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ABSTRACT

Dengue infection is a major global health threat, often manifesting as thrombocytopenia. While Carica papaya is traditionally used to enhance
platelet counts, synthesized clinical evidence regarding its efficacy remains limited. This study evaluated the effectiveness of Carica papaya leaf
extract (CPLE) on platelet count recovery in adult dengue patients. Following PRISMA 2020 guidelines, a systematic literature search was
conducted across two databases (PubMed and Google Scholar) to identify randomized controlled trials (RCTs) published between 2012 and 2024.
Risk of bias was assessed using Cochrane RoB 2, and data were analyzed in R Studio using a random-effects model. Four RCTs involving 279
adult participants were included. The meta-analysis demonstrated that CPLE significantly increased platelet counts compared to controls, with a
pooled mean difference of 14.34 x 103/l (95% Cl: 5.90 to 22.77; p = 0.0124 for overall effect). Statistical heterogeneity was low-to-moderate (12
= 27.0%), indicating a generally consistent therapeutic direction. In conclusion, CPLE serves as a viable adjunctive therapy for accelerating platelet
recovery in adult dengue patients. However, given the sensitivity of the pooled estimates to specific highly weighted trials, future large-scale,
rigorously blinded RCTs are needed to solidify these findings and confidently support their integration into clinical management protocols.
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INTRODUCTION

With an estimated 100-400 million infections annually, dengue fever (DF) poses a severe global health and socio-economic burden [1,2]. The
clinical spectrum ranges from a self-limiting febrile illness to severe forms like Dengue Shock Syndrome (DSS) and Dengue Hemorrhagic Fever
(DHF) [3], driven by viral NS1 protein interactions causing systemic plasma leakage [4,5]. A hallmark of this infection is thrombocytopenia
(<150,000/uL) [6], resulting from a complex interplay between immune-mediated peripheral destruction and bone marrow malfunction [7,8].
Because severe thrombocytopenia significantly increases the risk of spontaneous bleeding [9], current global clinical guidelines prioritize fluid
resuscitation and evidence-based symptom control [10].

To complement conventional treatments, the integration of traditional medicines is increasingly recognized as a viable approach in national
healthcare optimizations [11,12]. Carica papaya leaf extract (CPLE) is a prominent example; its utility is deeply rooted in regional
ethnopharmacopoeia, such as the Balinese Usada Taru Pramana, which historically identifies its pharmacological potential [13,14]. Transitioning
from traditional preparations to modern standardized extracts, CPLE has emerged as a practical adjunctive treatment to accelerate platelet
recovery [15-18]. Supported by rigorous toxicological safety evaluations [19] , its bioactive compounds, such as carpaine and quercetin, have
been shown to upregulate ALOX12 and PTAFR genes, triggering megakaryocyte differentiation and platelet formation [20,21].

Despite multiple pilot studies and randomized controlled trials (RCTs) demonstrating that CPLE significantly improves platelet counts and
reduces hospital stays [22,23], methodological variability has yielded mixed conclusions in the broader literature. This uncertainty is critical given
that conventional interventions, such as prophylactic platelet transfusions, frequently fail to enhance clinical outcomes and carry inherent risks
[9,24,25]. Consequently, a rigorous quantitative synthesis is urgently needed to establish clinical consensus [26)].

This systematic review and meta-analysis of RCTs aims to conclusively evaluate the efficacy of CPLE on platelet recovery in dengue patients,
clarifying the robustness of available clinical evidence and informing future management protocols.

METHODS

Study design & eligibility criteria (PICOS framework)

This study employed a systematic review and meta-analysis design focusing on randomized controlled trials (RCTs). To guarantee
reproducibility and transparency, the methodology adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 declaration [27]. The protocol for this review was not registered in PROSPERO. The primary focus of the study protocol was the clinical
outcomes of administering Carica papaya leaf extract (CPLE) to patients with dengue fever. Studies were screened and selected based on
predefined inclusion criteria framed by the PICOS (Population, Intervention, Comparison, Outcome, Study design) parameters, restricted to
English and Indonesian publications.

