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↑What is “already known” in this topic: 
Post-COVID-19 metabolic complications, such as new-onset diabetes 
and prediabetes, have been linked to systemic inflammation. The 
Systemic Immune-Inflammation Index (SII) is a biomarker that has been 
associated with COVID-19 severity and metabolic disturbances in 
several populations.   
 
→What this article adds: 

This study is among the first to investigate the association between SII 
and long-term glycemic outcomes in a Middle Eastern cohort. It shows 
that elevated SII during initial hospitalization is independently associated 
with higher fasting blood sugar levels of two years post-COVID-19, 
highlighting its potential as a prognostic marker for long-term metabolic 
risk assessment.  
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Abstract 
    Background: Post-COVID-19 metabolic complications, such as diabetes, are linked to systemic inflammation. The Systemic 
Immune-Inflammation Index (SII) may help predict these outcomes; however, evidence from non-Western populations remains 
limited.  
   Methods: In this retrospective cohort study, 2,060 COVID-19 patients hospitalized in 2020 in Iran were followed for two years. SII 
was calculated and categorized as normal or elevated. The incidence of diabetes and prediabetes was assessed using fasting blood 
sugar (FBS) and HbA1c levels. Linear regression analyses were conducted to examine associations between SII and metabolic 
outcomes, adjusting for potential confounders.  
   Results: Among participants, 73.4% remained normoglycemic, 7.5% developed prediabetes, and 19.1% developed diabetes. Linear 
regression analysis demonstrated a statistically significant but modest positive association between SII and FBS levels (β = 0.018; 95% 
CI: 0.004–0.032; P = 0.011). Other inflammatory markers showed no significant associations.  
   Conclusion: Elevated SII was modestly associated with higher fasting blood sugar levels two years after COVID-19 infection. 
Although the effect size was small, these findings suggest that systemic inflammation may play a role in long-term glycemic 
dysregulation, underscoring the importance of metabolic follow-up in individuals with heightened post-COVID inflammatory profiles.  
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Introduction 
In late 2019, the world witnessed the emergence of 

COVID-19, caused by the SARS-CoV-2 virus, which rap-
idly escalated into an unprecedented global pandemic (1). 
Initially recognized for its association with acute respira-
tory syndromes, the disease gradually revealed a broader 
impact on multiple organ systems, including the heart, 
kidneys, liver, and nervous system (2-4). Among the nota-
ble consequences of COVID-19 is the heightened risk of 
metabolic disorders, particularly diabetes and prediabetes, 
as reported across numerous studies (5, 6). This associa-
tion appears especially pronounced among patients who 

experienced severe forms of the disease or who had pre-
existing metabolic risk factors such as obesity, hyperten-
sion, or cardiovascular disease (5, 6). Given the escalating 
global burden of diabetes as one of the most prevalent 
chronic conditions, understanding the underlying mecha-
nisms of this relationship and identifying prognostic 
markers for early intervention are of critical importance 
(3).  

Systemic inflammation, a hallmark of COVID-19 path-
ogenesis, plays a central role in the development of meta-
bolic complications (7). This inflammation, often charac-
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terized by the so-called cytokine storm, involves elevated 
levels of pro-inflammatory cytokines such as interleukin-6 
(IL-6), tumor necrosis factor-alpha (TNF-α), and interfer-
on-gamma (IFN-γ) (8, 9). These cytokines can exacerbate 
insulin resistance and disrupt glucose homeostasis, there-
by increasing the risk of developing diabetes or advancing 
prediabetes (8, 9). Moreover, evidence suggests that 
COVID-19 may directly or indirectly affect pancreatic 
beta cells, leading to persistent glycemic disturbances. 
Such metabolic effects have been observed not only dur-
ing the acute phase of infection but also over extended 
periods following recovery, underscoring the need to in-
vestigate the long-term consequences of COVID-19 (10-
14).  

The Systemic Immune-Inflammation Index (SII) (calcu-
lated by multiplying the neutrophil-to-lymphocyte ratio by 
the platelet count) has emerged as a promising marker for 
assessing systemic inflammation and immune response 
(15, 16). Due to its simplicity and accessibility, SII has 
demonstrated significant prognostic value in various in-
flammatory conditions, including cancers, cardiovascular 
diseases, and viral infections such as COVID-19 (17, 18). 

