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INTRODUCTION

Ekmel Burak Ozsenel,?

Almila Senat,®> ® Osman Erinc'

ABSTRACT

Objective: An increasing number of studies are investigating the importance of new in-
flammatory markers derived from hemogram in the clinical management of diabetes, which
is a chronic inflammatory condition. In this study, we aimed to assess the relation between
HbA | ¢, Systemic Inflammatory Index (SII), Systemic Inflammation Response Index (SIRI), and
Systemic Inflammation Aggregate Index (SIAl).

Methods: A total of 22,183 participants, including the control group (n=9100), prediabetes
group (n=7087), and diabetes group (n=5996), were divided into 3 groups according to their
HbAlc levels. In these 3 groups, hemogram-derived new inflammatory markers SlI, SIRI,
and SIAI values, as well as C-reactive protein, sedimentation, and leukocyte values, were
evaluated.

Results: The median values of all 3 indices were found to be higher in the diabetes group
compared to the other groups [SII=515(380-716), SIRI=0.93(0.66-1.35), SIAI=248(164-374),
p<0.001]. In the control group, HbAIc and glucose values were not significantly correlated
with inflammation indices (p>0.05). However, in the prediabetes group, significant correla-
tions were detected between Sll and SIRI values and glucose (r=0.033, p=0.006; r=0.040,
p=0.001) and HbAIc levels (r=0.038, p=0.001; r=0.069, p<0.001).

Conclusion: Hemogram-derived inflammatory indices showed a gradual increase in patient
groups based on HbA I c levels, but weak correlations were found between HbA I c levels and
inflammatory markers as indicators of glucotoxicity. Hemogram is an easily accessible and
widely used test in clinical practice. Therefore, hemogram-derived indices may be an alter-
native to traditional inflammatory markers in assessing glycotoxicity-induced inflammation.
The detection of inflammation, which positively correlated with HbAlc levels through new
indices, may help in predicting diabetic complications.

level for the last two to three months.’] Glucotoxicity
caused by chronically high blood glucose levels in patients

Diabetes Mellitus (DM) is seen at a rate of approximately
10% among adults according to the report published in
2021. In the same report, it was stated that the prevalence
of DM in Tiirkiye is 15% and it affects 7 million adults.l'! In
addition to its incidence, diabetes is a disease that requires
early diagnosis and treatment due to the microvascular
and macrovascular complications it causes. Glycated he-
moglobin (HbAlc) is a commonly used test in the diag-
nosis of diabetes, treatment efficiency, and prediction of
complications. HbAlc is a biomarker that increases in
direct proportion to non-enzymatically formed blood glu-
cose concentrations and shows the average blood glucose

with elevated HbAIc worsens the prognosis of the dis-
ease as it causes inflammation. Glucotoxicity pertains to
the damaging effects of high blood sugar levels on tissues
and is connected to insulin resistance, which promotes
high blood sugar levels. Current studies have shown that
chronic hyperglycemia increases the oxidative stress load
through the formation of free oxygen radicals, causing in-
flammation and cell death.**! Therefore, there are several
researches in the literature investigating this dynamic re-
lationship between HbA | c and inflammation.[® Inflamma-
tion can be demonstrated by many biomarkers, as well as
by some formulas obtained from a complete blood count,


'https://orcid.org/0000-0002-0739-8344
https://orcid.org/0000-0003-3797-5648
https://orcid.org/0000-0002-5806-562X
https://orcid.org/0000-0002-8676-0136

48

South. Clin. Ist. Euras.

which is an easily accessible and inexpensive test in clinical
practice.’? In recent years, systemic inflammatory index
(SIN), systemic immune response index (SIRI), and systemic
immune aggregate index (SIAl) obtained from complete
blood count are new inflammatory indices derived from
the use of absolute numbers of different cell groups and
evaluated in different clinical situations.['"'? Studies evalu-
ating new hemogram-derived indices with DM, which is a
chronic inflammatory process, are scarcely any. Our study
aimed to assess the relationship between HbAlc and SlI,
SIRI, and SIAL.

