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Summary
Background In the COVID-STEROID 2 trial there was suggestion of heterogeneity of treatment effects (HTE) between
patients enrolled from Europe vs. India on the primary outcome. Whether there was HTE for the remaining patient-
centred outcomes is unclear.

Methods In this post hoc analysis of the COVID-STEROID 2 trial, which compared 12 mg vs. 6 mg dexamethasone in
adults with COVID-19 and severe hypoxemia, we evaluated HTE by geographical region (Europe vs. India) for
secondary outcomes with analyses adjusted for stratification variables. Results are presented as risk differences
(RDs) or mean differences (MDs) with 99% confidence intervals (CIs) and P-values from interaction tests.

Findings There were differences in mortality at day 28 (RD for Europe −8.3% (99% CI: −17.7 to 1.0) vs. India 0.1%
(99% CI: −10.0 to 10.0)), mortality at day 90 (RD for Europe −7.4% (99% CI: −17.1 to 2.0) vs. India −1.4% (99%
CI: −12.8 to 9.8)), mortality at day 180 (RD for Europe −6.7% (99% CI: −16.4 to 2.9) vs. India −1.0% (99% CI: −12.3 to
10.3)), and number of days alive without life support at day 90 (MD for Europe 6.1 days (99% CI: −1.3 to 13.4) vs.
India 1.7 days (99% CI: −8.4 to 11.8)). For serious adverse reactions, the direction was reversed (RD for Europe −1.0%
(99% CI: −7.1 to 5.2) vs. India −5.3% (99% CI: −16.2 to 5.0).

Interpretation Our analysis suggests higher dose dexamethasone may have less beneficial effects for patients in India
as compared with those in Europe; however, the evidence is weak, and this could represent a chance finding.
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Research in context

Evidence before this study
We searched PubMed for work published between 1st
November 2019 to 31st March 2023, with variations of the
search terms “heterogeneity”, “population characteristics”,
“COVID-19”, “SARS-CoV-2”, “dexamethasone”, “adrenal
cortex hormones”, “India”, and “developing countries” in the
title or abstract and applied the filters “clinical trial” or
“randomized controlled trial”. Using this strategy, we did not
find any studies that evaluated heterogeneity of treatment
effects by geographical region for the use of corticosteroids in
COVID-19.

Added value of this study
The COVID-STEROID 2 was a multicenter International
(Denmark, Sweden, Switzerland and India) randomized trial
that compared higher (12 mg) vs. lower (6 mg) doses of
Dexamethasone in hospitalized patients with COVID-19 and
severe hypoxemia. In this post hoc exploratory analysis, we
evaluated if there was heterogeneity of treatment effects
(HTE) on the pre-specified patient-important outcomes for
patients enrolled in Europe (Denmark, Sweden and
Switzerland) vs. those enrolled in India. We found that any
beneficial effects of the higher dose of dexamethasone

appeared to be lower for patients enrolled in India (on day 28,
day 90 and day 180 mortality and fewer number of days alive
without life support at day 90) as compared to those enrolled
in Europe without an increase in serious adverse reactions.
Our analyses represents one of the first such attempts at
exploring differences in treatment effects by geographical
regions for COVID-19 therapies.

Implications of all the available evidence
Exploring treatment subgroup effects for patients enrolled
from different health system contexts is valuable for a
number of reasons; including important differences in patient
and healthcare system characteristics, baseline risk factors,
resource availability, and intensive care capacity. For
treatments such as higher doses of corticosteroids, additional
factors specific to lower-middle income countries (LMICs) may
also play a role such as the higher potential for harm due to
the differing comorbidity burden, and the higher prevalence
of both healthcare associated infections including infections
caused by multidrug resistant organisms. Future trials
evaluating therapies for COVID-19, but also for other diseases,
must consider how to address potential differences in
therapeutic efficacy across geographical regions.
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Introduction
Clinical trials have demonstrated that corticosteroids as
compared to standard care improve survival in patients
with COVID-19 needing oxygen and/or advanced forms
of respiratory support.1,2