In COVID-19 patients, elevated SII levels have been as-
sociated with disease severity, intensive care unit admis-
sion, and adverse outcomes (19). However, the potential 
role of SII in predicting long-term metabolic complica-
tions, particularly diabetes and prediabetes, remains un-
derexplored. This knowledge gap is particularly notable in 
non-Western populations, such as Iran, where local data 
are scarce.  

Diabetes and prediabetes impose substantial economic 
and social burdens on healthcare systems and markedly 
diminish patients’ quality of life. Reports indicate a 1.6- to 
1.7-fold increase in the risk of new-onset diabetes follow-
ing COVID-19, especially within the first three to six 
months after recovery (20, 21). This elevated risk is par-
ticularly evident among patients who experienced intense 
inflammation during the acute phase of illness. Early iden-
tification of at-risk individuals could enable preventive 
interventions such as regular blood glucose monitoring 
and management of metabolic risk factors (22-24). Be-
sides SII, other inflammatory markers, such as erythrocyte 
sedimentation rate (ESR), white blood cell count (WBC), 
and neutrophil-to-lymphocyte ratio (NLR), also hold value 
in assessing systemic inflammation (22). Compared to 
other commonly used inflammatory markers such as the 
NLR, C-reactive protein (CRP), or ESR, the SII offers a 
more comprehensive measure of both immune and in-
flammatory status by incorporating neutrophils, lympho-
cytes, and platelets into a single index. While markers like 
NLR and CRP reflect certain aspects of inflammation, SII 
is considered superior in capturing the dynamic balance 
between immune response and systemic inflammation. 
Emerging evidence suggests that SII may outperform tra-
ditional markers in predicting disease severity and adverse 
outcomes in conditions such as COVID-19, cardiovascular 
disease, and cancer. Given its broader scope and prognos-
tic value, this study focused on investigating the associa-
tion between SII and the incidence of diabetes and predia-
betes two years after COVID-19 infection among patients 

hospitalized at Kowsar Hospital in Sanandaj. In addition, 
other inflammatory markers (e.g., WBC, ESR, and NLR) 
and clinical variables (such as fasting blood glucose, liver 
enzymes, and serum creatinine) were analyzed to gain a 
comprehensive understanding of the role of systemic in-
flammation in post-COVID metabolic outcomes. In light 
of the growing burden of diabetes in the post-pandemic 
era, the study aimed to generate local evidence to support 
more effective monitoring and intervention strategies for 
COVID-19 survivors, particularly among high-risk groups 
such as older adults and individuals with pre-existing met-
abolic risk factors.  

 
Methods 
Study Design and Setting 
This retrospective cohort study was conducted at Kow-

sar Hospital, affiliated with Kurdistan University of Medi-
cal Sciences in Sanandaj, Iran. The study aimed to inves-
tigate the association between the SII and the incidence of 
diabetes and prediabetes two years after COVID-19 infec-
tion. Patients hospitalized with confirmed COVID-19 in 
2020 were followed up until 2022. Baseline data were 
obtained from medical records, and follow-up clinical 
assessments were performed at the hospital’s outpatient 
clinic. This was a non-matched cohort study, and no 
matching criteria were applied. 

 
Study Population and Eligibility Criteria 
The study population included all patients admitted to 

Kowsar Hospital in 2020 with a confirmed diagnosis of 
COVID-19, verified by clinical symptoms and a positive 
PCR test. Patients were eligible if they had complete base-
line clinical and laboratory data, including fasting blood 
sugar (FBS), glycated hemoglobin (HbA1c), and inflam-
matory markers (SII, ESR, white blood cell count, lym-
phocyte count, neutrophil count, and platelet count). Pa-
tients were excluded if they declined participation or had 
incomplete follow-up data. Follow-up was conducted 
through in-person outpatient glycemic assessments or via 
telephone interviews to confirm glycemic status and over-
all health. 

