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Abstract
Background  Dengue infection poses a significant global health challenge, particularly in tropical and subtropical 
regions. Among its severe complications, Acute kidney injury (AKI) stands out due to its association with increased 
morbidity, mortality, and healthcare burdens. This Meta-analysis aim to identify and evaluate the predictors of AKI 
among dengue patients, facilitating early detection and management strategies to mitigate AKI’s impact.

Methods  We searched PubMed, EMBASE, and Web of Science databases, covering literature up to February 2024. We 
included human observational studies reporting on AKI predictors in confirmed dengue cases. Nested-Knowledge 
software was used for screening and data extraction. The Newcastle-Ottawa Scale was used for quality assessment. 
R software (V 4.3) was utilized to compute pooled odds ratios (ORs) and 95% confidence intervals (CIs) for each 
predictor.

Results  Our search yielded nine studies involving diverse geographic locations and patient demographics. A total 
of 9,198 patients were included in the studies, with 542 diagnosed with AKI. in which key predictors of AKI identified 
include severe forms of dengue (OR: 2.22, 95% CI: 1.02–3.42), male gender (OR: 3.13, 95% CI: 1.82–4.44), comorbidities 
such as diabetes mellitus (OR: 3.298, 95% CI: 0.274–6.322), and chronic kidney disease (OR: 2.2, 95% CI: 0.42–11.24), as 
well as co-infections and clinical manifestations like rhabdomyolysis and major bleeding.

Conclusion  Our study identifies several predictors of AKI in dengue patients. These findings indicate the importance 
of early identification and intervention for high-risk individuals. Future research should focus on standardizing AKI 
diagnostic criteria within the dengue context and exploring the mechanisms underlying these associations to 
improve patient care and outcomes.
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Introduction
Dengue represents a significant global public health 
challenge, especially in tropical and subtropical regions, 
affecting millions yearly [1–3]. It manifests in a spec-
trum ranging from mild, flu-like symptoms to severe 
conditions, including dengue hemorrhagic fever, severe 
dengue, and dengue shock syndrome [1]. A particu-
larly concerning complication of dengue is acute kid-
ney injury (AKI), associated with increased morbidity, 
extended hospital stays, and elevated mortality rates 
[4–6]. The mechanisms predisposing individuals to AKI 
during an infection with dengue virus have yet to be fully 
understood, complicating early detection and effective 
management.

The reported prevalence of AKI among those with den-
gue varies widely [5]. This variation is influenced by sev-
eral factors, including geographic differences, the specific 
serotypes of the dengue virus present, demographic fac-
tors of the populations studied, and the criteria used to 
define AKI clinically [7]. For example, regions with lim-
ited healthcare resources might underreport AKI cases 
due to a scarcity of diagnostic capabilities or a lack of 
healthcare provider awareness [8, 9]. Moreover, certain 
dengue virus serotypes have been linked to more severe 
disease manifestations and, consequently, an increased 
risk of AKI [10, 11]. Identifying AKI predictors in the 
context of dengue is crucial for developing strategies 
that can effectively detect, categorize risks, and inter-
vene early to minimize the incidence and impact of AKI. 
Demographic factors such as age, gender, and existing 
comorbidities significantly affect the risk of develop-
ing AKI in dengue patients. Older individuals and those 
with underlying conditions, like diabetes, hypertension, 
or chronic kidney disease, are particularly at high risk 
to AKI during dengue infection [12]. Additionally, stud-
ies suggest that males might have a higher risk of severe 
dengue and subsequent AKI, indicating a complex inter-
action of genetic, hormonal, and environmental factors 
[11, 13, 14]. The use of varied criteria across studies to 
define AKI, including the Risk, Injury, Failure, Loss of 
kidney function, and End-stage kidney disease (RIFLE) 
criteria, the Acute Kidney Injury Network (AKIN) crite-
ria, or the Kidney Disease: Improving Global Outcomes 
(KDIGO) criteria, complicates the understanding of the 
true prevalence of AKI in dengue infections [15]. These 
inconsistencies highlight the need for standardized diag-
nostic and reporting protocols for AKI in the context of 
dengue, facilitating more accurate study comparisons 
and analyses.

