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Abstract

Objective: To describe the relationship between type 2 diabetes and all-cause mortality amongst

adults with COVID-19 in the critical care setting.

Research Design and Methods: Nationwide retrospective cohort study in people admitted to
hospital in England with COVID-19 requiring admission to a high dependency unit (HDU) or
intensive care unit (ICU) between March 1, 2020 and July 27, 2020. Cox proportional hazards
models were used to estimate 30 day in-hospital all-cause mortality associated with type 2 diabetes,
adjusted for age, sex, ethnicity, obesity, and other major comorbidities (chronic respiratory disease,
asthma, chronic heart disease, hypertension, immunosuppression, chronic neurological disease,

chronic renal disease, and chronic liver disease).

Results: 19,256 COVID-19 related HDU and ICU admissions were included in the primary
analysis, including 13,809 HDU (mean age 70), and 5,447 ICU admissions (mean age 58). 3,524
(18.3%) had type 2 diabetes. 5,077 people (26.4%) died during the study period. People with type 2
diabetes were at increased risk of death (adjusted hazard ratio (aHR) 1.23 [95%CI 1.14;1.32]),
results were consistent in HDU and ICU subsets. The relative mortality risk associated with type 2
diabetes decreased with increasing age (age 18-49 aHR 1.50 [95%CI 1.05;2.15]; age 50-64 1.29

[1.10;1.51]; age 65 or greater 1.18 [1.09;1.29], p-value for age:type 2 diabetes interaction 0.002).

Conclusions: Type 2 diabetes may be an independent prognostic factor for survival in people with
severe COVID-19 requiring critical care treatment, and in this setting the risk increase associated

with type 2 diabetes is greatest in younger people.



Introduction

In early 2020, coronavirus disease 2019 (COVID-19), caused by the new highly-infectious
organism now known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV 2), was
formally declared a pandemic by the World Health Organisation.(1) With a global prevalence of
9.3%,(2) it is unsurprising that diabetes is one of the most common comorbidities seen in people with
COVID-19, second only to hypertension.(3) People with type 2 diabetes are known to be not only
more susceptible to infections in general,(4) but also require hospitalization more often,(5) resulting
in an overall worse prognosis.(6) As the COVID-19 pandemic has progressed, a similar pattern of a
worse prognosis for people with diabetes who contract COVID-19 has been reported in population-
based studies,(7, 8) with an increased risk of intensive care admission,(9-11) and worse mortality

outcome in some but not all hospital cohorts.(12-14)

For people admitted to intensive care, studies published early in the course of the global
pandemic suggested diabetes is an important prognostic factor even in severe COVID-19 (New York
n=373, 40.2% with diabetes; unadjusted odds ratio (OR) for mortality in those with diabetes 2.31
[95%CI1 1.34, 4.00]; Wuhan, China, n= 193, 24.9% with diabetes; adjusted hazard ratio 1.53 [95%ClI
1.02, 2.30]).(11, 15) Two larger, more recent critical care studies have reported smaller effect sizes
(Italy, n=3988, 12.9% with diabetes; adjusted OR 1.18 [95%CI 1.01, 1.39]; USA, n=2,215, 38.9%
with diabetes; adjusted OR 1.14 [95%CI 0.91, 1.43]).(16, 17) Heterogeneity across these studies
likely reflects a combination of local variation in prevalence of diabetes, variation in the
characteristics of people with diabetes, and the limited geo-temporal snapshots each study represents.

Data on the additional mortality associated with diabetes in critical care across the entire first wave



of COVID-19 are lacking in these studies, and potential heterogeneity in the risk associated with

diabetes by age and other clinical features has yet to be fully explored.

We aimed to establish the clinical utility of type 2 diabetes as a prognostic factor for survival
in people admitted to critical care with COVID-19, using national data over the course of the entire

first wave of COVID-19 from hospitals in England.



Methods

Data Source

Data were accessed from the COVID-19 Hospitalisation in England Surveillance System
(CHESYS), established by Public Health England.(18) Reporting to CHESS is daily via web tool and
is mandatory for hospitals in England. The data specification comprises epidemiological information
for people with proven or a high likelihood of COVID-19 requiring hospitalisation and high
dependency unit (HDU) or intensive care unit (ICU) management, including demographics,
comorbidities including diabetes and obesity, and outcome. Confirmation of infection was by reverse
transcriptase polymerase chain reaction (PCR) of nasopharyngeal and/or oropharyngeal swabs as it
was the only available method during the study period. National testing policy changed throughout
the study period, however, all people with a suspicion of COVID-19 and who were admitted to
hospital were tested,(19) and people were potentially re-tested multiple times if the initial results were
negative but clinical suspicion remained high. At the time of data extraction (27th July, 2020), data

on 23,935 cases across 108 hospitals had been submitted to CHESS.

