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ABSTRACT 

Introduction: The HIV In-Hospital Mortality Prediction (HIV-IMP) score is a novel tool 

designed to predict in-hospital mortality among HIV-positive patients presenting to the 

emergency department. This study aimed to externally validate the HIV-IMP score and assess 

its generalizability. 

Methods: A prospective external validation study was conducted at the Chris Hani 

Baragwanath Academic Hospital in South Africa. A total of 1,153 HIV-positive patients were 

enrolled between May and October 2023. The primary outcome was in-hospital mortality. 

The HIV-IMP score was calculated using eight clinical and laboratory variables, and its 

performance was evaluated using discrimination (AUROC) and calibration (Hosmer–

Lemeshow test). 

Results: In-hospital mortality was 15.2% (n=175). The HIV-IMP score demonstrated good 

discrimination (AUROC = 0.78, 95% CI: 0.74–0.81) and calibration (Hosmer–Lemeshow χ² 

= 5.16, p = 0.741). Mortality rates increased with higher scores, ranging from 1.1% for a 

score of 0 to 100% for a score of 10. Glasgow Coma Scale <15 and lactate >2 mmol/L 

emerged as the strongest predictors, consistent with the derivation cohort. The score 

performed particularly well at the extremes of predicted probabilities, with marginal over- or 

under-fit in intermediate deciles. 

Conclusion: The external validation confirmed the reliability of the HIV-IMP score for 

predicting in-hospital mortality among HIV-positive patients in a resource-limited setting. Its 

robust performance and practical design support its use as a valuable tool for clinical 

decision-making and resource allocation. Further research should explore its application in 

diverse settings and its impact on patient outcomes. 

 

KEYWORDS 

HIV-IMP score; in-hospital mortality; risk prediction model; external validation; emergency 

department; resource-limited settings; HIV/AIDS outcomes 
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INTRODUCTION  

HIV/AIDS remains a global public health challenge despite significant advances in treatment 

and prevention. According to the 2024 UNAIDS estimates, approximately 39.9 million 

people were living with HIV globally at the end of 2023 [1]. The widespread availability of 

antiretroviral therapy (ART) has led to a 51% reduction in HIV/AIDS-related deaths since 

2010. However, the disease continues to impose a significant burden, with 630,000 people 

succumbing to HIV/AIDS-related illnesses in 2023 alone. This burden is particularly severe 

in low-income countries, where HIV is consistently ranked among the top ten causes of death 

[1,2]. 

 

The financial implications of HIV/AIDS are substantial, particularly in resource-limited 

settings where healthcare systems are often underfunded. Hospitalisations for acute HIV-

related illnesses contribute significantly to the economic burden of the disease [3–5]. In a 

study conducted at a hospital in Johannesburg, South Africa, HIV-positive patients accounted 

for more than half of the total daily hospital expenditure. These patients also had longer 

hospital stays compared to their HIV-negative counterparts, with their care requiring 

additional diagnostic tests, specialised medications, and greater clinical expertise [4]. This 

financial strain is particularly pronounced in South Africa, where most of the population 

relies on state-funded healthcare services [6]. 

 

The combination of high mortality rates and the financial burden associated with HIV 

highlights the need for tools that can improve clinical decision-making and resource 

allocation. Clinical prediction models can be pivotal in optimising patient outcomes while 

ensuring the equitable distribution of scarce resources. To address this need, the HIV In-

Hospital Mortality Prediction (HIV-IMP) score was developed and internally validated by 

Laher et al. [7]. While numerous prediction models have been developed across various 

medical disciplines [8–10], the HIV-IMP score is unique as the first tool specifically designed 

to predict in-hospital mortality in HIV-positive patients presenting to the emergency 

department [7]. 

 

The HIV-IMP score ranges from 0 to 10 and incorporates eight variables, equally divided 

between clinical and laboratory parameters. Clinical variables include ART non-adherence or 

lack of ART initiation, Glasgow Coma Scale <15, respiratory rate >20 breaths per minute, 
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and oxygen saturation <90%. Laboratory variables include white cell count <4 × 10⁹/L, 

creatinine >120 μmol/L, lactate >2 mmol/L, and albumin <35 g/L. The weighting of each 

variable reflects its contribution to the risk of in-hospital mortality. Notably, a Glasgow 

Coma Scale score of less than 15 and elevated lactate levels (>2 mmol/L) are assigned the 

highest weightings of 2 points each, while the remaining variables are weighted at 1 point 

each. This combination of clinical and laboratory data allows the HIV-IMP score to provide a 

comprehensive assessment of a patient’s risk of in-hospital mortality [7]. 

 

In the developmental cohort, the HIV-IMP score demonstrated excellent performance, with 

good discrimination and calibration (AUROC = 0.83, 95% CI: 0.78–0.86; Hosmer–

Lemeshow χ² = 4.05, p = 0.853)(9). Internal validation using bootstrapping produced similar 

results (AUROC = 0.83, 95% CI: 0.78–0.88; Hosmer–Lemeshow χ² = 2.26, p = 0.895). These 

findings indicate the robustness of the score in predicting in-hospital mortality within the 

developmental dataset [7]. 

 

Despite these promising results, before a clinical prediction tool can be widely implemented, 

it must undergo external validation. External validation evaluates a model’s performance in a 

population different from the one it was developed, ensuring its generalizability across 

diverse clinical settings. This process assesses how well the tool performs when applied to 

patient cohorts with varying demographic profiles, comorbidities, and access to healthcare 

services. It also evaluates reproducibility, determining whether the tool consistently produces 

accurate results in independent cohorts. These steps are critical for establishing the reliability 

and utility of a prediction model in real-world clinical practice [11,12]. 

 

This study aimed to prospectively and externally validate the HIV-IMP score developed by 

Laher et al. By applying the score to a cohort of HIV-positive patients presenting to the 

emergency department of Chris Hani Baragwanath Academic Hospital, this study sought to 

assess its generalizability and reproducibility in a high-burden, resource-limited setting. 

Given the ongoing challenges posed by HIV/AIDS and the strain on healthcare systems in 

low-income countries, the findings from this validation study have the potential to guide 

clinical decision-making, improve patient outcomes, and inform resource allocation 

strategies. 
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METHODS 

Study setting 

This study was conducted at the Medical Emergency Unit (MEU) of the Chris Hani 

Baragwanath Academic Hospital (CHBAH), a quaternary-level facility and the largest 

hospital in Africa, located in Soweto, Gauteng. The hospital has 3,200 beds and serves as a 

teaching facility affiliated with the University of the Witwatersrand. The MEU manages non-

trauma, non-surgical medical patients aged 16 years and older who are triaged using the 

South African Triage Scale into four categories: red (emergent), orange (very urgent), yellow 

(urgent), and green (routine) [13]. Patients triaged as green are referred to primary healthcare 

clinics, while those stable but residing outside CHBAH’s catchment area are transferred to 

appropriate facilities closer to their residences. Patients triaged as red, orange, or yellow are 

treated at CHBAH. The hospital’s size and diverse patient population provide an ideal setting 

for validating the HIV-IMP score. 

 

Sample size calculation 

The sample size was calculated using the formula derived by Riley et al. [14], based on an 

anticipated outcome event proportion (𝜙) of 20% in the external validation population and an 

observed/expected (O/E) in-hospital mortality ratio of 0.8. The aim was to achieve a 95% 

confidence interval width of 0.2 for O/E, ensuring good calibration-in-the-large. The 

prevalence of in-hospital mortality in the developmental data by Laher et al. was 13.6%. 

