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Abstract

Background

Early identification of mortality-associated factors in hospitalized patients with HIV/PCP is
important. This study aimed to explore predictors of mortality through a meta-analysis and to

develop a mortality risk prediction model for hospitalized patients with HIV/PCP coinfection.

Method

The literature on mortality-related factors of HIV/PCP coinfection inpatients was reviewed, and odds
ratios (ORs) with 95% confidence intervals (Cls) for relevant factors were extracted. We conducted a
meta-analysis to obtain pooled ORs. A risk stratification scoring system was then developed based on
meta-analytic findings and validated in an independent cohort of patients from Beijing Ditan

Hospital.

Result

A total of thirteen studies were included in the meta-analysis, and there were five mortality-
associated predictors were included in the final prediction model: serum albumin (ALB g/L, OR =
0.63, 95% CI 0.49-0.82), lactate dehydrogenase (LDH U/L, OR =2.97, 95% CI 1.70-5.18), CD4" T
cell count (cells/uL, OR =0.36, 95% CI 0.20-0.66), requirement for mechanical ventilation (OR =
10.89, 95% CI 4.85-24.45) and pneumothorax (OR = 19.90, 95% CI 5.93-66.71). The prediction
scores were significantly higher in the death group than in the survival group (Mann-Whitney U test,
P <0.001). The model showed good discrimination for mortality prediction, with an AUC of 0.891
(95% CI1 0.860—0.918). The Hosmer-Lemeshow test yielded a y* value of 6.700 (P = 0.461),

suggesting good model calibration. Decision curve analysis (DCA) showed that the prediction model
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provided a higher net benefit than the "treat-all" and "treat-none" strategies across threshold

probabilities from 0.01 to 0.34, with a maximum net benefit of 0.25.

Conclusion

The prediction model possesses good prediction ability and clinical benefit.

Keywords

HIV/PCP coinfection, inpatients mortality, related factors, meta-analysis, prediction model, clinical

application

Systematic Review Registration

https://www. crd. york. ac. uk/PROSPERO/view/CRD420251038025, ID PROSPERO

[CRD420251038025].

Background

Pneumocystis pneumonia (PCP), caused by Pneumocystis jirovecili, is a severe lung infection that
commonly occurs in immunocompromised individuals, including those with malignancies, premature
infants, and severely malnourished patients previously[1,2]. Following the emergence of the
HIV/AIDS epidemic, the incidence of PCP peaked at 70%—-80%, with a mortality rate reaching 40%.
Currently, the estimated annual incidence of HIV/PCP is 400,000, with a crude mortality rate of

15%][3]. The mortality rate of HIV/PCP ranges from 12.7%-19.3% and remained the leading cause of
deaths between 2013 and 2022 in China[4]. A systematic review found that approximately 6% of
HIV infected individuals in Ethiopia experienced PCP, which may be a conservative estimate[5].
Widespread ART application has reduced PCP incidence and mortality in HIV patients. However,

regions with poor healthcare infrastructure experience higher PCP incidence and mortality due to
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inadequate screening[6-8]. Therefore, identifying factors related to mortality in HIV/PCP coinfection

inpatients and establishing a clinically effective prediction model is essential.

Although a few previous single-center studies have identified related risk factors in HIV/PCP
coinfection inpatients, these studies were limited by small sample sizes or restricted geographic areas,
leading to varied results and heterogeneous quality across studies[9,10]. Consequently, the mortality-
associated factors and prediction models of mortality remain uncertain. This study aims to integrate
multiple single-center studies by meta-analysis, develop and validate a mortality risk prediction
model based on meta-analysis findings, and provide clinically useful information for risk

stratification and prognostic assessment in hospitalized patients with HIV/PCP.

1 Methods

1.1 Literature searching and screening

We systematically searched the Cochrane Library, PubMed, Embase, Web of Science, WanFang
Database, Chinese Biomedical Database (CBM), and China National Knowledge Infrastructure
(CNKI) by a combination of MeSH terms and free-text words from inception to May 1, 2025. There
were no language restrictions applied to the literature search. Additionally, we manually screened the
reference lists of all included studies to identify additional relevant publications. Studies were
selected for inclusion based on the following criteria: (a) hospitalized patients with HIV/PCP
coinfection; (b) age > 18 years; (c¢) HIV infection or AIDS was laboratory-confirmed; (d) PCP cases
were diagnosed by microbiological and/or clinical criteria. Studies were excluded if they: (a)
included outpatients with HIV/PCP coinfection; (b) were limited to specific subgroups (e. g., patients
aged > 50 years only); (c) included participants aged < 18 years; (d) were conference abstracts, meta-
analyses, animal studies, case reports, or reviews. There were two independent reviewers screened

studies, and disagreements were resolved by discussion or consultation with a third reviewer. The
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quality of the studies was assessed according to the Newcastle-Ottawa Scale (NOS). Only studies

that scored > 7 were included in the analysis.

