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Abstract

Objectives: The aim of the present study is to investigate whether hematological indices inflammatory parameters
such as neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and lymphocyte-monocyte ratio (LMR) are
increased in patients with heart failure (HF) in type 2 diabetes mellitus (T2DM). It is also to compare them in diabetics
without HF to investigate, whether it is important in predicting the presence of HF.

Methods: The study consisted of four subject’s groups in our center between Octeber 2019 and September 2021. It
recorded the laboratory results of 160 subjects of which diabetic patient without HF group (n=40), non-diabetic HF
group (n=40), diabetes mellitus (DM)+HF group (n=40), and healthy controls (n=40).

Results: NLR and PLR were significantly higher, while LMR was significantly lower in all patients than controls. DM+HF
group has the highest NLR (3.34%1.26), PLR (211.34+£91.49), and white blood count (WBC) (9090+4834) among the
groups. There was no significant difference in NLR and LMR between DM group and DM+HF group. PLR was signifi-
cantly lower in non-diabetic HF than DM without HF.

Conclusion: Among these markers, NLR, PLR, and WBC could predict the presence of HF in T2DM. NLR, PLR, and WBC
are independently associated with other conventional inflammatory markers as C-reactive protein levels in the early
stages of HF in T2DM. Complete blood count and hematological indices can be used as additional information in terms
of being non-invasive, faster, easier, and cheap in the evaluation of HF at T2DM.
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Diabetes mellitus (DM) is a chronic metabolic disease char-
acterized by carbohydrate, fat, and protein metabolism
disorders, manifested by hyperglycemia caused by absolute
or relative deficiency of insulin or insulin resistance. Chronic
hyperglycemia in diabetes is associated with long-term dam-
age, dysfunction, and failure of various organs, especially the
eyes, kidneys, nerves, heart, and blood vessels [1].

Chronic hyperglycemia harms the human body in many differ-
ent ways. One of the major injuries from hyperglycemia is injury

to the vasculature, which is classified as damage to small vessels
(microvascular disease) or damage to the body’s large blood
vessels (macrovascular disease) [2]. DM is an important cardio-
vascular risk factor. Diabetes is an important and independent
risk factor for cardiovascular morbidity and mortality [3].

It is known that inflammation plays a very important role in
the pathogenesis of cardiovascular diseases. The pathogene-
sis of heart failure (HF) syndrome largely involves an imbal-
ance between inflammatory and anti-inflammatory forces [4].
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In recent years, it has been shown that the ratios of neutrophil-
to-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR)
may be a biomarker of systemic inflammation and are closely
related to prognosis in chronic inflammatory diseases and car-
diovascular diseases [4—13].

It is difficult to identify the early stages of HF development in
patients with type 2 DM (T2DM), so it is crucial to identify early
predictors of HF in patients with T2DM. There is not enough
information in the literature on NLR, lymphocyte-monocyte
ratio (LMR), and PLR, which are inflammatory markers in di-
abetic-HF. In this study, it was aimed the markers of inflam-
mation (NLR, LMR, and PLR) in patients with diabetic-HF and
compare them with non-HF diabetics and to investigate the
relationship of these markers with each other and their value
in predicting the presence of HF.

Materials and Methods

This was a retrospective study that conducted in the Atlas
University Medical Faculty Medicine Hospital from Octeber
2019 to September 2021. One hundred and sixty volunteer
were enrolled in the study. Our Local Ethics Committee ap-
proved the study protocol by the Declaration of Helsinki (Ap-
proval Date: August 27, 2021; number: 6985). Working groups
were created as follows;

Control group (n=40)

Forty healthy (20 males and 20 females, mean age: 59.65+10.43
years) subjects who did not have any cardiac, vascular, en-
docrine, or inflammatory diseases with 100 mg/dL or less for
fasting plasma glucose and 140 mg/dL or more for the 2™ h
following a meal.

Diabetic without HF group (n=40)

Patients with T2DM (17 males and 23 females, mean age:
62.15+8.52 years) who were diagnosed in accordance with rec-
ommendations from the American Diabetes Association [14].

DM-+HF group (n=40)

Forty diabetic patients with HF (medically identified as hav-
ing class II-1ll HF, as determined by the New York Heart Asso-
ciation’s criteria committee) in total (16 men and 24 women,
mean age: 59.45+8.45 years) who exhibited a left ventricular
ejection fraction <50% and were clinically stable at least 30
days were enrolled [15].

