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Abstract

Background: Both diabetes mellitus (DM) and stress hyperglycemia (SH) are common findings in
complicated or critically ill COVID-19 patients. Objective: This retrospective study aims to assess
leukocyte glucose index (LGI) as a prognostic marker for the outcome of COVID-19 patients.
Methodology: This retrospective study was conducted at the College of Medicine, University of Diyala,
Irag. Patients with COVID-19 were randomly allocated. A primary outcome of this study was clinical
outcomes in terms of surviving or not surviving. Results: 187 patients in total were included in the study
and divided into three groups. Group | (n = 45) survived patients, Group Il (n = 90) survived patients with
complications, and Group Il (n = 52) non-survived patients. The baseline data showed significant
differences between Groups I, I, and Il. The median values of LGI were significantly (p <0.001) higher
in Group 111 (2.911) compared with Group | (1.754) and Group Il (1.728). The odds ratio of DM, SH, and
LGl (a cutoff value of 1.5) as a risk of mortality is 2.361, 7.333, and 4.842, respectively.
Conclusion: Leukocyte glucose index is a worse marker for COVID-19 patients with overt diabetes or
stress hyperglycemia. [Bangladesh Journal of Infectious Diseases, December 2024;11(2):102-107]
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Introduction hypertension, diabetes mellitus, chronic obstructive

lung diseases, bronchial asthma and factors related
Researchers identified the risk factors, severity, and  to the delay of health care services. The relationship
mortality of COVID-19. Zhang et al' in their  between diabetes mellitus and COVID-19 is
review, summarized the risk factors that contributed ~ running in a vicious cycle, i.e., diabetes patients are
to the severity of COVID-19: old age (> 70 years), ~ at risk of developing COVID-19, diabetic
male sex with a lower immunity and normal  complications, and a high incidence of mortality?*.
testosterone levels, associated chronic diseases like It has been reported that 21.6% of elderly patients
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infected with SARS-CoV-2 were diabetic, and
28.4% had dysglycemia, characterized by fasting
plasma glucose of 5.6-6.9 mmoL?®. Hyperglycemia
in COVO-19 patients is attributed to many
etiological factors, including the stress induced by
viral infection, using corticosteroids, dysfunction of
adipose tissue, or direct destruction of B-pancreatic
cells®. During the pandemic COVID-19, stress
hyperglycemia was defined as a fasting plasma
glucose level of more than 7mmoL/L (more than
125 mg/dL) on the admission of non-diabetic
COVID-19 patients, and it is significantly
associated  with an  increased risk  of
thromboembolism’.

Furthermore, the researchers were working on the
circulation biomarkers to identify COVID-19
patients with a poor prognosis. Biomarkers were
related to hematological indices, inflammatory
factors, hormones, antioxidants, nutrients and so
one®®. It has been reported that leukopenia is a
feature of COVID-19 patients in 20.0% to 40.0%,
while leukocytosis occurs in 3.0% to 24.0%, and
lymphocytopenia is a strong associated risk factor'®.
In-hospital admissions of COVID-19 have poor
prognostic outcomes if they are hypertensive or
have higher values of neutrophil-to-lymphocyte
ratio (NLR) and N-terminal pro B- type natriuretic
peptide!. A cutoff value of 6.82 indicated poor
prognostic clinical outcomes after adjusting the
characteristic demographic characteristics of the
patients'?. However, the NLR is considered a
decision-making process for recovered patients with
COVID-19 pneumonia®®. Higher percentages of
morbidity and mortality of COVI-19 illness are
associated with a higher platelet-to-lymphocyte
ratio (PLR) on admission, as a mean difference
between a critically ill patient and survival of 66.10
was reported?®,

In one systematic review and meta-analysis that
included 71 studies, it has been found that the
discriminators of survival and progression
outcomes of COVID-19 are the blood cell counts,
which include relative neutrophilia,
lymphocytopenia and thrombocytopenia, as well as
a higher NLR value on admission®. The leukocyte
glycemic index (LGI) was evaluated in 109
COVID-19 adult patients, and it has been found that
LGl is a biomarker of severe COVID-19,
particularly in diabetic females?®.