1.2 Data extraction

Data were independently extracted from the included studies by two reviewers. The information
extracted from studies included: first author, country of publication, year of publication, study
design, sample size, number of deaths, reported mortality-associated factors, adjusted ORs, and
corresponding 95% CIs. Any discrepancies were resolved through discussion or consultation with a

third reviewer.

1.3 Meta-analysis

We extracted the ORs and 95% Cls for each related factor from the included studies and calculated
pooled ORs using Review Manager 5.4. Heterogeneity across studies was assessed using the 72
statistic. A fixed-effects model was applied when 77 < 50% and P > 0.10, indicating low
heterogeneity. Conversely, a random-effects model was employed when 77 > 50% and P <0.10,
indicating substantial heterogeneity. The sources of heterogeneity were explored by sequentially
excluding individual studies to identify potential contributors to the observed variation. Sensitivity
analyses were conducted by a stepwise exclusion method. Publication bias was planned to be
assessed using funnel plots when at least ten studies were available for a given factor. However, this

assessment was not performed because fewer than ten studies were available for each identified

factor.

1.4 Validation cohort

A total of 634 admissions diagnosed with HIV/PCP coinfection in Ditan Hospital between 2020 and

2025 were included in the validation cohort according to the same patient-level inclusion and
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exclusion criteria used in the meta-analysis. We collected data on basic characteristics, initial
laboratory tests on admission, in-hospital procedures, discharge diagnoses, length of hospital stay,

history of present illness, and personal history from the electronic medical record (EMR).

1.5 Model development

We developed a scoring system based on the methods suggested by Jiang W et al.[11]. Pooled ORs
and 95% ClIs of mortality-associated factors were obtained from meta-analysis. The pooled ORs were
then log-transformed to derive f coefficients. To generate an easy-to-use scoring system, each f
coefficient was multiplied by 10 and rounded to the nearest integer. The stratification and assignment
of scores for each related factor were determined based on literature review and clinical consensus.
These integers served as the matching scores assigned to each related factor stratum. The final

prediction score was calculated as the sum of the scores for all related factors.

1.6 Model validation

Model performance was evaluated in a cohort consisting of 634 admissions from Beijing Ditan
Hospital. However, there was a marked imbalance between the two groups, with 606 survivors and
28 deaths. To correct this imbalance, we introduced the synthetic minority oversampling technique
(SMOTE), proposed by Chawla, which generates synthetic samples by performing linear
interpolation between minority class instances and their nearest neighbors. SMOTE can effectively
reduce the imbalance ratio and improve the classification performance on the imbalanced

dataset[12,13].

The following software was used in this study: Review Manager (RevMan), SPSS 25.0, GraphPad

Prism 9, RStudio 4.5.0.

In this study, categorical variables were presented as numbers (percentages), and between-group
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comparisons of survival and mortality were analysed by the Pearson chi-square test or Fisher's exact
test. Continuous variables were expressed as median (interquartile range, IQR), and comparisons

between two groups were performed by the Mann-Whitney U test.

2 Result

2.1 Literature Searching and Screening

A total of 3,191 records were initially retrieved from the databases. Thirteen studies[9,10,14-24]
conducted in China, Spain, the United Kingdom, and the United States were ultimately included in
the meta-analysis, which comprising 4,029 patients. The crude overall mortality rate across the
included studies was 22%. Detailed information about the search strategy, literature screening
flowchart is provided as Additional file 1.docx, and the basic characteristics and scoring results of

the included studies is provided as Additional file 2.docx.

2.2 Model development

A total of 30 mortality-associated factors were identified across the included studies. After excluding
factors that reported in only one study or showed inconsistent directions of association across studies,
we finally identified 5 predictors associated with mortality across 9 studies: serum
albumin[9,14,17,19,24] (ALB g/L, OR = 0.63, 95% CI 0.49-0.82), lactate dehydrogenase[19,24]
(LDH U/L, OR =2.97, 95% CI 1.70-5.18), CD4" T cell count[19,24] (cells/uL, OR = 0.36, 95% CI
0.20-0.66), requirement for mechanical ventilation[16,17] (OR = 10.89, 95% CI 4.85-24.45) and
pneumothorax[14,17] (OR =19.90, 95% CI 5.93-66.71). The meta-analysis results are presented as

forest plots in Figure 1. Detailed meta-analysis results are provided in Additional file 3.docx.
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Figure 1. Results of Meta-analysis

The pooled ORs of related factors were logarithmically transformed and then multiplied by 10 to
obtain integer scores. Stratified score assignment was then performed based on the included studies
and clinical consensus, and the scoring strategy is presented in Table 1. For each admitted patient,

the prognostic score can be calculated by summing the scores assigned to each risk factor.