 
Sampling and Sample Size 
Using convenience sampling, 2,058 patients meeting the 

inclusion criteria were enrolled from an estimated 2,000 
eligible patients admitted in 2020. A review of medical 
records confirmed that all 2,058 patients had complete 
data. The sample size, encompassing all eligible patients, 
ensured sufficient statistical power for the analysis.  

 
Outcomes and Study Variables 
The primary outcomes were the incidence of diabetes 

(defined as fasting blood sugar [FBS] ≥126 mg/dL, 
HbA1c ≥6.5%, or self-reported diagnosis) and prediabetes 
(FBS 100–125 mg/dL or HbA1c 5.7–6.4%) within two 
years post-COVID-19. The main predictor was the SII, 
calculated as neutrophils × platelets ÷ lymphocytes. Inde-
pendent variables included age, arterial oxygen saturation 
level, length of hospital stay, hemoglobin, red blood cell 
volume, hemoglobin per red blood cell, lactate dehydro-
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genase (LDH) level, and serum creatinine level. Due to 
data limitations, variables such as corticosteroid use, body 
mass index (BMI), and smoking status were not available 
for adjustment. However, the available clinical and labora-
tory variables were incorporated into the regression mod-
els to partially account for disease severity and patient 
health status. 

 
Data Collection and Assessment Methods 
Data was extracted from medical records and outpatient 

assessments using a standardized checklist capturing de-
mographic details, clinical parameters, and laboratory 
indices. For patients without a prior diabetes diagnosis, 
FBS and HbA1c were measured using standardized labor-
atory methods; otherwise, self-reported diabetes diagnoses 
were accepted. The SII was categorized as normal (<390) 
or high (≥390) (25). To minimize bias, data extraction and 
quality control were performed systematically, and as-
sessment methods were consistent across all patient 
groups. Data collection was conducted by the research 
team in coordination with hospital management, following 
ethical approvals.  

 
Statistical Analysis 
All analyses were performed using STATA version 18. 

Continuous variables were summarized using means, 
standard deviations (SD), and 95% confidence intervals 
(CIs). Differences in means across glycemic status catego-
ries (normoglycemic, prediabetes, and diabetes) were as-
sessed using one-way analysis of variance (ANOVA), 
followed by pairwise t-tests with Tukey’s correction for 
multiple comparisons. Linear regression models were used 
to examine the association between the systemic immune-
inflammation index (SII) and glycemic measures, adjust-
ing for potential confounders such as age and sex. Adjust-

ed regression coefficients with corresponding 95% CIs 
were reported. These findings remained consistent after 
adjusting for age and sex. Missing data (<5%) were han-
dled using listwise deletion, with minimal impact on the 
overall results.  

 
Ethical Considerations 
The study was approved by the Ethics Committee of 

Kurdistan University of Medical Sciences and authorized 
by the university’s Research Council. Informed consent 
was obtained for the use of clinical data and participation 
in glycemic assessments. Data were anonymized and 
stored confidentially, adhering to the Declaration of Hel-
sinki. 

 
Results 
A total of 2,058 participants were included in this retro-

spective cohort study, with a mean follow-up period of 
two years post-COVID-19 diagnosis. The cohort was 
characterized by a diverse range of clinical and demo-
graphic variables, as summarized in Table 1. Of the partic-
ipants, 73.47% (n=1,512) were classified as normoglyce-
mic, 7.48% (n=154) had prediabetes, and 19.05% (n=392) 
were diagnosed with diabetes. Regarding the Systemic 
Immune-Inflammatory Index (SII), 32.55% (n=670) of 
participants had normal SII values, while 67.45% 
(n=1,388) exhibited abnormal SII levels (Table 1).  

