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— ABSTRACT

Background: Many clinical trials examine a
composite outcome of admission to hospital
and death, or infer a relationship between
hospital admission and survival benefit. This
assumes concordance of the outcomes “hospi-
tal admission” and “death.” However,
whether the effects of a treatment on hospi-
tal admissions and readmissions correlate to
its effect on serious outcomes such as death is
unknown. We aimed to assess the correlation
and concordance of effects of medical inter-
ventions on admission rates and mortality.

Methods: We searched the Cochrane Database
of Systematic Reviews from its inception to
January 2012 (issue 1, 2012) for systematic
reviews of treatment comparisons that in-
cluded meta-analyses for both admission and
mortality outcomes. For each meta-analysis,
we synthesized treatment effects on admis-
sions and death, from respective randomized
trials reporting those outcomes, using
random-effects models. We then measured
the concordance of directions of effect sizes

and the correlation of summary estimates for
the 2 outcomes.

Results: We identified 61 meta-analyses
including 398 trials reporting mortality and
182 trials reporting admission rates; 125 trials
reported both outcomes. In 27.9% of compar-
isons, the point estimates of treatment effects
for the 2 outcomes were in opposite direc-
tions; in 8.2% of trials, the 95% confidence
intervals did not overlap. We found no signifi-
cant correlation between effect sizes for
admission and death (Pearson r= 0.07, p =
0.6). Our results were similar when we limited
our analysis to trials reporting both outcomes.

Interpretation: In this metaepidemiological
study, admission and mortality outcomes did not
correlate, and discordances occurred in about
one-third of the treatment comparisons included
in our analyses. Both outcomes convey useful
information and should be reported separately,
but extrapolating the benefits of admission to
survival is unreliable and should be avoided.

ealth care decisions often rely on effects

of interventions described using rates of

admission or readmission to hospital.'?
These outcomes are typically regarded as indica-
tors of insufficient quality of care and inefficient
spending of health care resources;"* however,
whether they can predict other serious clinical
outcomes, such as death, is unknown.

Although effects on admission or readmission
rates are often analyzed using large sets of rou-
tinely collected data, such as from administrative
databases and electronic health records, many
randomized controlled trials (RCTs) also collect
data on admission rates, and some RCTs collect
mortality data. Moreover, some trials combine
death and admission to hospital as the primary
composite outcome® to increase the study’s power
to detect significant differences and reduce the
required study size.* However, the interpretation
of such a combination is difficult when the treat-
ment effects on the 2 components are not concor-
dant,’ for example, when more patients survive
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but rates of admission increase. In such cases,
composite outcomes may dilute or obscure clini-
cally significant treatment effects on important
individual components,** and incomplete disclo-
sure of individual effects may mislead the inter-
pretation of the results.*

We investigated systematic reviews of treat-
ment comparisons that included meta-analyses of
RCTs assessing effects on both rates of admission
and mortality. We used the reported trial data to
assess whether effects on admission rates were
concordant with effects on mortality or whether it
was possible to identify interventions and diseases
in which these 2 outcomes would provide differing
pictures of the merits of the tested interventions.

Methods

Data identification and eligibility

We searched the Cochrane Database of System-
atic Reviews from its inception to January 2012
(issue 1, 2012) for systematic reviews of treat-
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ment comparisons that included meta-analyses
of RCTs assessing rates of admission to hospital
and meta-analyses of RCTs assessing mortality.
We considered any comparison of interventions
with drugs, biologics, vaccines or dietary supple-
ments against other interventions, placebo or no
treatment. Comparisons of different dosing
schemes, routes of administration or timings of
application were eligible for inclusion.

We searched the database for the following
terms: “hospitalization,” “hospital stay,” “admis-
sion,” “readmission” and “mortality.” We per-
formed our last search on Jan. 22, 2012 (Appendix
1, available at www.cmaj.ca/lookup/suppl
/doi:10.1503/cmaj.130430/-/DC1). Titles and
abstracts of retrieved references were screened, and
potentially eligible articles were reviewed in full
text. We considered Cochrane reviews that included
at least 1 meta-analysis on an admission outcome
for further analysis. Eligible admission outcomes
were stays in hospital for which participants were
not admitted at randomization. In patients admitted
to hospital, the pertinent outcome was readmission.
Length of hospital stay and outcomes indirectly
associated with admission, such as retransplanta-
tion, were not eligible for inclusion. For topics per-
taining to maternal—fetal conditions, we analyzed
the outcomes for the mother and fetus separately.
For newborns, the pertinent outcome was admis-
sion to a neonatal intensive care unit (NICU),
because newborns who require hospital care are
admitted directly to the NICU. However, for older
children and adults, admission specifically to inten-
sive care units was considered beyond the scope of
our project and therefore not an eligible outcome.