Using the equation:  

n = (0.8− 𝜙) / 𝜙 x (SE(ln(O/E)))2, and substituting the values (𝜙 = 0.2, SE = 0.051), the 

calculated sample size was approximately 1,153 participants. 

 

Inclusion criteria, exclusion criteria, and primary outcome measure 

Patients aged 18 years or older who were either known to be HIV-positive or newly 

diagnosed with HIV after presenting to the MEU were prospectively recruited between 1 

May 2023 and 24 October 2023. Exclusion criteria included HIV-negative individuals, those 

unwilling to provide consent for HIV testing or study participation, and those triaged to other 

facilities. The primary outcome measure was in-hospital mortality, defined as death occurring 

at any time during hospital admission. 
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Data collection 

Ethics clearance was obtained from The University of the Witwatersrand Human Research 

Ethics Committee (HREC Medical; clearance certificate number M230203), along with all 

necessary institutional permissions. Before data collection commenced, the primary 

investigator underwent informal training on the methods and principles of data extraction 

from medical charts. 

 

Doctors working in the MEU were briefed about the study and were requested to notify the 

primary investigator of any HIV-positive patients triaged into the MEU. Written informed 

consent for participation was obtained from potential participants by either the primary 

investigator or the attending doctor on shift. For participants unable to provide consent due to 

a decreased level of consciousness, permission was obtained from their next of kin or legal 

guardian, and permission was re-obtained from the participant if their mental capacity 

improved during their hospital stay. Patient records from medical wards were also reviewed 

to identify individuals diagnosed with HIV during admission who may have been missed 

during their initial evaluation in the ED.  

 

Data were collected using a standardised, de-identified data collection sheet. Collected 

information included demographic details (e.g., sex, age) and components of the HIV-IMP 

score: Glasgow Coma Scale (GCS), respiratory rate, oxygen saturation, white cell count, 

serum creatinine, lactate, albumin, and ART adherence status. Laboratory results obtained as 

part of routine care were used; no additional tests were conducted. ART adherence was 

assessed using the four-item AIDS Clinical Trials Group Adherence Questionnaire (ACTG-

AQ), which was also used to develop the HIV-IMP score [15]. Additional data collected 

included hospital length of stay, CD4 cell count, and HIV viral load. Missing data were 

obtained from the patient, laboratory records, or next of kin, provided the next of kin or legal 

guardian confirmed their knowledge of the participant’s HIV status. In such cases, they were 

also asked about relevant HIV-related history, including treatment adherence. 

 

Data from hospital records were collected for the duration of the patient’s hospital stay or 

until the end of the data collection period. Inter-rater reliability was evaluated by an 

independent researcher with expertise in data extraction, who was blinded to the study’s aims 
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and objectives. This involved comparing data extracted by the primary investigator with that 

extracted by the independent researcher from a random sample of 48 medical charts. 

 

Data analysis 

Collected data were entered into Microsoft Excel (Microsoft 365, v.16.81.24011420) and 

analysed using Stata v.16 (StataCorp, College Station, TX, USA). The HIV-IMP score was 

calculated for the external validation population based on predictors of in-hospital mortality 

identified in the development and internal validation by Laher et al. [7]. Continuous variables 

(e.g., lactate > 2 mmol/L, Albumin <35g/L) were categorised using clinically significant cut-

offs. 

 

Evaluating model performance 

The performance of the model was evaluated using three approaches: 

1. Calculating and tabulating the actual in-hospital mortality rates across the full range 

of risk scores (0–10) achieved by the cohort. 

2. Plotting the relationship between predicted probabilities of in-hospital mortality and 

risk scores. 

3. Assessing discrimination and calibration. 

 

Discrimination, the model’s ability to distinguish between patients who died in-hospital and 

those who survived, was assessed using the area under the receiver operating characteristic 

curve (AUROC). An AUROC value of 0.5 indicates no discriminatory power, while a value 

of 1.0 indicates perfect discrimination [16]. 

 

Calibration, which measures how closely the predicted probabilities align with observed 

outcomes, was evaluated using the Hosmer–Lemeshow goodness-of-fit test. In this test, a 

lower χ² statistic or a higher p-value reflects better model fit [16]. 

 

This study adhered to the guidelines outlined in the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) framework [17]. 
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RESULTS 

During the study period, 11,148 patients were triaged into the CHBAH MEU, of whom 1,349 

were HIV-positive. A total of 196 patients were excluded due to either lack of consent (n=52) 

or incomplete data required to calculate the HIV-IMP score (n=144). The final cohort 

included 1,153 HIV-positive patients, with 867 (75.2%) having a prior HIV diagnosis and 

286 (24.8%) diagnosed during their hospital stay. Among the cohort, 978 (84.8%) patients 

survived to hospital discharge, while the in-hospital mortality rate was 15.2% (n=175). 

 

Table 1: Clinical characteristics of the study cohort and univariate logistic regression 

analysis identifying factors associated with a higher likelihood of in-hospital mortality 
 

Total 
[N = 1153) 

[n, %] 

Survival to 
discharge 
(N = 978) 

[n, %] 

In-hospital 
mortality 
(N = 175) 

[n, %] 

OR (95% CI) P-value 

Male sex 600 (52.0) 494 (50.5) 106 (60.6) 2.05 (1.48-2.84) <0.001 
Age (years) [median (IQR)] 43 (36-53) 43 (36-52) 44 (36-55) 1.02 (1.00-1.03) 0.011 
WHO stage          
Stage 1 255 (22.1) 249 (25.5) 6 (3.4) 1.00 (Reference) 

<0.001 Stage 2 234 (20.3) 202 (20.7) 32 (18.3) 6.57 (2.70-16.03) 
Stage 3 240 (20.8) 215 (22.0) 25 (14.3) 4.83 (1.94-11.98) 
Stage 4 424 (36.8) 312 (31.9) 112 (64.0) 14.90 (6.44-34.44) 
Hospital admitted within the past 6 months 317 (27.2) 263 (26.9) 54 (30.9) 1.51 (1.07-2.14) 0.021 
Newly diagnosed HIV 286 (24.8) 226 (23.1) 60 (34.3) 2.14 (1.52-3.02) <0.001 
ART non-adherent or not yet on ART 603 (52.3) 482 (49.3) 121 (69.1) 3.12 (2.22-4.39) <0.001 
Glasgow coma scale <15 191 (16.6) 128 (13.1) 63 (36.0) 4.50 (3.15-6.45) <0.001 
Respiratory rate >20 breaths/min 442 (38.3) 345 (35.3) 97 (55.4) 2.91 ( 2.11-4.03) <0.001 
Oxygen saturation <90% 306 (26.5) 246 (25.2) 60 (34.3) 1.92 (1.37-2.71) <0.001 
White cell count <4 x 109/L 184 (16.0) 147 (15.0) 37 (21.1) 1.83 (1.23-2.74) <0.001 
Creatinine >120 μmol/L 328 (28.4) 255 (26.1) 73 (41.7) 2.52 (1.81-3.51) <0.001 
Lactate >2 mmol/L 399 (34.6) 285 (29.1) 114 (65.1) 5.69 (4.06-7.98) <0.001 
Albumin <35 g/L 778 (67.5) 630 (64.4) 148 (84.6) 4.55 (2.97-6.97) <0.001 
Haemoglobin <11 g/dL 595 (51.6) 490 (50.1) 105 (60.0) 2.03 (1.47-2.81) <0.001 
Platelet count <150 x 109/L 228 (19.8) 159 (16.3) 69 (39.4) 4.07 (2.88-5.75) <0.001 
*CD4 <100 cell/mm3 (n=965) 347 (36.0) 268 (32.6) 79 (54.9) 2.51 (1.75-3.59) <0.001 
*HIV viral load >1000 copies/mL (n=936) 416 (44.4) 341 (43.1) 72 (50.7) 1.36 (0.95-1.94) 0.094 
Length of hospital stay (days) [median (IQR)] 12 (7-22) 12 (7-21) 14 (7.5-27) 1.02 (1.01-1.03) 0.001 