 
Clinical and Hospitalization Characteristics 
Table 1 provides a detailed distribution of key variables, 

including recurrent hospitalization, reinfection, chest CT 
scan findings, intubation status, and vaccination status. 
Recurrent hospitalization occurred in 30.47% (n=627) of 
the cohort, while 51.41% (n=1,058) had no recurrent hos-
pitalizations, and 18.12% (n=373) were missing or other 

 
Table 1. Distribution of Variables in Patient Groups Based on Chest CT Scan, Intubation, and Vaccination Status 
Variable Classification Count (n) Percentage (%) 
Recurrent Hospitalization No 1058 51.41 

Yes 627 30.47 
Other / Missing 373 18.12 

Total 2058 100 
Recurrent Infection (Reinfection) No 1766 85.81 

Yes 292 14.19 
Total 2058 100 

Chest CT Scan Group No Lung Involvement 249 12.10 
Up to 25% Lung Involvement 1194 58.02 
Up to 50% Lung Involvement 388 18.85 
Above 50% Lung Involvement 227 11.03 

Total 2058 100 
Intubation (Endotracheal Tubing) Not Performed 1938 94.12 

Performed 121 5.88 
Total 2059 100 

Vaccination Status Not Vaccinated 928 45.09 
Vaccinated 757 36.78 

Other / Missing 373 18.12 
Total 2058 100 

Diabetes  Normal 1512 73.47 
Prediabetes 154 7.48 

Diabetes 392 19.05 
Total 2058 100 

SII categories  Normal 670 32.55 
Abnormal 1388 67.45 

Total 2058 100 
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statuses. Reinfection was reported in 14.19% (n=292) of 
participants, with the majority (85.81%, n=1,766) experi-
encing no reinfection (Table 1). Chest CT scan results, 
available for 2,039 participants, revealed varying degrees 
of lung involvement: 12.10% (n=249) had no lung in-
volvement, 58.02% (n=1,194) had up to 25% lung in-
volvement, 18.85% (n=388) had up to 50% involvement, 
and 11.03% (n=227) had greater than 50% lung involve-
ment. Intubation was performed in 5.88% (n=121) of par-
ticipants, while 94.12% (n=1,938) did not require endotra-
cheal tubing. Vaccination status showed that 45.09% 
(n=928) were unvaccinated, 36.78% (n=757) were vac-
cinated, and 18.12% (n=373) had missing or other vac-
cination statuses (Table 1).  

 
Laboratory and Clinical Variables 
Table 2 presents descriptive statistics for laboratory and 

clinical variables. The mean fasting blood sugar level was 
98.9 mg/dL (SD, 1.39; 95% CI, 96.2-101.6). Hematologi-
cal parameters included a mean hemoglobin level of 13.01 
g/dL (SD, 9.0; 95% CI, 12.82-13.19), total white blood 
cell count of 13,050.7 cells/µL (SD, 1947.4; 95% CI, 
9227.3-16,874.2), lymphocyte level of 2498.1 cells/µL 
(SD, 481.5; 95% CI, 1552.7-3443.5), and neutrophil level 
of 10,706.9 cells/µL (SD, 1475.09; 95% CI, 7810.9-
13,602.9) (Table 2). Inflammatory markers included a 
mean erythrocyte sedimentation rate (ESR) of 27.554 
mm/h (SD, 0.513; 95% CI, 26.547-28.560) and lactate 
dehydrogenase (LDH) level of 709.5 U/L (SD, 13.01; 
95% CI, 683.9-735.07). Liver function tests showed mean 
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) levels of 31.8 U/L (SD, 11.0; 95% CI, 30.24-
33.4) and 26.7 U/L (SD, 7.65; 95% CI, 25.4-28.1), respec-
tively. The mean serum creatinine level was 1.34 mg/dL 
(SD, 4.0; 95% CI, 1.25-1.42), and the mean length of hos-
pital stay was 3.58 days (SD, 11.0; 95% CI, 3.35-3.81) 
(Table 2). 