Table 1. PICOS Framework

Question Application of the criteria
P Patients diagnosed with dengue fever including dengue hemoragic fever regardless of age or sex

Administration of Carica papaya leaf extract in any pharmaceutical formulation (liquid extract, tincture, or capsule)
Placebo or standard therapy witout Carica papaya leaf extract

Primary outcome: Platelet count x 103/uL, reported as mean * standard deviation at the study-defined endpoint
Randomized Controlled Trial (RCT)

nwoo|—
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Search strategy and information sources

A comprehensive systematic literature search was performed across two primary electronic databases: PubMed and Google Scholar, from
inception up to March 2026. To maximize retrieval, different search strings were optimized for each database to accommodate their specific
indexing and search algorithms. For PubMed, an optimized Boolean search string using MeSH terms and publication types was utilized: ("Carica
papaya" OR "papaya leaf extract' OR CPLE) AND (dengue OR "dengue fever" OR "dengue hemorrhagic fever") AND (randomized OR randomised
OR RCT OR trial) AND (platelet OR thrombocytopenia).

For Google Scholar, a specific keyword-based string ("Carica papaya leaf extract" dengue randomize) was applied to capture gray literature
and journals not indexed in PubMed. Due to the search engine's algorithm returning an unmanageable volume of broadly related documents, the
Google Scholar search was purposefully restricted to the first 200 relevance-ranked hits. This is a recognized methodological practice to efficiently
capture the most pertinent gray literature without compromising search feasibility.

Data extraction and management

Data extraction began with screening titles and abstracts. After all databases were screened, a full-text assessment was performed. The
extracted data was entered into an extraction table, which included study characteristics (authors, year, country), participant demographics
(sample size, age, baseline platelet count), intervention details (formulation, duration), and clinical outcomes (mean platelet count and SD at the
endpoint).

Risk of bias assessment

The Cochrane Risk of Bias tool for randomized controlled trials (RoB 2) was used to evaluate the methodological quality of the included RCTs.
There are 5 domains that are assessed: Bias arising from the randomization process, deviations from intended interventions, missing outcome
data, measurement of the outcome, selection of the reported result. Discrepancies were resolved through consensus or consultation with a third
reviewer.

Statistical analysis

Statistical synthesis was carried out using a random-effects model to account for clinical and methodological heterogeneity. Between-study
variance (tau2) was calculated using the Restricted Maximum Likelihood (REML) estimator, and the Hartung-Knapp adjustment was used to
control for type 1 error, ensuring conservative 95% confidence intervals (Cls). All outcomes are reported as mean platelet counts (cells/mm?3) and
pooled as mean differences. Heterogeneity was quantified using the 12 statistic (with >50% indicating substantial heterogeneity) and tauz. All
analyses, including forest plots and sensitivity analyses, were performed using R version 5.4.2 (‘meta’ and 'metafor' packages).

RESULTS

Study selection
A systematic data search was used to identify an initial 263 records. Four randomized controlled trials (RCTs) were selected for inclusion in the
quantitative synthesis after thorough text evaluation and abstract screening. The PRISMA flowchart (Figure 1) shows the complete selection process.

Identification of new studies via databases and registers Identification of new studies via other methods

.5 Records identified from:
‘g Databases (n = 263): Records removed before screening: Records identified from:
:‘é PubMed (n = 63) Duplicate records (n = 20) Citation searching (n = 1)
g Google Schoolar (n = 200)
\
Records screened Records excluded
(n=241) (n = 226)
\J
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
i (n=15) > (n=0) (n=1) > (n=0)
§
o
)
Reports excluded:
Reports assessed for eligibility Not Original Research (n = 6) Reports assessed for eligibility Reports excluded:
(n=15) Incomect Study Design (n = 4) (n=1) (n=0)
Irrelevant Outcome (n = 2)
New studies included in review
3 (n=3
2 Reports of new included studies m
£ (n=1)

Figure 1. PRISMA 2020 flowchart [28]
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Study characteristics

A total of 279 people participated in the four randomized controlled trials (RCTs). The pharmaceutical formulations and geographic locations
differed, according to the study. Table 1 summarizes detailed characteristics of the studies, including dosage and baseline demographics.