OR – Odds ratio, CI – Confidence interval, IQR – Interquartile range, WHO – World Health 
Organization; ART – Antiretroviral therapy 
* CD4 cell count and HIV viral load were determined for 965 out of 1,153 patients and 936 out of 
1,153 patients, respectively. Complete data were available for all other variables. 
 

Table 1 summarises the clinical characteristics of the study cohort and identifies factors 

associated with in-hospital mortality using univariate logistic regression. Each component of 

the HIV-IMP score was significantly associated with increased in-hospital mortality. 
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Male patients constituted 52% of the population, and male sex was associated with a twofold 

higher likelihood of in-hospital mortality (OR 2.05, 95% CI: 1.48–2.84, p<0.001). The 

cohort’s median age was 43 years (IQR: 36–53). A one-year increase in age (OR 1.02, 

p=0.011) and each additional day of hospital stay (OR 1.02, p=0.001) were associated with a 

2% increase in mortality risk. HIV disease severity, indicated by WHO clinical staging, 

emerged as a strong predictor of mortality, with patients in WHO stage 4 exhibiting the 

highest odds (OR 14.90, p<0.001) compared to those in stage 1. Newly diagnosed HIV (OR 

2.14, p<0.001) and ART non-adherence or lack of ART initiation (OR 3.12, p<0.001) were 

also significantly linked to higher mortality. 

 

Clinical parameters such as oxygen saturation <90% (OR 1.92, p<0.001), respiratory rate >20 

breaths/min (OR 2.91, p<0.001), and Glasgow Coma Scale <15 (OR 4.50, p<0.001) were 

associated with nearly twofold, threefold, and 4.5-fold increases in in-hospital mortality, 

respectively. Excluding HIV viral load >1000 copies/mL (p=0.094), all other biomarkers 

demonstrated significant associations with in-hospital mortality. Haemoglobin <11 g/dL and 

white cell count <4 × 10⁹/L were linked to an approximately twofold increase in mortality 

risk, while CD4 <100 cells/mm³ (OR 2.51, p<0.001) and creatinine >120 μmol/L (OR 2.52, 

p<0.001) were associated with an approximately 2.5-fold increase. Additionally, platelet 

count <150 × 10⁹/L (OR 4.07, p<0.001), albumin <35 g/L (OR 4.55, p<0.001), and lactate >2 

mmol/L (OR 5.69, p<0.001) were associated with fourfold to 5.5-fold increases in mortality 

risk. 

 

Performance of the model 

Actual rates of in-hospital mortality 

Table 2 presents the actual in-hospital mortality rates across the entire range of risk scores 

achieved by the cohort of 1,153 participants. Notably, each unit increase in the risk score 

corresponded to a higher in-hospital mortality rate. For instance, a risk score of 6 was 

associated with a mortality rate of 31.8%, which increased to 50.0% for a score of 7 and 

69.2% for a score of 8. 
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Table 2. Actual rates of in-hospital mortality across the entire range of HIV-IMP scores 

observed in the study cohort 

Score Survival to discharge  
(N = 978) 

In-hospital mortality  
(N = 175) 

In-hospital mortality 
rate (%) 

0 91 1 1.1 

1 118 3 2.5 

2 187 14 6.9 

3 211 16 7.1 

4 171 38 18.2 

5 113 34 23.1 

6 58 27 31.8 

7 23 23 50.0 

8 4 9 69.2 

9 2 6 75.0 

10 0 4 100.0 
 

Probability of in-hospital mortality 

Figure 1 illustrates the relationship between risk scores obtained by study participants and the 

predicted probability of in-hospital mortality. The distribution of data points demonstrates a 

clear positive correlation: as the risk score increases, the predicted probability of in-hospital 

mortality rises accordingly. 
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Figure 1. Relationship between the HIV In-hospital Mortality Prediction (HIV-IMP) 

score and the predicted probability of in-hospital mortality 
The risk scores and their corresponding predicted probabilities of in-hospital mortality (with 95% 

confidence intervals) are as follows: risk score = 0: 1.89% (95% CI: 1.89–1.89); risk score = 1: 

3.40% (95% CI: 3.33–3.48); risk score = 2: 6.01% (95% CI: 5.91–6.30); risk score = 3: 9.94% (95% 

CI: 9.56–10.33); risk score = 4: 16.21% (95% CI: 15.43–16.99); risk score = 5: 25.56% (95% CI: 

24.08–27.04); risk score = 6: 34.14% (95% CI: 31.55–36.73); risk score = 7: 41.17% (95% CI: 

36.81–45.53); risk score = 8: 52.36% (95% CI: 43.32–61.40); risk score ≥ 9: 68.48% (95% CI: 

54.99–81.98). 

 

Assessing discrimination and calibration of the model 

When applied to the external validation cohort, the HIV-IMP score demonstrated good 

discriminatory ability, with an AUROC of 0.78 (95% CI: 0.74–0.81), as shown in Figure 2. 
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Figure 2. Receiver operating characteristic (ROC) curve for the HIV in-hospital 

mortality prediction (HIV-IMP) score 

 

Table 3 summarises the results of the Hosmer-Lemeshow goodness-of-fit test, which 

evaluates the model’s calibration by comparing the predicted probability of in-hospital 

mortality across deciles of the predictive index to the observed outcomes. The observed and 

expected numbers of participants with in-hospital mortality in each decile were closely 

aligned, with only minor instances of over- or underfit. In this analysis, the Hosmer-

Lemeshow test yielded a χ² value of 5.16 and a p-value of 0.741, demonstrating good 

calibration of the validation model. 
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Table 3. Hosmer-Lemeshow goodness-of-fit test presenting the predicted probability of 

in-hospital mortality across each decile of the predictive index and the corresponding 

observed frequencies of outcomes 

 

DISCUSSION 

This study aimed to externally validate the HIV-IMP score, a tool developed by Laher et al. 

to predict in-hospital mortality among HIV-positive patients. The external validation cohort 

comprised 1,153 HIV-positive patients presenting to a large medical emergency unit (MEU) 

in South Africa. The study’s findings confirm the robustness of the HIV-IMP score in 

predicting mortality, demonstrating good discrimination (AUROC = 0.78) and calibration 

(Hosmer–Lemeshow χ² = 5.16, p = 0.741). These results highlight the score’s utility in 

diverse clinical settings and align with the findings of the original internal validation study. 