 
Comparison of Laboratory Variables Across Glycemic 

Status 
Table 3 presents comparisons of laboratory variables 

among diabetes, prediabetes, and normoglycemic groups 

using ANOVA and post-hoc tests. Significant differences 
were observed for WBC, neutrophil, platelet, and ESR 
levels (all P<0.01), with a trend toward significance for 
SII (P=0.069). No significant differences were found for 
ALT (P=0.329) or AST (P=0.243). The diabetes group 
exhibited markedly higher mean WBC levels (23,076.61 
cells/µL; SD, 2966.51) compared to the normoglycemic 
(8893.07 cells/µL; SD, 1089.60) and prediabetes (7926.39 
cells/µL; SD, 4739.58) groups (F=10.41, P=0.001). Post-
hoc tests confirmed significant differences between diabe-
tes and normoglycemic groups (mean difference, 
14,183.54 cells/µL; P=0.001) and diabetes and prediabe-
tes groups (mean difference, 15,150.22 cells/µL; 
P=0.019), but not between normoglycemic and prediabe-
tes groups (P=0.978). Neutrophil levels followed a similar 
pattern, with the diabetes group showing a higher mean 
(18,316.99 cells/µL; SD, 2257.69) than the normoglyce-
mic (7535.35 cells/µL; SD, 834.87) and prediabetes 
(7104.75 cells/µL; SD, 3592.83) groups (F=2.91, 
P=0.001). Post-hoc comparisons indicated significant dif-
ferences between diabetes and normoglycemic (mean dif-
ference, 10,781.64 cells/µL; P=0.001) and diabetes and 
prediabetes (mean difference, 11,212.25 cells/µL; 
P=0.008) groups, with a modest difference between 
normoglycemic and prediabetes groups (mean difference, 
-430.61 cells/µL; P=0.033) (Table 3). 

Platelet levels were significantly higher in the diabetes 
group (218,392.01 cells/µL; SD, 8605.01) compared to 
the normoglycemic (181,547.4 cells/µL; SD, 3324.40) and 
prediabetes (182,932.80 cells/µL; SD, 14,176.82) groups 
(F=8.92, P=0.003). Post-hoc tests showed a significant 
difference between diabetes and normoglycemic groups 
(mean difference, 36,844.56 cells/µL; P=0.001), but not 
between diabetes and prediabetes (P=0.924) or normogly-
cemic and prediabetes (P=0.672) groups. ESR was also 
elevated in the diabetes group (34.39 mm/h; SD, 2.89) 
compared to the normoglycemic (26.00 mm/h; SD, 5.19) 
and prediabetes (32.74 mm/h; SD, 4.66) groups (F=15.04, 
P=0.001). Post-hoc analyses confirmed significant differ-
ences between diabetes and normoglycemic (mean differ-
ence, 8.39 mm/h; P=0.001) and normoglycemic and pre-
diabetes (mean difference, 6.74 mm/h; P=0.009) groups, 

 
Table 2. Descriptive Statistics and 95% Confidence Intervals for Laboratory and Clinical Variables 
Variable Mean ± SD 95% Confidence Interval 
Age 60.72 ± 27.0 59.4 - 62.04 
Arterial Oxygen Saturation Level 34.0 ± 17.0 29.0 - 36.0 
Length of Hospital Stay 3.58 ± 11.0 3.35 - 3.81 
Hemoglobin 13.01 ± 9.0 12.82 - 13.19 
Red Blood Cell Volume 85.7 ± 3.0 85.18 - 86.3 
Hemoglobin per Red Blood Cell 28.8 ± 13.0 28.5 - 29.08 
Lactate Dehydrogenase (LDH) Level 709.5 ± 13.01 683.9 - 735.07 
Serum Creatinine Level 1.34 ± 04.0 1.25 - 1.42 
Fasting Blood Sugar 98.9 ± 1.39 96.2 - 101.6 
Alanine Aminotransferase (ALT) Level  31.8 ± 11.0 30.24 - 33.4 
Aspartate Aminotransferase (AST) Level  26.7 ± 7.65 25.4 - 28.1 
Total White Blood Cell Count 13,050.7 ± 1,947.4 9,227.3 – 16,874.2 
Lymphocyte Level 2,498.1 ± 481.5 1,552.7 – 3,443.5 
Neutrophil Level 10,706.9 ± 1,475.09 7,810.9 – 1,360.9 
Platelet Level 21,6517.4 ± 4,362.8 20,7951.8 – 25,083 
Erythrocyte Sedimentation Rate (ESR) 27.554 ± 0.513 26.547 - 28.560 
SII level  483.03 ± 101.20 429.18 – 301.90 
 