In the international COVID STEROID 2 randomised
trial (n = 1000) comparing higher (12 mg) vs. lower
doses (6 mg) of dexamethasone for patients with
COVID-19 and severe hypoxaemia, there was a high
probability of benefit from the higher dose for all out-
comes assessed up until day 90.3,4 Long-term outcomes
were similarly mostly compatible with benefit.5 Of the
analysed trial population, 613 patients were enrolled in
Europe (Denmark, Sweden, and Switzerland) and 369
patients in India. There was a suggestion of heteroge-
neity of treatment effect (HTE) on the primary outcome
(days alive without life support at 28 days) when
comparing the subgroup of patients enrolled in Europe
vs. India [adjusted mean difference (MD) in Europe: 1.8
days (95% confidence interval (CI) 0.2–3.4 days) vs. In-
dia: 0.5 days (95% CI: −1.7 to 2.6)]; however, this was
not statistically significant (test of interaction P = 0.32).
Potential reasons for HTE between India and Europe
include important differences in patient and healthcare
system characteristics, resource availability and inten-
sive care capacity,6,7 the burden of the pandemic,8 the
overall prevalence of healthcare associated infections,9–11

including the prevalence of infection by multidrug
resistant organisms,12 and concerns of fungal infection
outbreaks in India following corticosteroid use.13,14
Whether there is HTE according to the geographical
regions for the remaining prespecified patient-centred
outcomes is unclear. In this post hoc exploratory anal-
ysis of the COVID-STEROID 2 trial, we assessed
whether HTE was present for all the prespecified out-
comes for patients enrolled in Europe vs. those enrolled
in India. Our hypothesis was that while the overall
benefit seen in the full trial population may be pre-
served, the magnitudes of any benefits are likely lower
for the Indian population.
Methods
This post hoc exploratory analysis of HTE in the COVID
STEROID 2 trial was conducted according to a pre-
specified statistical analysis plan (SAP) made available
on an online repository.15 The SAP was written after
publication of the original trial results but before any of
the analyses reported in this manuscript were
conducted.

The COVID STEROID 2 trial
The COVID STEROID 2 trial was an investigator-
initiated, international, parallel-group, blinded rando-
mised clinical trial).3–5 Detailed descriptions of the trial
methods, interventions, outcomes, statistical analyses,
and the results for the COVID STEROID 2 trial have
been published elsewhere.3–5 In brief, 1000 adult pa-
tients hospitalised with COVID-19 and severe hypo-
xaemia (requiring ≥10 L oxygen/minute or mechanical
www.thelancet.com Vol 20 January, 2024
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ventilation) were enrolled from 31 sites in 26 hospitals
in Denmark, India, Sweden and Switzerland between 27
August 2020 and 20 May 2021. Patients were rando-
mised 1:1 to dexamethasone 12 mg or 6 mg intrave-
nously (IV) once daily for up to 10 days.

Outcomes
Heterogeneity of treatment effects was evaluated for all
secondary outcomes assessed in the main trial, i.e., all-
cause mortality at day 28, number of participants with
one or more serious adverse reactions (SARs) from
randomization to day 28 defined as new episodes of
septic shock, invasive fungal infection, clinically
important gastrointestinal (GI) bleeding or anaphylactic
reaction to intravenous dexamethasone, all-cause mor-
tality at day 90, days alive without life support at day 90,
days alive and out of hospital at day 90, all-cause mor-
tality at day 180, and health-related quality of life
(HRQoL) at day 180 using EuroQol 5-dimension 5-level
(EQ-5D-5L) questionnaire index values and the EuroQol
visual analogue scale (EQ VAS).

For the HRQoL outcomes, the defined measures
were the EQ-5D-5L index values, i.e., summary scores
based on the 5 domains of the EQ-5D-5L questionnaire
reflecting the patient’s self-rated health and analysed
according to the general population value sets.16 This
ranges from 1.0 (perfect health) to values below zero
(health states valued worse than death) with zero
defined as a state equivalent to death.16 The EQ VAS is
the patient’s self-rated health ranging from 0 (worst
imaginable health) to 100 (best imaginable health). Non-
survivors were assigned a value of 0 for both HRQoL
outcomes. We used the country specific value sets to
calculate the index values for Danish,17 Indian,18 and
Swedish,19 patients, and the German value set20 for those
enrolled in Switzerland as no Swiss value set was
available.