 

Comparison of predictive performance 

The in-hospital mortality rate in this study was 15.2% (n=175), slightly higher than the 13.6% 

reported by Laher et al. in the derivation cohort. A plausible explanation for this discrepancy 

lies in the age distribution of the cohorts. The mean age of patients in this study was 44.1 

years, compared to a younger mean age of 36 years in Laher et al.’s study. Previous research 

has consistently shown that older age is associated with increased mortality in HIV-positive 

patients, likely due to comorbidities and age-related complications [18,19]. Apart from age, 

the baseline characteristics of the two cohorts were otherwise comparable, which highlights 

the generalizability of the HIV-IMP score across different populations. 

 

Decile of 
predictive 

index 

Probability of 
in-hospital 
mortality 

Observed in-
hospital 

mortality (n) 

Expected in-
hospital 

mortality (n) 

Observed 
survival (n) 

Expected 
survival (n) 

Total observed 
(n) 

1 0.018 1 1.6 91 90.4 92 
2 0.031 3 3.7 118 117.3 121 
3 0.053 14 10.7 187 190.3 201 
4 0.091 16 20.6 211 206.4 227 
5 0.151 38 31.6 171 177.4 209 
6 0.240 34 35.3 113 111.7 147 
7 0.360 27 30.6 58 54.4 85 
8 0.500 23 23.0 23 23.0 46 
9 0.640 9 8.3 4 4.7 13 
10 0.849 10 9.5 2 2.5 12 
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Interestingly, the mortality rate in this study and Laher et al.’s study aligns with findings from 

Lamprecht et al., who reported a mortality rate of 17.8% for HIV-positive patients at a 

regional hospital in South Africa [20]. Their study also highlighted a stark contrast in 

mortality rates between HIV-positive (17.8%) and HIV-negative patients (8.1%), further 

emphasising the disproportionate burden of HIV on healthcare systems. This comparison 

illustrates the pressing need for prognostic tools like the HIV-IMP score to assist in 

identifying high-risk patients and optimising resource allocation. 

 

Another notable observation in this study was the increased length of hospital stay among 

patients who succumbed to their illness compared to survivors. This finding aligns with other 

studies [21,22], emphasising the substantial healthcare resources consumed by critically ill 

HIV-positive patients. Prognostic tools such as the HIV-IMP score could help healthcare 

providers identify these high-risk individuals early, guiding both targeted interventions and 

timely palliative care decisions, thereby reducing prolonged hospitalisations. 

 

Both the internal and external studies demonstrated significant associations between each of 

the HIV-IMP score’s eight variables and in-hospital mortality. Glasgow Coma Scale (GCS) 

<15 and lactate >2 mmol/L emerged as the strongest predictors in both cohorts, aligning with 

their higher score weightings. In the internal study, lactate >2 mmol/L was associated with an 

odds ratio (OR) of 5.41 (95% CI: 3.69–7.95), while in the external validation cohort, it 

demonstrated an OR of 5.69 (95% CI: 4.06–7.98). Similarly, GCS <15 was associated with 

ORs of 3.66 (95% CI: 2.55–5.26) and 4.50 (95% CI: 3.15–6.45) in the internal and external 

cohorts, respectively. Other variables, such as albumin <35 g/L and ART non-adherence or 

non-initiation, also showed strong associations with mortality in both cohorts. However, 

minor variations were observed. For example, white cell count <4 × 10⁹/L was associated 

with a slightly higher OR in the external cohort (1.83; 95% CI: 1.23–2.74) compared to the 

internal cohort (1.68; 95% CI: 1.10–2.57). These differences may reflect variations in patient 

profiles or laboratory thresholds between healthcare facilities. Overall, these findings 

emphasise the consistency of the score’s predictive variables across diverse clinical settings, 

reinforcing the utility of the HIV-IMP score as a reliable tool for mortality prediction. 

 

The actual rates of in-hospital mortality across the range of HIV-IMP scores (0–10) were 

remarkably consistent between the two studies. In both cohorts, mortality rates increased 
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progressively with higher scores, confirming the model’s ability to stratify risk effectively. 

For instance, in the internal study, scores of 4 and 5 corresponded to mortality rates of 16.3% 

and 25.3%, respectively, while the external validation study reported comparable rates of 

18.1% and 23.1%. Higher scores demonstrated a sharper rise in mortality, with scores of 8 or 

above associated with mortality rates exceeding 65% in both studies. This consistency 

emphasises the predictive reliability of the HIV-IMP score across independent populations. 

 

The graphical relationship between the HIV-IMP score and the predicted probability of in-

hospital mortality also demonstrated similar trends in both studies. In both cases, the 

distribution of points indicated a clear positive correlation: as the risk score increased, the 

predicted probability of in-hospital mortality rose exponentially. The internal validation study 

showed a slightly steeper curve, reflecting its higher AUROC value, but the overall alignment 

between observed and predicted probabilities remained robust in both studies.  

 

In the developmental and internal validation cohort, Laher et al. reported an AUROC of 0.83 

(95% CI: 0.78–0.86), indicating excellent discrimination. Calibration was also robust, with a 

Hosmer–Lemeshow χ² value of 4.05 (p = 0.853). In comparison, the external validation 

cohort demonstrated slightly lower discriminatory performance (AUROC = 0.78, 95% CI: 

0.74–0.81) but showed marginally improved calibration with a Hosmer–Lemeshow χ² value 

of 5.16 (p = 0.741). These results remain indicative of good predictive ability and align with 

expectations for model performance in independent populations. Differences in patient 

demographics, clinical characteristics, and healthcare access between the two cohorts may 

explain the minor variations observed. Notably, the external cohort included a higher 

proportion of patients in advanced stages of HIV (WHO Stage 4: 36.8% vs. 29.7% in the 

internal cohort), which could have influenced outcome predictability. Overall, the above 

findings validate the model’s ability to predict mortality risks consistently across varying 

clinical settings. 

 

Implications for clinical practice 

The consistent performance of the HIV-IMP score across both internal and external 

validations highlights its potential as a practical tool for risk stratification in resource-limited 

settings. By identifying patients at high risk of mortality upon presentation, the score 

facilitates timely intervention, supports early palliative care decisions, and informs 
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appropriate allocation of scarce resources, such as intensive care unit (ICU) beds or 

specialised treatments. The simplicity of the score, which combines easily obtainable clinical 

and routine laboratory parameters, ensures its applicability even in under-resourced 

emergency departments. 

 

Despite its strengths, the score’s reliance on laboratory tests, such as lactate and albumin, 

may limit its use in settings with constrained diagnostic capacity. Future adaptations of the 

score could explore alternative or proxy markers for these variables, such as incorporating 

base excess or base deficit in cases where lactate is not available, to enhance its utility in such 

environments. 

 

Strengths and limitations of the external validation study 

This external validation study is notable for its large sample size, diverse patient population, 

and rigorous methodology. The use of a well-defined cohort from a high-burden setting 

ensures the findings are highly relevant to real-world clinical practice in similar contexts. 

Furthermore, the study adhered to best practices for model evaluation, including the 

assessment of discrimination and calibration. 

 

However, certain limitations must be acknowledged. The external cohort was drawn from a 

single centre, potentially limiting the generalizability of findings to other regions with 

differing healthcare systems or epidemiological profiles. Additionally, while the HIV-IMP 

score performed well in predicting in-hospital mortality, its performance in predicting other 

outcomes, such as post-discharge mortality, remains unassessed. 

