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Individual biomarkers, especially those of kidney injury,
have been associated with poor outcomes and mortality
among patients with severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) [1-3]. Male sex is also a definitive
risk factor for death [1] which may be due, in part, to sex
differences in biological pathways including kidney injury
[2]. Externally-validated risk strata based on a large number
of biomarkers have not been described and could have impli-
cations for clinical management of SARS-CoV-2-infected
patients. Our primary aim was to identify and replicate sig-
nature time-varying biomarker states, integrating kidney and
other pathophysiologies, that associate with 28-day-mortal-
ity among hospitalized SARS-CoV-2-infected patients.
Primary analyses were based on a cohort of 987 con-
firmed SARS-CoV-2-infected adults hospitalized at Mas-
sachusetts General Hospital (MGH) March 11 to May 31,
2020 [4]. The outcome was 28-day-mortality. Patients
were assigned to clusters at each observation time based
on twenty biomarker values. These captured renal (blood
urea nitrogen, creatinine, estimated glomerular filtration
rate), cardio-thrombotic (creatine phosphokinase, d-dimer),
inflammatory (c-reactive protein, white blood cell count,
absolute lymphocyte count), hematological (hemoglobin,
hematocrit, platelets, ferritin), hepatic (alanine aminotrans-
ferase, aspartate aminotransferase, alkaline phosphatase,
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total bilirubin, albumin) and metabolic (glucose, anion gap,
lactate dehydrogenase) dysfunction.

Biomarkers were measured repeatedly from date of hos-
pitalization for up to 28 days. The analytic approach is illus-
trated in Supplement Fig. 1. Briefly, each biomarker was
log-transformed and standardized to have mean zero and
variance 1 and unsupervised learning was applied using
each person and available time point. This step resulted in
a sequence of clusters for each person. In the second step,
cluster membership was defined as belonging to a cluster at
any observation time. Fisher’s exact tests evaluated differ-
ences in the proportions of men and women in each cluster.
A separate multivariable model for each cluster, adjusted
for BMI, race/ethnicity, sex, and age, was fit to evalu-
ate the association between the corresponding cluster and
death, overall and stratified by sex. Although individuals
could belong to multiple clusters, by fitting separate models
for each cluster, each individual contributed only a single
data point to each model. Secondary analysis additionally
adjusted for history of liver, kidney and cardiometabolic dis-
ease. Interactions between clusters and sex on mortality were
explored. Replication was based on 2626 SARS-CoV-2-pos-
itive patients hospitalized at Columbia University Irving
Medical Center/New York Presbyterian Hospital (CUIMC/
NYP) [5]. In CUIMC/NYP data, observations were assigned
to the closest MGH cluster and the same tests were applied.

In the MGH cohort, the median number of days with
complete biomarker data was 2 (IQR=[1, 5]). The median
follow-up time (from hospitalization to discharge, death or
28 days) was 11 days IQR =[6,28]). Among the 119 indi-
viduals who died within 28 days, the median time to death
was 12 days (IQR=[7,17]). Patients were 41.6% women,
10.9% Black/non-Hispanic and 37.0% Hispanic with median
age 60.2 (IQR 48.4, 73.5) and BMI 29.4 (IQR 25.8, 33.9).
Overall, 119 of 987 (12.1%) patients died, 84 of 576 (14.6%)
men and 35 of 411 (8.5%) women. Additional information
overall and by mortality are provided in Supplement Table 1.
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learning techniques with electronic health record data as
these algorithms involve complex decision rules. However,
findings point to distinctive biological and sex-related path-
ways that include kidney injury and myocardial damage with
potential for monitoring risk and optimizing care in hospital-
ized SARS-CoV-2-infected patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40620-021-01239-z.
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