Statistical analysis
Descriptive data
We present descriptive data for all baseline variables
presented in the primary trial report and all outcomes
assessed (including descriptive outcome data for the
individual EQ-5D-5L domains) stratified by region
(Europe vs. India) and treatment group. Categorical data
are presented as counts and percentages, and contin-
uous data as medians and interquartile ranges (IQRs).

Analyses
Analytical choices, except where otherwise noted, corre-
spond to those of the primary analyses,3,5 and all analyses
were adjusted for the stratification variables (trial site, age
below 70 years, and use of invasive mechanical ventila-
tion). Binary outcomes were analysed using logistic
regression and G-computation (using 50,000 bootstrap
samples) with results presented as adjusted risk differ-
ences (RDs) with 99% CIs for each geographical region.
www.thelancet.com Vol 20 January, 2024
The logistic regression models included an interaction
between treatment group and geographical region, but no
main effect for geographical region as this was already
covered by site.15 Continuous outcomes were analysed
separately in each geographical region using linear
regression with bootstrapping (50,000 samples) with re-
sults presented as adjusted MDs with 99% CIs separately
for each geographical region.

For evaluating the HTE, we used tests-of-interactions
(Wald’s tests for continuous outcomes and likelihood
ratio tests for binary outcomes). P-values for the inter-
action are presented. Finally, we include Kaplan Meier
survival curves (up to day 180) stratified by treatment
group and geographical region. As outlined in the
analysis plan, results are not dichotomised according to
P-value thresholds.

Handling of missing data
The proportions of missing data for all baseline and
outcome variables are presented. Complete case ana-
lyses were conducted due to negligible missing data
(≤2.0%) for all outcomes except the two HRQoL out-
comes. For the HRQoL outcomes, missingness was
6.1% for EQ-5D-5L index values and 5.9% for EQ VAS
scores, and thus, multiple imputation was used with all
analyses of these outcomes conducted using the
multiply imputed datasets only5,15 We used predictive
mean matching with 25 datasets imputed separately in
each treatment group. We included the stratification
variables, important baseline prognostic variables (age,
co-morbidities, use of life support at baseline,
geographical region (Europe vs. India), and all outcomes
in the imputation model.

Software
Analyses were conducted using R (R Core Team, R
Foundation for Statistical Computing, Vienna, Austria)
v. 4.1.0.

Ethics
This was secondary analysis of previously published data
and as such did not need a new ethics approval. The
original trial was approved by the Institutional Ethics
Committee at Apollo Main Hospital (AMH-C-S-021/
06–20).

Role of funding source
Not applicable.
Results
Descriptive baseline data for the 982 patients in the ITT
population are presented in Table 1 stratified by
geographical region and treatment allocation. Baseline
characteristics were largely similar between treatment
arms within geographical regions. Between geographical
regions, baseline characteristics differed for weight
3
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Baseline variable Europe India

12 mg (n = 315) 6 mg (n = 298) 12 mg (n = 182) 6 mg (n = 187)

Country of Inclusion

Denmark 251 (79.7%) 234 (78.5%) – –

Sweden 40 (12.7%) 39 (13.1%) – –

Switzerland 24 (7.6%) 25 (8.4%) – –

India – – 182 (100%) 187 (100%)

Age in years–median (IQR) 65.0 (57.0–74.5) 66.0 (57.0–73.8) 63.5 (54.0–70.0) 61.0 (51.5–70.0)

Sex (n and %)

Male 214 (67.9%) 214 (71.8%) 132 (72.5%) 117 (62.6%)

Weight in kgs–median (IQR) 90.0 (76.0–104.5) 90.0 (77.0–100.0) 65.5 (60.0–73.8) 68.0 (60.0–75.0)

Coexisting conditions (n and %)

Ischemic heart disease or heart failure 46 (14.6%) 47 (15.8%) 21 (11.5%) 22 (11.8%)

Diabetes mellitus 62 (19.7%) 87 (29.2%) 73 (40.1%) 76 (40.6%)

