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Abstract

Background Several studies have found an association between diabetes mellitus, disease severity and outcome in COVID-
19 patients. Old critically ill patients are particularly at risk. This study aimed to investigate the impact of diabetes mellitus
on 90-day mortality in a high-risk cohort of critically ill patients over 70 years of age.

Methods This multicentre international prospective cohort study was performed in 151 ICUs across 26 countries. We
included patients > 70 years of age with a confirmed SARS-CoV-2 infection admitted to the intensive care unit from 19th
March 2020 through 15th July 2021. Patients were categorized into two groups according to the presence of diabetes mellitus.
Primary outcome was 90-day mortality. Kaplan—Meier overall survival curves until day 90 were analysed and compared
using the log-rank test. Mixed-effect Weibull regression models were computed to investigate the influence of diabetes mel-
litus on 90-day mortality.

Results This study included 3420 patients with a median age of 76 years were included. Among these, 37.3% (n=1277) had
a history of diabetes mellitus. Patients with diabetes showed higher rates of frailty (32% vs. 18%) and several comorbidities
including chronic heart failure (20% vs. 11%), hypertension (79% vs. 59%) and chronic kidney disease (25% vs. 11%), but not
of pulmonary comorbidities (22% vs. 22%). The 90-day mortality was significantly higher in patients with diabetes than those
without diabetes (64% vs. 56%, p <0.001). The association of diabetes and 90-day mortality remained significant (HR 1.18
[1.06-1.31], p=0.003) after adjustment for age, sex, SOFA-score and other comorbidities in a Weibull regression analysis.
Conclusion Diabetes mellitus was a relevant risk factor for 90-day mortality in old critically ill patients with COVID-19.
Study registration NCT04321265, registered March 19th, 2020.
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Abbreviations Background
CHF Chronic heart failure
CKD Chronic kidney disease
DM  Diabetes mellitus

ICU Intensive care unit
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SARS-CoV-2 leads to various manifestations, ranging from
asymptomatic infections, to mild symptoms or severe illness
and even death [1]. During the COVID-19 pandemic inten-
sive care units were heavily affected worldwide, and sev-
eral studies have investigated risk factors for a severity and
a negative outcome [2, 3]. In addition to well-established
vaccinations against COVID-19 [4, 5], antiviral drugs and
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monoclonal antibodies are now available to prevent a severe
course of COVID-19 [6-8]. However, it is still important to
identify risk factors associated with a worse outcome.

Age and frailty appear to be important predictors of
critical illness and mortality in patients infected with
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SARS-CoV-2 [9, 10]. Furthermore, various comorbidities
including obesity, chronic kidney disease (CKD) and dia-
betes mellitus (DM) have also been identified as significant
risk factors [10].

Multiple studies have shown that patients with type 2 DM
have an increased risk for hospitalisation, severe disease,
intensive care unit (ICU) admission, longer length of stay,
and mortality in COVID-19 [10-14]. Meta-analyses con-
firmed an independent association between DM with a more
than two-fold increased risk for severe disease and mortality
[15, 16]. For DM, the first ICU cohort studies from Wuhan
suggested a rate of around 20% of patients with known DM
in ICUs [17]. Higher rates of about 30% have been reported
in Europe and the USA [18-20]. Type 2 DM is more com-
mon in advanced age [21]. Concomitantly, the prevalence of
other comorbidities also increases with age, and frailty also
becomes more predominant. The specific impact of each risk
factor is therefore difficult to assess. This is especially true
for old critically ill patients, where other comorbidities and
frailty are more prevalent than in younger individuals. The
COVID-19 disease in Very Elderly Intensive care Patients
(COVIP) study focuses on prognostic factors and outcome
of old ICU patients (> 70 years) with COVID-19. Whether
DM is also a relevant risk factor in this vulnerable cohort
remains unclear.

Therefore, we aimed to investigate the influence of DM
on outcomes in a cohort of already vulnerable old critically
ill COVID-19 patients.