MATERIALS AND METHODS

In our study, the data of the patients who applied to the
Taksim Education and Research Hospital Internal Medicine
outpatient clinic between November 2020 and April 2023
were obtained retrospectively from the hospital records.
Ethics committee approval was obtained from Gaziosman-
pasa Education and Research Hospital Ethics Committee
with the date 07.06.2023 and number 73. All procedures
were carried out in accordance with the Helsinki Decla-
ration. Patients aged 18-99 years, hemoglobin levels be-
tween 12-16g/dL, and C-reactive protein (CRP) levels <5
mg/dL were included in the study. Patients diagnosed with
oncological, rheumatic, and autoimmune diseases, ad-
vanced liver and heart failure, pregnancy, and who had type
| diabetes mellitus, incomplete information in their med-
ical records were excluded from the study. Participants
were divided into three groups according to HbA I c levels.
HbA I c values below 5.7% were in the control group, be-
tween 5.7-6.4% were in prediabetes, and above 6.5% were
in the diabetes group.I'¥! HbAIC levels of the patients
were measured using ADAMS HV8380V, biochemical
tests Roche Cobas ¢501, complete blood count Mindray
BC6800, and erythrocyte sedimentation rate (ESR) Alifax
devices.

Formulas of Indices Based on Hemogram:

Systemic inflammatory index (SIl) = Neutrophil*Platelet/
Lymphocyte,

Systemic inflammation aggregate index (SIAl) = Mono-
cyte*Neutrophil*Platelet/Lymphocyte,
Systemic inflammation response index (SIRI) = Mono-

cyte*Neutrophil/Lymphocyte.
Statistical analysis

Statistical Package for the Social Sciences (SPSS) soft-
ware, version 20.0 was used for the statistical analysis of
the study. Normality analyses of the variables were done
with the Kolmogorov-Smirnov test. Variables that were
not normally distributed were expressed as median in-
terquartile range (25th-75th percentile), while regularly
distributed variables were expressed as mean and stan-
dard deviation. Categorical variables were expressed as
frequency (%). ANOVA for normally distributed parame-
ters and Kruskal-Wallis test for non-normally distributed
parameters were used to assess the differences of groups.

The Pearson Chi-square test was performed in terms of
categorical parameters. A p-value of <0.05 was considered
significant for all analyses.

RESULTS

A total of 22,183 participants, including the control group
(n=9100), prediabetes group (n=7087), and diabetes group
(n=5996), were categorized into 3 groups according to
their HbAlc values. Table | summarizes the demographic
and laboratory data of the groups. Age distributions were
statistically significant in the control, prediabetes, and di-
abetes groups (41(30-52), 56(47-64), 59(51-67), p<0.001,
respectively). 67.6% of participants in the control group,
63.6% in the prediabetes group, and 51.1% in the diabetes
group were female, p<0.001. SlI, SIRI, and SIAI values,
which are inflammatory markers derived from hemogram,
were found to be significantly different between the
groups. The median values of all 3 indices were found to
be higher in the diabetes group compared to other groups
[SII=515(380-716), SIRI=0.93(0.66-1.35), SIAI=248(164-
374), p<0.001] (Table I). The correlation of hemogram-
derived inflammatory markers with HbAlc and glucose
levels is shown in Table 2. While HbA I c and glucose values
were not correlated with inflammation indices in the con-
trol group (p>0.05), in the prediabetes group, Sll and SIRI
values were correlated with glucose (r=0.033, p=0.006;
r=0.040, p=0.001) and HbAIc levels (r=0.038, p=0.001;
r=0.069, p<0.001). Likewise, SIAl values and HbAlc lev-
els (r=0.066, p<0.001) showed a weak positive correlation
in prediabetes patients. In the diabetes group, there was
a linear relationship between glucose levels, SlI, SIRI, and
SIAl values (r=0.077, p<0.001; r=0.040, p=0.002; r=0.046,
p<0.00I, respectively). On the basis of all patients, the
highest correlation was found between HbAIc and both
SIRI (r=0.112, p<0.001) and SIAl values (r=0.114, p<0.001).

Table 3 summarizes the linear relationship between rou-
tine inflammatory markers and HbA|c and glucose levels.
In the control group, HbAlc values showed a statistically
significant positive correlation with ESR, CRP, and white
blood cell (WBC) values (r=0.227, p<0.00l; r=0.061,
p<0.001; and r=0.046, p<0.001, respectively). In addition,
CRP and glucose levels in the control group showed a small
correlation but were statistically very significant (r=0.061,
p<0.001). In the prediabetes group, correlations were also
found between HbAIc levels and inflammatory markers
(r=0.135, p<0.001 for CRP, r=0.110, p<0.001 for ESR, and
r=0.069, p<0.001 for WBC). Glucose and ESR levels were
weakly positively correlated among prediabetes patients
(r=0.064, p=0.008). In diabetic patients, glucose and CRP
levels were weakly correlated (r=0.079, p<0.001), while
HbAIc values were correlated with both CRP (r=0.097,
p<0.001) and WBC counts (r=0.070, p<0.001). On the
basis of all patients, correlations of glucose values with
ESR, CRP, and WBC were found, respectively (r=0.055,
p<0.001; r=0.155, p<0.001; and r=0.103, p<0.001). Like-
wise, linear relationships were observed between HbAIc
levels, CRP (r=0.244, p<0.001), ESR (r=0.245, p<0.001),
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Table I. Demographic and laboratory data of the groups