Understanding the factors influencing AKI develop-
ment in dengue patients is critical, as it aids in the early 

identification of AKI and facilitates timely intervention. 
This systematic review seeks to elucidate the predictors 
of AKI in individuals infected with dengue, providing a 
foundation for improved patient care and outcomes.

Methods
The systematic review and meta-analysis were conducted 
in adherence to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines [16], as detailed in Table S1. The review protocol 
was officially registered in the Prospero database under 
the registration number: CRD42024517289. Nested 
knowledge web software (Nested-Knowledge, MN, USA) 
was used in this study for screening of articles and data 
extraction.

Literature search strategy
A comprehensive search was performed across three 
electronic databases: PubMed, EMBASE, and Web of 
Science. The search covered records from their incep-
tions until December 20, 2023, with an update on Feb-
ruary 15, 2024. The search strategy employed keywords 
and MeSH terms. A detailed description of the search 
strategy is available in Table S2. Searches were conducted 
without any restrictions based on language, publication 
type, or publication year.

Inclusion and exclusion criteria
Inclusion criteria were set to human observational stud-
ies, such as cross-sectional, case-control, or cohort 
studies, that reported on AKI and its predictors among 
dengue patients. No restrictions were imposed on the 
demographics of the eligible population. Only confirmed 
dengue cases were considered. Exclusion criteria were 
case reports, case series, review articles, letters, in vitro 
and animal studies, conference abstracts, and studies 
that did not distinguish between severe and non-severe 
dengue outcomes. Only studies published in English with 
clearly stated criteria for AKI diagnosis were included .

Study selection
The articles retrieved from databases were imported into 
Nested Knowledge web software for initial screening, 
where duplicates were removed. Titles and abstracts were 
preliminarily reviewed, followed by full-text screening to 
determine final inclusion. Two independent reviewers 
carried out this process, with any disagreements resolved 
through discussion or consulting a third reviewer.

Keywords  Acute kidney injuries, Severe dengue, Systematic review, Public health, Dengue Virus, Kidney diseases



Page 3 of 11Awad et al. Virology Journal          (2024) 21:223 

Data extraction and quality evaluation
Data extraction was performed by two reviewers (SB 
and MS), with any differences resolved by mutual con-
sensus. Extracted data included the first author’s name, 
country of study, study design, sample size, study popu-
lation demographics, median or mean age, percent-
age of male participants, predictors of AKI, and their 
associated estimates. We used the “tagging” function of 
Nested Knowledge software to aid data extraction. The 
Newcastle-Ottawa Scale (NOS) was utilized to assess the 
quality of the included studies. Reviewers (SB and MS) 
conducted this quality assessment independently, with 
any discrepancies resolved through consensus or the 
involvement of an additional author (MNK).

Statistical analysis
In our analysis, we employed a random-effects model to 
compute the pooled odds ratios (ORs) and 95% confi-
dence intervals (CIs) for each identified predictor of AKI, 
specifically employing the Restricted Maximum Like-
lihood (REML) method for estimating between-study 
variance [17]. This model was selected to better accom-
modate the expected variability across studies due to 
population, design, and methodology differences, thus 
providing a more accurate estimation of the true effect 
size. To evaluate the heterogeneity among the included 
studies, we utilized tau-square and I2 statistics, categoriz-
ing heterogeneity levels as low (< 25%), low to moderate 
(25% to < 50%), moderate to high (50% to < 75%), or high 
(≥ 75%) [18, 19]. These categories help to understand the 
variance among study outcomes and the generalizability 
of our findings. All statistical analyses were performed 
using R software, version 4.3 [20].

Results
Literature search and study characteristics
The search for literature in the systematic review com-
menced with identifying 2,690 records through various 
databases: 556 from PubMed, 1,413 from Embase, and 
721 from Web of Science. Before screening, duplicates 
were meticulously removed, totalling 829 records. The 
screening process was then conducted on 1,861 records. 
No reports were excluded as not retrievable, resulting in 
275 reports sought for full-text retrieval. Upon a thor-
ough assessment of these full texts for eligibility, 266 arti-
cles were excluded for the following reasons: 201 due to 
the outcome of interest not being specified, 11 for being 
non-human studies, and 54 for not reporting the predic-
tors of interest. Ultimately, nine studies were included in 
the review (Fig. 1).

