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1. Introduction

People with HIV who are seriously unwell and require hospital admission are a group of people at very high risk of death.  A previous WHO-led systematic review in 2015 showed that risk of in-hospital death was 20% for adults and 14% for children, and that AIDS-defining conditions were the most common cause of admission and death (https://www.thelancet.com/journals/lanhiv/article/PIIS2352-3018(15)00137-X/fulltext), with some variation by region of world and in adults compared to children.

ART care has changed substantially since 2015 (and most of the studies included in the review were published earlier than 2015) with treat all policies and INSTI based ART, as well as aging demographics and changing epidemiology of other diseases (such as non-communicable diseases, and noting the COVID-19 and mpox epidemics). 

We will aim to repeat the systematic review with up to date contemporary causes of hospital admission and in-hospital death.

2. PICO, inclusion / exclusion criteria

Population: Adults, adolescents and children admitted to hospital.
Outcome: Description of causes of hospital admission and deaths among people admitted to hospital

Inclusion

Studies are included if they meet all the following inclusion criteria (and none of the exclusion criteria).

a. Cohort studies that recruit (or observe) a general population of people admitted to hospital and report causes of admission or causes of death. See below and appendix 1 for what we consider a “general” population. Studies can either recruit (or observe) all people admitted and report causes of admission by HIV status, or only recruit/observe HIV positive people. Cohort studies can be prospective or retrospective, including trial participants and/or include registry based studies or studies based from administrative databases.

i. Includes studies recruiting people at point of hospital admission, or studies which followed up people from a pre-defined community cohort to observe for hospital admission 

ii. Studies must include a general rather than a highly pre-selected group of people being admitted to hospital (see section [8] additional information for further details / examples / rationale)

iii. For the cause of death question, studies that only recruit/observe people who died (for example, autopsy studies) are included.  Studies that only observe data in people who died will be included either if >75% of people were in hospital at the time of death, or if it is possible to disaggregate hospital vs. community causes of death. Studies were more than a quarter of people died out of hospital are excluded (for example, community verbal autopsy studies).

b. Use any method of diagnosis of main cause of admission; well described pre-defined definitions and vaguer clinician-defined diagnoses are both acceptable.

i. Studies that only or primarily look for a single cause of admission or death are included, so long as they look for that cause and report it’s prevalence in an general group of HIV positive patients. 

c. Studies among adults, adolescents and children are included.

d. Studies in any country in world are included.

e. Studies should have recruited participants from 1st Jan 2014 onwards.  Studies which cover a range of years before and after 2014 can be included if greater than 50% of participants were admitted from 1st Jan 2014 onwards (or if this isn’t reported, if more than half of the time period over which admission were collected was in the post-2014 time period).

Exclusion

Studies are excluded if they meet any of these exclusion criteria. 

a. Studies which only recruit a specific sub-set of people admitted to hospital (unless that sub-set is based on being a member of a previously defined cohort recruited prior to hospital admission, is a sub-set of people who died or is an age-based sub-set – see inclusion criterion [a]).

For example:

Studies of people with HIV and TB symptoms, or HIV and sepsis syndrome would be excluded.

A study that only recruited people admitted to hospital with stroke would be excluded because there is no denominator for all HIV admissions. (Note: this is different to studies that report the prevalence of stroke in a general group of PLHIV being admitted to hospital – see section [8] for details/ examples / rationale).

A study only of people admitted to a trauma ward would be excluded as all participants will have trauma as the cause of their hospital admission.

b. Studies which do not describe causes of admission or death are excluded

For example, a study of HIV testing among people admitted to a general medical ward which described prevalence of HIV, range of CD4 counts, ART status and HIV viral loads but not the reason for admission to hospital would be excluded.

c. Studies of people attending outpatient appointments or emergency departments but who are discharged the same day are excluded.

d. Studies only of for people being admitted for scheduled care (e.g. elective surgery) or admitted due to pregnancy or childbirth.

See Appendix 1 for more details and examples of inclusion and exclusion criteria.

3. Data to extract

We will extract data in duplicate using the same extraction tool that was used for the 2015 study. 