Methods
Study design, setting and participants

This study is a secondary analysis of the ongoing COVIP-
trial (NCT04321265), a multicentre international observa-
tional prospective study that includes critically ill patients
with COVID-19 over or equal to 70 years of age and is part
of the Very old Intensive care Patients (VIP) project (www.
vipstudy.org). A list of collaborators is shown in the Addi-
tional file 1. This study included participants from 151 ICUs
across 26 countries in Europe, Asia, Africa and America. In
all centres, ethical approval was required for participation
and in most countries informed consent was obtained for
enrollment in the study, in accordance with local regulations.
This study was conducted in accordance with the Helsinki
Declaration. The detailed methods of this study were pub-
lished previously [22].

In brief, patients with a positive polymerase-chain-reac-
tion for SARS-CoV-2, who were 70 years of age or older
and admitted to an ICU were eligible for the study. For this
analysis, we included all records in the database from 19th
March 2020 through 15th July 2021. Data collection for each
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patient began on admission to the ICU. The day of admission
was defined as the first day, and all subsequent days were
numbered consecutively. For this analysis, all critically ill
patients > 70 years with known DM status (yes or no) were
included (definitions of comorbidities and treatment limita-
tions in additional file 2). We excluded 507 patients with
unknown DM status.

Data collection

All participating centres used a standardised online elec-
tronic case report form, that recorded baseline characteristics
(Table 1), the sequential organ failure assessment (SOFA)
score at admission, the need for non-invasive or invasive
ventilation, prone positioning, tracheostomy, use of vaso-
pressors and renal replacement therapy and any restriction of
life-sustaining treatment during the ICU stay. The database
ran on a secure server set up at Aarhus University, Denmark.

Outcomes

The primary outcome was 90-day mortality, the secondary
outcomes were overall survival to ICU discharge, survival at
30 days after ICU admission and ICU length of stay.

Statistical analysis

Kolmogorov—Smirnov test was used to test for normal distri-
bution. Differences between the two groups were calculated
using the Mann—Whitney U test and Chi-squared test for
not normally distributed data and Student’s ¢-test for nor-
mally distributed data. The study population was divided
into patients with and without DM.

Mixed-effects Weibull regression analysis was applied
with the center as a random effect and DM as fixed effects to
evaluate DM as a possible independent predictor for 90-day
mortality. For a better estimation of the impact of DM on
outcome three different models were created (Model A, B
and C). Model A included age, sex and the SOFA score, to
account for disease severity. In Model B frailty was added
as a recently established risk factor for mortality in COVID-
19 patients [22], and in Model C, all other comorbidities
obtained in the COVIP study according to the protocol were
added as additional variables. Adjusted hazard ratios with
corresponding 95% confidence intervals (95% CI) were cal-
culated. Furthermore, 90-day mortality was analysed using
Kaplan—Meier curves for patients with and without DM. Dif-
ferences were assessed using the log-rank test.

To further investigate the influence of DM on 90-day
mortality in certain subgroups, we created a forest plot
depicting univariable hazard ratios for patients with DM in
each subgroup.
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Table 1 Patient char.acteri.stics No diabetes Diabetes p-value
of the study population with and
without diabetes mellitus n=2143 n=1271
Characteristics
Sex 0.12
Male, % (n) 70% (1505) 68% (864)
Female, % (n) 30% (638) 32% (413)
Age at admission 76 (5) 76 (5) 0.91
Age at admission 0.70
Age <80 years, % (n) 78% (1662) 78% (998)
Age>79 years, % (n) 22% (480) 22% (279)
BMI 28 (5) 30 (6) <0.001
SOFA score on admission 503) 6 (3) <0.001
Comorbidities
Ischemic heart disease, % (1) 19% (405) 31% (393) <0.001
Chronic kidney disease, % (n) 11% (238) 25% (319) <0.001
Arterial hypertension, % (n) 59% (1263) 79% (1005) <0.001
Pulmonary comorbidity, % (n) 22% (459) 22% (274) 0.92
Chronic heart failure, % (1) 11% (241) 20% (249) <0.001
Clinical Frailty Scale Score 3(2) 4(2) <0.001
Presence of Frailty (CFS >4) <0.001
No frailty, % (n) 82% (1604) 68% (767)
Frailty, % (n) 18% (345) 32% (363)
Therapeutic measures
Intubation and mechanical ventilation, % (n) 71% (1512) 67% (854) 0.024
Non-invasive ventilation, % (1) 25% (535) 30% (375) 0.003
Tracheostomy, % () 19% (399) 15% (185) 0.002
Vasoactive drugs, % (n) 67% (1431) 63% (789) 0.004
Corticosteroids, % (n) 68% (1460) 74% (944) 0.003
Renal Replacement Therapy, % (n) 13% (286) 18% (224) <0.001
Treatment limitations
Any treatment limitation, % (n) 36% (772) 32% (398) 0.006
Life sustaining care withheld, % (n) 29% (625) 28% (347) 0.25
Life sustaining care withdrawn, % (n) 20% (426) 17% (210) 0.015