Chronic obstructive pulmonary disease 49 (15.6%) 46 (15.4%) 8 (4.4%) 10 (5.3%)

Immunosuppressive therapy within 3 months prior to randomization 27 (8.6%) 24 (8.1%) 13 (7.1%) 19 (10.2%)

Chronic use of systemic glucocorticoids 11 (3.5%) 15 (5.0%) 2 (1.1%) 1 (0.5%)

Limitations in the use of CPR or life support at randomization (n and %) 29 (9.2%) 25 (8.4%) 1 (0.5%) 1 (0.5%)

Time from onset of symptoms to hospitalization in days–median (IQR)a 8.0 (5.0–10.0) 8.0 (5.0–10.0) 5.0 (3.0–7.0) 5.0 (3.0–7.0)

Time from hospitalization to randomization in days–median (IQR) 2.0 (1.0–3.0) 1.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0)

Place of enrollment, n and %

Intensive care unit 222 (70.5%) 215 (72.1%) 167 (91.8%) 178 (95.2%)

Hospital ward 61 (19.4%) 53 (17.8%) 5 (2.7%) 1 (0.5%)

Emergency department 14 (4.4%) 13 (4.4%) 8 (4.4%) 8 (4.3%)

Intermediate care unit 18 (5.7%) 17 (5.7%) 2 (1.1%) 0 (0.0%)

Type of oxygen supplementation

Nasal cannula or open mask, n and % 190 (60.3%) 176 (59.1%) 82 (45.1%) 82 (43.9%)

Flow rate in L/min, median (IQR) 23.5 (15.0–37.0) 25.0 (15.0–40.0) 15.0 (12.0–45.0) 16.0 (12.0–48.8)

Noninvasive ventilation or continuous positive airway pressure, n and % 39 (12.4%) 45 (15.1%) 79 (43.4%) 83 (44.4%)

Fio2 in %, median (IQR)b 80.0 (67.5–99.0) 70.0 (64.0–100.0) 50.0 (50.0–60.0) 50.0 (40.0–60.0)

Duration before randomization in days, median (IQR) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–1.5)

Invasive ventilation, n and % 86 (27.3%) 77 (25.8%) 21 (11.5%) 22 (11.8%)

Fio2 in %, median (IQR)c 55.0 (45.0–70.0) 60.0 (45.0–90.0) 70.0 (60.0–90.0) 62.5 (50.0–70.0)

Duration before randomization in days, median (IQR) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (1.0–1.0)

Baseline Oxygenation status

PaO2 in mmHg (median/IQR)d 69.8 (61.5–83.1) 70.0 (62.2–81.0) 76.5 (60.8–100.0) 72.0 (58.8–83.4)

Saturation in % (median/IQR)e 94.0 (91.0–96.0) 93.0 (91.0–96.0) 95.0 (91.0–97.0) 94.0 (90.0–96.5)

Lactate concentration in mg/dl (median/IQR)f 15.3 (11.7–23.4) 15.8 (11.7–21.6) 10.8 (6.3–18.0) 13.5 (8.1–18.2)

Vasopressors or inotropes 68 (21.6%) 57 (19.1%) 13 (7.1%) 11 (5.9%)

Kidney replacement therapy 7 (2.2%) 7 (2.3%) 4 (2.2%) 7 (3.7%)

Anti-inflammatory agents 31 (9.8%) 31 (10.4%) 27 (14.8%) 26 (13.9%)

IL-6 receptor antagonists 25 (7.9%) 23 (7.7%) 27 (14.8%) 24 (12.8%)

Janus kinase inhibitor 0 (0.0%) 0 (0.0%) 8 (4.4%) 7 (3.7%)

Other 7 (2.2%) 8 (2.7%) 2 (1.1%) 2 (1.1%)

Antiviral agents 162 (51.4%) 157 (52.7%) 150 (82.4%) 161 (86.1%)

Remdesivir 157 (49.8%) 151 (50.7%) 150 (82.4%) 159 (85.0%)

Convalescent plasma 4 (1.3%) 7 (2.3%) 7 (3.8%) 10 (5.3%)

Other 9 (2.9%) 4 (1.3%) 0 (0.0%) 2 (1.1%)

Abbreviations: CPR: Cardiopulmonary Resuscitation; Fio2: Fraction of inspired oxygen; PaO2: Partial pressure of oxygen; IL-6: Interleukin 6. aProportion missing 5.1%. bMissing 1.2%. cMissing 0.1%. dMissing
5.2%. eMissing 1.4%. fMissing 10.8%.