Study population

Inclusion and Exclusion Criteria

The study population comprised people in CHESS aged 18-99 inclusive who required HDU
or ICU admission with confirmed or clinically diagnosed COVID-19 (91.4% were PCR swab positive
result at some point in their admission) from 1% March 2020 to 27th July 2020 inclusive, and were
not pregnant (n=22,082). Pregnancy is associated with altered metabolic physiology; due to the

limited information about this group, an a priori decision was made to exclude them from the analysis.



Cohorts

The primary cohort for analysis was all patients admitted to either HDU or ICU at any point
during the study period (HDU/ICU cohort). We separately examined the subsets of all patients
admitted to HDU but not ICU during the study period (HDU cohort), and all patients admitted to ICU
during the study period (ICU cohort). People with type 1 diabetes were excluded from these primary

cohorts and are analysed separately.

Recorded clinical features

Available clinical features comprised demographic characteristics (age, sex, ethnicity),
obesity status, and comorbidities, as defined in the CHESS data specification,(18) recorded during

critical care admission. We grouped ethnicity into major UK ethnic census groups: white, black,

Asian, mixed, other, or not recorded. We defined obesity as non-obese (BMI1<30), obese (BMI1=30),

or not recorded, as derived from recorded BMI category (coded in CHESS as <18.5, 18.5-24.9, 25-
29.9, 30-39.9, >39.9, No, Missing or Unknown) where available or recorded clinical obesity (coded
as No, Borderline, Yes, Missing or Unknown) if BMI was not available. Coded comorbidities were
diabetes (separated by type 1 and 2), chronic respiratory disease; asthma requiring medication;
chronic/congenital heart disease; hypertension; immunosuppression (due to disease or treatment);
chronic neurological disease; chronic renal disease; and chronic liver disease, all coded as No, Yes,

Missing or Unknown.

Missing Data
We found variation in reporting of information on comorbidity at hospital level, with a limited

number of hospitals reporting very little information on comorbidity. For our primary analysis we



excluded all patients from 15 hospitals where comorbidity recording was missing for over 50% of
people (n=2,151; sFlowchart 1). After filtering the CHESS cohort by missingness, we defined binary
variables for each comorbidity (Yes versus No/Missing/Unknown), assuming that, in this mostly
complete subset, missing or unknown coded data represented the absence of that condition. We tested

the validity of this assumption in the sensitivity analysis described later.

Outcome

The outcome was in-hospital all-cause mortality. People were followed up from admission to
hospital until the earliest of: death, hospital transfer, date of last follow-up in CHESS, or a length of
stay of 30 days. To account for discharge from hospital as a competing risk, people who were
discharged were assumed no longer at risk of death and so were not censored at the day of discharge

and instead had their follow-up time set to 30 days.(12)

Statistical Analysis

Primary analysis

Recorded clinical features were described, overall and by recorded type 2 diabetes status. We
estimated the risk of 30-day mortality for each cohort by type 2 diabetes status using survival analysis
with days at risk as the timescale. 30-day mortality covered 98% of the deaths observed over the
maximum cohort follow-up. Kaplan-Meier survival functions and Cox proportional hazards models
were used to evaluate the association between type 2 diabetes and mortality, with proportional
hazards assumptions tested through examination of the schoenfeld residuals. All models included
type 2 diabetes status, and were sequentially increased in complexity with adjustment firstly for age

(with exploration of age as linear, category, and as a 3-knot non-linear restricted cubic spline), before



adding sex, ethnicity, obesity, and comorbidities. The primary, fully adjusted, model comprised all
these features. For the ICU cohort, we started follow up on the date of ICU admission, and adjusted

for days from hospitalisation to ICU admission.

Subgroup analysis

Analysis of the primary outcome for the HDU/ICU cohort was repeated in subgroups
defined by major clinical characteristics; age (18-49, 50-64, 65+), sex, ethnicity, by the presence or
absence of obesity, and by the presence or absence of at least one other comorbidity. To explore
temporal trends, subgroups were defined by calendar month of hospital admission (March, April,

May-July, 2020).