For each review, all pertinent treatment com-
parisons reporting an admission outcome were
considered separately. For each treatment com-
parison with an eligible meta-analysis on admis-
sion outcomes, we evaluated whether an analysis
of mortality was also reported for the same com-
parison. When both all-cause and cause-specific
mortality data were available, we preferred using
the former in our analyses.

For both outcomes, we excluded composite
outcomes, meta-analyses with fewer than
5 events and analyses without a quantitative data
synthesis (when there were 2 or more trials with
events). When several subgroup analyses were
reported and there was no overall quantitative
data synthesis, we selected the subgroup analysis
with the most events (or the most trials when this
information was missing).

Finally, we excluded comparisons where the
experimental intervention could not be clearly
defined (based on the approval dates of the
interventions [we defined older treatments as
controls]).
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Data extraction

Screening and data extraction were performed
independently by 2 investigators, and discrepan-
cies were solved by a third.

We extracted the following data for each eli-
gible comparison from the Cochrane review:
condition or disease category; interventions com-
pared; category of admission outcome (ad-
mission, readmission); type of admission out-
come (all cause, cause specific); mortality
outcome (all cause, cause specific); comparator
(active treatment v. placebo or no treatment); and
population (adults v. children). From the individ-
ual RCTs included in the meta-analyses, we
extracted the numbers of events and the numbers
of patients in the intervention and control groups
(2 x 2 table). Finally, we captured whether trials
reporting on admission rates were double-blind,
because the decision to admit to hospital may be
subjective and might therefore be biased in
unmasked trials. All of the data used for our
analyses were included in the Cochrane reviews;
we did not use publications of primary studies.

Statistical analysis
For each included treatment comparison, we
used the reported RCT data (i.e., 2 x 2 tables) to
calculate the summary treatment effect estimate
(odds ratios [ORs]) on admission rates and mor-
tality with a random-effects model.” If there were
no events in 1 or more study arms, we added 0.5
to all cells of the 2 x 2 table to allow for a mean-
ingful calculation of the OR. We omitted com-
parisons for which only a single trial was avail-
able and for which all participants in both groups
were admitted to hospital. In cases in which the
reported trial-level data did not allow us to calcu-
late the OR, we used the relative risks reported
by the review authors with the assumption that
they were approximations of the OR. We in-
verted our results so that an OR of less than 1
corresponded to a decreased risk with the experi-
mental intervention compared with the control.
We examined whether the distribution of esti-
mates differed for the 2 outcomes. We estimated
the average intervention effect for an admission
outcome and for a mortality outcome across all
eligible comparisons using random-effects mod-
els. We described the between-comparison het-
erogeneity using the I* metric and the between-
comparison variance using 7° and their respective
95% confidence intervals (CIs). These cal-
culations combine the summary effects of
comparison-specific meta-analyses on the same
type of outcome into over-arching meta-analyses
and provide an estimate of the average and
spread of effect sizes typically seen for this out-
come across diverse comparisons.
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We recorded the frequency with which we
saw the following: the point estimates of the
admission and mortality outcomes were concor-
dant or discordant; the effects for each outcome
were nominally significant; an intervention sig-
nificantly decreased the risk of admission while
increasing the risk of death (and vice versa); and
95% Cls of effects did not overlap.

We calculated the correlation between the
ORs of effects on rates of admission and mortal-
ity using Pearson’s correlation coefficient (r).
In addition, we considered the uncertainty of the
effect estimates by weighting using the inverse
of the sum of variances of the effect estimates.

Our sensitivity and subgroup analyses in-
cluded an analysis with only the results of trials
in which rates of admission and mortality were
both reported, a comparison of effects for differ-
ent conditions or diseases, an analysis to investi-
gate all-cause or cause-specific admission and
death, an analysis of hospital admissions or read-
missions, an analysis to compare effects for dif-
ferent study populations (e.g., adults, children,
pregnant women and newborns), an analysis to
investigate the use of active comparators, an
analysis of admissions from double-blind trials
only and an analysis using fixed-effect models.”