Non-diabetic HF group (n=40)

Forty patients (13 males and 27 females, mean age: 59.43+6.78
years) with HF (criteria as the previous group) were studied.
In patients who applied to our outpatient clinic with com-
plaints of exertional dyspnea, shortness of breath at night,
weakness, fatigue, anorexia, nausea, prominent neck veins,

swelling in the feet and legs, coughing, and diagnosed with
HF in the physical examination and clinical evaluations; telera-
diogram, EKG, echocardiography examinations were ordered.
Echocardiographic examinations of all patients included were
performed by the same cardiologist.

Exclusion criteria

Patients under the age of 18, missing study form information
or blood results, history of trauma or surgery in the past 1
month, pregnant and immunosuppressed, hematological dis-
ease, malignancy, diagnosis of acute infection, and acute or
chronic lung disease were excluded from the study.

Blood samples were collected in EDTA containing tubes and
anticoagulant-free tubes. After centrifugation at 5000 rpm for
15 min, the plasma and serum were divided into four aliquots.
Samples were stored at —80°C until biochemical analysis.

The biochemical parameters were measured using analyzers
(Roche Cobas integra 400, Roche Diagnostics Ltd. Germany).
Serum high sensitive C-reactive protein (hs-CRP) levels were
measured by nephelometry (Siemens-Dimention, Germany).
Blood HbA1c was determined using a COBAS 311 analyzer
using particle-enhanced immunoturbidimetric assay (Roche
Diagnostics, Mannheim, Germany). Insulin levels were mea-
sured by the Cobas 8000 C702 (Roche Diagnostics, Indianapo-
lis, IN, USA) chemistry analyzer; the result of CBC was recorded
with automatic hematology analyzer (Sysmeks XN-1000, Ger-
many). NLR, LMR, and PLR were calculated from neutrophil/
lymphocyte/monocyte/thrombocyte count.

Statistical analysis

SPSS 20.0 for Windows was used to conduct statistical analysis
(SPSS Inc., Chicago, IL, USA). All data were demonstrated as
means + standard deviation. The importance of group differ-
ences was evaluated using one-way ANOVA followed by post
hoc Tukey test. Pearson’s correlation was used to analyze the
numerical data, while Spearman’s correlation was employed
to analyze the nominal data. A receiver operator characteris-
tic (ROC) curve was formed and the area under the curve was
used to compare the performance of various tests. The statis-
tical significance level was set at p<0.05.

Results

Demographic characteristics and biochemical parameters of
the patient and control groups are shown in Table 1.

The mean PLR and NLR were noticeably higher; however, LMR
was significantly lower in all patients than controls. DM+HF
group has the highest NLR (3.34+1.26), PLR (211.34+91.49),
and white blood count (WBC) (9090+4834) among the
groups. There was no statistically significant difference in the
mean NLR and LMR between diabetic without HF group and
DM+HF group. PLR was significantly lower in non-diabetic HF
group than diabetic without HF group (Table 2).
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Table 1. Demographic characteristics, and biochemical parameters of the patient and control groups

Control DM DM+HF HF
(n=40) (n=40) (n=40) (n=40)
Sex
Female 20 17 16 13
Male 20 23 24 27
Age (years) 59.7+10.4 62.2+8.5 59.5+8.5 59.4+6.8
DM duration (years) 6.32+1.87 9.85+2.82b%**
BMI (kg/m?) 2545 20 5a%** 20 53%%% 28+6%%*
DBP (mmHg) 737 82+102%** 801 12%** 80£87***
SBP (mmHg) 116x9 138+162%** 13541 6%*b*xx 133+£10°%**
Glucose (mg/dL) 818 197+612%** 1263427 *b*xx 931 4bx**icxx
HbA1c (%) 4.80+0.49 8.48+1.213%*% 8.23+1.29%%* 5.66+0.73b%#*icxxx
Total cholesterol (mg/dL) 170+12 229+433%%* 208430 **b* 198+28**b*
HDL cholesterol (mg/dL) 53+9 50+11%* 4] £8ax*xbrxx 4O 72%**b*
LDL cholesterol (mg/dL) 91+10 148+353%** (BB e 1 Qs e
Triglyceride (mg/dL) 9816 167+£732%** 15044525 **bxx 14844 72%**bxsx
Hs-CRP (mg/L) 0.42+0.18 0.84+0.69%*** 2.53+3,5Q%*#brxx 2.55+4,092%**bxxx

*: p<0.05; **: p<0.01; ***: p <0.001. % Control; >: DM; <: DM+HF. DM: Diabetes mellitus; HF: Heart failure; BMI: Body mass index; DBP: Diastolic blood pressure; SBP: Systolic blood

pressure; HbA1c: Hemoglobin A1C; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; Hs-CRP: High sensitive C-Reactive Protein.