Table 1. Study characteristics

Authors, year |Country  |Sample |Age Baseline platelet | Formulation Dosage Duration Mean platelet
size count (x103/pL) count (x103/pL)
Singhetal., |India 50 <20to 112.52 Homeopathy |10 drops Not specifically Treatment:
2023 [16] >40 years Carica papaya |dissolved in |stated in number |217.25 +57.89
mother tincture |water, 3 times | of days Control:
a day 174.48 £ 69.01
Yunitaetal., [Indonesia |80 15-55 |Treatment: Carica papaya |2 Capsule 3to 5 days (based | Treatment:
2012 [15] years 98.33+38.72 leaf extract (550 mg of length of stay) |133.88 + 33.96
Control: capsule each), 3 times Control:
100.10 + 28.98 a day 117.48 £ 24.55
Kaspa & India 30 18-60 |Treatment: Carica papaya |1100 mg (not |5 days Treatment:
Govindu, years 38.87 £5.29 leaf extract specified) 96.13£7.74
2020 [17] Control tablet Control:
39.73 +4.38 81.40 + 6.62
Hettige et al. |SriLanka |119 18-60 |Treatment: Carica papaya |20 mlgiven |Based of length of | Treatment:
2020 [18] years 105.09 £41.70 |leaf pure each 12 stay (average 67.47 + 33.39
Control: extract hours (2 length of Control:
107.37 £ 45,57  |dissolved in times a day) |intervention stay |60.96 + 33.74
water 3.69 days)

In conjuction with these characteristic, the methodological quality of the four RCTs was evaluated using the Cochrane RoB 2 tool. Overall the
assesment identified “some concerns” across all studies.

Risk of bias domains
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D5: Bias due to selection of reported result.

Figure 2. Cochrane risk of bias 2 tool summary
Quantitative synthesis

Treatment Group
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Mean Difference

Mean Difference

Low

Some concerns

Study Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Hettige et al. (2020) 67.47 33.3900 43 60.96 33.7400 76 125%  6.51[-6.03; 19.05] RPEE

Kaspa & Govindu (2020) 96.13 7.7400 15 81.40 6.6200 15 74.2% 14.73[9.58; 19.88]

Yunita et al. (2012) 133.88 33.9600 40 117.48 24.5500 40 11.7% 16.40 [ 3.41; 29.39] —h

Singh et al. (2023) 217.25 57.8900 25 174.48 69.0100 25  1.6% 42.77 [7.46; 78.08] _—
Total (95% CI) 123 156 100.0% 14.34 [ 5.90; 22.77] -
Heterogeneity: Tau’ < 0.0001; Chi® = 4.1, df = 3 (P = 0.2500); I = 27.0% 5 . 5'0

Mean Difference of Platelet Count (x10%L)

Figure 3. Forest plot of the random-effect meta-analysis evaluating the effect of CPLE on the platelet count (103/pL). The square size indicates
the weight of each study, and the horizontal line indicates the 95% confidence interval (CI). The pooled mean difference is indicated by the

diamond below it.
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Platelet counts in the CPLE group were statistically significantly higher than those in the control group, according to a pooled quantitative
analysis, performed using a random-effects model with Hartung—Knapp adjustment. According to the meta-analysis, the pooled mean difference
was 14.34 x 103/uL (95% Cl: 5.90 — 22.77; p = 0.0124). There was very little statistical heterogeneity (12 = 27.0%), indicating a high degree of
consistency across trial results, despite differences in dosage form and geographic location. Across each study, the forest plot (Figure 3) showed
a consistent direction of effect favoring the CPLE intervention.

Sensitivity analysis

A leave-one-out sensitivity analysis was conducted to establish the robustness of the pooled estimates and evaluate the influence of individual
studies. While the positive direction of the therapeutic effect remained consistent across all iterations (pooled mean difference ranging from 13.88
to 15.46 x 103/L), the statistical significance was sensitive to the removal of specific trials. Notably, the omission of the study by Kaspa & Govindu
(2020) or Yunita et al. (2012) resulted in a loss of statistical significance, yielding 95% Cls of -18.07 to 47.56 and -3.33 to 31.13, respectively. This
indicates that the overall pooled effect is heavily driven by these specific trials. Conversely, the omission of Singh et al. (2023) completely resolved
the statistical heterogeneity, reducing 12 to 0%, which suggests that this study was the primary source of variance within the meta-analysis.

Study P-value Tau2  Tau 2 MD 95%-Cl Leave-One-Out Meta-Analysis

Onmitting Hettige et al. (2020) 0.0282 <0.0001 0.0012 16.5% 15.46 [ 4.06; 26.86] ——

Omitting Kaspa & Govindu (2020) 0.1929 47.0774 6.8613 50.3% 14.75 [-18.07; 47.56) -

Omitting Yunita et al. (2012) 00739  3.7405 1.9340 50.0% 13.90 [-3.33;31.13] ——

Omitting Singh et al. (2023) 0.0207 0 0 0% 13.88 [ 5.16;22.60] ——

Total (95% ClI) 0.0124 < 0.0001 0.0018 27.0% 14.34 [ 5.90; 22.77] | | ‘l |
-40  -20 0 20 40

Mean Difference (Omitting 1 Study)