 

Future directions 

The external validation of the HIV-IMP score represents an important step toward its clinical 

implementation. However, further research is needed to assess its performance in other 

settings, particularly in lower-resource environments where diagnostic capacities may differ. 

Longitudinal studies evaluating the score’s ability to predict long-term outcomes, such as 

one-year mortality, could further enhance its utility. 

 

Finally, integrating the HIV-IMP score into electronic health record systems could facilitate 

its routine use in emergency departments, streamlining risk assessment and decision-making 
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processes. Such integration could also enable real-time monitoring of patient outcomes, 

providing valuable data for continuous refinement of the score. 

 

CONCLUSION 

The external validation of the HIV-IMP score confirms its utility as a reliable tool for 

predicting in-hospital mortality among HIV-positive patients. Despite minor variations in 

performance metrics, the score demonstrated good discrimination and calibration, consistent 

with findings from the internal validation study. Its simplicity, reliability, and applicability in 

resource-limited settings position it as a valuable addition to the clinical toolkit for managing 

critically ill HIV-positive patients. Future research should focus on expanding its validation 

to other settings and evaluating its impact on clinical outcomes and resource utilisation. 
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INTRODUCTION  

South Africa has one of the largest HIV-positive populations in the world [1]. Data from the 

2020 UNAIDS HIV and AIDS estimates show that 7.8 million people are living with HIV in 

South Africa, making up 20.6% of the global HIV burden [2]. The public health sector has 

significantly enhanced its antiretroviral therapy (ART) programme in recent years, with a 

resultant reduction in HIV-related morbidity and mortality and an increase in life expectancy 

to approximately 80% of the average life expectancy of South Africans without HIV [3]. 

Despite these advances, there is a paucity of data pertaining to the current impact of HIV on 

hospital outcomes.  

 

Patients admitted to hospital with HIV are at an increased risk of mortality during their 

hospital stay. A study conducted at the GF Jooste Hospital in Western Cape, South Africa, 

reported that the in-hospital mortality rate for HIV-positive individuals was 5%, increasing to 

13% at 90 days follow-up, with over a third of those who were discharged requiring 

readmission [3]. A more recent study conducted by Laher et al. at the Charlotte Maxeke 

Johannesburg Academic Hospital (CMJAH) reported that the in-hospital mortality rate of 

HIV-positive individuals admitted from the emergency department (ED) was 13.6% [4]. 

These findings highlight the necessity of service delivery focused on reducing adverse 

outcomes and conserving resources in resource-limited settings. 
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The COVID-19 pandemic has further strained the public health sector, highlighting the 

additional burden of HIV on health systems [5]. The health sector continues to face 

significant challenges, particularly the high resource burden of managing HIV [6]. 

Additionally, many patients still present to hospitals, unaware of their HIV-positive status. 

 

A study conducted in Cape Town by Meintjies et al. reported that over 60% of patients 

requiring hospital admission were HIV-positive [3], while another study conducted in the 

Western Cape reported that 38% of patients seen in the resuscitation area of the ED were 

HIV-positive [7]. These statistics highlight the critical need for proper resource allocation to 

meet the needs of both HIV-positive and HIV-negative patients adequately.  

 

In general, the management of HIV-positive patients, particularly within an in-patient setting, 

is expensive and resource-demanding. A study conducted at another hospital in Johannesburg 

indicated that HIV-positive patients accounted for over half of the total hospital expenditure 

per day. These patients also had longer hospital stays and required more extensive testing, 

medication, and clinical expertise compared to HIV-negative patients, making their treatment 

more complex [8]. Therefore, strategies that reduce inpatient admission costs or shorten 

hospital lengths of stay could greatly benefit healthcare systems, not only in South Africa but 

also in other developing countries.  

 

Biochemical and clinical markers have proven effective in predicting mortality among HIV-

positive patients. For instance, a low CD4 cell count and a high HIV viral load at presentation 

are linked to an increased risk of mortality [9]. Alarmingly, up to 36% of HIV-positive 

patients are ART naive, often due to unawareness of their HIV status [8]. Maintaining high 

adherence levels to antiretroviral therapy (ART) is crucial for viral suppression, with studies 

indicating that adherence rates should remain above 90-95% for optimal results [10]. Biset et 

al. reported that patients poorly adherent to their ART regimen faced up to 28 times higher 

risk of mortality than those who were compliant [11]. This highlights the importance of 

continuous patient education and support to improve ART adherence and ultimately reduce 

mortality rates 

 

Other factors have also been shown to predict mortality among patients with HIV. Studies 

have reported that those with a high respiratory rate or an oxygen saturation below 90% were 
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at higher risk of mortality [12], as were those with a low white cell count [13]. Similarly, a 

serum albumin concentration of less than 35 g/L has also been associated with higher 

mortality [14]. Likewise, a study conducted in Uganda reported that patients with a high 

lactate level had an 80% chance of mortality [15]. Lower haemoglobin levels and lower 

glomerular filtration rates [3], as well as advanced age [16], being male [17], 

thrombocytopenia [18], and a high CRP level [19] were also associated with higher mortality 

in HIV-positive patients. 

 

The HIV In-Hospital Mortality Prediction (HIV-IMP) risk score 

The HIV-IMP risk score is a tool that was developed to predict in-hospital mortality amongst 

HIV-positive individuals presenting to the ED [4]. Outcome prediction models or risk scores 

help predict outcomes related to a specific disease. They can enhance clinical decision-

making processes for various stakeholders, including healthcare professionals, patients, and 

policymakers [20]. Prior to the development of the HIV-IMP risk score, no other tool existed 

to predict mortality amongst HIV-positive patients presenting to the ED [4].  

 

The creators of the HIV-IMP risk score identified 19 variables associated with a significantly 

higher likelihood of in-hospital mortality among 1,224 HIV-positive patients presenting to a 

tertiary-level hospital ED. After conducting multivariate regression analysis, eight variables 

(table 1) emerged as independent predictors of in-hospital mortality, which were then 

included in the HIV-IMP risk score. These variables were assigned a weighted score based on 

their regression coefficients. Variables with a regression coefficient less than 1 received a 

score of 1, while those with a coefficient between 1 and 2 received a score of 2. The total 

HIV-IMP score is calculated by summing the scores of each variable, with possible scores 

ranging from 0 to 10 points [4]. This scoring system is straightforward to administer as all 

eight variables are either routinely measured upon patient arrival at the ED or are part of the 

initial laboratory tests. 
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Table 1: Variables that were included in the HIV-IMP score with their associated 

regression co-efficient, odds ratio, p-value, and allocated weighing scores [4] 

Following the development of the risk score, the performance of the model was assessed 

using various statistical methods, including model discrimination (the ability of the model to 

distinguish between patients with the outcome and those without the outcome) and model 

calibration (the agreement between observed outcomes and expected outcomes). The model 

was thereafter internally validated among 958 of the included patients. After subjecting the 

risk score to bootstrapping, satisfactory discrimination (AUROC=0.83, 95% CI: 0.78-0.88) 

and calibration (Hosmer -Lemeshow χ2 =2.26, p = 0.895) was maintained. The authors, 

therefore, concluded that a positive statistical relationship existed such that a higher HIV-

IMP risk score was associated with a higher risk of mortality [4].   