The characteristics of the included studies are pre-
sented in Table  1. Two of the nine studies were from 
India [11, 21], two from Thailand [14, 22] while other 
studies conducted in Indonesia [23], Vietnam [13], 

Pakistan [24], Malaysia [4], and China [7]. A total of 9,198 
patients were included in the studies, with 542 diagnosed 
with AKI. Most of these studies employed a retrospec-
tive design, indicative of the common approach to ana-
lyzing clinical outcomes in existing patient data, except 
for a single cross-sectional study from Vietnam, which 
provided insights into the prevalence of AKI among hos-
pitalized dengue patients at a particular time. Partici-
pant demographics across the studies showed a wide age 
range, from children under 15 to elderly patients with a 
mean age of 70, and a varied gender distribution, with 
male participants comprising 47.4–70.9% of the study 
populations. Diagnostic methods for confirming dengue 
infection included NS1 antigen detection, IgM/IgG anti-
bodies by ELISA, and PCR for viral RNA, reflecting stan-
dard practices for accurate dengue diagnosis. The criteria 
for determining AKI among the studies were based on 
established clinical guidelines such as KDIGO, AKIN, 
and RIFLE, which rely on changes in serum creatinine 
levels and urine output. The quality of the studies is given 
in Table S4.

Predictors of AKI in dengue
The predictors of AKI in dengue infection identified 
through meta-analysis are summarized in Table  2 and 
illustrated in Fig.  2. Predictors identified from single 
studies are presented separately in Table 3; Fig. 3.

Demographics
Age was evaluated in five studies, and the analysis yielded 
an adjusted OR of 1.11 (95% CI: 0.87–1.35), indicating a 
slight but not statistically significant increase in the risk 
of AKI with advancing age. The heterogeneity among 
these studies was reported as 0%, suggesting high con-
sistency in the findings across different research settings. 
The factor of male sex was also examined in five studies, 
revealing a more pronounced association with AKI. The 
adjusted OR was 3.13 (95% CI: 1.82–4.44), indicating that 
males with dengue are over three times more likely to 
develop AKI than females, with 0% heterogeneity, under-
scoring the robustness and reliability of the association 
across different studies. Obesity or overweight status was 
explored in three studies as a potential predictor of AKI 
in dengue patients. The analysis yielded an adjusted OR 
of 1.4 (95% CI: 0.69–2.18), which suggests a moderate 
increase in the risk of AKI among obese or overweight 
individuals. However, this association did not reach sta-
tistical significance. Similar to the other demographic 
factors, the heterogeneity for this predictor was reported 
as 0%, indicating consistent findings across the included 
studies.
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Comorbidities
Hypertension was assessed in five studies, with the find-
ings indicating an OR of 1.13 (95% CI: 0.34–1.93). This 
suggests a marginally increased risk of AKI among den-
gue patients with hypertension, although the wide con-
fidence interval indicates a degree of uncertainty in the 
exact magnitude of this risk. The heterogeneity for this 
association was reported as 0%. Diabetes mellitus was 
analyzed in four studies, revealing a association with AKI 
in dengue patients. The adjusted OR for this comorbid-
ity was 3.298 (95% CI: 0.274–6.322), indicating that indi-
viduals with diabetes mellitus are significantly more likely 
to develop AKI when suffering from dengue. Despite 

the wide confidence interval, which suggests variability 
in the effect size, 0% heterogeneity was noted. Chronic 
kidney disease (CKD) was examined in a single study, 
which identified it as a potential risk factor for AKI in 
dengue patients. The study reported an adjusted OR of 
2.2 (95% CI: 0.42–11.24). Although this finding is based 
on a limited number of studies and the confidence inter-
val is wide, suggesting a high degree of uncertainty, it 
does indicate a possible increased risk of AKI for dengue 
patients with pre-existing CKD.