Table 2. The hematological indices of the patient and control groups

Control DM DM+HF HF
(n=40) (n=40) (n=40) (n=40)
WBC (x103/mm?) 6738+1419 6955+1772 909048342 **bxx 6710£2000<***
Platelet (x103*/mm3) 281+49 280+54 264+70 291+82
Neutrophil (x103/mm?3) 3.87+0.73 4.14+0.49** 4.22+0.50%%b% 4.87+1.69%%#brck
Lymphocyte (x103/mm?3) 2.44+0.64 1.73£0.66%*** 1.41+0.48%#b% 2.1 2450 BE s
Monocyte (x103/mm?3) 0.37+0.04 0.62+0.223%** 0.52+0,112%%*b* 0.55+0.18***
NLR 1.73+0.69 2.77+0.98*** 3.34+1.267***bxx 24811, 33a%**cxkx
LMR 6.64+1.83 3.40+2.643%** 2.87+1.223%**brx 4.24+17 63, ¥*icxxx
PLR 125.57+49.56 191.91483.242%** 211.34+91.492%** 146.13+55.223% bx#*cxxx

*p<0.05; **p<0.01; ***: p<0.001. %: Control; : DM; < DM+HF. DM: Diabetes mellitus; HF: Heart failure; WBC: White blood cell; NLR: Neutrophil-lymphocyte ratio; LMR: Lymphocyte-

monocyte ratio; PLR: Platelet-lymphocyte ratio.

The NLR, LMR, and PLR levels of the groups were found no cor-
relation with any parameters including body mass index, sys-
tolic blood pressure, diastolic blood pressure, lipid, WBC, CRP,
and MPV. At the same time, no correlation was found between
these indices with gender and menopausal status.

The sensitivities and specificities of NLR, LMR, and PLR levels
to detect HF are shown in Table 3. A ROC analysis was per-
formed to determine the predictive power of the PLR level for
the HF and showed that the PLR level of 94.47 or above had a
sensitivity of 50.0%, a specificity of 85.0.

Discussion

NLR is generally accepted as an indicator of subclinical inflam-
mation [16—19]. Recent research has revealed that NLR can be
used to estimate the morbidity and mortality that may result

from certain medical procedures, such angiography and ap-
pendectomy, as well as to forecast the prognosis for specific
cancer kinds [20, 21]. The DM+HF group in the current study
has the highest NLR, PLR, and WBC values of all the groups.
PLR was significantly lower in HF than DM. The results of this
study indicated that NLR and PLR might be employed as a
non-invasive, readily available, affordable, and valuable indi-
cator in clinical practice. NLR, PLR, and WBC may be consid-
ered as additional information for assessment of inflammation
in HF in T2DM in clinical practice. In particular, it can be used
in T2DM as the specificity of PLR (85%) is high in predicting HF.

The potential mechanisms contributing to the development
of HF in T2DM patients are increasing every year. It is very im-
portant to make the diagnosis of HF in the early period when
symptoms do not appear yet in terms of reducing morbid-
ity and mortality. High values of CRP are predictive of new
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Table 3. Screening efficiency of NLR, LMR, and PLR levels based on receiver-operator characteristic curve in all groups

Risk factors AUC (95%) Cut-off p Sensitivity (%) Specifity (%) LR+
NLR 0.247 (0.166—-0.328) 1.49 0.00 50.0 74.2 19
LMR 0.744 (0.666—-0.822) 3.13 0.00 62.5 74.2 242
PLR 0.296 (0.205-0.388) 94.47 0.00 50.0 85.0 33

NLR: Neutrophil-lymphocyte ratio; LMR: Lymphocyte-monocyte ratio; PLR: Platelet-lymphocyte ratio AUC: Area under curve.

