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Abstract

The COVID-19 pandemic, driven by SARS-CoV-2, has challenged global healthcare systems,
necessitating exploration of adjunctive therapies to mitigate severe outcomes. This
retrospective cross-sectional study, conducted at Shahid Sadoughi Hospital in Yazd, Iran,
from 2020 to 2021, compared clinical outcomes in 200 patients with COVID-19, divided
evenly between those receiving pentoxifylline (a phosphodiesterase inhibitor with anti-
inflammatory properties) in addition to standard treatment and those receiving standard
therapy alone (the control group). The outcomes assessed in the study included mortality rates,
hospital stay duration, ICU admissions, and inflammatory markers (CRP, LDH, ESR, WBC,
and lymphocyte percentage). The group treated with pentoxifylline experienced significantly
higher mortality rates, with 30% compared to 11% in the control group (P < 0.05).
Additionally, the average hospital stay was longer in the pentoxifylline recipient group (14.74
+ 8.645 days) than in the control group (6.29 *+ 4.048 days; P < 0.05). There was also an
increased rate of ICU admissions, with 30% in the pentoxifylline recipient group versus 6%
in the control group (P < 0.05). Furthermore, elevated CRP and LDH levels and lymphopenia
were associated with worse outcomes in the pentoxifylline recipient group (P<0.05). These
findings contrast with prior studies suggesting that pentoxifylline may reduce inflammation
and improve outcomes, highlighting the need for randomized controlled trials to clarify its
role in COVID-19 management.
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Introduction

The novel coronavirus, SARS-CoV-2, emerged in
December 2019 in Wuhan, China, and was declared
a global pandemic by the World Health Organization
(WHO) on March 11, 2020 (1, 2). As a beta-
coronavirus, SARS-CoV-2 causes a spectrum of
clinical manifestations, from  asymptomatic
infections to severe acute respiratory distress
syndrome (ARDS), multi-organ failure, and death (3-
5). Severe cases often involve dysregulated
inflammation, cytokine storm, hypercoagulability,
myocardial injury, and thromboembolic
complications. Despite the global vaccination rollout,
no definitive antiviral agent has been identified to
eliminate severe disease, prompting ongoing interest
in repurposed drugs with anti-inflammatory or
immunomodulatory effects. Pentoxifylline, a non-
selective phosphodiesterase inhibitor, has shown
promise in reducing pro-inflammatory cytokines,
including TNF-a, IL-1, and IL-6. It also inhibits
platelet aggregation and improves microcirculatory
flow.  These characteristics  suggest that
pentoxifylline could help mitigate the inflammatory
and thrombotic complications associated with
COVID-19 (6-8). However, studies have reported
mixed results: some indicate reduced inflammation
and improved outcomes, while others have found no
significant benefit (6, 7, 9). Furthermore, systematic
evaluations have proposed pentoxifylline as a
potential  adjunct  therapy  due to its
immunomodulatory and anti-fibrotic mechanisms
(10). However, contemporary clinical findings
remain inconsistent: some researchers report

improved oxygenation and reduced inflammatory

markers (11). Despite theoretical benefits, real-world
clinical evidence on pentoxifylline remains limited
and inconsistent, particularly in hospitalized
populations.

This study, conducted at Shahid Sadoughi Hospital in
Yazd, Iran, from 2020 to 2021, aimed to compare
outcomes in COVID-19 patients treated with
pentoxifylline in combination with standard
treatment versus those receiving standard therapy
alone (control). The primary objective was to assess
the impact on mortality, hospital length of stay, ICU
admission rates, and inflammatory markers.
Additionally, the secondary objectives included
evaluating the effects of age, gender, and specific
inflammatory parameters (such as CRP, LDH, ESR,

WBC, and lymphopenia) on these outcomes.

Methods

Study Design

This retrospective cohort study was conducted in
2022 and analyzed data from COVID-19 patients
admitted to Shahid Sadoughi Hospital between 2020
and 2021. The patients were divided into two groups:
one group received pentoxifylline (400 mg orally
three times daily) in addition to standard treatment,
while the control group received only standard
treatment

Study Population

The study involved 200 adult patients with RT-PCR-
confirmed SARS-CoV-2 infection, divided into two
groups of 100 each. The inclusion criteria consisted of
all hospitalized COVID-19 patients from 2020 to 2021
who received either pentoxifylline in addition to

standard treatment or standard treatment alone. Patients
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under 18 years of age, those with incomplete medical
records, or those missing data on key variables (such as
inflammatory markers) were excluded from the study.
Data Collection

