (%) 0.945 (0.889-0.992) 0.044 —

variables with p<0.1 in univariate analysis were included in

ratio; BP — blood pressure; HbAlc — glycated hemoglobin; LVEF —

CI - confidence interval.
part of HF patients displayed a “non dipper” BP profile
(36.5% vs. 20.7%, p=0.005).

Regarding glycemic control, fasting serum glucose
was notably higher among those who progressed to HF
(146.8 £ 31.2 vs. 137.3 + 28.1 mg/dL, p=0.012). The
difference in HbAlc approached but did not reach
significance (7.78 £ 1.61% vs. 7.42 = 1.52%, p=0.072),
possibly reflecting partial glycemic control in both
cohorts. Serum creatinine, on the other hand, emerged as

the multivariate model; NLR — neutrophﬂ -to-lymphocyte
left ventricular ejection fraction; OR — odds ratio;

significantly higher in the HF group (0.95 + 0.25 vs. 0.88
+ 0.27 mg/dL, p=0.040), suggesting a subtle degree of
renal function compromise or increased systemic
congestion in those developing HF.

Lipid profiles revealed a higher mean LDL C level
among HF patients (128.05 £ 31.77 vs. 119.08 £ 30.57
mg/dL, p=0.025), whereas total cholesterol, triglyceride,
and HDL C measurements did not differ significantly
(p=0.180, p=0.065, and p=0.430, respectively).
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Collectively, these data highlight the multifactorial
background against which HF emerges: longer discase
durations, slightly worse glycemic metrics, and particular
lipid abnormalities.

Left ventricular ejection fraction (LVEF) was modestly
but significantly lower in individuals who advanced to HF
(55.71 £4.12% vs. 57.05 = 5.03%, p=0.030). Although an
absolute difference of approximately 1.3% may seem
small, a trend toward decreased systolic performance is
evident.

It is of particular importance to note that we observed
a significantly elevated NLR in patients developing HF
compared to their counterparts (3.39 = 1.23 vs. 2.66 +
1.14, p<0.001). Because NLR captures an imbalance
favoring pro inflammatory neutrophils over protective or
regulatory lymphocytes, this result strongly implicates
systemic inflammation in the pathophysiology of HF.

To clarify the influence of NLR and other baseline
features on HF incidence, we conducted a univariate
logistic regression (Table 2).

Notably, an increased NLR emerged as a significant
predictor (odds ratio (OR) 1.450, 95% confidence interval
(CI) 1.090-2.110, p=0.018), consistent with the premise
that inflamed states promote adverse cardiac remodeling.
A non dipper BP profile was likewise influential (OR
2.561, 95% CI 1.324-5.665, p=0.004), reflecting the
detrimental impact of persistently elevated BP through the
night. Longer durations of both hypertension and diabetes
were also linked to greater HF risk, as was lower LVEF
(OR 0.945, 95% CI 0.889-0.992, p=0.044). Variables such
as age, BMI, and serum glucose exhibited borderline or
modest associations (p > 0.05) but did not meet the
conventional threshold for strong significance in the
univariate model.

We entered all factors meeting p<0.1 into a stepwise
multivariate logistic regression to identify independent
risk determinants. Our analysis confirmed that NLR (OR
1.383, 95% CI 1.073-2.222, p=0.037) maintained its
predictive power. Meanwhile, a non dipper BP profile (OR
2.193, 95% CI 1.181-5.502, p=0.021), longer diabetes
duration (OR 1.040, 95% CI 1.007-1.215, p=0.044), and
prolonged hypertension (OR 1.052, 95% CI 1.005-3.190,
p=0.032) also emerged as independent contributors to HF
onset. Although LVEF did not appear in the final
multivariate column, it remained significant in univariate
analysis (p=0.044), indicating that even mild systolic
compromise can predispose patients to future HF in this
complex, high-risk cohort.

DISCUSSION

Our study demonstrates that an elevated NLR is a
significant predictor of HF development in patients with
HTN, T2DM, and obesity. Our data suggest that NLR may

be a valuable surrogate marker for heightened
cardiovascular risk, warranting closer scrutiny in the
clinical setting. We found that patients who developed HF
over the 24-month follow-up period had significantly
higher NLR values compared to those who did not (3.19 =
1.23 vs. 2.57 = 1.31; p = 0.0002). Furthermore, the
presence of a “non-dipper” blood pressure (BP) profile
and the duration of HTN and T2DM were also
independent predictors of HF development, as confirmed
by multivariate logistic regression analysis.