Calendar time during study.
Location of hospital(s) [i.e. country and WHO region]
Type of hospital (e.g. urban / rural, tertiary / district general)
Type of ward e.g. ICU, emergency department, medical ward, HIV ward.
How participants were recruited / identified.
Design (prospective / retrospective)

Number of people admitted to hospital and number with cause of admission / death determined.
Number of admission or death diagnoses made (for studies where one person can have more than one cause of admission recorded).
Definitions used to define causes of admission (if stated) including availability of diagnostics.
If an autopsy study – was this a minimally invasive or a “full” autopsy

Age and sex of participants / people admitted.
ART status, CD4, virological status.

Reasons for hospital admission – in standardised categories.*
Outcome – died or discharged alive and time period over which death measured, if relevant.

Checklist items related to study quality (see section [6]).

* Standardised reasons for admission and death will be recorded in the same way as the 2015 review using ICD10 with minor modifications, to include COVID-19 and mpox.  See section [9] for examples and rationale of how data was extracted.

4. Database search strategy

The search strategy was developed with a specialist librarian (Jane Falconer).  Search terms are related to HIV, and to hospital admission or death. See appendix 3.

The previous review searched for papers on 31st January 2015.

To ensure indexing of all relevant papers (i.e. requiring overlap of time periods) we searched the literature published from 1st January 2014 onwards.

5. Screening strategy

The search records will be initially screened by one investigator (RMB) reviewing title and abstract to remove records that were highly likely to be irrelevant to the question.

Two investigators will independently screen the remaining abstracts in duplicate (two of RMB, JE, NS) at title abstracts and then at full text.

Differences in inclusion decisions will be resolved by discussion, involving other investigators and arriving at consensus.

6. Risk of bias and study quality assessment

We considered the Newcastle Ottowa scale for cohort studies as the starting point and amended according to our research question.  The most relevant aspects of bias we have considered are:

· Representativeness of cohort / selection of cohort: 
· Lower risk of bias if participants represent either all admissions to hospital (e.g. via emergency department), all admissions to medical wards or all admissions among a group of people recruited as outpatients and followed prospectively.  
· Higher risk of bias if only people with e.g. newly diagnosed HIV, low CD4 counts, admitted to an infectious disease unit or an ICU or similar.
· Assessment of outcome / limited diagnostics: 
· Lower risk of bias if any or all diagnoses were considered and clinicians could have made any diagnosis.  
· Higher risk of bias if a study was only aiming to diagnose one condition (e.g. only did a TB test and reported proportion with TB but not other diseases).
· Assessment of outcome / limited reporting: 
· Lower risk of bias if paper reports in reasonable amount of detail the diagnoses. 
· Higher risk of bias if paper only reports minimal diagnostic information (e.g. only reports people who had AIDS-related conditions vs. none).  
NB. This aspect is related to completeness of reporting of information in published reports, rather than necessarily suggesting diagnoses that clinician actually made in real time were limited.
· Abstract only: 
· Lower risk of bias for full length papers, 
· Higher risk of bias if only a conference abstract was available.
· Spans 1st January 2014: 
· Lower risk of bias if all people were recruited post 1st Jan 2014.
· Higher risk of bias if the cohort spans 1st January 2014 (and unable to disaggregate). 

In general, estimating the effects of these forms of bias is imprecise.  The review team are experts in HIV clinical care and hospitalisations and will use professional judgement and consensus discussion to evaluate bias.  This will be reflected in discussion section of the paper.

7. Data synthesis

We will use the same categories of reason for admission as the 2015 review, with minor modifications – to include COVID-19 and m-pox.  There are 17 categories of admission, based on ICD-10.

We will group studies into separate categories based on
(a) WHO world region
(b) Adults and children
(c) Setting (e.g. Whole Hospital vs. Infectious Disease Units)

We will combine estimates of proportions admitted due to each of the 17 categories of cause by age (adults vs. children) and WHO region – only including studies that reported all potential causes of admission and death – using random effects meta-analysis. This will be done separately for causes of admission and causes of death.

We will use meta-regression to explore heterogeneity in cause of admission / cause of death related to age groups of participants (on a per-study basis, this is not an IPD), WHO region, Setting (e.g. medical ward vs. ICU).