2.3 Validation cohort

A total of 634 admissions with HIV/PCP coinfection from Ditan Hospital were included in the
validation cohort, with ages ranging from 18 to 68 years. In the validation cohort, 606 survived (571
males and 35 females), and 28 died (26 males and 2 females). The causes of death

included respiratory failure, heart failure, or arrhythmia. We extracted the initial laboratory data on
admission for all patients, including ALB, LDH, CD4" T cell count, as well as information on the
occurrence of pneumothorax and the requirement for mechanical ventilation. The baseline
characteristics of the validation cohort are presented as Additional file 4.docx. Prediction scores
were significantly higher in the death group than in the survival group, as assessed using the Mann-

Whitney U test (P < 0.001).

2.4 Model validation

Model performance was first evaluated in the original validation cohort. Given the marked imbalance

between death and survival, SMOTE was performed in RStudio to reduce class imbalance in the
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validation dataset. A total of 174 death samples were synthesized by an oversampling method. The
synthesized variables included ALB (g/L), LDH (U/L), CD4" T cell count (cells/uL), presence of
pneumothorax, and mechanical ventilation status. The SMOTE procedure yielded a balanced dataset
of 606 survivors and 202 deaths, with a survival-to-death ratio of 3:1. The prognostic score was then

calculated for each sample according to the scoring system.

The performance of the prediction model was evaluated on the oversampled dataset by the ROC
curve. The model achieved an AUC of 0.891 (95% CI 0.865-0.918, P <0.001), indicating good
discriminative ability. The optimal cutoff score, based on the maximum Youden index was set at > -
12 points. At this cutoff, the model demonstrated a sensitivity of 76.7% and a specificity of 87.5%.
Calibration was assessed by the Hosmer—Lemeshow test, which showed good consistency between
predicted probability and observed mortality (y° = 6.700, P = 0.461). DCA showed that the prediction
model provided a superior net benefit compared with the “treat-all” strategy across threshold
probabilities ranging from 0.01 to 0.34, with a maximum net benefit of 0.25. The result of the

evaluation of the prediction model performance is presented in Figure 2.



180

181

182

183

184

185

186

187

188

189

190

A ROC Curve B Calibration Curve

Sensitivity
Observed Probability

AUC = 0.891 0.2

959 CI: 0.865 - 0.918
: H-L test: * = 6.7. P = 0.461

0.0 02 04 0.6 08 1.0 0.0 0.2 04 0.6 08 1.0
1 - Specificity Predicted Probability

C

Max NB = 0.25

= = * Prediction model
Treat all

Net Benefit

0.0 02 0.4 0.6 0.8 Lo
Risk Threshold Probability

Figure 2. Evaluation of the prediction model performance.

(A) ROC curve of the prediction model for mortality risk. The AUC was 0.891 (95% CI 0.865-
0.918). (B) Calibration curve, H-L test: y?= 6.700, P = 0.461. (C) Decision curve analysis (DCA),
showing that the model provided a higher net benefit compared with the "treat-all" and "treat-none"

strategies across threshold probabilities of 0.01 to 0.34, indicating favorable clinical utility.

3 Discussion

In this study, we identified five mortality-associated predictors in hospitalized patients with HIV/PCP
coinfection through meta-analysis. Based on these predictors, we developed a mortality risk
prediction model and further evaluated its performance in a validation cohort from Beijing Ditan

Hospital.

10
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ALB exerts antioxidant activity and can protect septic cells from oxidative stress. The release of
cytokines and inflammatory factors can inhibit hepatic synthesis of ALB, leading to a reduction in
ALB levels during acute or chronic inflammatory reactions. As an inflammatory marker, ALB can

indirectly reflect the severity of the disease[25]. The meta-analysis conducted by Wang Y et al.

revealed that ALB wasn’t a related factor in non-HIV patients with PCP mortality. In contrast, a large
number of studies on mortality-related factors in HIV/PCP coinfected patients have demonstrated

that lower ALB levels correlate with a higher risk of inpatient mortality[17,26,27]. LDH is a general

intracellular enzyme involved in metabolism[28]. The detection of extracellular LDH in serum
indicates cell death or aging. Elevated extracellular LDH levels are observed in various conditions,
such as malignancies, hemolytic anemia, and ischemia[29]. Now, multiple single-center retrospective
cohort studies have shown that elevated LDH levels are associated with an increased risk of mortality
in coinfected patients[9,26,27,30]. Pneumothorax is a common and potentially life-threatening
complication in patients with HIV/PCP coinfection. Mediastinal pneumothorax is a rare but serious
complication of PCP. Severe PCP and cough symptoms may contribute to pneumothorax formation,
which can lead to increased morbidity and mortality[31]. A prospective cohort study showed that the
incidence of pneumothorax was 1.2% in hospitalized patients with HIV/PCP coinfection and an
inpatient mortality rate of 31% in those who developed pneumothorax compared to 6% in patients
without pneumothorax[30]. Multiple studies have identified mechanical ventilation as an
independent predictor of inpatient mortality among patients with concurrent infections, indicating
that the requirement for mechanical ventilation often signifies critical illness and portends a poor

prognosis[32].