 
Table 4. Linear Regression Model Results 
Predictor Coefficient (β) Std. Error P-value 95% Confidence Interval Model results 
SII 0.0180 0.0071 0.011 0.0041 to 0.0319 F (6, 1499): 5.19 

Prob > F: 0.0000 
R-squared: 0.0204 

Adj R-squared: 0.0164 
 

NLR 0.0254 0.2226 0.909 -0.4112 to 0.4620 
PLR 0.0217 0.0088 0.014 0.0045 to 0.0389 
Neutrophils 0.0012 0.0013 0.346 -0.0013 to 0.0037 
Lymphocytes 0.0013 0.0013 0.322 -0.0012 to 0.0038 
WBC -0.0011 0.0013 0.367 -0.0036 to 0.0013 
Constant 90.6406 1.5315 <0.001 87.6365 to 93.6448 
SII: Systemic Immune-Inflammation Index, NLR: Neutrophil-to-Lymphocyte Ratio, PLR: Platelet-to-Lymphocyte Ratio, Adjusted Coefficients (Age and Gender) 
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but not between diabetes and prediabetes (P=0.579) (Ta-
ble 3). 

For SII, the normoglycemic group had a higher mean 
(303.78; SD, 8.10) than the diabetes (254.13; SD, 22.06) 
and prediabetes (264.13; SD, 35.29) groups, though the 
difference was not statistically significant (F=2.67, 
P=0.069). Post-hoc tests showed a trend toward a differ-
ence between diabetes and normoglycemic groups (mean 
difference, -49.66; P=0.088), but no differences between 
diabetes and prediabetes (P=0.962) or normoglycemic and 
prediabetes (P=0.517) groups. Fasting blood sugar levels, 
as reported in Table 2, were not compared in Table 3 but 
showed a gradient across groups in descriptive analyses: 
diabetes (125.6 mg/dL; SD, 2.1), prediabetes (108.3 
mg/dL; SD, 1.7), and normoglycemic (92.4 mg/dL; SD, 
1.2) (Table 3). 

 
Linear Regression Results 
Table 4 presents the results of the linear regression 

model assessing the association between inflammatory 
markers and glycemic levels, adjusted for age and sex. 
The SII was significantly associated with glycemic levels 
(β=0.0180, 95% CI: 0.0041 to 0.0319, P=0.011), indicat-
ing a positive relationship. Similarly, the PLR also 
showed a statistically significant association (β=0.0217, 
95% CI: 0.0045 to 0.0389, P=0.014). Although SII and 
PLR showed statistically significant associations with 
glycemic levels, the effect sizes were extremely small. 
The overall model explained only about 2% of the vari-
ance in glycemic levels (R²=0.0204; adjusted R²=0.0164), 
indicating that these inflammatory markers have very lim-

ited explanatory value. Therefore, these findings should be 
interpreted with considerable caution, as the statistical 
significance does not translate into meaningful clinical 
relevance. Additional factors not captured in this model 
likely play a far more substantial role in determining gly-
cemic status. 

 
 
Discussion 
This study examined the link between the SII and the 

development of diabetes and prediabetes two years after 
COVID-19 infection among hospitalized patients in 
Sanandaj. The findings highlight the potential role of sys-
temic inflammation in post-COVID metabolic disorders, 
with elevated inflammatory markers, such as WBC, neu-
trophils, platelets, and ESR, observed in patients who de-
veloped diabetes. These results align with prior evidence 
suggesting that heightened inflammation contributes to 
adverse outcomes in COVID-19 patients, particularly 
those with diabetes (26, 27). Elevated WBC and neutro-
phil counts in the diabetes group suggest a more robust 
inflammatory response, possibly leading to cytokine storm 
activation (28). This inflammatory cascade may exacer-
bate insulin resistance and impair glucose homeostasis, 
ultimately increasing the risk or severity of diabetes (5, 
29, 30). 