CFS clinical frailty scale

All tests were two-sided, and a p value of < 0.05 was con-
sidered statistically significant. Some patients were excluded
for subgroup analyses due to missing values. For this reason,
not all patient numbers add up to 100%.

Stata 17 was used for all statistical calculations (Stata-
Corp LLC, 4905 Lakeway Drive, College Station, Browns-
ville, Texas, USA).

Results
Patients
In total, 3420 critically ill patients aged > 70 years from the

COVIP study were included in this analysis. Baseline char-
acteristics are presented in detail in Table 1. A pre-existing

diagnosis of DM was present in 1277 (37.3%) patients. The
median age of the total cohort was 76 years and similar in
both groups (p=0.91). The same applies to sex distribution:
among patients with and without DM 70% were men and
30% women.

Comorbidities

Patients with DM had a higher median BMI (30 kg/m?
vs. 28 kg/m?%, p <0.001) and a higher SOFA score at ICU
admission (6 vs 5, p <0.001), compared to patients with-
out the diagnosis. The most common comorbidities such as
ischemic heart disease, CKD, hypertension and chronic heart
failure (CHF) were significantly more frequent in patients
with DM. Furthermore, these patients had a higher median
score on the clinical frailty scale and a higher proportion was
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Table 2 Outcome of patients with and without diabetes mellitus

No diabetes diabetes p-value
n=2143 n=1277
Outcome
Mortality at 30 days, % (n) 51% (1092) 59% (751) <0.001
Mortality at 90 days, % (n) 56% (1194) 64% (811) <0.001
Mortality at ICU discharge, 49% (1037) 55% (699) <0.001

% (n)

ICU length of stay (h) 512 (1188) 455 (1297) 0.19

ICU Intensive Care Unit

known to be frail (32% vs. 18%, p<0.001). No difference
was observed in the frequency of pulmonary comorbidities.

Therapeutic measures during ICU stay

In 71% (n=1512) of patients without DM and in 67%
(n=854) of patients with DM MV was used (p =0.024).
Tracheostomy was performed more frequently in patients
without DM (19% vs. 15%, p=0.002), as was the use of vas-
oactive drugs (67% vs. 63%, p=0.004). By contrast, renal
replacement therapy was used significantly more often in
patients with DM (18% vs. 13%, p <0.001).

Treatment limitations were less common in patients with
DM (32% vs 36%, p=0.006, Table 2) and the ICU length
of stay was not significantly different in patients with or
without DM.

Outcome

The 90-day mortality was significantly higher in patients
with DM than in patients without DM (Table 2). The same
applies to ICU and 30-day mortality. The ICU length of stay
was not significantly different in patients with or without
DM. As illustrated by the Kaplan—Meier analysis, DM was
significantly associated with an impaired survival probabil-
ity (Fig. 1). In the univariable analysis, DM mellitus was a
significant predictor of 90-day mortality with a hazard ratio
of 1.29 (95% CI 1.18-1.41, p<0.001).

To evaluate the relevance of DM in the prediction of
90-day mortality in very old critically ill patients, we cre-
ated three different models (see Table 3). The association
between DM and 90-day mortality was also significant after
adjustment for age, sex and the SOFA score in Model A.
When frailty or other comorbidities were added to the model
(Model B and Model C), DM remained a significant but
weaker predictor for mortality.