We performed all analyses using Stata 12.1.
We report 2-tailed p values and 95% Cls.

Results

We identified 909 potentially eligible reviews
(Figure 1), 55 of which met our inclusion criteria
(Table 1). These reviews involved 61 treatment
comparisons from 398 trials with mortality data

and 182 trials with admissions data; 125 RCTs
reported both outcomes. Of the 182 trials with
admissions data, 115 were double-blind.

Across the comparisons with complete trial
data for both outcomes (50/61 comparisons),
meta-analyses included a median of 1651 pa-
tients (interquartile range [IQR] 764-5114) for
mortality outcomes and a median of 971 patients
(IQR 379-4387) for admission outcomes
(Mann—Whitney U test p = 0.2). More single
studies (median 4, IQR 3-9) and a lower median
number of events (53, IQR 11-182) were in-
cluded per meta-analysis on mortality compared
with meta-analyses on admission, which in-
cluded a median of 3 studies (IQR 1-4; p < 0.01)
and 150 events (IQR 63-333; p < 0.01). The
event rate was 6-fold higher for admission (me-
dian 17.62 per 100 patients, IQR 7.38-37.64)
than for death (2.94, IQR 1.08-11.67) (p < 0.01).
The median year of publication of the trials was
1999 (IQR 1992-2005).

Effect sizes for admissions and death

In the 61 comparisons, most of the mortality
point estimates were between 0.4 and 2.5
(Figure 2); even for the 5 outliers, the 95% Cls
reached well into this region.'**** There was a
somewhat wider spread in the point estimates for
admission, with 8 comparisons (from 7 reviews)
lying outside the 0.4 to 2.5 range;****>%*3 for
3 comparisons (from 2 reviews), the 95% Cls did
not reach into this region.”* Overall, nominally
significant effects were seen in 20 of 61 compar-
isons for admission and 12 of 61 comparisons
for death (McNemar test p = 0.1). The average
OR for admission was 0.82 (95% CI 0.74-0.91),

n =909

Cochrane reviews identified in literature search

Y

Full text screened for eligibility
n =456

Excluded n =453
¢ Ineligible intervention or comparator

Excluded n =401

¢ No pertinent admission or mortality outcome n =395
® Experimental intervention and control not clear n=5
¢ All patients admitted in both treatment groups n=1

n=55

Cochrane reviews included in our analyses

Figure 1: Selection of included reviews.
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with considerable between-comparison hetero-
geneity (I = 81% [95% CI 76%-84%], t* =
0.098 [95% CI 0.074-0.125]). The average OR
for death was 0.87 (95% CI 0.82-0.93), with less
heterogeneity (I* = 42% [95% CI 18%—-57%],
7=0.014 (95% CI 0.004-0.025]).

Admission versus mortality effects

Concordant improvement of both outcomes was
seen for 35 experimental treatments, and concor-
dant harmful effects on both outcomes were seen
for 9 experimental treatments. Concordant effects
were more frequent than discordant effects (44 v.
17 comparisons; binomial test p <0.001)
(Table 2). Among the 17 comparisons with dis-

cordant results, admission rates were decreased
and mortality was increased in 9 comparisons;
the opposite occurred in 8 comparisons.

Three comparisons had concordant effects
that were significant for both outcomes. One
comparison had significant effects for both out-
comes that were discordant: thiazide with
spironolactone increased the risk for readmission
to hospital for respiratory deterioration in infants
born preterm with established or developing
chronic lung disease (OR 4.38, 95% CI 1.21-
15.81), but decreased in-hospital mortality (OR
0.16, 95% CI 0.03-0.81).” There were 5 com-
parisons for which the 95% Cls of the effects on
both outcomes did not overlap (Table 2).