Unexpectedly, the lymphocyte count was also higher in 
the diabetes group, contrasting with the typical lymphocy-
topenia seen during the acute phase of COVID-19 (29, 
31). This discrepancy may relate to the timing of blood 
sampling, as samples could have been collected during 

Table 3. Comparison of Laboratory Variables Among Diabetes, Prediabetes, and Healthy Groups (Mean ± SD, ANOVA and Post-hoc Results) 
Variable Group Mean ± SD Square 

sum 
F 

Value 
P 

Value 
Post-hoc Comparison Mean Difference ± 

SD 
P 

Value 
ALT Diabetes 29.41 ± 1.53 10.76 1.12 0.329 Diabetes vs Healthy -0.361 ± 1.632 0.244 

Healthy 29.77 ± 5.62 Diabetes vs Prediabetes -3.291 ± 2.889 0.824 
Prediabetes 32.70 ± 2.45 Healthy vs Prediabetes 2.928 ± 2.513 0.490 

AST Diabetes 25.57 ± 1.22 5.38 1.41 0.243 Diabetes vs Healthy 0.63 ± 1.30 0.491 
Healthy 24.94 ± 0.44 Diabetes vs Prediabetes -2.64 ± 2.29 0.484 

Prediabetes 28.22 ± 1.94 Healthy vs Prediabetes 3.28 ± 1.99 0.228 
WBC Diabetes 23076.61 ± 2966.51 10.38 10.41 0.001 Diabetes vs Healthy 14183.54 

±3160.29 
0.001 

Healthy 8893.07 ± 1089.60 Diabetes vs Prediabetes 15150.22 ± 
5591.41 

0.019 

Prediabetes 7926.39 ± 4739.58 Healthy vs Prediabetes -966.67 ± 4863.22 0.978 
Lymphocyte  Diabetes 4940.98 ± 1246.47 10.32 10.23 0.001 Diabetes vs Healthy 3123.47 ± 813.43 0.001 

Healthy 1817.50 ± 813.43 Diabetes vs Prediabetes 3651.98 ± 1433.94 0.011 
Prediabetes 1289.01 ± 904.78 Healthy vs Prediabetes -528.51 ± 246.47 0.672 

Neutrophil   Diabetes 18316.99 ± 2257.69 5.98 2.91 0.001 Diabetes vs Healthy 10781.64 ± 
2407.11 

0.001 

Healthy 7535.35 ± 834.87 Diabetes vs Prediabetes 11212.25 ± 
4243.30 

0.008 

Prediabetes 7104.75 ± 3592.83 Healthy vs Prediabetes -430.61 ± 368.56 0.033 
Platelet Diabetes 218392.01 ± 8605.01 10.32 8.92 0.003 Diabetes vs Healthy 36844.56 ± 224.85 0.001 

Healthy 181547.4 ± 3324.40 Diabetes vs Prediabetes 35459.18 ± 583.98 0.924 
Prediabetes 182932.80 ± 

14176.82 
Healthy vs Prediabetes 1385.38 ± 162.49 0.672 

ESR  Diabetes 34.39 ± 2.89 7.32 15.04 0.001 Diabetes vs Healthy 8.39 ± 1.67 0.001 
Healthy 26.00 ± 5.19 Diabetes vs Prediabetes 2.97 ± 1.65 0.579 

Prediabetes 32.74 ± 4.66 Healthy vs Prediabetes 6.74 ± 2.59 0.009 
SII  Diabetes 254.13 ± 22.06 6.93 2.67 0.069 Diabetes vs Healthy -49.66 ± 13.22 0.088 

Healthy 303.78 ± 8.10 Diabetes vs Prediabetes -10.00 ± 13.92 0.962 
Prediabetes 264.13 ± 35.29 Healthy vs Prediabetes -39.65 ± 28.44 0.517 
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recovery or after the use of immunomodulatory therapies 
(e.g., corticosteroids). Previous studies have shown that 
while lymphocytopenia is common during the acute 
phase, lymphocyte counts may normalize or even rise 
during recovery (32). Further investigation into the timing 
of sampling and the treatment history is necessary to con-
firm this observation. ESR, as a non-specific marker of 
inflammation, was also significantly higher in the predia-
betes and diabetes groups compared to the normal group. 
This aligns with the concept of chronic low-grade in-
flammation in both conditions (12, 29, 33). Combined 
with other markers like CRP, ESR may help identify indi-
viduals at risk of metabolic complications. However, the 
absence of CRP data in this study is a limitation, as CRP 
has been previously reported as a key mediator in the link 
between inflammation and diabetes (1, 28, 29, 32).  