Control (n=9100) Prediabetes (n=7087) Diabetes (n=5996) P

Age, year

Gender
Female %
Male %

Glucose, mg/dl

HbAlc, %

Creatinine, mg/dl

AST, U/L

ALT, U/L

CRP, mg/dl

ESR mm/h

Hb, g/L

Leukocyte, x103/puL

Neutrophil, x10%/uL

Lymphocyte, x103/uL

41 (30-52)

6151 (67.6)
2949 (32.4)
92 (87-98)

5.40 (5.20-5.50)

0.71 (0.62-0.84)

17 (14.06-20.60)

15 (11-22)

1.93 (1.04-3.83)

7 (4-12)

134 (125-145)

7.02 (5.95-8.29)

4.09 (3.29-5.10)

2.21 (1.84-2.66)

56 (47-64)

4506 (63.6)
2581 (36.4)
101 (93-111)

5.9 (5.8-6.10)

0.76 (0.65-0.90)

18 (15-21)

17 (13-24)

2.78 (1.43-3.53)

10 (5-18)

133 (124-144)

7.38 (6.30-8.69)

429 (3.48-5.29)

2.33 (1.90-2.84)

59 (51-67)

3063 (51.1)
2933 (48.9)
152 (125-204)

7.70 (6.90-9.20)

0.80 (0.66-0.96)

17 (14-21.35)

18 (13-26.60)

3.74 (1.87-4.07)

Il (6-21)

137 (125-148)

7.99 (6.78-9.33)

478 (3.88-5.82)

2.40 (1.93-2.94)

<0.001

*<0.001
*#<0.001
*#%<0.001

<0.001

<0.001
*<0.001
*#<0.001
*#%<0.001
<0.001
*<0.001
*#<0.001
*#%<0.001
<0.001
*<0.001
*#<0.001
*#%<0.001
<0.001
*<0.001
*#=0.253
*#%<0.001
<0.001
*<0.001
*#<0.001
*#%<0.001
<0.001
*<0.001
*#<0.001
*#%<0.001
<0.001
*<0.001
*#<0.001
*#+=0.021
<0.001
*<0.001
*#<0.001
*#%<0.001
<0.001
*<0.001
*#<0.001
*#%<0.001
<0.001
*<0.001
*#<0.001
*#%<0.001
<0.001
*<0.001
*#<0.001
*#%<0.001
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Monocytes, x10%/uL

Platelets, x 103/l

Sl

SIRI

SIAI

0.43 (0.35-0.52)

262 (224-304)

479 (357-646)

0.78 (0.56-1.09)

203 (138-304)

0.45 (0.37-0.55)

267 (228-311)

488 (362-655)

0.81 (059-1.16)

218 (149-326)

0.48 (0.39-0.59)

265 (222-312)

515 (380-716)

0.93 (0.66-1.35)

248 (164-374)

<0.001
*<0.001
#%<0.001
#4%<0,001
<0.001
*<0.001
#%=0,039
#k=0,00 |
<0.001
*=0.003
#%<0,001
#4%<0,001
<0.001
*<0.001
*#<0.001
##£<0.001
<0.001
*<0.001
*#<0.001
##£<0.001

HbA I c: HemoglobinAl c; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CRP: C reactive protein; ESR: erythrocy-

te sedimentation rate; Hb: hemoglobin; SlI: systemic inflammation index; SIRI: systemic inflammation response index; SIAl: Systemic

inflammation aggregate index (*: Control vs pre-dm, **: Control vs DM, ***:Pre-dm vs DM).

Table 2. Correlation between hemogram-derived novel inflammatory markers and HbA | c and glucose levels
sl SIRI SIAl
Control
Glucose r=0.011 r=0.005 r=-0.011
p=0.316 p=0.632 p=0.285
HbAlc r=-0.012 r=0.007 r=0.015
p=0.252 p=0.520 p=0.149
Prediabetes
Glucose r=0.033 r=0.040 r=0.009
p=0.006 p=0.001 p=0.439
HbAlc r=0.038 r=0.069 r=0.066
p=0.001 p<0.001 p<0.001
Diabetes
Glucose r=0.077 r=0.040 r=0.046
p<0.001 p=0.002 p<0.001
HbAlc r=0.007 r=-0.014 r=-0.009
p=0.564 p=0.283 p=0.488
All patients
Glucose r=0.052 r=0.090 r=0.064
p<0.001 p<0.001 p<0.001
HbAlc r=0.058 r=0.112 r=0.114
p<0.001 p<0.001 p<0.001

HbA | c: Hemoglobin Alc; Sll: systemic inflammation index; SIRI: systemic inflammation response index; SIAI: Systemic inflammation aggregate index.

and WBC (r=0.180, p<0.001).