The markers of severity included biomarkers related
to hematological and respiratory diseases. So,
combining the total leukocyte and plasma glucose
levels on admission will improve the diagnostic
accuracy of LGI as a prognostic marker.
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The rationale for this study is to COVID-19-
induced stress hyperglycemia in patients without
overt diabetes. Therefore, this study aimed to assess
the LGI as a biomarker of COVID-19 severity and
mortality in diabetic patients and non-diabetic
patients who showed stress hyperglycemia.

Methodology

Study Design and Population: This retrospective
study was performed at the College of Medicine,
University of Diyala, Baqubah, Iraq. This study was
conducted in the governorate, and all subjects were
of Arab ethnicity.

Study Procedure: The data from the patient’s
records was collected from three hospitals.
Participants were included if they had (i) a COVID-
19 proved by polymerase chain reactions; (ii)
clinical and laboratory evidence of COVID-19; (iii):
the demographic characteristics included age, sex,
and a history of diabetes mellitus treated with oral
hypoglycemic agents at the time of admission; (iv)
the laboratory investigations included a complete
blood count (determined by the Coulter machine),
inflammatory markers (erythrocyte sedimentation
rate and C-reactive protein), and plasma glucose
level at the time of admission into the hospital.
Participants were excluded if they had (i) a negative
or unavailable laboratory test of COVID-19
polymerase reactions; (ii) an incomplete laboratory
investigation.

In total, the data of 187 patients was extracted for
analysis. The primary outcome is the last event of
COVID-19, whether they survived without
complications and discharged from the hospital
within 7 days (Group I, n = 45), had complications
with a stay duration in the hospital up to 4 weeks
(Group 11, n = 90), or not survived despite their
management (Group I1l, n = 52).

Definition of Pathological Conditions: Stress
hyperglycemia is defined as a plasma glucose
>180mg.dL? in non-diabetic patients who were
admitted to the hospital due to the concurrent
illnesst’, while most researchers used a fasting
plasma glucose of >125 mg/dL as an indication of
stress-induced hyperglycemia. A leukocyte counts
of >10%L indicates leukocytosis. LGl is a novel
prognostic biomarker whose higher value is linked
with disease severity and poor prognostic outcomes.

Blood Biochemistry, Hematological and
Inflammatory Indices Examination: All the
biochemical variables were done in the laboratories
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of the hospitals. Blood samples were collected from
participants, and serum or plasma samples were
analyzed on the same day. The anticoagulant EDTA
whole blood was collected for a complete blood
count measurement and erythrocyte sedimentation
rate. The biochemistry measurements included
plasma glucose and serum C-reactive protein.

Calculating the indices

LGI=

Total Leucocytes (X 10° .L_lxplasma glucose (mg.dL_l)
1000

Neutrophil-to-lymphocyte ratio (NLR)
_ Neutropil count
- Lympcyte count

Derived neutrophil-to-lymphocyte ratio (dNLR)

Neutrophi count

" Total leukocyte count—Neutrophil count

Platelet-to-lymphocyte ratio (PLR)

_ Platelet count

_Lymphocyte cound

Statistical Analysis: Statistical analyses were
carried out using SPSS 25 (IBM Corp., Armonk,
NY, USA). The sample size was calculated by
using the margin of error (a error = 0.05, § = 0.2,
the power is 0.8), two tails, and a 95% confidence
interval. The Shapiro-Wilk test was used to evaluate
the normality assumption of quantitative variables.
Categorized and continuous data are presented as
numbers (percentages) and medians (25th—75th
percentiles).

For comparing baseline characteristics between
groups, the Mann-Whitney U test was used for
continuous data. To enable comparisons between
groups in the LGI, the patients were sub-grouped
into diabetes and non-diabetes patients, and the later
sub-group was further grouped according to plasma
glucose level (a cutoff value of 180 mg.dL™?) into
stress and non-stress hyperglycemia. In addition,
the odds ratio with a 95% confidence interval was
calculated for each sub-group to report the risk of
mortality in COVID-19 patients. A p-value of <
0.05 was considered statistically significant.