 

With the promising results that emanated from the internal validation of the HIV-IMP risk 

score, the authors suggest that the tool may help guide the clinician in resource-based 

decision-making processes. As such, the authors recommended that future studies aim to 

externally validate the HIV-IMP risk score in other clinical settings.  

 

Pilot study 

With the permission of the Head of Department of Chris Hani Baragwanath Academic 

Hospital (CHBAH) Medical Emergency Unit (MEU), a pilot study was conducted over ten 

days. This was done to determine the feasibility of conducting an external validation study at 

the institution. The pilot study involved tracking patient files of HIV-positive patients 

presenting to the CHBAH MEU. It must be noted that no data was captured from the files as 

the purpose was to determine whether all the required data was present in the files and 
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whether patient outcomes could be tracked. Of the 79 HIV-positive patients who presented to 

the CHBAH MEU over ten days, 71 (89.9%) had complete files containing all eight datasets 

required to calculate the HIV-IMP score. 

Furthermore, 33 patients (46.5%) had a definitive outcome (either death or discharge) within 

the same period. Based on these figures, it is estimated that approximately seven patients per 

day will be recruited into the study. Consequently, data collection is expected to be 

completed within three to four months from its initiation. 

 

STUDY AIM 

To externally validate the HIV-IMP risk score  

 

STUDY OBJECTIVES 

• To determine the HIV-IMP score for each of the included patients 

• To determine the in-hospital mortality rate of HIV-positive patients presenting to the 

Chris Hani Baragwanath Academic Hospital (CHBAH) Medical Emergency Unit 

(MEU) 

• To determine the average hospital length of stay of HIV-positive patients admitted 

after presentation to the CHBAH MEU. 

• To determine ART adherence amongst the study population. 

• To correlate in-hospital mortality among study patients with in-hospital mortality in 

the original study published by Laher et al. and thereby attempt to externally validate 

the HIV-IMP risk score [4]. 

 

METHODOLOGY 

Study Design  

This will be a prospective, cross-sectional, single-centre validation study. 

 

Study Site 

The study will be conducted at the CHBAH MEU, a quaternary-level facility in Soweto, 

Gauteng. It manages all medical (non-trauma or non-surgical) priority one (P1) and priority 

two (P2) patients who pass through the triage system. As per the MEU register, 

approximately 10 HIV-positive present to the unit daily. 
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Study Population  

The study population will consist of adult (>18 years) HIV-positive patients presenting to 

CHBAH MEU. Participants will be recruited using a purposive sampling method to ensure 

that they meet the study inclusion criteria.  

 

Sample Size  

The prevalence of in-hospital mortality in the developmental data was 13.6% (4). The 

approach used by Riley and colleagues was used to calculate the sample size [21]. It will be 

assumed that the anticipated outcome event proportion (𝜙) in the external validation 

population will be 20% (0.2) and the observed/expected (O/E) in-hospital mortality will be 

0.8, with a 95% confidence interval width of 0.2 for O/E to precisely demonstrate that the 

model has a good calibration-in-the-large. Hence, the targeted confidence interval on the O/E 

scale will be approximately 0.905 to 1.105, corresponding to a standard error (SE) on the 

ln(O/E) scale of about 0.051. Therefore, using the equation below, the sample size required 

will be: 

N = (0.8− 𝜙) / 𝜙 x (SE(ln(O/E)))2 

N = 1153 

Hence, at least 1153 patients will be required to externally validate the HIV-IMP risk score.  

 

Inclusion Criteria 

The inclusion criteria for the study will be all HIV-positive patients presenting to the 

CHBAH ED who are over the age of 18 years and requiring admission. 

 

Exclusion Criteria  

• Patients who are HIV-negative. 

• Patients who will be transferred to another facility. 

• Inability to obtain informed consent for study participation. 

• Patients who have incomplete data in files, particularly data required for calculating 

the HIV-IMP score.   
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Data Collection 

• Once permission has been granted to commence the study, all doctors working at the 

CHBAH MEU will be individually informed regarding the study design and 

requirements (Appendix I). 

• Doctors working on each shift will be asked to inform the primary investigator (Dr M 

Asmal) of any HIV-positive patients that are admitted during the shift. 

• Data will be collected twice times a week by the primary investigator ( Dr M Asmal) 

• Patients will then be traced using the admission book in the medical admission ward 

(ward 20) to determine which ward they have been admitted to. 

• Once it is determined which wards the patients are in, the admission book in the 

respective wards will be reviewed to determine the patients’ bed numbers. 

• Patients who cannot be found will be traced with the assistance of the ward clerk 

employed in each of the medical wards. 

• The primary investigator will conduct the process of obtaining informed consent and 

data collection (Appendix II). 

• If the potential subject cannot grant consent (e.g., decreased level of consciousness), 

consent will be obtained from the next of kin / legal guardian (Appendix III). It must 

be noted that should consent be obtained from a next of kin, the patient’s HIV status 

will not be disclosed. Once the patient is capacitated to consent, informed consent will 

be obtained from the patient. If the patient refuses to consent, their data will be 

destroyed and excluded from the study. 

• Data relevant to the study will be obtained from the patient’s hospital record. This 

includes data directly required to calculate the HIV-IMP score (i.e., ART 

initiation/adherence, respiratory rate, O2 saturation, lactate, white cell count, albumin, 

GCS, and creatinine), as well as data such as the final working diagnosis and length of 

hospital stay. 

• Information not found in the patient’s hospital record will be obtained either from the 

patient or the patient’s laboratory record ( i.e., using the National Health Laboratory 

Services (NHLS) lab track app). 

• The four-question AIDS Clinical Trials Group Adherence Questionnaire (ACTG-AQ) 

will be used to determine non-adherence to ART: (i) Have you missed your 

antiretroviral therapy pills yesterday; (ii) have you missed your antiretroviral therapy 
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pills the day before yesterday; (iii) have you missed your antiretroviral therapy pills 

during the past weekend; and (iv) have you missed your antiretroviral therapy pills in 

the past 2 weeks [22]. Patients who answer ‘yes’ to any of the four questions will be 

considered non-adherent to ART. 

• Only if the next of kin/ legal guardian volunteers the patient’s HIV status when asked 

about the patient’s past medical history will they be questioned with regards to ART 

initiation/ adherence; otherwise, these patients will be excluded from the study. 

• Relevant data will be captured in the data collection sheet (appendix IV). 

• To ensure completion of data collection, patients will be followed up bi-weekly for 

the entire duration of hospital stay (to determine in-hospital mortality). 

• The study by Laher et al. (2021) found that the mean length of hospital stay of 

patients was 8.3 days; hence, it is anticipated that data collection for most patients will 

be completed within 1-2 weeks. 

• Doctors in the relevant wards will also be informed of the study and asked to notify 

the primary researcher of any mortalities or discharges in their respective wards. 

• Each ward's discharge and death books will be reviewed bi-weekly to determine the 

outcome of patients no longer in the ward. 

• Data obtained will thereafter be entered into Microsoft® Excel®. 

• It will be ensured that the data collection process will not interfere with the unit and 

researcher’s clinical duties and responsibilities. 