Table 1 (part 1 of 3)

: Description of analyzed treatment comparisons

Type of
Admission condition or
Study Comparison* outcome disease
Poole et al.® Mucolytic agents for chronic bronchitis or COPD Admission Respiratory
Walters et al.® Systemic corticosteroids for acute exacerbations of COPD Cause-specific Respiratory
readmission
Barr et al.™ Tiotropium v. ipratropium, salmeterol or placebo for stable Cause-specific Respiratory
COPD admission
Ducharme et al."! Addition of long-acting Bz2-agonists to inhaled corticosteroids for ~ Cause-specific Respiratory
chronic asthma (adults and children) admission
Cates et al.” Salmeterol for chronic asthma (adults and children) Admission Respiratory
Nannini et al.” Combined fluticasone + salmeterol v. fluticasone for COPD Cause-specific Respiratory
admission
Nannini et al.™ Combined fluticasone + salmeterol v. salmeterol for COPD Cause-specific Respiratory
admission
Spencer et al.” Long-acting Bz-agonists v. inhaled corticosteroids for COPD Cause-specific Respiratory
admission
Cates et al.® Combined budesonide + formoterol v. terbutaline to relieve Cause-specific Respiratory
chronic asthma admission
Cates et al."” Single inhaler therapy v. current best practice for chronic Cause-specific Respiratory
asthma (adults and children) admission
Welsh et al.® Formoterol v. short-acting Bz2-agonists to relieve asthma (adults Cause-specific Respiratory
and children) admission
Karner et al." Tiotropium + inhaled corticosteroid + long-acting f2-agonist v. Admission Respiratory
tiotropium + placebo for COPD
Abba et al.?® Albendazole in neurocysticercosis (adults and children) Admission Infectious
Walters et al.?! Pneumococcal vaccine in COPD Admission Infectious
Poole et al.? Influenca vaccine in COPD Admission Infectious
Soares-Weiser et al.? Rotavirus vaccination for preventing diarrhea (children) Cause-specific Infectious
admission
Grimwade et al.%* Cotrimoxazole prophylaxis for opportunistic infections in HIV Admission Infectious
Grimwade et al.?® Cotrimoxazole prophylaxis for opportunistic infections in HIV Admission Infectious
(children)
Meremikwu et al.? Chemoprophylaxis and intermittent treatment for preventing Admission Infectious
malaria (children)
Kabra et al.?’ Chloramphenicol v. penicillin + gentamicin for community- Readmission Infectious
acquired pneumonia (children)
Lucero et al.?® Pneumococcal conjugate vaccination v. placebo or other Admission Infectious
vaccination (children)
Continued.
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We found similar results in analyses using a
fixed-effects model (data not shown) and when
we limited our analysis to trials for which both
outcomes were reported within the same trial
(Table 2).

Correlation of effect sizes

We found no significant correlation between out-
comes across the 61 comparisons (Figure 3,
Table 3, Pearson r = 0.07, p = 0.6). Using admis-
sion effects from double-blinded trials only or
from trials reporting on both outcomes showed
similar results. In 2 subgroup analyses of 15
comparisons in the context of childbirth and
pregnancy and 44 comparisons investigating all-
cause admission to hospital, we found a moder-

ate correlation of borderline significance, which
was not stable in our sensitivity analyses.

Sensitivity and subgroup analyses

None of the sensitivity and subgroup analyses
showed significant correlations. However, some
subgroups had very few comparisons, so infer-
ences should be made cautiously (Table 3).

Interpretation

Our empirical evaluation suggests that admission
and mortality outcomes in about one-third of
cases yield different impressions about the mer-
its of the experimental treatment.

Differences in mortality were typically small

Table 1 (part 2 of 3): Description of analyzed treatment comparisons

Type of
Admission condition or

Study Comparison* outcome disease

Thomas et al.?° Offer of influenza vaccine for health care workers who work Admission Infectious
with older adults

Graves et al.° SPf66 vaccine for preventing malaria (children) Admission Infectious

Okebe et al.>! Iron supplements + antimalarial treatment in malaria-endemic Admission Infectious

comparison A areas (children)

Okebe et al > Iron supplements + folic acid in malaria-endemic areas (children)  Admission Infectious

comparison B

Okebe et al > Iron supplements for proven malaria (children) Admission Infectious

comparison C

Okebe et al.*' Iron supplements in malaria-endemic areas (children) Admission Infectious

comparison D

Soares-Weiser et al.*? RotaTeq to prevent rotavirus diarrhea (children) Cause-specific Infectious

comparison A admission

Soares-Weiser et al.*? Rotarix to prevent rotavirus diarrhea (children) Cause-specific Infectious

comparison B admission

Humphreys et al.* Cotrimoxazole to prevent diarrhea in children with HIV or Cause-specific Infectious

comparison A exposure to maternal HIV admission

Humphreys et al.® Vitamin A to prevent diarrhea in children with HIV Cause-specific Infectious

comparison B admission

Phelps et al.>* D-Penicillamine to prevent retinopathy of prematurity in infants ~ Readmission Neonatal
born preterm