Table 1: Baseline characteristics.
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(lower in India), prevalence of diabetes (higher in India),
time from onset of symptoms to hospitalisation (shorter
in India), place of enrolment (almost solely from
intensive care units in India), receipt of non-invasive
ventilation/continuous positive airway pressure therapy
(higher in India), use of invasive mechanical ventilation
www.thelancet.com Vol 20 January, 2024
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(lower in India), and use of antivirals and other treat-
ments (higher in India).

Table 2 and Fig. 1 presents the results of the sub-
group analysis for categorical secondary outcomes.
There were differences in mortality at day 28 (adjusted
RD for Europe −8.3% (99% CI: −17.7 to 1.0) vs. adjusted
RD for India 0.1% (99% CI: −10 to 10)), mortality at day
90 (adjusted RD for Europe −7.4% (99% CI: −17.1 to 2.0)
vs. adjusted RD for India −1.4% (99% CI: −12.8 to 9.8)),
and mortality at day 180 (adjusted RD for Europe −6.7%
(99% CI: −16.4 to 2.9) vs. adjusted RD for India −1.0%
(99% CI: −12.3 to 10.3)). For SARs, this difference was
reversed with a lower proportion of patients in India
experiencing SARs from the higher dose (adjusted RD
for Europe −1.0% (99% CI: −7.1 to 5.2) vs. adjusted RD
for India −5.3% (99% CI: −16.2 to 5.0)).

Table 2 and Fig. 2 presents the results of the sub-
group analysis for continuous outcomes. There were
differences between Europe and India on the number of
days alive without life support at day 90 (adjusted MD
for Europe 6.1 days (99% CI: −1.3 to 13.4) vs. adjusted
MD for India 1.7 days (99% CI: −8.4 to 11.8)). For
HRQoL outcomes, the adjusted mean difference in EQ-
5D-5L index values between the treatment arms was
0.08 (99% CI: −0.01 to 0.16) for Europe as compared to
0.02 (99% CI: −0.10 to 0.14) for India. For EQ VAS, the
adjusted mean difference was 4.4 (95% CI: −3.1 to 11.9)
for Europe as compared to 2.6 (99% CI: −9.0 to 14.2) for
India. P values for all tests of interaction were ≥0.12
(Table 2 and Supplementary Table S1).

Fig. 3 presents the Kaplan Meier survival curve by
treatment arm and by region illustrating the higher
beneficial effect of 12 mg for patients enrolled in Europe
compared with India.
Discussion
In this post hoc exploratory analysis, we found that any
benefits of 12 mg vs. 6 mg dexamethasone appeared to
Outcome Europe

12 mg (n = 315) 6 mg (n = 29

Mortality at day 28–n (%) 57 (18.3%) 76 (25.8%)

Serious adverse reactions at day 28–n (%) 40 (12.7%) 41 (13.8%)

Mortality at day 90–n (%) 77 (24.8%) 94 (32.1%)

No. of days alive without life support at day
90–median (IQR)

83.0 (35.5–90.0) 80.0 (8.0–90.

No. of days alive and out of hospital at day
90–median (IQR)

63.0 (0.0–77.8) 54.0 (0.0–76.

Mortality at day 180–n (%) 82 (26.8%) 97 (33.2%)

EQ-5D-5L index values- median (IQR)b 0.80 (0.00–0.92) 0.67 (0.00–0.

EQ VAS—median (IQR)b 60.0 (0.0–80.0) 55.0 (0.0–80.

aFor continuous outcomes, adjusted mean differences (in days) and for binary outcome
analyses are based on imputed datasets for missing values. All others are complete cas

Table 2: Outcomes.

www.thelancet.com Vol 20 January, 2024
be reduced for patients enrolled in India for a number
of outcomes; day 28, day 90 and day 180 mortality, fewer
number of days alive without life support at day 90, and
HRQoL at 180 days. Reassuringly, there did not appear
to be an increase in the occurrence of SARs at day 28 in
patients enrolled in India.