Fig. 1  PRISMA flowchart depicting article selection and screening process
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Table 1  Characteristics of included studies
Study Country Design Participants Total 

sample
Mean/Me-
dian age 
in years

Male 
%

Num-
ber of 
patients 
with AKI

AKI criteria Dengue 
diagnosis

Time 
period

Diptya-
nusa 
2019 
(23)

Indonesia Retrospective 
study

Hospital-
ized ≥ 18 years 
old dengue 
patients

1,484 28 (IQR: 22 
to 40)

50.4 71 KDIGO NS1 result, pres-
ence of IgM/
IgG antibodies 
in acute phase 
serum (ELISA), 
or PCR 

January 
2012 to 
Novem-
ber 2017

Huy 
2020 
(13)

Vietnam Cross-sectional Hospitalized 
patients with 
DVI aged > 18 
years

2,417 33.4 (SD: ± 
12.7)

47.4 64 SCr in-
crease ≥ 0.3 mg/
dL within 48 h 
or SCr rise to 1.5 
times baseline 
in the last 7 days

NS1 or IgM/IgG 
or PCR method

January 
to De-
cember 
2017

Khalil 
2012 
(24)

Pakistan Retrospective 
study

Patients 
aged > 14 
years and 
hospitalized

532 35.29 (SD: 
± 14.7)

70.9 71 AKIN IgM anti-bodies January 
2008 to 
Decem-
ber 2010

Laopra-
sopwatt-
ana 2010 
(22)

Thailand Retrospective 
study

Children 
aged < 15 
years with DVI-
induced AKI

2893 9.1 (SD: ± 
3.6)

56 25 SCr lev-
els > 2 mg/dL or 
a SCr concentra-
tion > 2 times 
previous or 
subsequent 
values

IgM and HAI January 
1989 to 
Decem-
ber 2007

Mallhi 
2015 (4)

Malaysia Retrospective 
study

Hospitalized 
patients with 
DVI aged > 12 
years

667 30.68 (SD: 
± 16.13)

56.7 95 AKIN RT-PCR, IgM/
IgG (ELISA), 
≥ 4-fold increase 
in HAI titers in 
convalescent 
serum, and NS1 
antigen

January 
2008 to 
Decem-
ber 2013

Mehra 
2012 
(21)

India Retrospective 
study

Inpatients with 
dengue fever

223 26.2 
(SD:18.2)

58.3 24 AKIN ELISA for IgM 
antibody in 
acute phase 
serum

NA

Patel 
2019 
(11)

India Retrospective 
study

Inpatients > 14 
years of age

620 Male = 31.6 
(± 12.8), fe-
male = 29.6 
(SD: ±11.2)

56.93 90 AKIN RT-PCR and the 
presence of 
dengue IgM and 
IgG antibodies 
in acute phase 
serum (ELISA)

January 
2016 to 
Decem-
ber 2017

Su-
rasom-
batpat-
tana 
2021(14)

Thailand Prospective 
study

Hospitalized 
patients with 
DVI aged > 18 
years

120 42 (IQR: (23 
to 50)

63 17 RIFLE NS1 antigen, 
viral PCR, sero-
conversion of 
IgG antibodies 
(≥ 4-fold rise), or 
IgM antibodies 
in acute phase 
serum

January 
2017 to 
Decem-
ber 2019

Wang 
2023 (7)

China Retrospective 
study

Patients over 
18 years with 
severe dengue

242 70 (51 to 
79)

57 85 KDIGO NS1 antigen 
(ELISA), DENV 
RNA (RT-PCR), 
and/or IgG 
antibody sero-
conversion on 
ELISA