Data were extracted from hospital records, including
demographic variables (age and gender), clinical
outcomes (mortality, hospital stay duration, and ICU
admissions), and laboratory parameters (CRP, LDH,
ESR, WBC, and lymphocyte percentage). Standard
treatment was administered according to the guidelines
of Iran’s Ministry of Health (version 8). This treatment
included symptomatic therapies (e.g., acetaminophen,
naproxen), antivirals (e.g., remdesivir, favipiravir),
corticosteroids, and anticoagulants (e.g., heparin),
tailored to the severity of the diseases (10, 12-15).
Statistical Analysis

The data were analyzed using SPSS version 25.
Descriptive  statistics, including  frequencies,
percentages, means, and standard deviations, were
utilized to summarize the demographic and clinical
characteristics. Continuous variables were compared
using independent t-tests, while categorical variables
were analyzed with chi-square tests. A P-value of less
than 0.05 was deemed statistically significant.
Ethical Considerations

The study received approval from the Ethics Committee
of Shahid Sadoughi University of Medical Sciences
(IR.SSU.MEDICINE.REC.1402.043). Patient data

were anonymized to maintain confidentiality.

Results
Demographic Characteristics
The study included 200 patients, with 100 in each

group. Table 1 summarizes the gender distribution.

Gender Distribution across Study Groups

Treatment Sex |Frequency Percentage| P-Value
Male 64%
Pentoxifylline treatment|
Female 36%
> 0.05
Male 60%
Standard treatment
Female 40%

In the pentoxifylline recipient group, 36 females
(36%) and 64 males (64%) were included. In the
control group, 40 females (40%) and 60 males (60%)
were included. The distribution of gender between
the two groups was not statistically different (y*> =
0.34, d.f. = 1, P = 0.56), suggesting that sex did not
affect treatment outcomes (P > 0.05). The mean age
of participants in the pentoxifylline recipient group
was 59.41 + 13.41 years, while in the control group,
it was 55.70 + 16.82 years. Based on Table 2 age was
found to be significantly associated with outcomes (P

<0.05).
Mean Age of Participants by Treatment Group

Group Mean age + SD p-value

Pentoxifylline 59.41 +13.41 <0.05

Standard treatment 55.70 + 16.82

Inflammatory Markers

C-Reactive Protein (CRP): In the pentoxifylline
recipient group, CRP was measured in 93 patients: 24
had negative CRP, 23 had CRP 1+, 30 had CRP 2+, 15
had CRP 3+, and 1 had CRP 4+. In the control group,
87 patients had CRP measured: 16 had a negative
CRP, 16 had a CRP level of 1+, 29 had a CRP level of
2+, and 26 had a CRP level of 3+. (P<0.05) (Table 3).
Lactate Dehydrogenase (LDH): The mean LDH was
839.95 + 30.427 IU/L in the pentoxifylline recipient
group and 658.74 +198.779 IU/L in the control group
(P<0.05).
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CRP Frequency by Treatment Group

Group CRP Level|Frequency|Percentage Frequency|p-value

0 24 25.8%
1 23 24.7%

Pentoxifylline 2 30 32.2% 0.001
3 15 16.1%
4 1 1.0%
0 16 18.3%
1 16 18.3%

tsrglfnirr?t 2 29 33.3% 0.001
3 26 27.9%
4 0 0.0%

Erythrocyte Sedimentation Rate (ESR): The mean
ESR was 45.67 £+ 25.746 mm/h in the pentoxifylline
recipient group and 46.28 + 27.051 mm/h in the
control group (P>0.05).

White Blood Cell Count (WBC): The mean WBC
was 7534.7 + 3735.97 cells/uL in the pentoxifylline
recipient group and 6845.5 + 3922.91 cells/uL in the
control group (P>0.05).

Lymphocyte Percentage: According to Table 4 the
mean lymphocyte percentage was 14.3485 =+
8.15744% in the pentoxifylline recipient group and
20.7586 £ 11.12858% in the control group (P<0.05).

Comparison of Parameters Between Treatment Groups

Standard treatment
(control) P-
value

Pentoxifylline +
Parameter |Standard (Mean

+35D) (Mean * SD)

LDH (IU/L) | 839.95+30.43 658.74 +198.78

Clinical Outcomes

Hospital Stay Duration: The pentoxifylline recipient
group had a mean hospital stay of 14.74 + 8.645 days,
significantly longer than the control group’s 6.29 +
4.048 days (P<0.05).

ICU Admission: Thirty patients (30%) in the
pentoxifylline recipient group required ICU
admission, compared to 6 (6%) in the control group
(P<0.05).