Sensitivity analysis

To explore the sensitivity to the decision to filter patients by degree of missing comorbidity
data at hospital level, we described recorded characteristics of patients in included and excluded
hospitals, and assessed whether the mortality associated with type 2 diabetes differed in included and
excluded hospitals. To explore sensitivity of our findings to potential temporal changes in mortality
over the study period, calendar week of hospital admission was included as an additional linear

continuous covariate in multivariable analysis.

We conducted a propensity score matched analysis to evaluate whether the presence of type
2 diabetes increased the risk of death compared with people with the same clinical characteristics but
without type 2 diabetes. The full set of recorded clinical features previously described were

considered potential confounders and used for matching. Missing information for ethnicity and



obesity were coded as missing categories, providing a full patient set.(20) Pairs were matched without
replacement on the logit of the propensity score, and a caliper size of 0.05 was applied for all matched
pairs. Separate propensity-score models were fitted for each cohort. Cox proportional models were

stratified by matched set to account for the matched nature of the propensity score defined cohorts.

We repeated the primary analysis with the following changes to formally assess the impact of
the assumptions made: 1) excluding transferred patients and patients who remained in hospital; 2)
including only patients with PCR swab positive results during admission; 3) including only hospitals
with at least 75% complete comorbidity data; 4) including all patients in all hospitals and assuming
Missing/Unknown represented the absence of a comorbidity; 5) extending the Cox proportional
hazards model to incorporate hospital level random effects to account for within-hospital
homogeneity in outcomes (frailty model with a random effect per hospital trust);(21) 6) to check the
validity of our approach by accounting for discharge as a competing risk we used a Fine & Gray

model.

Evaluation of missing data

To evaluate the appropriateness of equating diabetes status coded as missing in CHESS to the
absence of diabetes, we used multiple imputation by chain equations (5 imputations) to fill missing
values for diabetes status and all other missing values for ethnicity, obesity, and other comorbidities.
This approach assumes missing values are missing at random.(22) We then repeated the full
multivariable analysis for each cohort using the imputation model, to determine whether this model

gave different results to our primary analysis.



COVID-19 mortality risk in people with Type 1 diabetes

Mortality in people with recorded type 1 diabetes was compared to people with type 2
diabetes using adjusted Cox regression, as described above. A propensity matched analysis was also
utilised, as previously described, to compare the mortality risk for people with type 1 diabetes to
similar patients without type 1 diabetes. Analyses was limited to the combined HDU/ICU cohort

due to sample size.

Computational Resources

Analyses were conducted with R (version 3.6.2),(25) including use of the packages survival,

rms, coxme, paf, mir3, mlr3tuning, mlr3proba, xgboost, and mice.



Results

Clinical characteristics

19,256 patients were included in the primary cohort admitted to HDU (n=13,809) or ICU
(n=5,447) [sFlowchart 1 and sTable 1]. Mean age was 67, 60.1% of patients were male, 27.0% of
patients were of non-white ethnicity, and 18.3% had type 2 diabetes. sTable 1 shows the overall
characteristics of patients in the separate HDU and ICU cohorts. ICU patients were younger, and
more commonly male and of non-white ethnicity (mean age 58, 70.6% male, 37.1% non-white)

than HDU only admitted patients (mean age 70, 55.9% male, 23.1% non-white).

In the primary HDU/ICU cohort, people with type 2 diabetes (n=3,524, 18.3%) were of
similar age to those without type 2 diabetes (mean 67 verses 66), and were more commonly
recorded as being of non-white ethnicity (41.5% versus 23.5%) and obese (45.1% versus 31.4%)

(Table 1). All comorbidities were more common in people with type 2 diabetes.

Type 2 diabetes is an independent prognostic factor for mortality in severe COVID-19

5,077 (26.4%) patients in the primary HDU/ICU cohort died within the 30-day study period.
Mean follow-up was 21.2 (SD 10.9) days in people with type 2 diabetes and 21.2 (SD 19.4) days in

those without.