January 
2013 
and No-
vember 
2019
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Dengue severity and serotype
Severe forms of dengue, such as DHF and severe den-
gue, were analyzed across seven studies, highlighting a 
significant association with an increased risk of AKI. The 
combined data yielded an OR of 2.22 (95% CI: 1.02–3.42). 
This indicates that individuals suffering from severe den-
gue, characterized by more critical symptoms and com-
plications, are over two times more likely to develop AKI 
compared to those with less severe forms of the disease. 
The heterogeneity among these studies was remarkably 
low, at 8%, suggesting a relatively consistent associa-
tion across different research settings and populations. 
The analysis of dengue serotype 2 as a specific risk fac-
tor for AKI was conducted in a single study, which found 
high adjusted OR of 6.67 (95% CI: 0.24–98.12). Despite 
the broad confidence interval, this result indicates a 

potentially substantial increase in the risk of AKI asso-
ciated with dengue serotype 2. However, the wide confi-
dence interval and the fact that this finding is based on a 
single study underscore the need for caution in interpre-
tation and highlight the importance of further research to 
confirm the role of dengue serotype 2 in the development 
of AKI.

Co-infections
The role of co-infections in exacerbating the risk of AKI 
in dengue patients has been explored through the analy-
sis of hepatitis B virus (HBV) co-infection and coexisting 
bacterial infections. The presence of these co-infections 
alongside dengue virus infection appears to significantly 
influence the likelihood of developing AKI, highlighting 

Table 2  Meta-analyzed predictors of acute kidney injury among dengue cases
Predictors of AKI Number of studies Adjusted OR (95% CI) Heterogeneity (I2)
Demographics
Age 5 1.11 (0.87–1.35) 0%
Male sex 5 3.13 (1.82–4.44) 0%
Obesity/overweight 3 1.4 (0.69–2.18) 0%
Comorbidities
Hypertension 5 1.13 (0.34–1.93) 0%
Diabetes mellitus 4 3.298 (0.274–6.322) 0%
Dengue related
Severe forms of dengue 7 2.22 (1.02–3.42) 8%
Clinical manifestations
Multiple organ involvement 2 18.04 (8.68–27.4) 0%
Rhabdomyolysis 3 4.71 (0.0-9.89) 44%
Others
Use of nephrotoxic drugs 4 2.26 (1.24–3.27) 0%
Delayed hospitalization 2 2.14 (1.04–3.25) 0%

Fig. 2  Predictors of Acute kidney injury among dengue cases based on meta-analysis of multiple studies. Red line indicates effect size and CI of signifi-
cant predictors. Black line indicates effect size and CI of non-significant predictors. Dotted vertical line indicate point of no effect
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Table 3  Single-study estimates of predictors of acute kidney injury among dengue cases
Predictors of AKI Adjusted OR (95% CI)
Comorbidities
CKD 2.2 (0.42–11.24)
Dengue related
Dengue serotype 2 6.67 (0.24–98.12)
Co-infections
HBV co-infection 3.46(0.98–12.23)
Coexisting bacterial infection 6.15 (2.57–14.74)
Clinical manifestations
Respiratory distress 4.15 (1.79–9.63)
Hematuria 2.12 (1.14–3.95)
Major bleeding 9.12 (2.33–34.12)
ASR/ALT > 1000 IU/L 2.4 (0.1–59.3)
Creatine kinase > 190 U/L 11.7 (1.1-122.4)
Liver involvement 1.03 (0.02-279.37)
International normalized ratio 6.44 (1.89–21.95)
Apache II 3.00 (1.08–8.33)
initial WBC < 3.0 × 103/mm3, 4.67 (0.46-25.00)
Haemoglobin concentration > 16 g/dL 2.8 (0.04-193.87)
aPTT 1.81 (1.003–3.26)
CNS involvement 12.08 (2.82–51.77)
Others
Length of hospital stay > 3 days 3.07 (1.68–5.62)