Halliday et al.® Late postnatal corticosteroids for chronic lung disease in infants ~ Readmission Neonatal
born preterm

Halliday et al.*® Early postnatal corticosteroids to prevent chronic lung disease in ~ Readmission Neonatal
infants born preterm

Stewart et al.>’ Thiazide with spironolactone in infants born preterm with (or Cause-specific Neonatal
developing) chronic lung disease readmission

Ryan et al.®® Inhaled antipseudomonal antibiotic for long-term therapy in Admission Infectious
cystic fibrosis (adults and children)

Roderick et al.® Bicarbonate for correction of chronic metabolic acidosis in Admission Other
chronic kidney disease

Baldwin et al.*° Dietary advice plus nutritional supplements v. dietary advice for ~ Admission or Other
disease-related malnutrition Readmission

Cohen et al.*! Antibiotic prophylaxis for spontaneous bacterial peritonitis in Readmission Infectious
cirrhosis with ascites without gastrointestinal bleeding

Continued.
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and rarely reached nominal significance. Con-
versely, differences in admission rates tended to
have a more dynamic range, with wider possible
values and considerable heterogeneity across dif-
ferent comparisons and diseases, and some large
effects might also be seen.

Although the point estimates were more likely
to be concordant than not for both outcomes, the
effect sizes showed almost no correlation be-
tween the 2 outcomes. In 27.9% of cases, the
point estimates were discordant (38.2% when
only trials reporting both outcomes are included).
Even when the statistical uncertainty was consid-
ered and the overlap of 95% CIs was analyzed,

we found that effects on both outcomes signifi-
cantly disagreed in about 10% of cases.

Our findings suggest that trial data on admis-
sion rates cannot be used to predict mortality,
thus questioning the suitability of admission to
hospital as a surrogate outcome for death. More-
over, this lack of good concordance in our analy-
sis emphasizes that before mortality and admis-
sion rates are combined in composite outcomes,
the assumption that the effects are concordant
needs to be supported by sufficient evidence to
have confidence in such an outcome.*’

Situations may occur in which a positive cor-
relation between admission rates and mortality

Table 1 (part 3 of 3): Description of analyzed treatment comparisons
Type of
Admission condition or
Study Comparison* outcome disease
Komossa et al.*? Olanzapine v. clozapine for schizophrenia Readmission Other
Ngo et al.® Erythropoiesis-stimulating agents for anemia in chronic heart Cause-specific Other
failure admission
Baumeister et al.** Pharmacological interventions for depression in coronary artery ~ Admission Other
disease
Imdad et al.*® Vitamin A for preventing morbidity and death (children) Admission Other
Hofmeyr et al.*® Transcervical amnioinfusion for intrapartum umbilical cord Admission Maternal-fetal
compression
Duley et al.#’ Diazepam v. magnesium sulfate for eclampsia Admission Maternal-fetal
Duley et al.®® Phenytoin v. magnesium sulfate for eclampsia Admission Maternal-fetal
King et al.®® Prophylactic antibiotics for inhibiting preterm labour with intact ~ Admission Maternal-fetal
membranes
Makrides et al.*® Magnesium supplementation in pregnancy Admission Maternal-fetal
Abalos et al.>! Any antihypertensive agent for mild to moderate hypertension Admission Maternal-fetal
comparison A in pregnancy
Abalos et al.>! Any antihypertensive agent v. methyldopa for mild to moderate ~ Admission Maternal-fetal
comparison B hypertension in pregnancy
Alfirevic et al.>*t Oxytocin for cervical ripening and induction of labour Admission Maternal-fetal
Dodd et al.>? Betamimetics for maintenance therapy after threatened Admission Maternal-fetal
preterm labour
Crowther et al.** Repeat doses v. single course of prenatal corticosteroids for Admission Maternal-fetal
women at risk of preterm birth
Rumbold et al.* Any vitamin supplementation to prevent miscarriage Admission Maternal-fetal
Rumbold et al.>® Any antioxidants to prevent preeclampsia Admission Maternal-fetal
Roberts et al.” Antenatal corticosteroids to accelerate fetal lung maturation for ~ Admission Maternal-fetal
women at risk of preterm birth
Pefa-Rosas et al.*® Iron supplementation in pregnancy Admission Maternal-fetal
Buppasiri et al.>® Calcium supplementation (other than to prevent or treat Admission Maternal-fetal
hypertension) in pregnancy
Hood et al.®° Digitalis for congestive heart failure in patients in sinus rhythm Admission Cardiovascular
Martin-Rendon et al."  Stem cell treatment for acute myocardial infarction Readmission Cardiovascular
Marti-Carvajal et al.? Homocysteine lowering to prevent cardiovascular events Cause-specific Cardiovascular
admission
Note: COPD = chronic obstructive pulmonary disease.
*Unless stated otherwise, patients were adults and comparators were placebo or no treatment. In maternal-fetal conditions, outcomes were assessed in the
newborns.
tThis is the only comparison that had cause-specific mortality outcomes.
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cannot reasonably be expected. Sometimes, pa-
tients admitted to hospital are not at risk of
dying, requiring hospital care to avoid complica-
tions that are not life-threatening. Moreover,
some interventions may show their true benefits
not by lowering admission rates, but by increas-
ing them — for example, an intervention that