Risk of mortality was consistently higher in people with type 2 diabetes in all analyses
performed. The overall unadjusted cumulative incidence of 30-day mortality was higher in people

with diabetes (34.7% [95%CI 33.1, 36.3]) than without diabetes (25.5% [95%CI 24.8, 26.2]) (Figure



1). Mortality did not differ between people with diabetes recorded as missing/unknown diabetes status
and those recorded as no diabetes (sFigure 1), supporting the assumption that missing coding
represents the absence of diabetes. Unadjusted and adjusted hazard ratios showed higher mortality
risk in people with diabetes, with a 23% increase in mortality risk observed in the fully adjusted
model (Table 2). Full multivariable model outputs are provided in sTable 2. A 23% increase in

mortality risk for diabetes was also observed in the propensity score matched analysis (Table 2).

The mortality increase in people with type 2 diabetes was consistent in HDU cohort (type 2
diabetes 30-day mortality 29.2% [95%CI 27.2, 31.1] versus 22.4% [95%CI 21.6, 23.2] without) and

ICU cohort (30-day mortality 45.2% [42.4, 47.9] versus 36.3% [34.7, 37.8]) (sFigure 2, Table 2).

The mortality risk for type 1 diabetes (n=203) was similar to that observed for type 2
diabetes (adjusted hazard ratio (aHR) 0.98 [95%CI 0.75, 1.28], p=0.89), and in propensity score
matched analysis the hazard ratio for type 1 diabetes was similar to that observed for matched

controls without diabetes (aHR 1.25 [95%CI 0.86, 1.84], p=0.25) (sTable 3).

Subgroup analysis suggests lower excess mortality risk associated with type 2 diabetes at

older ages and in males compared to females

Results of subgroup analyses for the primary outcome are shown in Figure 2. The association
between type 2 diabetes and mortality was attenuated by age at hospital admission (age 18-49 aHR
1.50 [95%CI 1.05;2.15]); age 50-64 aHR 1.29 [95%CI 1.10;1.51]; age 65 or greater aHR 1.18 [95%ClI
1.09;1.29], p=0.002 for age category:type 2 diabetes interaction), and there was a numerically lower

excess mortality risk in males (aHR 1.15 [95%CI 1.05, 1.26]) than females (aHR 1.36 [95%CI 1.20,



1.54], p=0.06 for sex:diabetes interaction). There was no evidence of a difference in the mortality
associated with type 2 diabetes in subgroups defined by ethnicity (p=0.08), obesity (p=0.28), or by
the presence or absence of other recorded comorbidity (p=0.41). There was no evidence of a temporal
trend in the mortality associated with type 2 diabetes by calendar month (HR range 1.13-1.34 over
March-July, sTable 3), or with adjustment for calendar week of hospital admission as an additional

covariate (aHR for diabetes in the primary HDU/ICU cohort 1.21 [95%CI 1.13, 1.31], sTable 3).

Sensitivity and multiple imputation analysis were consistent with the primary analysis

Results were consistent in all sensitivity analysis (sTable 3), including inclusion of only
patients with a positive PCR swab result during admission, repeating the primary analysis with
hospital added as a random effect, in the multiple imputation model, and, despite differences in
clinical characteristics (sTable 4), including patients from all hospitals currently reporting to CHESS

irrespective of completeness of comorbidity coding.



Discussion

Our analysis of over 19,000 patients admitted to critical care over the entire first wave of
COVID-19 in England demonstrates that type 2 diabetes is associated with around a 20% increase in
mortality risk in people with severe COVID-19, independent of age, sex, ethnicity, obesity, and other
major comorbidity. Risk is similar in both the HDU and ICU cohorts, despite the fact that in England
these groups differed markedly with those admitted to ICU being younger, more commonly male,
and more commonly of non-white ethnicity. Additional mortality risk appears similar in type 1

diabetes compared to type 2 diabetes in this setting.

Our national-level study provides evidence for a relatively small, but significant effect of
diabetes on mortality risk in one of the largest samples of COVID-19 associated critical care
admissions to date. The association between diabetes and COVID-19 mortality we observed is
substantially smaller than those reported in studies conducted early in the pandemic.(11, 15) Notably,
we extend previous contributions by evaluating both HDU and ICU admissions, which we
demonstrate to be very different populations in terms of clinical characteristics. In England these
differences between HDU and ICU populations likely result from individualised care strategies based
on the patient’s best interests (which one UK-based centre implemented for 61% of 429 consecutive
admissions),(26) rather than sustained saturation of intensive care units for which there was limited

evidence.(27)