Fig. 3  Predictors of Acute kidney injury among dengue cases reported by individual studies. Red line indicates effect size and CI of significant predictors. 
Black line indicates effect size and CI of non-significant predictors. Dotted vertical line indicate point of no effect. Abbreviations: aPTT - Activated Partial 
Thromboplastin Time, ASR/ALT - Aspartate Aminotransferase/Alanine Aminotransferase, CKD - Chronic Kidney Disease, CNS - Central Nervous System, 
HBV - Hepatitis B Virus, WBC - White Blood Cell
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the complexity of managing patients with multiple con-
current infections. The analysis of HBV co-infection, 
conducted in a single study, indicated a notable increase 
in the risk of AKI among dengue patients. The adjusted 
OR for this co-infection was 3.46 (95% CI: 0.98–12.23). 
Although the confidence interval suggests some uncer-
tainty in the magnitude of the effect, the point estimate 
indicates that dengue patients with HBV co-infection are 
over three times more likely to develop AKI compared 
to those without HBV co-infection. Coexisting bacterial 
infection was also identified as a significant risk factor 
for AKI in dengue patients, based on a single study. The 
adjusted OR for AKI in the presence of a bacterial infec-
tion was strikingly high at 6.15 (95% CI: 2.57–14.74).

Clinical manifestations
Multiple organ involvement has been identified as a sig-
nificant predictor of AKI, with an OR of 18.04 (95% CI: 
8.68–27.4) based on two studies. This indicates a dra-
matically increased risk of AKI in the presence of multi-
organ dysfunction, emphasizing the severity of dengue’s 
impact on patients. The heterogeneity for this predic-
tor was reported as 0%, indicating consistent findings 
across studies. Rhabdomyolysis, analyzed in three stud-
ies, showed an OR of 4.71 (95% CI: 0.0-9.89), with a het-
erogeneity of 44%. This suggests a notable association 
between rhabdomyolysis and AKI risk, although the wide 
confidence interval indicates uncertainty in the precise 
effect size. Respiratory distress and hematuria were each 
analyzed in single studies, showing ORs of 4.15 (95% CI: 
1.79–9.63) and 2.12 (95% CI: 1.14–3.95), respectively. 
These findings suggest that both respiratory distress and 
hematuria are associated with an increased risk of AKI in 
dengue patients. Major bleeding was another significant 
predictor, with a single study reporting an OR of 9.12 
(95% CI: 2.33–34.12), indicating a substantial increase 
in AKI risk in the context of severe bleeding events. 
Extremely elevated liver enzymes, indicated by ASR/ALT 
levels greater than 1000 IU/L, were reported to poten-
tially double the risk of AKI, with an adjusted OR of 2.4, 
although the wide confidence interval of 0.1–59.3 signals 
significant uncertainty in this estimate. Similarly, elevated 
creatine kinase levels above 190 U/L, indicative of muscle 
breakdown, were linked to a substantially increased risk 
of AKI, with an OR of 11.7 (95% CI: 1.1-122.4), reflecting 
considerable variability. Direct evidence of liver involve-
ment in dengue showed a marginal association with AKI 
risk (OR of 1.03), but the extremely broad confidence 
interval (0.02-279.37) highlights the uncertainty sur-
rounding this association. An elevated International Nor-
malized Ratio (INR), signaling coagulation abnormalities, 
was associated with a significant increase in AKI risk 
(OR of 6.44), suggesting that patients with coagulopathy 
are at heightened risk. The Apache II score, a measure of 

disease severity, also indicated that higher severity scores 
correlate with increased AKI risk (OR of 3.00), emphasiz-
ing the link between disease severity and kidney injury. 
Low white blood cell counts, specifically initial WBC 
less than 3.0 × 10^3/mm^3, suggested an increased risk 
of AKI (OR of 4.67), pointing to the impact of significant 
leukopenia on kidney health. High hemoglobin concen-
trations, potentially indicative of hemoconcentration, 
showed a possible but uncertain increase in AKI risk (OR 
of 2.8), while prolonged activated partial thromboplastin 
time (aPTT) was mildly associated with an increased risk 
of AKI (OR of 1.81). Central nervous system involvement 
in dengue was linked to a significant increase in the risk 
of developing AKI, with an OR of 12.08, highlighting the 
severe implications of CNS complications.

Nephrotoxic drugs
The use of nephrotoxic drugs among dengue patients 
has been identified as a significant factor associated with 
an increased risk of AKI, based on an analysis of four 
studies. The combined data from these studies yielded 
an adjusted OR of 2.26 (95% CI: 1.24 – 3.27). This find-
ing indicates that patients with dengue who are exposed 
to nephrotoxic drugs are more than twice as likely to 
develop AKI compared to those not exposed to such 
medications.