Table 2: Concordance of effects of treatment on mortality and admission
outcomes
Analyses
including only
Analyses trials reporting
including all both outcomes,
trials, no. (%) no. (%)
Direction of effect n=61 PEESE
Concordant
Total no. of comparisons 44 (72.1) 33 (60.0)
Benefit to both outcomes 35 (57.4)t 25 (45.4)%
Harm to both outcomes 9 (14.8) 8 (14.5)
Discordant
Total no. of comparisons 17 (27.9) 21 (38.2)
Benefit to mortality, harm to 8 (13.1)* 7 (12.7)
admission
Benefit admission, harm to 9 (14.8) 14 (25.4)
mortality
Comparisons with non-overlapping 5 (8.2)t 5 (9.1)
Cls of treatment effects
Note: Cl = 95% confidence interval.
*In 1 comparison, the odds ratio was exactly 1; thus, concordance or discordance could not
be stated.
tThree comparisons with statistically significant treatment effects for both outcomes.
$+One comparison with statistically significant treatment effects for both outcomes.

Effect on death (OR)

0.2

Effect on admission to hospital (OR)

T T T T
0.5 1.0 2.0 5.0

Figure 3: Correlation of treatment effects on admission to hospital versus
death. OR = odds ratio. Note: Two components with admission effects outside
of the range (OR < 0.05) are not shown.***
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allows the diagnosis of early symptoms or stabi-
lizes a patient’s condition so that he or she may
reach a hospital alive. In these cases, admissions
would be less an indicator (or proxy) of life-
threatening health problems than an indicator of
good medical care. Thus, in such an example,
decreasing admission rates could not be used as
a measure of increasing quality of care.

In some diseases, death may be an uncommon
event, so other outcomes (including admission to
hospital) may attract primary attention. However,
no matter how uncommon, deaths cannot be dis-
carded. Owing to the wide perspective of our
approach, we considered comparisons that may
not be intuitively associated with clear-cut clinical
effects on mortality; for example, vitamin supple-
mentation for preventing miscarriage,” mucolytics
for chronic obstructive pulmonary disorder® or
treatments for schizophrenia.” Even in such cases,
death was not uncommon, with corresponding
event rates in the control groups of included trials
of 8.9%,” 3.4%" and 2.4%.* Comparisons with
very low event rates (fewer than 5 events in an
entire meta-analysis) were excluded, because
treatment effect estimates from such analyses
would be quite unstable and imprecise.

Admission rates can be useful in assessing
medical interventions. In some cases, admissions
may be a major aspect of the cost of managing a
disease and may even be the most patient-
relevant outcome. However, it is also probable
that decisions to admit patients are subjective,”
and the threshold to admit may vary across pop-
ulations, clinical centres, settings and health care
systems.®" Conversely, mortality is unlikely to
be equally affected by these factors. This is in
line with the dynamic range of admission effect
estimates we saw and their accompanying het-
erogeneity. The between-comparison variance
for effects on admission was higher than that for
effects on death, and much of the observed het-
erogeneity could be due to true differences in the
underlying interventions, reflecting the clinical
diversity of the included comparisons. Con-
versely, mortality effects were clustered more
closely together and showed only moderate het-
erogeneity, even across diverse comparisons.