Exploring treatment subgroup effects for patients
enrolled from different health system contexts is valu-
able for a number of reasons; including important dif-
ferences in patient and healthcare system
characteristics, baseline risk factors, resource availabil-
ity, and intensive care capacity.6–8 For treatments such as
higher doses of corticosteroids, additional factors spe-
cific to lower-middle income countries (LMICs) may
also play a role such as the higher potential for harm
due to the differing comorbidity burden, and the higher
prevalence of both healthcare associated infections
including infections caused by multidrug resistant
organisms.9–13 In this post hoc analysis, the differences in
baseline characteristics such as the higher prevalence of
diabetes and the higher proportion of patients being
enrolled from ICUs in India may have contributed to
the heterogeneity of effects.21 It is also possible that
other reasons such as differences in pre-existing im-
munity, differences in the use of other anti-
inflammatory therapies such as IL-6 inhibitors (higher
in India), and vaccination contributed to differences in
outcomes between the geographic regions.

Interestingly, such heterogeneity of treatment effect
by geographical region has previously been demon-
strated in the context of corticosteroid use in bacterial
meningitis, specifically caused by Streptococcus pneumo-
niae, in which corticosteroids have been shown to be
beneficial in high income countries (relative risk for
reduction in mortality: 0.48 (95% CI: 0.24–0.96)),22 while
such benefit was not demonstrated in a similar study
from Sub-Saharan Africa (odds ratio for mortality: 1.10
(95% CI: 0.68–1.77)).23 Much of the postulated reasons
for these findings were related to the differing comorbid
Effect estimates with
99% CIa

India Effect estimates with
99% CI

P value for
test of
interaction

8) 12 mg (n = 182) 6 mg (n = 187)

−8.3 (−17.7 to 1) 76 (42.2%) 79 (42.7%) 0.1 (−10.0 to 10.0) 0.12

−1.0 (−7.1 to 5.2) 16 (8.8%) 24 (12.8%) −5.3 (−16.2 to 5) 0.33

−7.4 (−17.1 to 2.0) 80 (44.4%) 86 (46.5%) −1.4 (−12.8 to 9.8) 0.30

0) 6.1 (−1.3 to 13.4) 89.5 (5.0–90.0) 74.5 (5.0–90.0) 1.7 (−8.4 to 11.8) 0.37

0) 4.4 (−2.3 to 11.0) 50.5 (0.0–78.0) 0.0 (0.0–78.0) 3.7 (−5.4 to 12.8) 0.88

−6.7 (−16.4 to 2.9) 82 (45.6%) 87 (47.0%) −1.0 (−12.3 to 10.3) 0.30

91) 0.08 (−0.01 to 0.16) 0.85 (0.00–1.00) 0.74 (0.00–1.00) 0.02 (−0.10 to 0.14) 0.31

0) 4.4 (−3.1 to 11.9) 80.0 (0.0–100.0) 65.0 (0.0–95.0) 2.6 (−9.0 to 14.2) 0.74

s, adjusted risk differences (in percentage points) are presented. Adjustment is for stratification variables. bThese
e analyses.
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-20 -10 0 10 20

Day 28 mortality-Europe (RD)
Day 28 mortality- India (RD)

Day 90 mortality- Europe (RD)
Day 90 mortality-India (RD)

Day 180 mortality-Europe(RD)
Day 180 mortality-India (RD)

SAR- Europe (RD)
SAR-India (RD)

Forest plot of outcomes for patients enrolled in Europe vs. those enrolled in India

RD: -5.3(-16.2 to 5.0)

Favors 12mg Favors 6mg

RD: -1.0 (-7.1 to 5.2)

RD: -1.0(-12.3 TO 10.3)

RD: -6.7(-16.4 TO 2.9)

RD: -1.4(-12.8 to 9.8)

RD: -7.4(-17.1 to 2.0)

RD: 0.1 (-10.0 to 10.0)

RD: -8.3(-17.7 to 1.0)

p=0.33

p=0.30

p=0.30

p=0.12

Fig. 1: Forest plot of categorical outcomes between Europe and India for the 12 mg vs. 6 mg Dexamethasone comparison.