Given the large sample available, we were able to evaluate heterogeneity in mortality risk
across subgroups defined by clinical features, and demonstrate that, in relative terms, the additional

mortality risk associated with type 2 diabetes attenuates markedly in older people. In contrast to age,



we found no evidence of heterogeneity in the mortality risk associated with diabetes in subgroups
defined by the presence or absence of obesity, comorbidity, and ethnicity. There was weak evidence
of heterogeneity by sex, with a numerically higher excess risk associated with diabetes in females
than males (p=0.06), which may warrant future investigation. Importantly, we demonstrate a
consistent strength of association between type 2 diabetes and mortality accounting for time trends
in in-hospital mortality, and accounting for geographical clustering of hospitals, which is notable as
recent studies have demonstrated substantial variation in COVID-19 specific critical care outcomes
between institutions,(28) as well as a marked reduction in critical care mortality over the course of

the pandemic.(29)

Although direct evaluation of patient characteristics other than diabetes was not the focus of
this study, the validity of our results is bolstered by demographic congruence with COVID-19 data
from the UK’s Intensive Care National Audit and Research Centre (ICNARC),(30) where diabetes
status is not available. Notably, both studies found similar effects for males (i.e. no difference), and
people of Asian ethnicity (i.e. increased risk) in critical care settings (sTable 2). The exception is that
we did not find an association between obesity and mortality, in contrast to ICNARC which reported

an association of small magnitude for BMI, but without adjustment for diabetes or hyperglycaemia.

Previous studies of other viral respiratory infections suggest findings of population-level
studies should be extrapolated to the critical care setting with caution. For influenza, national surveys
suggested increased influenza-specific mortality in people with diabetes,(31) however, large multi-
state European studies of ICU admissions for influenza showed no difference in mortality by diabetes

status.(32) Our results, contrasted with the numerically much greater associations for diabetes



reported in UK population based studies of COVID-19 mortality mirror this pattern of substantially
reduced effect size.(7, 8) Such setting-specific differences likely reflect different frames of reference,
wherein each study is capturing a different portion of a complicated pathway including the risk of
being infected, then accessing services, subsequently being admitted, hospital treatments, and finally,

dying in hospital.

To our knowledge, CHESS is currently the largest critical care database of people with
COVID-19 and coded diabetes status, providing near complete capture of severe COVID-19 cases
across England during the first wave of the pandemic.(18) Our use of a methodologically robust
modelling framework, with adjustment for potential confounders and multiple sensitivity analyses to
evaluate the potential influence of missing data, lends additional credibility to our mortality estimates.
Despite this, we cannot rule out unmeasured confounding as an explanation of our findings. Any
interpretation of our results should be bounded by the knowledge that in the primary analysis we
adjusted for variables along the causal pathway (e.g. cardiovascular comorbidities), which precludes
any claim that associations relate to the causal role of type 2 diabetes in COVID-19 mortality.(33)
However, the consistent size of association for type 2 diabetes observed across models with sequential
adjustment of clinical features supports the interpretation that type 2 diabetes is an important

prognostic factor for critical care patients.

A limitation of the CHESS critical care dataset is the lack of validated case definitions for
recorded comorbidities, and it is possible misclassification of diabetes status may have attenuated the
mortality risk estimates observed in this study. A further important limitation is that the lack of

standardised measurement of height and weight meant we had to adjust risk models for obesity status



(BMI categorised </>30 kg/m?), rather than with more granular categorisation of BMI. A recent study
of 6916 US patients diagnosed with COVID-19 suggest an independent J-shaped association between
BMI category and mortality, with patients of BMI <18.5 kg/m? and >40 kg/m? at higher risk of
mortality compared with those of normal BMI (18.5-24 kg/m?),(34) and an analysis of 1687
hospitalised adults in New York observed a similar J-shaped pattern between BMI and mortality,
although with overweight patients at lowest risk.(35) These analyses raise the possibility of residual
confounding, due to the limited recording of BMI in CHESS, being a potential explanation of our
findings. We lacked data to assess the impact of potentially modifiable diabetes specific risk factors
in particular hyperglycaemia prior to, at, or during, hospital admission,(7, 14, 36-39) as well as
possible modulatory effects of specific anti-hyperglycaemic medications.,(40-42) Clinical
information on duration of diabetes and the presence of diabetes complications were similarly not
available. Robustly evaluating the added value of such potential diabetes-specific prognostic factors
is an important area for ongoing,(37, 39) and future, research to inform understanding of the
mechanisms by which diabetes modifies outcome in severe COVID-19,(43) to establish which risk
factors are most useful to identify which people with diabetes are most vulnerable to COVID-19,(44)

and to inform individualised care strategies.(40)