Comparison with other studies

An analysis of parallel group RCTs that had a
composite primary outcome found that, in half of
the trials, death was combined with hospital
admission (or admission-requiring procedures),
and data on the individual components of the
composite outcome were often missing.” Few of
the authors of the included trials provided a clear
rationale supporting the use of the composite out-
come (3% of trials). The results of our analysis
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clearly emphasize the necessity of providing such
rationale before combining these outcomes. Our
results agree with those of a systematic review of
167 trials that had composite primary outcomes
with mortality components.* In 36% of those tri-
als, results were significant for the composite out-
come, but not for the mortality component (the
opposite occurred in 4% of the trials). Moreover,
in 13% of the trials, reporting for individual com-
ponents of the composite outcome was inade-
quate.

Limitations
Even though we screened the entire Cochrane
database, the accumulated data are still limited;

the estimates of the effect sizes are uncertain
for many meta-analyses. In addition, our analy-
sis does not directly address the question of sur-
rogacy — that is, whether admission to hospital
can be a surrogate outcome for death. Such an
analysis would require individual-level data
and, ideally, could be done in trials that have
already shown large effect sizes for the main
outcome of interest (death).””’> However, be-
cause admission to hospital is more common
than death for most of the diseases studied in
the trials we included in our analysis, admission
to hospital would probably mislabel many pa-
tients’ illnesses as terminal if it were used as a
strict surrogate of death.

Table 3: Correlation of treatment effects on mortality and admission outcomes

Unweighted analysis

Weighted analysis*

Correlation Correlation

Characteristic of comparison n coefficientt p value coefficientt p value
All comparisons 61 -0.04 0.8 0.07 0.6
Type of condition

Infectious 21 0.43 0.9 -0.04 0.9

Maternal-fetal 15 0.50 0.06 0.52 0.046

Respiratory 12 0.43 0.2 0.27 0.4

Neonatal 4 -0.61 0.4 -0.43 0.6

Cardiovascular 3 0.40 0.7 0.32 0.8

Other 6 -0.14 0.8 -0.04 0.9
Mortality

All-cause 60 -0.04 0.8 0.07 0.6

Cause-specific 1 - - - -
Admission to hospital

All-cause 44 0.15 0.3 0.31 0.04

Cause-specific 17 -0.38 0.1 -0.29 0.3
Type of admission#

Admission to hospital 51 0.17 0.2 0.11 0.5

Admission to NICU 15 0.50 0.06 0.52 0.046

Readmission to hospital 9 -0.42 0.3 -0.09 0.8
Study population

Adults 21 0.07 0.8 0.17 0.5

Children (excluding newborns) 19 -0.32 0.2 -0.12 0.6

Pregnant women and newborns 15 0.50 0.06 0.52 0.046

Adults and children 6 0.31 0.5 0.43 0.4
No active comparator 45 -0.07 0.7 0.04 0.8
Trials with both outcomes 55 0.12 0.4 0.06 0.6
Double-blind trials for admission outcomes 40 0.14 0.4 0.06 0.7

Note: NICU = neonatal intensive care unit.

*The uncertainty of the effect estimates was considered by weighting using the inverse of the sum of variances of effect estimates.
tCorrelation of the logarithm of the odds ratio for admission and the logarithm of the odds ratio for death.
$Data from 1 analysis in which admissions and readmissions were analyzed together® are not included.
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We accepted that data from some primary
studies were included in meta-analyses on differ-
ent topics. In addition, of the 182 trials with
admissions data, only 115 were double-blind, and
the double-blinding may not have been totally
successful in masking allocation. However, there
was no strong evidence to suggest that concor-
dance was better in these trials for admission out-
comes than for mortality outcomes.

Conclusion

Effect sizes for admission rates and mortality do
not appear to be correlated. Both outcomes may
convey useful information, which should be
reported separately. A clear rationale should be pro-
vided when these outcomes are combined as a
composite outcome in clinical trials. When death is
clearly the outcome of interest, randomized evi-
dence should be properly powered to address dif-
ferences in mortality rather than differences in
admission rates alone. Extrapolating the benefits of
admission to hospital to a reduced risk of death
would be unreliable and should be avoided.
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