We do not plan to do any imputation for missing data, we will either do complete cases analysis or list “missing” (for example, of ART status or CD4 count category) as it’s own category. 

8. Additional information: detailed inclusion / exclusion criteria based on population

The principal is that studies that permit analysis of the range of causes of admission (aka diagnoses) should be included.

Examples of included study designs:

The ideal scenario is a study that includes every person living with HIV admitted to hospital – probably recruiting from emergency department admission (assuming the emergency department is the only route of admission to that hospital) and with opt-out HIV testing so that HIV status is ascertained for all or most people.  Studies with this design should be included.  Ideally, results should be disaggregated for adults, adolescents and children.

Studies may also recruit (or observe) a cohort of people living with HIV in community at a time when they are well, and follow up these people prospectively for observe for incident hospital admission.  These studies would provided relatively unbiased estimates of the full range of hospital admissions (if the outpatient cohort was a generally representative)  and should be included.

Studies recruiting (or observing) only people admitted to medical inpatient wards are common.  These studies won’t allow us to observe non-medical causes of admission (for example, trauma).  However, most people living with HIV are likely to be admitted with medical problems and to not include studies with this design would mean excluding a large amount of useful information.  These studies should be included and setting will be noted.

Studies which recruit (or observe) only people admitted to intensive care units are likely to only recruit (or observe) people who have very high acuity illness.  However, in principle, the whole range of diagnostic reasons for admission could lead to intensive care admission.  These studies should be included, and we will note that they have only recruited more seriously unwell participants.

Studies which provide initial data on all (or a relatively general sub-set) of people being admitted, but which focus on one specific condition can also be included.  For example: 
· A study that reports the total number of people living with HIV being admitted via emergency department and the number of people admitted to a trauma ward (and then focuses on details of trauma admission) could be included.  
· A study which reports the total number of medical inpatients living with HIV who are diagnosed with tuberculosis could be included.
Studies which focus on one specific cause of admission will be noted in risk of bias.

Studies including only newly diagnosed PLHIV could be included, although this issue should be picked up in study quality / risk of bias assessment.  (In this case do not extract proportion on ART – see below).

Examples of excluded study designs

Studies which only recruit (or observe) people with a specific diagnosis cannot be included, because these studies can’t be used to provide information on who whole range of diagnoses of PLHIV in that hospital. 

For example:
· A study that only recruits (or observes) people living with HIV in a trauma ward can’t provide any information about range of all causes of admission to hospital so should be excluded.
· A study that only recruits (or observes) people with stroke should be excluded.
· A study about HIV testing among people admitted to COVID-19 isolation unit should be excluded.

Studies which only recruit (or observe) people with a particular syndrome or constellation of symptoms should be excluded because we don’t know how common that syndrome is among all admitted PLHIV, and (in some instances) we don’t know whether the cause of interest was present in or not in people without the syndrome.

For example:
· A study on the prevalence of cryptococcal meningitis among people admitted with headache would be excluded.
· A study on the range of respiratory pathogens in people admitted with cough would be excluded.
· A study on prevalence of TB that only recruited PLHIV with TB symptoms would be excluded.

The rationale is that a certain individual or small set of diagnoses will be overrepresented in this sub-group (e.g. bacterial meningitis is more common in people admitted with headache than the general population of everyone admitted) and there is no feasible way to use this information to determine the range of diagnoses in the population of everyone admitted to hospital.


9. Additional information: Approach to data extraction for causes.

We are interested in the “cause” of hospital admission.   Causes of hospital admission are extracted by physicians with experience of caring for people living with HIV admitted to hospital and where necessary judgement should be exercised and discussion with other extractors.

For most instances this should be straightforward, but principles, extraction methods and consensus “rules” are listed below.  Causes of admission will be extracted into a “google docs” spreadsheet and the spreadsheet adapted after an initial test set of extractions and discussion among extractors.

Extractors will discuss with each other during extraction process to ensure consistency among extractions.

Principles:

For each diagnosis on the list (the list is the same for each paper) extractors should write the number of people with a diagnosis and whether or not the diagnosis was “considered” (see below).  Ideally the extractor should extract one (main) cause of admission per person rather than multiple causes.  However, if a study reports (or likely reports) more than one cause per participant without listing one main cause, do not exclude the whole study but extract available data.