Results

the median values of age, CRP, and ESR in Group |
were significantly lower than the corresponding
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values in Groups Il and IlIl. There were non-
significant differences between groups in the PLR,
dNLR, PCT, MPV, and hemoglobin median values.
A significantly higher leukocyte count and plasma
glucose values were observed in Group Il
compared with Groups | and Il. Known cases of
T2D were present in 33.3% (15 out of 45), 50% (45
out of 90), and 65.4% (34 out of 52) in Groups I, II,
and I, respectively (Table 1).

Figure | showed a significantly (p <0.001) higher
median value of LGI in Group 11 (2.911) compared
with Groups | (1.754) and Il (1.728). Stress
hyperglycemia (PG > 180 mg.dL™?) was identified
in 10% (3 out of 30), 13.3% (6 out of 45), and
50.0% (9 out of 18) for Groups I, II, and IlI,
respectively. Plasma glucose of >125 mg/dL is
found in 24 (53.3%), 45 (50%), and 43 (82.7%) for
Groups 1, 11, and I11, respectively. Leukocytosis was
found in 31(68.9%), 56 (62.2%), and 42 (80.8%)
for Groups I, I1, and IlI, respectively.

P<0.001

=)
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o
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Figure I: Boxplot showed a significantly higher
leukocyte glucose index in COVID-19 patients.
Group I: Uncomplicated survival, Group IlI:
survived with complications, and Group Ill: non-
survival

Figure 11 showed the highly significant difference in
the LGl between non-survival (Group IlI) and
survival (Groups | and II). In each group, the
median value of LGI was significantly higher in
patients with diabetes and non-diabetes who
concurrently showed stress hyperglycemia.

The calculated odds ratios with a 95% confidence
interval for mortality are 2.361 (1.215 to 4.589, p =
0.011); 7.33 (2.306 to 23.323, p <0.001); and 4.842
(2.036 to 11.514, p <0.001) for the risk factors of
diabetes mellitus, stress hyperglycemia, and LGI
value (a cutoff value of 1.5).
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Table 1: Results of Inflammatory Markers, Hematological Indices, and Plasma Glucose-Related

Biomarkers
Variables Group | Group Il Group I pl- p2- p3-
(n=45) (n=90) (n=52) value | value | value
Age, years 50 (38, 60) 62 (53, 70) 70 (60, 72.8) <0.001 | 0.001 | 0.965
ESR, mm.h 55 (43.2, 73.3) 67.9 (51.1, 87.1) 75.5 (61.3, 92.4) 0.030 | <0.001 | 0.048
CRP mg.-1L 49.0 (30.9, 89.8) 87.7 (40.6, 141.2) 85.5 (54.2, 159.4) 0.046 0.003 0.249
RDW, % 12.9 (12.35, 13.6) 12.9 (12.3, 13.7) 13.45(12.63,14.18) | 0.953 0.088 0.033
NLR 10.7 (8.4, 15.0) 11.56 (8.28,15.07) 14.18 (8.93,18.92) | 0.609 | 0.029 | 0.048
dNLR 6.09 (3.62, 8.66) 6.25 (4.28, 9.03) 6.22 (3.94, 8.59) 0.490 | 0.834 | 0.610
PLR (x10%L?) | 237.1(181.8,377.1) | 261.6 (187.1,375.0) | 244.5 (165.0,364.8) | 0.874 | 0.734 | 0.509
Platelet,% 0.210(0.170,0.270) | 0.190 (0.138,0.253) | 0.200 (0.133, 0.250) | 0.199 0.438 0.768
MPV, fL 8.80 (8.40, 9.30) 9.10 (8.28, 9.70) 9.05 (8.43,9.78) 0.327 0.411 0.961
LGI 1.754 (1.367, 2.607) | 1.728 (1.244, 2.559) | 2.911 (2.099, 4.149) | 0.629 | <0.001 | <0.001
Hemoglobin, 12.9 (11.65,15.35) | 13.4(12.2, 14.4) 13.8 (12.1, 14.4) 0.220 |0.181 |0.748
g.dL?
Leukocytes 12.26 (8.65,15.35) | 11.50 (8.50, 14.78) | 16.0 (12.55,19.38) | 0.321 | 0.004 | <0.001
(x10°LY)
Plasma glucose, | 137 (97.8, 194.0) 126.0 (98.5,191.5) | 210.5 (153.5,301.8) | 0.668 | <0.001 | <0.001
mg.dL™?