As shown in Table 4, according to the regression analysis,

it was seen that uncontrolled diabetes had an effect on

hemogram indices.
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Table 3. Correlation between routine inflammatory markers and HbA | c and glucose levels
CRP ESR WBC
Control
Glucose r=0.061 r=0.026 r=0.018
p<0.001 p=0.232 p=0.078
HbAlc r=0.137 r=0.227 r=0.046
p<0.001 p<0.001 p<0.001
Prediabetes
Glucose r=0.032 r=0.064 r=0.009
p=0.059 p=0.008 p=0.466
HbAlc r=0.135 r=0.110 r=0.069
p<0.001 p<0.001 p<0.001
Diabetes
Glucose r=0.079 r=0.060 r=0.022
p<0.001 p=0.088 p=0.086
HbAlc r=0.097 r=-0.023 r=0.070
p<0.001 p=0.511 p<0.001
All patients
Glucose r=0.155 r=0.055 r=0.103
p<0.001 p<0.001 p<0.001
HbAlc r=0.244 r=0.245 r=0.180
p<0.001 p<0.001 p<0.001

HbA|c: Hemoglobin Alc; CRP: C reactive protein; ESR: erythrocyte sedimentation rate; VWBC: white blood cell.

Table 4. Linear regression analysis for hemogram-derived markers and HbA | c levels
sl SIRI SIAl
St.B 95 %Cl p St.B 95% ClI p St.B 95 %Cl p
Hbalc 0.053 6.32-12.4 <0.001 0.073 0.021-0.034 <0.001 0.059 5.46-9.90 <0.001

Adjusted R2=0.003; p<0.001

Adjusted R2=0.005; p<0.001

Adjusted R2=0.003; p<0.001

SlI: systemic inflammation index; SIRI: systemic inflammation response index; SIAl: Systemic inflammation aggregate index St. B: Standardized B value;

95% Cl: 95% Confidence interval.

DISCUSSION

We analyzed a total of 22,183 patient records and split
them into three study groups: control, prediabetes, and di-
abetes groups. Female participant percentages were higher
in all groups. Our results revealed that hemogram-based
inflammatory indices including Sll, SIRI, and SIAl gradually
increase with glycated hemoglobin levels. In parallel with
these results, conventional inflammatory markers such as
CRP and ESR were elevated in prediabetic and diabetic
patients. Additionally, we assessed the directional relation-
ship between the parameters related to glucotoxicity and
inflammatory markers. Glucose and glycated hemoglo-
bin levels were poorly correlated with SlI, SIRI, and SIAI
levels in both prediabetic and diabetic patients, similarly
with CRP, ESR, and WBC levels. However, there was no
correlation in diabetic patients. That could be caused by
the majority of the diabetic patients having similar HbAlc

levels between 7-8%.

Blood glucose levels are maintained within the physiological
range by the balance between tissue glucose consumption,
gluconeogenesis, and insulin production. Hyperglycemia
results from a disruption in any one of these three mech-
anisms. It has been shown in various studies that chronic
hyperglycemia also causes inflammation through oxidative
stress.['41]

Hemogram-derived indices SlI, SIRI, and SIAIl are markers
that are being investigated with increasing interest to de-
termine the systemic inflammation status in various dis-
eases.['*!] Liu et al.?® assessed the SlI levels in type 2 DM
patients and showed that Sll was an independent risk fac-
tor of diabetes mellitus and the patients who had higher Sl
levels were more likely to develop type 2 diabetes mellitus.