 

DATA ANALYSIS  

Data will be exported from Microsoft Excel into Stata v.16 (StataCorp Ltd, College Station, 

TX, USA) for statistical analysis. Data will be described with in-hospital mortality as the 

outcome. Mean (standard deviation (SD)) or median (Interquartile range (IQR)) will be 

reported for continuous variables, and the Student’s T-test or Mann-Whitney U test will be 

used to determine if there are differences between groups depending on the normality of the 

data. For categorical variables, frequency and percentage will be reported, and depending on 

the number of participants in each group, either the Pearson or Fisher’s exact test will be used 

to determine if there are significant differences between the two groups. 

 

The score will be generated for this population based on the independent predictors of in-

hospital mortality that were developed and internally validated by Laher et al. [4]. The 
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performance of the developed risk score will be evaluated using various methods. Firstly, to 

determine whether higher risk scores were associated with higher rates of in-hospital 

mortality, the actual rate of in-hospital mortality for the entire range of risk scores (0–10) 

achieved by this study population will be calculated and tabulated. Secondly, the relationship 

between the approximate predicted probability of in-hospital mortality and the risk score will 

be plotted. Thirdly, discrimination and calibration of the risk score in this study population 

will be evaluated. 

 

Discrimination refers to the ability of a risk score or model to distinguish between patients 

with the outcome (in-hospital mortality) from those without the outcome and can be 

quantified with measures such as sensitivity and specificity. Discrimination will be assessed 

using the area under the receiver operating characteristic curve (AUROC) (also known as the 

C statistic), which plots the sensitivity (true positive rate) against 1 – specificity (false-

positive rate) for consecutive cut-offs for the probability of an outcome. Calibration refers to 

the agreement between observed and expected outcomes (predictions) and will be assessed 

using the Hosmer–Lemeshow goodness-of-fit test for logistic regression.  

 

ETHICAL CONSIDERATIONS  

Before the commencement of the study, ethical approval will be obtained from the Wits 

HREC (medical). Permission to conduct the study will be obtained from the Chief Executive 

Officer (CEO) and the head of department of the MEU at CHBAH (Appendix III). Each 

participant will be given a study information sheet (Appendix I), informing them about the 

aim of the study and noting that there is neither direct risk nor benefit for participating in the 

study. Once patients have been accurately informed and have chosen to participate in the 

study, they will be required to sign a consent document (Appendix I). All identifying 

information of participants will be kept strictly anonymous, and only the researchers, 

supervisors, and statistician will have access to the raw data. Digital copies will be kept in a 

password-protected computer, while paper-based data will be kept in a locked cupboard, 

which only the researcher and supervisor can access. Data may be retained for publication 

purposes, but if not used within five years, will be destroyed. It must be noted that the study 

will not affect the clinical work of the doctors aiding in the data collection process. 

 

TIMING  
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 2022 2023 
 Apr-Sep Oct-Dec Jan – Feb Mar – Aug Sep-Oct Nov – Dec 

Literature review                   
Preparing protocol                   
Protocol assessment                   
Ethics application                   
Collecting data                   
Data analysis                   
Write up                   

 

FUNDING  

The research project will be self-funded. R1500 will be allocated to stationary and printing 

and R1000 to travelling expenses. The total budget is R2500. 

 

PROBLEMS AND LIMITATIONS  

A potential limitation of the study is that data required to complete the HIV-IMP risk score 

may be incomplete for some patients, as relevant clinical data may not have been recorded or 

laboratory data needed to calculate the HIV-IMP score may not have been requested. As 

such, these patients would have to be excluded. The mortality findings of the study may also 

be skewed by participants who are for palliation and are discharged only to demise at home. 

Furthermore, based on the hospital’s triage policy, a sicker patient cohort would be selected, 

which could potentially skew the study results. Further research should be done at smaller 

district level hospitals to include less sick patients. Lastly, potential participants may be 

missed should they be HIV-positive but refuse to participate in the study. 
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APPENDIX I: Doctor / medical staff information sheet 
 
Good day; my name is Doctor Muhammad Asmal. I am an emergency medicine registrar 
conducting a research project for my Master of Medicine (MMed) degree. Thank you for 
taking the time to read this information sheet. 
 
Study Title: External Validation of the HIV In-hospital Mortality Prediction (HIV-IMP) risk 
score 
 
The aim and background of the study: I will aim to externally validate the recently 
developed HIV-IMP risk score by Laher et al. The HIV-IMP risk score is a tool that was 
designed to predict in-hospital mortality amongst HIV-positive individuals presenting to the 
ED. Outcome prediction models or risk scores help predict outcomes related to a specific 
disease. They can enhance clinical decision-making processes for various stakeholders, 
including healthcare professionals, patients, and policymakers (18). Prior to the development 
of the HIV-IMP risk score, no other model existed to predict mortality amongst HIV-positive 
patients presenting to the ED. 
 
Study design, population, and site: The study will be a prospective, cross-sectional, single-
centre validation study conducted at the Chris Hani Baragwanath Academic Hospital Medical 
Emergency Unit. I will require a total of 1153 patients for the entire study. It is estimated that 
data collection will continue over approximately four months. 
 
What is required from you and your colleagues: Kindly inform me (contact details below) 
regarding any patients that present to this ED with confirmed HIV disease. Your assessment, 
management, and documentation of findings should be comprehensive and goal-directed as 
usual practice. You will not be required to complete any extra documentation or obtain study 
consent. I will conduct data collection and study consent procedures from the hospital file 
and the patient. Information that will be collected relates to medical findings, laboratory 
results, and outcome details. 
 
Benefits: The information obtained may be helpful for future patients as we may then be able 
to better understand and prognosticate patients presenting with HIV. This study may also 
result in improved care for other patients living with HIV. There will be no direct benefit to 
you or the patient. 
 
Risks: This study is entirely safe; there is no pain, no cost, and no side effects or risk of harm 
to you or the patient. 
 
Confidentiality: All information is anonymous and cannot be later linked to you or the 
patients. Every effort will be made to keep all information confidential. 
 
Participation is voluntary: If you choose not to get involved in the study, kindly inform me 
so I can make other plans to identify potential study subjects. Your job and our working 
relationship will not be affected in any way if you choose to get involved, not to get involved, 
or at any time decide to withdraw involvement in the study. 
 
Reimbursements: No money will be paid to you or the patients for participating in the study. 
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Ethics: This study has been approved by the Human Research Ethics Committee (Medical) 
of the University of the Witwatersrand. Any queries may be directed to them on 011 717-
1252. The results of the study will be submitted for publication once the study has been 
completed. 
I appreciate your time and help if you choose to volunteer for my research project. 
 
Please feel free to contact me or my supervisors if you have any questions 
Dr Muhammad Asmal, masmal27@gmail.com, 063 401 7525 
Supervisors: Prof Abdullah Laher, abdullahlaher@msn.com & Dr Craig Beringer, 
craigorollo@gamil.com  
 
Yours sincerely  
Dr Muhammad Asmal 
  

mailto:masmal27@gmail.com
mailto:abdullahlaher@msn.com
mailto:craigorollo@gamil.com
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APPENDIX II: Participant information sheet and consent form 
 
Good day; my name is Doctor Muhammad Asmal. I am an emergency medicine 
registrar/doctor conducting a research project for my Master of Medicine (MMed) degree. 
Thank you for taking the time to read this information sheet. 
 
Invitation to participate: I invite you to participate in this research project. 
 