The classification of groups of causes of admission is based on ICD-10 and the previous systematic review (see section [10]).  This classification may not map exactly onto what papers report or how they classify causes of admission. Extractors should extract data where they are confident that categories described by authors are broadly similar to our categories (on balance of probability), if that can’t be done, data should be excluded.

There are top level causes (e.g. AIDS, bacterial infections) and second level causes (e.g. TB, bacterial pneumonia).  These can be filled independently for the same study if necessary (e.g. a study might tell you about numbers with AIDS related causes and numbers with TB – but not list what the other second-level causes were got people with AIDS-defining illnesses other than TB). 

The sum of the number of second-tier diagnoses don’t necessarily have to add up to the number with top level diagnosis.  This can be either because the same person has more than one second-level diagnosis, or because some second level diagnoses get lumped in “other” and therefore can’t extract at all (e.g. if a paper lists “fungal infections”, this can’t be extracted at all as you don’t know if that means cryptococcal disease or histoplasmosis).

Studies reporting prevalence only one diagnosis without explicitly saying whether or not the diagnosis was the “cause” of admission should be extracted if the cause is a common or important cause that would reasonably considered to be the likely cause of admission if present, but not if it was something that was reasonably considered to usually be a comorbidity.  For example, studies reporting prevalence of TB, cryptococcosis and histoplasmosis should have this extracted. Studies reporting prevalence of hepatitis B surface antigen, or echocardiography abnormalities should not be extracted as proportion of admissions “caused” by hepatitis B or heart failure (unless there is extra information in the study to indicate that hepatitis or heart failure is the cause of admission rather than an incidental finding).

Examples:

Consider a paper with only the information in quotation below.

· “100 admissions, 60 AIDS-related, 40 non-AIDS related”.  
Should extract 100 into denominator, 60 into AIDS-related category, but cannot assign any of the remaining 40 to a category (e.g. there is no information about whether they had neurological disease or haematological disease) so the information about these 40 is excluded.

· “100 admissions, 60 were HIV-related, these included 30 people with TB, 2 people with MAC, 5 people with toxoplasmosis, 9 people with PJP, 10 people with cryptococcal disease, 1 person with histoplasmosis, 3 people with AIDS dementia”.
Given this level of detail (every of the 60 HIV-related admission accounted for), should extract these causes and also put a “zero” for every other AIDS-related condition on our list but not listed in the paper.  It seems likely that had anyone has talaromycosis that this would have been included.  This rule is in order to allow to sometimes to have zero people with any given cause. If we could never include “zero” people, this would overestimate prevalence of unusual conditions.

· “100 admissions, 5 had e. coli bacteraemia from urinary source and 50 had TB”.
Extract as: 50 people with TB. Do not extract any number into AIDS-related (because we are not told how many people have non-TB AIDS related illnesses). Do not extract anything into urinary source bacterial infections (because while we know that at least 5 people had  urine infection, we don’t know whether anyone else has a urine infection not caused by e. coli).


Consensus rules:

We did not extract “sepsis” as a diagnosis, unless further details were available.  We considered sepsis to be a syndrome rather than a diagnosis (e.g. it would include people with bacterial pneumonia and with TB – which are in different categories in our extraction tool).  In some studies “sepsis” might mean people with e.g. hypotension and a high white cell count and is not necessarily representative of having an infection. 

Studies reporting prevalence of acute kidney injury only should not be extracted, as we considered that in most causes acute kidney injury was likely to be secondary to cause of admission (i.e. tuberculosis causing acute kidney injury).  If there was an indication that AKI was the “cause” of admission then this should be extracted.

10. Relationship between causes in extraction tool and ICD-10

This table shows how our pre-defined categories map onto ICD-10 categories. 

Note that it was rare that studies reported exact diagnosis for all patients, usually we had to extract from available presented aggregated data using whatever categories authors had provided.  We extracted aggregated data if we were confident that groupings used in studies were broadly similar to categories in our extraction tool – otherwise data should be discarded.  

All researchers extracting data for this review are experienced HIV physicians and discussed extraction decisions among ourselves to ensure consensus.