It is known that there is a relationship between HbAIc
level and diabetic complications.?!! The relationship be-
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tween hemogram-derived new inflammatory indices and
diabetic complications has been shown in various studies.
Guo et al.?2 found a positive correlation between high Sl
values and the development of diabetic nephropathy in a
study of 3937 patients. Song et al.”® reported a retrospec-
tive study about the assessment of hemogram-derived in-
dices and diabetic patients with peripheral artery disease.
According to their results, Sll, SIRI, and SIAI levels were
higher in the diabetic patients with peripheral artery dis-
ease (PAD) compared to the patients without PAD. Also,
they showed a correlation between the severity of disease
and the inflammatory indices. Similar to previous studies,
in our study, SIRI and SIAl, in addition to SlI, were found
to be higher in the diabetes group than in other groups. In
our study, it was observed that CRP, ESR, and WBC levels,
which are acute phase reactants commonly used in clinical
practice, were positively correlated with HbAlc levels in
all three patient groups. In a retrospective study conducted
by Demirkol et al.?!! with 9103 participants, it was shown
that CRP values were significantly higher in hyperglycemic
conditions. On the other hand, in the study conducted
by Elimam et al.™! it was observed that the CRP value
was significantly higher in the diabetic group than in the
control group, but the same result could not be achieved
in terms of ESR. Due to the retrospective design of our
study, not being able to access the current treatments and
complication status of the patients can be considered as
our limitations. We could not obtain HbAlc data simul-
taneously with repeated hemogram measurements of the
same patient in a sufficient number of participants. There-
fore, the change in HbAlc was not compared with the
change in hemogram-derived indices of the same patient.
This can be considered as another limitation of the study.

Conclusion

Hemogram-derived inflammatory indices showed a grad-
ual increase in patient groups based on HbAlc levels, but
weak correlations were found between HbAIc levels and
inflammatory markers as an indicator of glucotoxicity.
Hemogram is an easily accessible and widely used test
in clinical practice. Therefore, hemogram-derived indices
may be an alternative to traditional inflammatory markers
in assessing glycotoxicity-induced inflammation. The de-
tection of inflammation, which positively correlated with
HbAIc levels through new indices, may help in predicting
diabetic complications. Although new hemogram-derived
indices have been studied in various clinical situations, to
the best of our knowledge, our study is the first to inves-
tigate the relationship of all three indices together with
HbA I c levels. Further prospective studies will be required
to confirm the results of this study.
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Ve

Hemoglobin Alc ile Hemogram Kaynakl Yeni inflamatuvar indeksler Arasindaki iliski

Amag: Kronik inflamatuvar bir durum olan diyabetin klinik yonetiminde hemogramdan elde edilen yeni inflamatuvar belirteglerin 6nemini
arastiran calismalarin sayisi giderek artmaktadir. Bu calismada HbA I ¢ ile Sistemik inflamatuvar indeks (Sii), Sistemik inflamasyon yanit indeksi
(SiYl) ve Sistemik inflamasyon agregat indeksi (SIAl) arasindaki iligkiyi degerlendirmeyi amagladik.

Gereg ve Yontem: Toplam 22183 katiimeci HbA | ¢ diizeylerine goére kontrol grubu (n=9100), prediyabet grubu (n=7087) ve diyabet grubu
(n=5996) olmak iizere 3 gruba ayrildi. Bu 3 grupta hemogramdan elde edilen yeni inflamatuvar belirtegler Sii, SiY ve SIAI degerlerinin yani
sira C reaktif protein, sedimantasyon ve I6kosit degerleri degerlendirilmistir.

Bulgular: Her iig indeksin ortanca degerleri diyabet grubunda diger gruplara kiyasla daha yiiksek bulundu [Sii=515 (380-716), SiYi=0.93
(0.66-1.35), SIAI=248 164-374), p<0.001]. Kontrol grubunda, HbA I c ve glukoz degerleri inflamasyon indeksleri ile anlamli bir korelasyon gés-
termemistir (p>0.05). Ancak, prediyabet grubunda Sii ve SiYi degerleri ile glukoz (r=0.033, p=0.006; r=0.040, p=0.001) ve HbAIc diizeyleri
(r=0.038, p=0.001; r=0.069, p<0.001) arasinda anlamli korelasyonlar tespit edilmistir.

Sonug: Hemogramdan elde edilen inflamatuvar indeksler; HbAlc diizeylerine bagli olarak hasta gruplarinda kademeli bir artig gostermistir,
ancak glukotoksisitenin bir gostergesi olarak HbA | ¢ diizeyleri ile inflamatuvar belirtegler arasinda zayif korelasyonlar bulunmustur. Hemog-
ram klinik pratikte kolay ulagilabilen ve yaygin olarak kullanilan bir testtir. Bu nedenle hemogramdan tiiretilen indeksler, glukotoksisiteye bagl
inflamasyonun degerlendirilmesinde geleneksel inflamatuvar belirteglere alternatif olabilir. HbAlc diizeyleriyle pozitif korelasyon gosteren
inflamasyonun yeni indeksler araciligiyla saptanmasi, diyabet komplikasyonlarinin 6ngériilmesinde yardimci olabilir.

Anahtar Sozciikler: Diabetes mellitus; HbA | ¢; sistemik immiin agregat indeksi; sistemik immiin inflamasyon indeksi; sistemik immiin yanit
indeksi.
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