-20 -10 0 10 20

Days alive without life support at D90- Europe(MD)
Days alive without life support at D90- India(MD)

Days alive and out of hospital at D90- Europe(MD)
Days alive and out of hospital at D90- India(MD)

EQ-5D-5L Index values- Europe(MD)
EQ-5D-5L Index values- India(MD)

EQ VAS- Europe(MD)
EQ VAS- India(MD) MD:2.6(-9.0 to 14.2)

MD: 4.4 (-3.1 to 11.9)

MD: 2.0(-10.0 to 14.0)

MD: 8.0(-1.0 to 16.0)

MD: 3.7(-5.4 to 12.8)

MD:4.4(-2.3 to 11.0)

MD:1.7(-8.4 to 11.8)

MD:6.1(-1.3 to 13.4)

Favors 6mg Favors 12mg

*for EQ-5D-5L, the values have been mul plied by 100 to fit the scale.

p=0.74

P=0.31

P=0.88

P=0.37

Fig. 2: Forest plot of continuous outcomes between Europe and India for the Dexamethasone 12 mg vs. 6 mg comparison.
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profile (e.g., a higher human immunodeficiency virus
(HIV) prevalence in Africa), challenges in accessing
healthcare, and differences in pathogen profiles among
others.

Specific to India, concerns have been raised over the
risk of secondary sepsis and fungal infections contrib-
uting to worse outcomes.13,14,24 This assumes greater
importance given the higher prevalence of diabetes
mellitus in India (11.8% in India vs. 6.2% in European
countries)25,26 and the consequent higher risk of such
infections. In the primary analyses of the COVID STE-
ROID 2 trial,3 we found no major differences in the
incidence of new episodes of septic shock or invasive
fungal infections between the treatment arms. While we
do not have information on this outcome beyond day 28,
this subgroup analysis provides further reassurance
about the safety of the higher dose in patients from India.

The lower benefit seen for patients enrolled in India
with the 12 mg dose may be driven by the differences in
baseline characteristics. Although, we had hypothesised
that one of the reasons for this difference might be a
delayed presentation to the hospital, median time from
symptom onset to hospitalisation was 5 days in India as
compared to 8 days in Europe. Finally, racial and ethnic
differences in the effects of inhaled corticosteroid use
on bronchodilator response have been reported in pa-
tients with asthma.27 Whether similar factors may play a
role in the response to parenteral corticosteroids in pa-
tients with COVID-19 is unknown.

The strengths of the study include the strengths of
the COVID STEROID 2 trial, i.e., a large, international,
blinded randomised controlled trial with high rates of
follow-up. Importantly, this analysis provides additional
information and context for clinicians working in both
Europe (and other high-income countries) and India
(and other similar LMICs) on the effects and safety
profile of higher doses of corticosteroids for patients
with COVID-19 and severe hypoxaemia.
www.thelancet.com Vol 20 January, 2024
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Fig. 3: Mortality at Day 180–Europe vs. India. Abbreviations: EU: Europe, IN: India.
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Our study has limitations too, including those gen-
eral to the COVID STEROID 2 trial, i.e., the evolving
pandemic and changes in care during and after the trial,
e.g., recommendations in favour of interleukin-6 re-
ceptor antagonists introduced after randomisation
concluded,28 and limited power for some outcomes and
analyses, including these secondary subgroup analyses.
Moreover, we collected information on new episodes of
septic shock or invasive fungal infection only up to day
28. Longer-term information on this outcome would be
of interest to clinicians in India and other LMICs.
Finally, this was a post hoc exploratory study, and despite
public registration of the statistical analysis plan prior to
conduct of the analyses, this was done after the primary
trial results were known. Consequently, these results
should be interpreted cautiously and as hypothesis-
generating only.

Our analysis suggests higher dose dexamethasone
may have less beneficial effects for patients in India as
compared with those in Europe; however, the evidence
is weak, and this could represent a chance finding.
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