Conclusion

Type 2 diabetes may be an independent prognostic factor for in-hospital survival in people
with severe COVID-19 admitted to a critical care setting. The additional mortality risk associated
with type 2 diabetes is attenuated by age. These results can help inform in-hospital decision-making
on appropriate care escalation and treatment provision for people with type 2 diabetes and severe

COVID-19.
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Table 1: Recorded characteristics of HDU/ICU cohort, by recorded type 2 diabetes status
No type 2 diabetes (n=15,732) Type 2 diabetes (n=3,524)

Age (years) 66 (17.4) 67 (14.1)
Age Group
18-24 164 ( 1.0) 8(0.2)
25-34 612 (3.9) 40 (1.1)
35-44 1,010 ( 6.4) 142 (4.0)
45-54 2,039 (13.0) 429 (12.2)
55-64 2,814 (17.9) 848 (24.1)
65-74 2,978 (18.9) 872 (24.7)
75-84 3,334 (21.2) 718 (20.4)
85+ 2,781 (17.7) 467 (13.3)
Sex
Female 6,440 (40.9) 1,243 (35.3)
Male 9,292 (59.1) 2,281 (64.7)
Ethnicity*
White 9,624 (76.5) 1,815 (58.5)
Asian 1,356 (10.8) 680 (21.9)
Black 737 (5.9) 360 (11.6)
Mixed 163 (1.3) 48 (1.5)
Other 694 (5.5) 201 (6.5)
Obesity**
Non-obese 6,034 (68.6) 1,509 (54.9)
Obese 2,764 (31.4) 1,240 (45.1)
Comorbidity
Any comorbidity 6228 (39.6) 2945 (83.6)
Chronic respiratory disease 1,250 ( 7.9) 423 (12.0)
Asthma 1,200 ( 7.6) 428 (12.1)
Hypertension 3,439 (21.9) 2,218 (62.9)
Chronic heart disease 1,828 (11.6) 834 (23.7)
Chronic renal disease 996 ( 6.3) 831 (23.6)
Chronic liver disease 252 (1.6) 138 (3.9)
Chronic neurological disease 1,098 (7.0) 310(8.8)
Immunosuppressive disease 374 (2.4) 94 (2.7)

*Ethnicity not recorded for 3,578 patients. **Obesity not recorded for 7,709 patients.



Table 2: Hazard ratios for diabetes for the primary outcome of 30 day in-hospital mortality

for people with type 2 diabetes admitted to critical care with COVID-19. Age fitted as a
restricted cubic spline with 3 knots in all models.

Adjustment

Cohort 1: All patients

(n=19,256)

Cohort 2: HDU only
patients (n=13,809)

Cohort 3: ICU patients

(n=5,447)

Unadjusted

Age

Age and sex

Age, sex, ethnicity

Age, sex, ethnicity, obesity

Full covariate set adjusted model
(Age, sex, ethnicity, obesity,
comorbidity*)

Propensity score matched model,
adjusted full covariate set

Competing risk model, adjusted full
covariate set (Fine-Gray)**

1.44 (1.35, 1.54),
p<0.001

1.42 (1.33, 1.51),
p<0.001

1.40 (1.31, 1.49),
p<0.001

1.36 (1.27, 1.45),
p<0.001

1.32 (1.23, 1.41),
p<0.001

1.23 (1.14, 1.32),
p<0.001

1.25 (1.14, 1.36),

p<0.001 [n=3,289 with
diabetes matched]

1.27 (1.18, 1.36),
p<0.001

1.38 (1.26, 1.51),
p<0.001

1.31 (1.20, 1.44),
p<0.001

1.30 (1.19, 1.42),
p<0.001

1.29 (1.18, 1.41),
p<0.001

1.27 (1.16, 1.39),
p<0.001

1.19 (1.08, 1.31),
p<0.001

1.17 (1.04, 1.32),

p=0.01 [n=2,007 with

diabetes matched]

1.24 (1.13, 1.36),
p<0.001

1.34 (1.2, 1.48),
p<0.001

1.28 (1.16, 1.41),
p<0.001

1.28 (1.16, 1.41),
p<0.001

1.23(1.11, 1.36),
p<0.001

1.29 (1.17, 1.43),
p<0.001

1.24 (1.11, 1.38),
p<0.001

1.19 (1.05, 1.35),

p=0.009 [n=1,244 with

diabetes matched]

1.24 (1.12, 1.38),p<0.001

*Chronic respiratory disease, Asthma, Chronic heart disease, Hypertension, Immunosuppression, Chronic neurological disease,

Chronic renal disease, Chronic liver disease.