Delayed hospitalization and length of hospital stay
Delayed hospitalization, analyzed in two studies, showed 
an adjusted OR of 2.14 with a 95% CI ranging from 1.04 
to 3.25. This indicates that patients with dengue who 
experience delays in receiving hospital care are over 
twice as likely to develop AKI compared to those who 
are hospitalized promptly. The implication is clear: timely 
access to medical care is crucial for minimizing the risk 
of severe complications such as AKI in dengue infection. 
The length of hospital stay specifically stays longer than 
three days, was examined in a single study and found to 
be associated with an increased risk of AKI, with an OR 
of 3.07 (CI: 1.68–5.62). This suggests that patients with 
dengue requiring prolonged hospitalization are signifi-
cantly more likely to suffer from AKI, possibly reflecting 
the severity of their condition or complications arising 
during their care.

Discussion
This is the first systematic review and meta-analysis to 
assess the predictors of AKI in dengue patients, high-
lighting critical insights into the complexity of managing 
dengue infections, particularly concerning AKI develop-
ment. Our findings reveal a multifaceted interaction of 
demographic, clinical, and laboratory factors significantly 
influencing AKI risk among dengue patients. The analysis 
identified several key predictors and risk factors for AKI 
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development, including CKD, severe forms of dengue, 
rhabdomyolysis, respiratory distress, hematuria, major 
bleeding, elevated ASR/ALT levels, liver involvement, 
an elevated International Normalized Ratio, Apache II 
scores, initial WBC, hemoglobin concentrations, pro-
longed aPTT, CNS involvement, and a length of hospital 
stay > 3 days. However, only a few studies were available 
for some of these predictors, and the populations varied 
across studies, with some focusing on children and oth-
ers on adults. Similarly, the criteria used for AKI diagno-
sis varied among the studies. Due to the limited number 
of studies for some outcomes, we could not perform a 
publication bias analysis.

The association of AKI with demographic factors such 
as age and male gender, as well as with certain comorbid-
ities including diabetes mellitus and chronic kidney dis-
ease, underscores the need for a targeted approach in the 
clinical management of dengue. Particularly, the strong 
association between male gender and AKI risk may 
reflect underlying biological differences or perhaps dif-
ferences in exposure or health-seeking behavior between 
genders. The significant link between diabetes mellitus 
and AKI risk highlights the importance of managing met-
abolic conditions as part of comprehensive dengue care. 
the findings regarding the association of AKI with severe 
forms of dengue and certain clinical manifestations, such 
as rhabdomyolysis, respiratory distress, and major bleed-
ing, emphasize the critical nature of these conditions 
and the necessity for early recognition and intervention. 
These factors not only serve as markers of disease sever-
ity but also as potential triggers for the development of 
AKI, suggesting that aggressive management of severe 
dengue may help mitigate the risk of AKI. The observed 
relationship between nephrotoxic drugs and AKI risk in 
dengue patients also warrants attention. This finding calls 
for cautious use of medications in the management of 
dengue, especially in settings where patients may already 
be at increased risk of kidney injury. Clinicians must bal-
ance the need for specific treatments against the potential 
harm, emphasizing the need for vigilant monitoring and 
adjustment of drug therapies in this patient population.

A previous systematic review assessed the prevalence 
of AKI in dengue patients, synthesizing data from 37 
studies and involving 21,764 participants with dengue 
[5]. This analysis found an overall AKI prevalence of 8%. 
Focusing on gender, the review included findings from 
seven studies that reported data separately for male and 
female patients. It revealed that AKI was more preva-
lent among males (17%) compared to females (3%). The 
authors suggest that this disparity indicates a higher sus-
ceptibility to AKI in males, potentially due to the role of 
testosterone in promoting renal tubular cell inflamma-
tion and fibrosis, a mechanism that animal studies have 
supported.