These findings underscore the critical role of chronic
inflammation and circadian BP dysregulation in HF
pathogenesis. The results indicate the need for further
investigation into NLR as a potential biomarker for HF
risk stratification in patients with cardiometabolic
comorbidities.

The General Role of NLR as an Inflammatory Marker.
Numerous studies highlight that neutrophils act as
mediators of acute inflammation, whereas lymphocytes
regulate immune function. Therefore, an increased NLR,
reflecting a relative rise in neutrophils and a decline in
lymphocytes, signifies an imbalance in the inflammatory
response. Bhat et al. demonstrated that NLR is a valuable
addition to conventional cardiovascular risk markers,
being associated with arterial stiffness, increased coronary
calcium burden, and poor prognosis in various clinical
settings (8). Similarly, Balta et al. emphasized that NLR is
a cost-effective, easily calculable parameter that may
serve as an extended risk stratification tool alongside other
inflammatory indices (9).

A recent review by Gosav et al. reinforced the
importance of NLR as a readily available and reliable
marker in various cardiovascular pathologies, ranging
from atherosclerosis to chronic HF, highlighting its
prognostic value (5).

NLR in Hypertension. A landmark study by Liu et al.
was among the first to establish that increased NLR
correlates with a heightened risk of developing HTN and
target organ damage (10). Our observation that elevated
NLR is frequently associated with a “non-dipper” BP
profile, a known HF risk factor, aligns with these findings.
Similar conclusions were drawn by Yang et al., who also
demonstrated that high NLR levels in hypertensive
patients were linked to increased all-cause mortality and
cardiovascular complications (11).

Additionally, Wang et al. highlighted that in patients
with HTN combined with obesity and inflammation,
elevated NLR further contributes to cardiovascular risk
(7). In patients with hypertension, elevated systemic
immune inflammatory index (SII) was found to be an
independent predictor of increased carotid intima-medial
thickness, suggesting its potential role in early assessment
of atherosclerotic event risk. These findings may inform
preventive strategies in this population of patients (12).
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These data reinforce the pathophysiological role of
chronic inflammation and validate the inclusion of NLR in
risk assessment models. The clinical importance of this
finding aligns with established evidence that loss of
normal nighttime BP decline correlates with higher risk of
left ventricular remodeling, endothelial dysfunction, and
consequently greater HF incidence.

NLR in T2DM and Metabolic Syndrome. According to
Zhu et al., and Guo et al. a high NLR is an independent
predictor of diabetic peripheral neuropathy in diabetic
patients and metabolic dysfunction progression (13, 14).
This aligns with our findings, which show that patients
with a longer history of T2DM and elevated NLR are at an
increased risk of HF development. A meta-analysis by
Hashemi Moghanjoughi et al. emphasized the role of
systemic inflammation in metabolic syndrome (including
obesity, hyperglycemia, and dyslipidemia) and identified
NLR as a key marker of inflammatory burden (1). Zhu et
al. expanded on this concept by linking high NLR with
adverse left ventricular remodeling in elderly patients with
metabolic syndrome (6). In our study, patients with
obesity and elevated NLR were more likely to exhibit
impaired myocardial contractility, consistent with Zhu et
al.'s findings.

Bagyura et al. further focused on central obesity,
demonstrating that higher NLR values were significantly
associated with coronary artery calcification and an
increased risk of coronary events (2). These findings
suggest that systemic inflammation, as reflected by NLR,
plays a pivotal role in atherosclerosis and metabolic
syndrome complications.

Expanding the Inflammatory Assessment Approach. In
addition to NLR, recent studies have explored alternative
inflammatory indices. Ibrahim et al. demonstrated that in
hospitalized patients, elevated NLR and related composite
markers (e.g., neutrophil-to-albumin and lymphocyte ratio
(NALR)) were correlated with poor outcomes and
increased mortality (15). Lan et al. found that NLR, along
with neutrophil-percentage-to-albumin ratio (NPAR), was
associated with higher mortality risk in patients with
chronic obstructive pulmonary disease (COPD) (16).
Furthermore, Dong et al. noted that in patients with
metabolic-associated steatotic liver disease (MASLD),
increased NLR was linked to higher mortality and
cardiometabolic complications (17). Studies by Li et al.
(2024) and Chen et al. independently confirmed these
findings in cohorts of patients with T2DM and
prediabetes, demonstrating that elevated NLR and NPAR
were directly associated with an increased risk of
cardiovascular and all-cause mortality (18).