The univariate hazard ratio for DM was higher in the sub-
group of patients without frailty, without CHF and between
the age of 70 and 79. However, for patients with frailty,
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Fig. 1 Kaplan—Meier survival analysis displaying the survival prob-
ability in relation to the diabetes mellitus status at admission. CI con-
fidence interval

with CHF or over 80 years of age, no association was found
between 90d mortality and the presence of DM (Fig. 2).

Discussion

In this large multicentre cohort study of old critically ill
COVID-19 patients, we observed a high rate of DM, with
an independent association with 90-day mortality. The effect
was more pronounced in younger individuals (70-79 years)
and in patients without frailty, CKD and CHF. However,
patients with DM had a significantly higher rate of comor-
bidities. These comorbidities are usually considered to be a
consequence of diabetes-related end-organ damage.

Understanding the most important factors for an unfa-
vorable outcome in critically ill COVID-19 patients is cru-
cial. Older individuals are more commonly affected by a
severe course of disease [23—26]. However, age is not suit-
able as the sole factor for predicting outcome in critically ill
COVID-19 patients. Therefore, knowledge about the impact
of other comorbidities is of great importance, especially in
an old population.

Several studies have shown that COVID-19 patients with
DM have a worse outcome than patients without DM. In an
early meta-analysis of 33 studies, Kumar et al. found a more
than two-fold increased risk of mortality and an increased
severity of disease in COVID-19 patients with DM when
compared to those without DM [15]. Since DM is often
associated with multiple other comorbidities, it remained
unclear whether this association was independent of other
factors. A recently published national cohort study from
England showed that DM is indeed an independent predictor
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Table 3 Mixed-effects Weibull proportional hazard regression analysis for prediction of 90-day mortality

Model A Model B Model C

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Diabetes 1.24 (1.14-1.38) <0.001 1.17 (1.06-1.30) 0.002 1.18 (1.06-1.31) 0.003
Age 1.06 (1.05-1.73) <0.001 1.06 (1.04-1.07) <0.001 1.06 (1.04-1.06) <0.001
Sex 0.97 (0.88-1.08) 0.582 0.92 (0.83-1.03) 0.155 0.94 (0.84-1.05) 0.268
SOFA Score 1.14 (1.13-1.16) <0.001 1.13 (1.11-1.15) <0.001 1.13 (1.11-1.15) <0.001
Frailty 1.82 (1.60-2.06) <0.001 1.69 (1.48-1.93) <0.001
Ischemic heart disease 1.06 (0.93-1.20) 0.387
Chronic kidney disease 1.33 (1.16-1.52) <0.001
Arterial hypertension 0.85 (0.76-0.95) 0.005
Pulmonary comorbidity 1.11 (0.99-1.27) 0.071
Chronic heart failure 1.09 (0.93-1.27) 0.296

HR hazard ratio, CI confidence interval, SOFA Sequential Organ Failure Assessment, Center as random effect and Diabetes as fixed effects

for mortality [27]. However, the transferability of results
from a national study to other countries may be limited.

DM was one of the most frequent comorbidities in our
population at 37%. Compared to other cohort studies of
critically ill patients, this number is slightly higher [18,
23, 28, 29]. Our study refers only to old individuals over
70 years of age, in whom DM generally has a greater prev-
alence than in the overall population [21]. In support of
our data, a cohort study from Germany with a compara-
tively old study population yielded similar numbers [25].

Our multicentre study now provides evidence that even
in a highly vulnerable cohort of old critically ill patients
the presence of DM is associated with higher 90-day
mortality. Even when adjusting for age, frailty and other
comorbidities, DM remained independently associated
with mortality. However, since age and frailty are such
important characteristics [23, 30], the influence of DM
was reduced.

The impact of DM was more prominent in younger
patients in our cohort (70-79 years). A retrospective study
from Mexico and another study from France made similar
observations, describing a decrease in the association of DM
and death with increasing age, although their cohorts started
at a much younger age [31, 32]. For patients age 80 years and
above the influence of DM seems to be reduced in relation
to other comorbidities. When comparing the prevalence of
comorbidities in our cohort, several diseases such as CKD,
cardiovascular disease and CHF showed rates which were
between 1.5 and 2 times higher for patients with DM com-
pared to those without. CKD and CHF are both risk factors
for a severe course of COVID-19 [10]. Since these diseases
are considered typical manifestations of end-organ damage

due to DM they cannot be seen as factors independent of
DM. The same is true for frailty which was roughly twice
as frequent in our critically ill patients with DM. Frailty has
been proven to be a relevant prognostic marker for outcomes
in critically ill patients with COVID-19 [22] as well as with-
out COVID-19 [33].