coronary events and individuals with unstable angina and
an acute myocardial infarction progressing HF [22, 23]. In al-
most all studies with hs-CRP, an increase in hs-CRP levels has
been observed in HF of different etiologies (ischemic heart
disease, idiopathic dilated cardiomyopathy, and heart valve
diseases) and it has been found to be related to undesirable
outcomes. In the present study, DM+HF and HF groups have
the highest hs-CRP levels among the groups. According to
the results of our study, CRP is an independent indicator
of inflammatory activation in HF patients and T2DM. It was
shown by Pandey et al. [24] that the biomarker score obtained
from patients with diabetes and prediabetes can categorize
the risk of HF and guide the distribution of HF protection
therapies. In addition, compared to prediabetic individuals,
diabetic patients exhibited a larger burden of cardiovascular
risk factors, higher levels of hs-CRP, and a higher prevalence
of LVH based on electrocardiography (ECG-LVH). Similar to
those with normoglycemia, those with diabetes and predia-
betes who had low biomarker scores also had a lower risk of
HF [24]. This may indicate that inflammatory activation in HF
is independent of etiology.

Some parameters such as WBC, neutrophil count, lympho-
cyte count, monocyte count, and NLR obtained from cheap
and rapid complete blood counts in patients followed up in
the emergency departments for acute HF may help in clinical
decision making and in predicting the prognosis and mor-
tality of the patients. In some studies, PLR has been shown
to have superior prognostic significance than NLR. High PLR
levels are a significant independent predictor of in-hospital
mortality in acute coronary syndromes (ACS), according to
Oylumlu et al. [25]. Patients in the lower PLR tertile group
differed substantially from those in the upper PLR tertile in
terms of age, the presence of DM, LVEF, and NLR levels. PLR
may supplement the traditional predictors now employed
in risk scoring systems to calculate the likelihood of in-hos-
pital mortality in ACS patients [24]. In our study, among the
groups, the DM+HF group has the greatest NLR. HF group
has the highest neutrophil levels among the groups. It may
be an independent indicator of inflammatory activation in
HF, especially due to the high specificity of PLR in the study.
Kalay et al. [26] grouping the patients into progressive and
non-progressive illness categories based on angiography.
They evaluated factors related to atherosclerosis progres-
sion. Whereas hematological factors such as MPV and WBC
were associated with cardiovascular events, only increased
NLR was associated with progression of atherosclerosis. NLR

is also an independent predictor of thin-cap fibroatheroma
[27]. Increased PLR has been shown by Kurtul et al. [28] to be
an independent predictor of the incidence of more extensive
coronary artery lesions in patients with ACS who had greater
SYNTAX scores (SXscore). In addition, they demonstrated that
PLR and SXscore might forecast in-hospital mortality in ACS
patients. Greater NLR and mean platelet volume-to-lympho-
cyte ratio (MPVLR) on presentation in patients with acute
HF were independently related with poorer cardiovascular
outcomes, according to research by Angkananard et al. [29].
NLR>3/29 and MPVLR=8/57 were predictors for cardiovascu-
lar events and in-hospital mortality. When NLR and MPVLR
were evaluated simultaneously, they performed better than
when they were evaluated separately. These economical and
non-invasive biomarkers ought to be regarded in the man-
agement and follow-up of patients with HF. According to Cho
et al. [30], NLR is a low-cost and simple-to-apply metric that
stratifies the risk of patients with acute HF and predicts short-
and 3-year prognosis. Uthamalingam et al. [31] showed that
higher NLR was found to have superior predictive ability for
mortality than neutrophil, total WBC, and low lymphocyte
count in patients with acute HF. Recent studies have shown
that MLR is a significant indicator of mortality among coro-
nary angiography patients [32]. In the present study, DM+HF
group has the lowest MLR among the groups. MLR can be
used to predict the presence of HF in T2DM as additional in-
formation. The study of Huang et al. [33] reported that MLR
cannot be used to predict T2DM. However, MLR was a pow-
erful independent predictor for diabetic nephropathy. High
NLR, PLR, and WBC levels seem to pose a separate risk for HF.

Several limitations associated with the present study warrant
mention. First, this was a retrospective and observational sin-
gle-center study and our sample size is relatively small. Se-
cond, proBNP levels of the subjects were not documented.

Conclusion

It was concluded that in the absence of clinically diagnosed
HF in T2DM, PLR level is increased and may serve as a diagnos-
tic biomarker of insidious HF in T2DM. CBC and hematologi-
cal indices can be used as a diagnostic tool in terms of being
faster, easier, and cheap in routine testing. Additional informa-
tion can be obtained by evaluating NLR, PLR, and WBC in the
diagnosis of HF in T2DM. In T2DM, the roles of hematological
indices in the pathogenesis of HF need to be determined by a
large-scale prospective study.
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