Mortality: Mortality was significantly higher in the
pentoxifylline recipient group (30% vs. 11%, P<0.05)
(Table 5).

Clinical Outcomes

Pentoxifylline + Standard treatment
Outcome P-value
Standard only
Hospital 14.74 + 8.645 6.29 + 4.048
Stay (days)
ICU
Admission 30 (30%) 6 (6%) <0.05
(n, %)
Mortality 30 (30%) 11 (11%)
(n, %)
Discussion

This study presents a detailed comparison of
outcomes for COVID-19 patients treated with
pentoxifylline in addition to standard treatment
versus those receiving standard therapy alone (the
control  group). Contrary to  expectations,
pentoxifylline use was associated with poorer
outcomes, including higher mortality (30% versus

11%), longer hospital stays (14.74 days versus 6.29

ESR (mm/h)| 45.67 +25.75 46.28 + 27.05
WEe 005 days), and increased ICU admissions (30% versus
(cellsiL) | 72347 373597 08455 3922.91 6%). Additionally, elevated levels of CRP, LDH, and
Lym(poz;)cyte 1434 +8.15 2075 + 11.12 instances of lymphopenia were significantly linked to
worse outcomes in the pentoxifylline recipient group.
These findings challenge the hypothesis that
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pentoxifylline's anti-inflammatory properties would
improve patient prognosis. Prior studies have
suggested that pentoxifylline may reduce the severity
of COVID-19 (16). Hendry et al. (2020) proposed
pentoxifylline as a safe and affordable modulator of
cytokines (17). Wall et al. (2021) reported a reduction
in C-reactive protein (CRP) levels and a slightly
lower mortality rate (24% in the pentoxifylline
recipient group) (13).

In contrast, our study found higher mortality rates and
worse inflammatory profiles among those treated
with pentoxifylline. This may be attributed to the fact
that pentoxifylline was administered to patients with
more severe disease at baseline. Feret et al. (2021)
observed increased lymphocyte counts and reduced
lactate dehydrogenase (LDH) levels following
pentoxifylline treatment; however, there was no
significant impact on mortality or intubation rates.
Their findings partially align with ours, but there are
notable differences in clinical outcomes (15).
Pentoxifylline’s mechanisms include elevating cyclic
AMP, reducing pro-inflammatory cytokines, and
improving microcirculatory flow (18). These
properties should, in theory, mitigate cytokine storms
and thrombotic complications (15). However, our
data suggest that these benefits may not translate in
severe cases, where inflammatory cascades are
advanced. The higher LDH and lymphopenia in the
pentoxifylline recipient group may reflect greater
disease severity rather than a direct drug effect (19).
The renin-angiotensin-aldosterone system (RAS)
hypothesis, where  pentoxifylline  modulates
angiotensin Il receptors to reduce lung injury (17),

was not supported, consistent with studies showing

no increased severity in patients on ACE inhibitors
(20-23). The higher mortality and ICU admission
rates in the pentoxifylline recipient group caution
against its routine use in COVID-19 without further
evidence (13, 24). The drug’s anti-inflammatory
effects may be insufficient in severe cases, and its
administration to sicker patients could explain the
observed outcomes (15, 23, 25). The more extended
hospital stays may reflect delayed recovery or
complications in this group.

Furthermore, recent mechanistic reviews suggest that
although pentoxifylline may theoretically attenuate
cytokine storm, its clinical effectiveness may depend
heavily on timing, disease stage, and underlying
comorbidities (24, 26). The retrospective design
limits causality inferences. The retrospective design
of this study limits the ability to infer causality, as
treatment allocation and patient characteristics were
not randomized. Furthermore, the sample size of 200
patients may limit statistical power and the
generalizability of the findings to broader
populations (26, 27). The presence of incomplete
records and missing data (e.g., IL-6 and ferritin
measurements) could introduce bias, particularly if
the missingness is not random and differs
systematically between patient groups (16, 28).
Additionally, baseline differences in disease severity
may have influenced the results, as the pentoxifylline
recipient group might have included patients with
more severe disease. Furthermore, the lack of long-
term  follow-up and evaluation of other
complications, such as long COVID, limits the

study's scope.
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Conclusions

This study found that pentoxifylline, when used
alongside standard treatment, was associated with
higher mortality rates, longer hospital stays, and
increased admissions to the ICU among COVID-19
patients at Shahid Sadoughi Hospital. Elevated levels
of CRP and LDH, along with lymphopenia, were
significantly linked to worse outcomes in the
pentoxifylline recipient group. These findings
contrast with previous studies and highlight the need
for randomized controlled trials to clarify the role of

pentoxifylline in the management of COVID-109.
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