Thus, we may infer, that although frailty and other comor-
bidities seem to mask the influence of DM in older patients,
they might also be a consequence of DM itself and therefore
be interrelated with this underlying disease.

As recently reported treatment limitations were more fre-
quent in old COVID-19 patients compared to patients without
COVID-19 disease [34]. Varying rates of treatment limitations
in patients with and without DM might have the potential to
affect the outcome. However, in our study, treatment limita-
tions were even less common in patients with DM. Therefore,
they cannot be responsible for the higher mortality observed
in this group.

In addition, DM, especially type 2 DM, is further associated
with obesity [35]. In our study patients with DM had a higher
body mass index than patients without DM. Obesity and DM
negatively affect the outcome during infectious diseases by
altering the immune response, which explains the poor out-
come in these patients [36].

The main strengths of this study are its multicentre study
design and a large number of patients included. However,
some limitations such as the observational design of this study
must be considered when interpreting the results. First, some
important values are missing such as blood glucose levels or
HbAlc. These values might provide additional information
especially on glycemic control, which was associated with out-
come in COVID-19 patients in another study [37]. Second, we
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Fig.2 Forest plot for univari-
able hazard ratios for patients
with DM in different subgroups.
CI confidence interval, aHR
adjusted hazard ratio, aHT
arterial hypertension, ASCVD
atherosclerotic cardiovascular
disease, BMI body mass index,
CHF chronic heart failure, CKD
chronic kidney disease, MV
mechanical ventilation

aHR from model-1

Group and Name (95% Cl)
Age
Age 70-79 years —— 1.39 (1.25, 1.54)
Age =80 years —_— 1.06 (0.89, 1.26)
Arterial hypertension
No aHT e o] 1.33 (1.12, 1.59)
aHT —— 1.26 (1.14, 1.41)
Atherosclerotic cardiovascular disease
No ASCVD —— 1.28 (1.15, 1.42)
ASCVD —— 1.19 (1.00, 1.42)
BMI
BMI <30 — 1.22 (1.08, 1.38)
BMI>30 —_— 1.39 (1.17, 1.66)
Chronic heart failure
No CHF —— 1.31 (1.19, 1.45)
CHF ———— e 0.98 (0.79, 1.21)
Chronic kidney disease
No CKD —— 1.22 (1.10, 1.35)
CKD —_— 1.09 (0.89, 1.32)
Frailty
No frailty —_— 1.22 (1.08, 1.37)
Frailty ——— 0.99 (0.84, 1.18)
Mechanical ventilation
No MV —_— 1.26 (1.05, 1.52)
MV —— 1.36 (1.23, 1.51)
Pulmonary comorbidity
No —— 1.32 (1.19, 1.46)
Yes ———— 1.17 (0.97, 1.41)
Sex
Female —— 1.39 (1.19, 1.64)
Male — 1.25 (1.12, 1.39)
| | | | |
9 1 15 2 25 3

Higher aHR indicates higher risk for 90-day-mortality in diabetes

did not differentiate between type 1 and type 2 DM. Since type
2 DM is much more prevalent in older individuals [21] and
patients with type 1 DM have a reduced life expectancy [38],
it is likely that nearly all patients with DM in our study cohort
had type 2 DM. However, it cannot be completely excluded,
that some patients with type 1 DM influenced the results.
Moreover, there is a small risk of selection bias, since 507
patients were excluded due to missing DM status.
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Conclusion

DM is independently associated with an impaired outcome
in old critically ill COVID-19 patients. The influence of
DM was strongest in “younger” patients without frailty.
DM might be of additional value for risk prediction even
in old critically ill COVID-19 patients who are already at
high risk of a poor outcome.
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