A p-value was calculated using independent samples Mann-Whitney U test. pl= comparison between Groups | and Il, p2:
comparison between Group | and 111, and p3 comparison between Groups Il and Il1. ESR: erythrocyte sedimentation rate, CRP: C-
reactive protein, RDW: red distribution width, NLR: neutrophil-to lymphocyte ratio, dNLR: derived neutrophil-to-lymphocyte ratio,
PLR: platelet-to-lymphocyte ratio, MPV: mean platelet volume.
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Figure I1: Comparison in the median values of leukocyte glucose index (25th, 75th percentiles) between
survival and non-survivals COVID-19 patients taking into considerations the associated diabetes mellitus
and stress hyperglycemia in non-diabetes mellitus. DM: diabetes mellitus, SH: stress hyperglycemia. The
results are expressed as median (25th, 27th percentiles)

Discussion

The results of this study showed that higher plasma
glucose is a risk factor for mortality in COVID-19
patients. Three risk factors, including diabetes
mellitus, stress hyperglycemia, and a LGI of 1.5,
are potentially prognostic factors. The results of this
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study agree with previous studies that diabetes
mellitus is a risk factor for severe COVID-19 and
mortality’®. Diabetic patients are more prone to
cytokine storms because their immunity is
compromised and they have already had elevations
of inflammatory biomarkers'®. Hyperglycemia was
reported in non-diabetic COVID-19 patients, and it
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was considered a bad prognostic biomarker and
linked to insulin resistance or the destruction of
pancreatic B-cells by virus overload®. A higher
percentage of hyperglycemia is found among Group
Il, a result agrees with other studies that found
hyperglycemia at admission in patients with
COVID-19 is a risk factor for poor clinical
prognosis compared with normoglycemic patients®.
Stress hyperglycemia mediated a number of
pathological conditions that ultimately led to a poor
clinical outcome. One of these conditions is a risk
of thromboembolism, which is significantly
associated with stress hyperglycemia®. Arrieta et al.
reported that stress hyperglycemia was found in
critically ill patients, was associated with a long
stay in the intensive care unit, and required large
doses of infusion?.,

In this study, the LGI is a significant marker for
severe  COVID-19, mortality, and  stress
hyperglycemia. Patients with LGl > 1.5 are at risk
of death by 4.842 times the survival rate. The
optimal cutoff of LGI for severe COVID-19 is
1.764, which was reported with a sensitivity and
specificity of 77.8% and 72.3%, respectively, while
a lower cutoff value is reported in this study?®. The
discrepancy in the cutoff value is related to the
study design, as the Ramos-Hernandez study was
carried out on survivals and assessed clinical
features and biomarkers?®. Significantly higher
NLR values in Group Il compared with Groups |
and Il agreed with previous studies that the NLR
value is considered a decision-making factor for the
clinical outcome of COVID-19. The dNLR values
showed non-significant differences between the
survival and non-survival COVID-19 patients,
which is not in agreement with the Qiu et al. study,
which found the dNLR is a significant prognostic
biomarker in 2645 patients infected with COVID-
19 Omicron BA.2?2. The non-significant changes in
the platelet indices are attributed to wide variations
in the platelet count in each group.

The strength of this study is to use a biomarker,
which is a combination of plasma glucose and total
white blood cells represented by LGI, which are
both elevated in poor prognostic outcomes. This
study is a preliminary report; therefore, the small
sample size is a limitation of the study, but it did
not bias the results.

Conclusion

The risk factor for mortality in COVID-19 patients
is the glucose molecule, whether in diabetes or non-
diabetes patients, which can be interpreted in terms
of hyperglycemia or the calculation of the leukocyte
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glucose index. A cutoff value of 1.5 can explain the
worse prognosis in COVID-19 with diabetes
mellitus or stress hyperglycemia.
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