The studies included in our analysis employed vary-
ing definitions of AKI, which may significantly impact 
the interpretation and generalizability of our findings. 
The criteria used across the studies included the RIFLE 
criteria, the AKIN criteria, and the KDIGO guidelines. 
Each of these frameworks has distinct thresholds for 
diagnosing AKI, based on changes in serum creatinine 
levels and urine output. This lack of uniformity in defin-
ing AKI could lead to discrepancies in the reported inci-
dence and identified risk factors, making it difficult to 
compare results across studies and potentially introduc-
ing bias into the pooled estimates. Therefore, while our 
meta-analysis offers valuable insights into the predictors 
of AKI in dengue patients, the findings should be inter-
preted with caution.

Our review has several implications for clinical prac-
tice. It indicates the importance of early identification 
and aggressive management of dengue patients with 
high-risk profiles for AKI. This includes not only those 
with severe dengue but also patients presenting with spe-
cific risk factors such as advanced age, male gender, exist-
ing comorbidities like diabetes mellitus and CKD, and 
clinical manifestations indicative of multi-organ involve-
ment. the findings highlight the need for clinicians to 
exercise caution when prescribing nephrotoxic drugs to 
dengue patients, advocating for the monitoring of renal 
function and the use of alternative treatments where 
feasible. Additionally, the association of delayed hospi-
talization with increased AKI risk emphasizes the impor-
tance of timely medical intervention, suggesting that 
public health measures should aim to reduce barriers to 
healthcare access and encourage early hospital presen-
tation for dengue patients. This review identifies several 
areas for future research, including the need for studies 
that explore the mechanisms underlying the association 
between dengue infection and AKI, the role of genetic 
and environmental factors in influencing AKI risk, and 
the effectiveness of specific interventions to prevent AKI 
in this population. Furthermore, research should aim to 
standardize the diagnostic criteria for AKI in the con-
text of dengue to facilitate more accurate assessments 
and comparisons across studies. our findings reinforce 
the need for strategies to prevent dengue infection and 
its complications, including vector control measures, 
public education campaigns, and the development of 
effective vaccines. Moreover, healthcare systems in den-
gue-endemic areas should be strengthened to improve 
the early detection and management of dengue and its 
complications, including AKI.

Integrating demographic, clinical, and laboratory data 
helps stratify patient risk and tailor interventions, align-
ing with the World Health Organization’s (WHO) sus-
tainable development goal of healthy lives and promoting 
well-being for all ages by reducing disease and mortality 
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rates [25]. Recognizing the complex contributors to 
AKI in dengue patients enables healthcare providers to 
enhance early detection, monitoring, and management 
strategies. Ultimately, these efforts aim to alleviate the 
burden of AKI on patients and healthcare systems.

Our study has several limitations. We only included 
published datasets, potentially overlooking relevant 
unpublished data or studies in the gray literature. Some 
predictors were reported in only a single study, limiting 
the ability to generalize findings across different popula-
tions and settings. We could not statistically assess the 
presence of publication bias due to the limited number 
of studies for some outcomes, which may influence the 
reliability of our results. The variables adjusted for in 
the calculation of ORs varied among the studies, intro-
ducing variability in risk estimates. There is heterogene-
ity among the populations studied, particularly in terms 
of age differences, which could affect the applicability of 
the findings to broader demographics. This heterogeneity 
underscores the need for cautious interpretation of our 
results and suggests that future research should aim to 
include a more diverse and comprehensive dataset to val-
idate our findings and enhance our understanding of AKI 
predictors in dengue patients. Studies which evaluate the 
association of each of these factors are required in future.

Conclusion
Our analysis provides crucial insights into the predictors 
of AKI among dengue patients, highlighting the multi-
faceted nature of risk factors ranging from demographic 
and clinical profiles to specific dengue virus serotypes 
and co-infections. The findings reinforce the importance 
of early identification and targeted management of high-
risk individuals to mitigate the development of AKI, 
which can significantly worsen patient outcomes. Future 
research should focus on studying each of these factors 
and aim to standardize AKI diagnostic criteria within the 
context of dengue to enhance the accuracy and generaliz-
ability of the results.
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