Introduction: You presented to the hospital and are receiving treatment as per standard 
treatment guidelines. This is a study involving research and not routine care. Research is just 
the way we learn the answer to a question. My research project is about HIV. In this study, 
we want to learn more about people with HIV presenting to the Emergency Department. 
 
What is involved in the study: Information for the study will be collected from your hospital 
file. If I require more information that cannot be found in your file, I may also ask you a few 
questions. Information that will be collected relates mainly to your medical findings, blood 
results, and outcome details. 
 
Benefits: The information obtained may be helpful for future patients as we may then be able 
to understand HIV better. This may also result in improved care for patients living with HIV. 
 
Risks: This study would not take much of your time. It is entirely safe; there is no pain, no 
cost on your part, and no side effects or risk of any harm. 
 
Confidentiality: All your information is anonymous and cannot be later linked to you. Every 
effort will be made to keep your information confidential. 
 
Participation is voluntary: You may withdraw from the study at any time. Your treatment 
will not be affected if you take part, do not take part, or at any time decide you no longer 
want to take part in the study. 
 
Reimbursements: You will not be paid money to participate in the study. The results of the 
study will be available to you once it has been completed. 
 
Ethics: This study has been approved by the Human Research Ethics Committee (Medical) 
of the University of the Witwatersrand. Any queries may be directed to them on 011 717-
1252. The results of the study will be submitted for publication once the study has been 
completed. 
I appreciate your time and help if you choose to volunteer for my research project. 
 
Please feel free to contact me or my supervisors if you have any questions 
Dr Muhammad Asmal, masmal27@gmail.com, 063 401 7525 
Supervisors: Prof Abdullah Laher, abdullahlaher@msn.com & Dr Craig Beringer, 
craigorollo@gamil.com  
 
Yours sincerely 
Dr Muhammad Asmal 
 

mailto:masmal27@gmail.com
mailto:abdullahlaher@msn.com
mailto:craigorollo@gamil.com
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I…………………………………………………………………………………(name) consent 
to participate in the above study. 
 
_____________________                                                               __________ 
Signature                                                                                  Date 
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APPENDIX III: Next of kin / legal guardian information sheet and consent form 
 
Good day; my name is Doctor Muhammad Asmal. I am an emergency medicine registrar 
conducting a research project for my Master of Medicine (MMed) degree. Thank you for 
taking the time to read this information sheet. 
 
Invitation to participate:  Since you are the next of kin / relative of 
_____________________, I am inviting you to voluntarily take part in this research project 
on behalf of him/her. 
 
Introduction: ___________________ (name of patient) presented to the hospital and is 
receiving treatment as per standard treatment guidelines. This is a study involving research 
and not routine care. Research is just the way we learn the answer to a question. In this study, 
we want to learn more about your relative's illness. 
 
What is involved in the study: Information for the study will be collected from the hospital 
records of _______________________ (name of patient), who is your 
husband/wife/father/mother/son/daughter / other (specify): _______________. I may also ask 
you some questions as well as examine ______________ (name of patient). Information that 
will be collected relates to medical findings, laboratory results, and outcome details. 
 
Benefits: The information obtained may be helpful for future patients as we may then be able 
to understand their illness better. This may also result in improved care for other patients 
living with his / her illness. 
 
Risks: The study is entirely safe; there is no pain, no cost, and no side effects or risk of harm 
to you or the patient. 
 
Confidentiality: All information is anonymous and cannot be later linked to you or the 
patient. Every effort will be made to keep all information confidential. 
 
Participation is voluntary: You may withdraw him/her from the study at any time. His / her 
treatment will not be affected by taking part, not taking part, or deciding to no longer want to 
participate in the study. 
 
Reimbursements: No money will be paid to you or the patients for participating in the study. 
The results of the study will be available to the patient once the study has been completed. 
 
Ethics: This study has been approved by the Human Research Ethics Committee (Medical) 
of the University of the Witwatersrand. Any queries may be directed to them on 011 717-
1252. The results of the study will be submitted for publication once the study has been 
completed. 
I appreciate your time and help if you choose to volunteer for my research project. 
 
I appreciate your time and help if you choose to volunteer for my research project on behalf 
of _______________________________. 
 
Please feel free to contact me or my supervisors if you have any questions 
Dr Muhammad Asmal, masmal27@gmail.com, 063 401 7525 

mailto:masmal27@gmail.com
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Supervisors: Prof Abdullah Laher, abdullahlaher@msn.com & Dr Craig Beringer, 
craigorollo@gamil.com  
 
Yours sincerely 
Dr Muhammad Asmal 
 
 
I…………………………………………………………………………………(name) consent 
to participate in the above study. 
 
_____________________                                                               __________ 
Signature                                                                                  Date 
  

mailto:abdullahlaher@msn.com
mailto:craigorollo@gamil.com
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APPENDIX IV: Data collection sheet 
 
Name: ......................................................................                                                                            

Hospital number: .....................................................                          Ward: ................... 

Admission date: .......................................................                                                                                  

Date of discharge/demise: ………………………...                                                                                 

Length of stay: …………………………………….                                                                                 

Gender: ...............  

 

Parameter Patient values Weighting 
score 

ART non-adherent or not yet on ART         /1 

Glasgow coma scale          /2 

Respiratory rate          /1 

Oxygen saturation          /1 

White cell count          /1 

Creatinine          /1 

Lactate          /2 

Albumin          /1 

 
Hb:…….            Platelet count………         CD4 count:………    Viral load:………… 
      
Working/ final diagnosis: 
.................................................................................................................  
                                                                                                                                                            
Final disposition: ......................................  
 
Comments: 
......................................................................................................................................................
......................................................................................................................................................
......................................................................................................................................................
...................................................................................................................................................... 
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APPENDIX V: Letter to hospital CEO/ Superintendent/HOD 
 
Dear Professor/ Doctor/ Sir / Madam 
 
Re: Permission to conduct Master of Medicine (Emergency Medicine) research.  
 
I am an emergency medicine registrar, registered at the University of Witwatersrand for a 
Master of Medicine degree. I am approaching your humble office to request permission to 
conduct my research at your institution. 
 
My proposed research is entitled: External Validation of the HIV In-hospital Mortality 
Predictive (HIV-IMP) Risk Score. If granted permission, the study will take place at this 
hospital on all consenting HIV-positive individuals presenting to the Medical Emergency 
Unit (MEU). My study involves the review of patient files and data to determine patient 
outcomes. 
 
The study will not interfere with standard service delivery and will not have any direct impact 
on patient care. Neither the hospital nor the doctors will incur any expenses because of this 
study. I will bear minor expenses. 
 
Thank you for your anticipated consent. 
 
Yours faithfully 
 
_____________________________                                          ___________ 
Dr Muhammad Asmal (Researcher)                                             Date 
 
 
I ………………………………………………… (HOD) hereby grant/do not grant 
permission to Dr Muhammad Asmal to carry out the research study outlined above. 
Remarks 
…………………………………………………………………………………………………
…… 
 
____________________________                                         _____________                           
HOD: Medical Emergency Unit                                           Date 
 
I ……………………………………………… (CEO/Superintendent) hereby grant/ do not 
grant permission to Dr Muhammad Asmal to carry out the research study outlined above. 
Remarks  
………………………………………………………………………………………………… 
 
______________________________                                       ______________                          
CEO/Superintendent                                                                       Date 
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