	This review, top level cause
	ICD-10 illnesses in his category
	Notes / rationale

	AIDS related illnesses
	B20-B24: Human Immunodeficiency Virus [HIV] disease.
Except B22.2 HIV disease resulting in wasting syndrome.
	As per ICD-10, this category includes all HIV-associated TB (B20.0), and HIV-associated neoplasms (B21).

We have provided a list as per ICD-10, but CDC-C criteria are our preferred definition of AIDS-related (and provide more granularity / detail than ICD-10).

Wasting syndrome not included here, as the previous review separated out malnutrition / wasting and we have followed their groupings.

	Bacterial Infections
	A00-A09: Intestinal infectious disease
A20-A28: Certain zoonotic bacterial disease
A30-A49: Other bacterial disease
B95: Streptococcus and staphylococcus
B96: Other specified bacterial agents
J13-J18: Bacterial pneumonia (various types)
	A15-19 Tuberculosis (non-HIV associated) is not relevant here as all participants have HIV.

J13-18 Bacterial pneumonia, in ICD-10 are grouped under “respiratory”, but moved here for this review.


	Viral infections
	A80-A89: Viral infections of the central nervous system
A92-A99: Arthropod borne viral fevers and viral haemorrhagic fevers
B00-B09: Viral infections characterised by skin and mucous membrane lesions.
B25-B34: Other viral diseases
B97: Viral agents as the cause of diseases
J09-J12: Influenza and viral pneumonia.
	J09-12 Influenza and viral pneumonia in ICD-10 are grouped under “respiratory”, but moved here for this review.  

This is in part because COVID-19 is in ICD-10 as an “emergency” code (neither under viral illness, nor respiratory).  We thought COVID-19 should be under “viral infection” rather than “respiratory infection”, and that it was logical to have flu and viral pneumonia in the same category as COVID-19.


	Parasites
	B50-64 Protozoal diseases
	

	Malnutrition / wasting
	B22.2 HIV disease resulting in wasting syndrome.
E40-46 Malnutrition
	

	Digestive
	K00 – K93: Diseases of the Digestive system
Except K70-K77: Diseases of Liver
	As per ICD-10, infectious diarrhoea is not in this category but is grouped in A00-A09 (ICD-10) and “Bacterial Infections” (this review)

	Liver
	K70-77: Diseases of Liver
B15-B19: Viral hepatitis
	

	Haematological
	D50-D89: Diseases of the blood and blood-forming organs
	

	Malignancies, NOT HIV related
	C00-C97: Neoplasms
	HIV associated malignancies grouped with AIDS-related illness in both ICD-10 and in this review.

	Respiratory
	J30-J99: Diseases of the respiratory system.
Excludes J00-J029 which are infections of respiratory system.
	In ICD10 infectious diseases including pneumonia and influenza are grouped under respiratory (J00-J29), but for this review we have put with bacterial infections or viral infections.

	Neurological
	G00-G99: Diseases of the nervous system
I60-I69: Cerebrovascular disease
	Stroke (I60-I69: cerebrovascular disease) is included under neurological in this review whereas in ICD-10 is under “diseases of circulatory system”.  This is to mimic categorisation in 2015 review. 

	Renal
	N00-N08: Glomerular diseases
N10-N16: Renal tubercular diseases
N17-N19: Renal failure
N25-N29: Other diseases of kidney and ureter
	

	Trauma and Surgery
	S00-T35: Injuries
V01-X59: Accidents
X60-Y09: Intentional self harm and assault
	

	Psychiatric
	F00-F99: Mental and behavioural disorders
	

	Endocrine / metabolic
	E00-E90: Endocrine, nutritional and metabolic disease
Except E40-E46: Malnutrition
	

	Cardiovascular
	I00-I99: Diseases of the circulatory system
Except I60-I69: cerebrovascular disease
	Stroke (I60-I69: cerebrovascular disease) included under neurological

	Skin and soft tissue
	L00-L98: Diseases of the skin and subcutaneous tissue
	

	Drug toxicity
	T36-50: Poisoning by drugs, medicaments and biological substances
T51-T65: Toxic effects of substances chiefly non-medical as to source.
	