There are two studies[9,10] previously developed mortality risk prediction models that demonstrated
good clinical applicability in China. However, our model has several advantages over previous

research findings. A key strength is that we identified related factors through systematic reviews and

11
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meta-analysis rather than traditional single-center studies. This effectively replicates the advantages
of a multicenter study and provides stronger evidence-based support. This approach substantially
mitigates limitations commonly occurring in single-center studies. Second, we performed stratified
scoring according to ORs based on studies and clinical consensus. This enables each patient to obtain
a prediction score, facilitating individualized risk assessment. Third, we conducted an independent
validation to further verify its generalizability. The results further confirmed the clinical value and

practical utility of the prediction model.

However, this study also has limitations. First, differences existed in PCP diagnostic criteria across
the studies included in the meta-analysis due to the limited number of available studies. Some studies
employed etiological confirmation, while others included clinically diagnosed patients, which may
have contributed to heterogeneity in pooled results. Although we addressed this through sensitivity
analysis and random-effects models, a better result would be developed from original studies with
more consistent diagnostic criteria. Second, the validation cohort was derived from a single-center
population with a limited number of death events. Although multidimensional SMOTE was applied
to augment the minority class through sample interpolation, synthetic data may not reflect real-world
data. Consequently, further validation in a larger, more comprehensive cohort is essential to confirm

the reliability and generalizability of this finding.

4 Conclusion

Based on a systematic review and meta-analysis, we developed a mortality risk prediction model for
HIV/PCP coinfection inpatients, incorporating five factors: albumin, lactate dehydrogenase, CD4" T
cell count, pneumothorax, and mechanical ventilation. This prediction model demonstrates good

discriminatory ability and can serve as a valuable clinical reference for assessing prognosis.

5 Abbreviations

12
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PCP: Pneumocystis pneumonia; AIDS: acquired immunodeficiency syndrome; HIV: human
immunodeficiency virus; LDH: lactate dehydrogenase; ALB: serum albumin; CBM: Chinese
Biomedical Database; CNKI: China National Knowledge Infrastructure; NOS: Newcastle-Ottawa

Scale; EMR: electronic medical record; SMOTE: the synthetic minority oversampling technique.
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Figure 1. Results of Meta-analysis

Figure 2. Evaluation of the prediction model performance. (A) ROC curve of the prediction model
for mortality risk. The AUC was 0.891 (95% CI 0.865-0.918). (B) Calibration curve, H-L test: y? =
6.700, P = 0.461. (C) Decision curve analysis (DCA), showing that the model provided a higher net
benefit compared with the "treat-all" and "treat-none" strategies across threshold probabilities of 0.01

to 0.34, indicating favorable clinical utility.

Table 1. Mortality risk stratification scoring model

Associated factors Stratification Score

ALB (g/L) <21 0
21-25 -5

26-30 -10

31-35 -15

>35 -20
LDH (U/L) <500 0
501-725 9

726-1000 18
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>1000 27

CD4" T-cell count(cells/ul) <20 0
21-100 -10
100-180 -20
181-260 -30
261-340 -40
341-420 -50
421-500 -60
>500 -70

pneumothorax occurrence 0 0
1 30

Requirement for mechanical 0 0
ventilation 1 30

357

358 Additional files

359  Additional file 1.docx: Detailed information about the search strategy and literature screening
360  flowchart. We searched 7 databases by a combination of MeSH terms and free-text words from
361  inception to May 1, 2025. We followed the PRISMA guidelines and presented the screening process

362 as a flowchart.
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Additional file 2.docx: The basic characteristics and scoring results of the included studies. We
extracted first author, country of publication, year of publication, study design, sample size, sample
size and number of deaths, reported mortality-associated factors and score based on NOS of each

included study.

Additional file 3.docx: Detailed meta-analysis result for each related factor. This file provides forest
plots of the 5 related factors, including ALB, LDH, CD4" T-cell count, pneumothorax, and

mechanical ventilation.

Additional file 4.docx: The Baseline Characteristics of Validation Cohort. This table presents the
baseline demographic and clinical characteristics of the validation cohort. Categorical variables are
presented as numbers (percentages) and comparisons between the two groups were performed by the
chi-square test or Fisher's exact test. Continuous variables are expressed as median (interquartile

range, IQR) and comparisons between the two groups were performed by the Mann—Whitney U test.
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