NLR in Coronary Pathology and Heart Failure. In the
setting of acute coronary pathology, Dai et al. found that
elevated NLR and related indices (NPAR, monocyte-to-
lymphocyte ratio (MLR)) increased the risk of fatal

complications, such as left ventricular free wall rupture,
and were associated with severe myocardial infarction
outcomes (19). Moreover, Huang et al. reported that
increased NLR was correlated with accelerated
atherosclerosis progression and poor prognosis,
particularly when combined with high-sensitivity CRP
and low albumin levels (20). Recent studies further
emphasized the prognostic value of NLR in HF
progression, demonstrating that patients with higher NLR
have worse outcomes, increased hospitalization rates, and
higher mortality (5, 8).

Elevated NLR reflects systemic inflammation, where
neutrophil expansion (a marker of acute inflammatory
response) and lymphocyte depletion (associated with
adaptive immune function) contribute to immune
dysregulation. Chronic inflammation in HTN, T2DM, and
obesity leads to endothelial dysfunction, activation of the
renin-angiotensin-aldosterone system, and myocardial
remodeling, all of which promote HF progression (21-24).

The “non-dipper” BP profile indicates autonomic
nervous system dysfunction and chronic sympathetic
overactivity, contributing to myocardial hypertrophy and
reduced left ventricular contractility (25).

Thus, the combination of chronic inflammation and BP
dysregulation creates an unfavorable environment for HF
development in patients with multiple cardiometabolic
risk factors.

Our findings highlight the necessity of a
comprehensive approach to HF risk stratification in
patients with HTN, T2DM, and obesity. Incorporating
NLR and circadian BP monitoring into clinical practice
may facilitate early identification of high-risk patients.

A high NLR level may serve as an additional
diagnostic marker for predicting HF and monitoring
inflammatory status in cardiometabolic patients. Its
integration into risk assessment models could aid in timely
initiation of anti-inflammatory strategies and stricter
control of HTN and T2DM.

One limitation of this study is its single-center design,
which may limit the generalizability of our findings to
broader populations. Future multi-center studies are
needed to validate our results in diverse patient cohorts.
Additionally, this study was observational, making it
difficult to establish a direct causal relationship between
NLR and heart failure development. Although we
accounted for potential confounders in multivariate
analysis, randomized controlled trials (RCTs) would be
necessary to confirm causality. We did not perform
subgroup analyses of specific non-dipping patterns (e.g.,
risers, overdippers), which may have provided further
insight into the relationship between circadian BP
variation and HF risk. Finally, the lack of serial NLR
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measurements can be considered a limitation. Evaluating
dynamic changes in NLR over time could provide a more
precise understanding of its role in heart failure
progression. Future research should investigate whether
fluctuations in NLR during follow-up offer additional
prognostic value in heart failure risk stratification.

Conducting this study represents a crucial step in
developing new risk stratification strategies for HF in
patients with cardiometabolic diseases. The use of simple
and accessible biomarkers such as NLR could
significantly enhance early diagnosis and prognostication
of HF, ultimately leading to improved outcomes and a
reduction in the burden of cardiovascular diseases in the
population. In summary, our findings underscore that
chronic inflammatory states (as reflected by an elevated
NLR), a disturbed circadian BP rhythm (non dipping
profile), and the cumulative burden of longstanding
T2DM and hypertension are principal determinants of HF
in patients who have multiple cardiometabolic risk factors.
We observed only marginal differences in BMI, age, and
some lipid fractions. Nevertheless, the robust associations
of NLR and non dipping BP highlight the value of
expanding conventional screening to include
inflammation and circadian BP patterns. By identifying
patients with heightened NLR and abnormal nighttime BP
reduction, we can better stratify who is at the greatest risk
for HF and potentially intervene sooner.

In conclusion, our findings confirm that the neutrophil-
to-lymphocyte ratio is independently associated with the
onset and progression of heart failure in patients with
essential hypertension, type 2 diabetes mellitus, and
obesity. These results suggest that NLR may serve as a
valuable biomarker for HF risk stratification, enabling
earlier identification of high-risk patients and potentially
improving intervention strategies. Additionally, our data
highlight the importance of integrating inflammatory
markers and circadian blood pressure parameters into
cardiovascular risk assessment models for patients with
cardiometabolic disorders. Incorporating these factors into
routine clinical practice may enhance early detection and
management of heart failure, ultimately improving patient
outcomes.
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