This study aimed to examine the association between 
the SII and FBS levels two years after COVID-19. Linear 
regression analysis revealed a statistically significant but 
weak positive association between SII and FBS. Contrary 
to expectations, other inflammatory markers, including 
NLR, WBC, neutrophils, and lymphocytes, were not sig-
nificantly associated with glycemic levels. Interestingly, 
the mean SII was slightly lower in participants with diabe-
tes compared to normoglycemic individuals, although this 
difference was not significant after adjustment. These 
findings differ from previous studies that reported stronger 
associations between SII and COVID-19-related metabol-
ic outcomes. Possible explanations include the generally 
normal SII levels in the study population, the timing of 
biomarker assessment after the acute inflammatory phase, 
limited variability in FBS values, and potential confound-
ing by medications, disease severity, or comorbidities. 
Further prospective studies with larger and more diverse 
cohorts are needed to clarify the clinical relevance of SII 
in post-COVID metabolic risk stratification (22, 26, 34-
37).  

No significant differences in ALT and AST levels were 
observed between the normal, prediabetic, and diabetic 
groups. These results are consistent with prior reports 
suggesting that liver enzyme levels in COVID-19 patients 
are generally within normal or mildly elevated ranges and 
do not indicate acute liver injury. Some studies have also 
reported mild elevations in liver enzymes in COVID-19 
patients, consistent with our findings (5, 38, 39). The lack 
of difference across diabetic statuses may reflect moderate 
disease severity or the absence of underlying liver disease 
in the study population. Nonetheless, long-term monitor-
ing of liver function is recommended for at-risk patients 
(e.g., those with diabetes or hepatotoxic medication expo-
sure). Serum creatinine levels (mean: 1.34 mg/dL) were 
within the normal range but approached the upper limit, 
supporting the recommendation for close renal function 
monitoring in patients with prolonged hospitalization or 
comorbidities. COVID-19 may impair kidney function via 
systemic inflammation or direct renal damage. Fasting 
blood sugar (FBS) averaged 98.9 mg/dL, also within nor-
mal limits but near the threshold for prediabetes, possibly 
indicating patients at risk of glycemic progression.  

This study has various strengths. The large cohort 

(n=2060) from Kowsar Hospital in Sanandaj provides 
reliable data on post-COVID-19 metabolic outcomes, im-
proving generalizability across similar populations. A 
comprehensive examination of inflammatory markers 
(WBC, neutrophils, platelets, and ESR) in conjunction 
with SII allowed for a detailed investigation of the role of 
systemic inflammation in diabetes and prediabetes.  

There are several limitations to consider. The retrospec-
tive design may introduce selection bias, limiting causal 
inference. The small prediabetes sample (n=154) possibly 
lowered the statistical power to identify the link between 
SII and prediabetes. Inconsistent SII measurements across 
analyses (e.g., mean=1280.97 vs. <390) may indicate 
methodological or reporting differences, complicating 
interpretation. Uncontrolled variables, such as corticoster-
oid use, obesity, or illness severity, could have affected 
inflammatory marker levels. The lack of CRP data and 
imprecise sampling schedule (acute vs. recovery period) 
further limits complete inflammatory study. These varia-
bles underline the importance of exercising caution when 
interpreting findings.  

 
Conclusion 
This study underscores a potential link between system-

ic inflammation, reflected in elevated WBC, neutrophils, 
platelets, and ESR, and increased diabetes risk two years 
after COVID-19. While the SII demonstrated a statistical-
ly significant association with fasting blood glucose, its 
predictive strength was limited. These findings support 
routine monitoring of inflammatory and glycemic markers 
in COVID-19 survivors, particularly those with underly-
ing metabolic risk factors. Future prospective studies with 
larger, standardized cohorts and broader biomarker panels 
(e.g., C-reactive protein) are needed to better define the 
prognostic value of SII and guide strategies for preventing 
post-COVID-19 metabolic complications. 
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