Figure 4. Leave-one-out sensitivity analysis

DISCUSSION

Interpretation of the primary finding

The results of this meta-analysis quantitatively validate the efficacy of CPLE in endemic areas. The pooled analysis demonstrated a statistically
significant mean difference of 14.34 x 10%/uL (p = 0.0124), indicating that CPLE effectively accelerates platelet recovery in adult dengue fever
patients. While the numerical increase may appear modest, its effectiveness as an adjunct therapy is reinforced by the consistent positive direction
of effect across the included trials. Based on previous observations, CPLE effectively influences platelet dynamics within 24 to 48 hours. This
aligns closely with the expected clinical trajectory, where hematological improvement typically begins around the fifth day of illness [18,29,30].

Clinical significance and patient safety

In clinical practice, an accelerated increase in platelet count of approximately 14,000 to 15,000/uL plays a critical role in patient management
during the critical phase of dengue fever. This elevation can prevent platelet counts from dropping below the critical threshold for spontaneous
bleeding (<20,000/uL). By stabilizing platelet levels, CPLE may significantly reduce the dependency on prophylactic platelet transfusions. This is
particularly crucial given recent robust findings by Goh et al. (2024), which highlighted that such transfusions do not consistently yield better clinical
outcomes and may introduce unnecessary risks and healthcare costs [9]. Reducing transfusion dependency minimizes exposure to transfusion-
related adverse effects and allows for more efficient allocation of hospital resources, ultimately reducing patient burden and optimizing bed
occupancy [6,31].

Proposed biological mechanism

The thrombopoietic properties of CPLE are primarily driven by bioactive compounds such as quercetin and carpaine, which upregulate
ALOX12 and PTAFR gene expression. These molecular triggers are critical for megakaryocyte differentiation and subsequent platelet production
[20,21]. The immunomodulatory and antioxidant capacity of these phytochemicals is consistent with the broader pharmacological profile of other
regional medicinal plants (such as Azadirachta indica and Syzygium cumini), which have been similarly documented to control oxidative stress
and improve histopathological structures [32,33]. In the specific context of dengue infection, CPLE complements direct megakaryocyte stimulation
with dual-action anti-inflammatory and antiviral properties. By stabilizing the oxygen endothelium and modulating cytokine production, CPLE
minimizes plasma leakage and immune-mediated platelet destruction, thereby mitigating both the hematological and virological burdens of the
disease [22-24,34-36).

Consistency and generalizability (12 analysis)

A compelling aspect of this meta-analysis is the low-to-moderate overall statistical heterogeneity (12 = 27.0%), suggesting that the
thrombopoietic action of CPLE is a robust biological phenomenon across different geographic locations (Indonesia, India, Sri Lanka) and
formulations (extracts or capsules) [22,25]. However, the leave-one-out sensitivity analysis revealed important nuances regarding the data's
robustness. While the therapeutic direction remained positive, the statistical significance of the pooled effect was heavily driven by the trials
conducted by Kaspa & Govindu (2020) and Yunita et al. (2012); omitting either study resulted in a loss of statistical significance. Conversely, the
omission of Singh et al. (2023) completely resolved the statistical heterogeneity (12 = 0%), indicating that this specific trial was the primary source
of variance within the pooled analysis. These dynamics highlight the need for larger trials to solidify the statistical weight of the current evidence.
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Limitation and risk of bias

Despite the noteworthy results, several limitations must be acknowledged. The overall assessment of "some concerns” using the RoB 2 tool
indicated ambiguities in the reporting of randomization and allocation concealment procedures in the primary studies. While the objective nature
of automated platelet counting minimizes the risk of detection bias (Domain 4), more rigorously documented and double-blinded trials are required
to ensure absolute internal validity. Furthermore, due to the relatively small total sample size (n = 279), conducting robust subgroup analyses
based on dengue severity grades or specific viral serotypes was not feasible.

CONCLUSION

Carica papaya leaf extract (CPLE) significantly accelerates platelet recovery in dengue patients, with consistent positive effects across diverse
study settings. Although sensitivity analyses show that the strongest statistical signals come from a few highly weighted trials, the overall trend;
supported by objective laboratory platelet counts indicates meaningful clinical benefit. Faster hematologic recovery may help prevent progression
to severe hemorrhagic states and reduce reliance on prophylactic transfusions, especially in resource-limited settings. To support formal clinical
adoption, future research should include large, rigorously blinded, multi-center randomized trials that assess broader clinical outcomes such as
major bleeding events and hospital length of stay.
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