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Violations of 
independence: ethnicity 
and COVID-19 in Brazil

Pedro Baqui and colleagues (August 
2020)1 did a cross-sectional observ-
ational study of hospital mortality 
from COVID-19 in Brazil to assess 
variations in mortality according 
to ethnicity and region, adjusting 
for many clinical features. The 
study revealed the presence of 
societal inequities in the effects of 
COVID-19: mortality was significantly 
higher in Pardo (mixed ethnicity) 
and Black Brazilians than in White 
Brazilians (hazard ratio [HR] 1·45, 
95% CI 1·33–1·58 for Pardo Brazilians; 
1·32, 1·15–1·52 for Black Brazilians).

The authors used a mixed-effects Cox 
regression survival analysis to estimate 
the effects of ethnicity while allowing 
the baseline hazard function to vary 
by state. Beyond exploring variation 
across entities of interest (here, 
the Brazilian states), an important 
advantage of mixed-effects models 
compared with standard methods is 
their capacity to adjust for violations 
of the assumption of independent 
observations.2 In the context of health 
care, assuming that clinical outcomes 
for patients receiving care within the 
same hospital are independent is 
not appropriate. Ignoring this issue 
could lead to unreliable estimations 
and, in conventional terms, increases 
the risk of incorrectly rejecting a null 
hypothesis.3

Instead of allowing the baseline 
hazard function to vary only across 
states, Baqui and colleagues’ model 
should also have incorporated 
hospitals within those states as 
sources of variation and dependence 
between patients, which would have 
reflected the hierarchical nature of the 
data more accurately.

Indeed, using public data and 
code provided by the authors, I 
re-ran the model to incorporate 
hospitals within states, which altered 
the findings. The HR for Pardo 

Brazilians decreased from 1·45 to 
1·28 (95% CI 1·17–1·41) and the HR 
for Black Brazilians decreased from 
1·32 to 1·12 (0·96–1·30), making the 
HR no longer statistically significant. 
These two HRs were outside the 
95% CIs of the original estimates. The 
differences were substantial in size 
and uncertainty (appendix), regardless 
of the excessive focus on statistical 
significance in quantitative research.4

Although incorporating hospitals 
into the mixed-effects model yielded 
smaller HRs for Black and Pardo 
Brazilians, these HRs remained higher 
than those for White Brazilians. 
Furthermore, differences in the quality 
of care across hospitals are also related 
to the ethnicity of patients, which calls 
for additional work. An accompanying 
Comment by Helena Ribeiro and 
colleagues5 highlighted the racial, 
socioeconomic, and environmental 
determinants of Brazilians’ health, 
and charted a way forward for further 
research.
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