**Fine-Gray model subdistribution hazard ratios taking into account the competing event of being discharged alive.



Figure legends

Figure 1: Kaplan-Meier plots for in-hospital COVID-19 death in 19,256 patients admitted to
critical care (HDU or ICU) in CHESS by time since hospital admission. Plot shows the
proportion of individuals at risk who were still alive at regular intervals up to 30 days from
admission, stratified by the presence of type 2 diabetes. People discharged from hospital prior to 30
days were assumed to survive to 30 days and are included in the number at-risk until 30 days, in
keeping with the standard practice for time-to-event modelling in analysis of critical care patients.
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Figure 2: Major subgroup analysis of the primary outcome of 30 day in-hospital mortality.
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Legend: Hazard ratios represent the mortality risk associated with the presence of type 2 diabetes in each
subgroup. Bars represent 95% confidence intervals. *Hazard ratios (95% CI) for other subgroups: mixed
ethnicity 1.91 (1.03, 3.56), other ethnicity 0.96 (0.67, 1.39), missing ethnicity 1.34 (1.11, 1.62), missing
obesity 1.28 (1.08, 1.46).



Supplementary Material for Diabetes and COVID-19 related mortality in the critical care
setting: A national cohort study in England, March-July 2020

Authors: John M. Dennis, Bilal A. Mateen, Raphael Sonabend, Nicholas J. Thomas, Kashyap A.
Patel, Andrew T Hattersley, Spiros Denaxas, Andrew P. McGovern, Sebastian J. Vollmer



SFlowchart 1: Patient flow diagram

COVID-19 Hospitalisation in England Surveillance System (CHESS) daily reporting of persons requiring
hospitalisation and HDU/ICU management (data download 27/07/2020)

N=23,934 people
across 108 NHS trusts
I

v

N=22,082 people across 106 NHS trusts

v

N=19,931 people across 91 NHS trusts

v

N=19,459 people admitted to HDU/ICU

v

N=19,256 people (HDU/ICU cohort)

I }

N=13,809 people N=5,447 people
admitted to HDU only admitted to ICU
(HDU cohort) (ICU cohort)

Patients admitted prior to 1t March 2020 (n=424), missing age or age <18 or >99
(n=1184), missing sex (n=37), or recorded as pregnant (n=207)

2,151 patients from 15 NHS trusts, as at trust level >50% patients have no recorded
information on the presence or absence of diabetes and other risk factors*

472 patients with uncertain outcome information (outcome recorded but no date,
missing outcome but recorded outcome date, outcome date prior to admission date)

203 patients with recorded Type 1 diabetes (included in study in separate cohort)

*All of the following recorded as ‘Missing’ for a patient: Diabetes, Chronic respiratory disease,
Asthma requiring medication, Chronic/congenital heart disease, Hypertension,
Immunosuppression due to disease or treatment, Chronic neurological disease, Chronic renal
disease, Chronic liver disease, Pregnancy, and obesity.



sTable 1: Recorded characteristics of study cohorts.

HDU/ICU cohort HDU only cohort ICU cohort
(n=19,256) (n=13,809) (n=5,447)
Age in years (Mean [SD]) 67 (16.88) 70 (17.21) 58 (12.66)
Age Group
18-24 172 (0.9) 134 (1.0) 38(0.7)
25-34 652 (3.4) 446 (3.2) 206 (3.8)
35-44 1,152 (6.0) 695 (5.0) 457 (8.4)
45-54 2,468 (12.8) 1,331 (9.6) 1,137 (20.9)
55-64 3,662 (19.0) 1,900 (13.8) 1,762 (32.3)
65-74 3,850 (20.0) 2,550 (18.5) 1,300 (23.9)
75-84 4,052 (21.0) 3,551 (25.7) 501 (9.2)
85+ 3,248 (16.9) 3,202 (23.2) 46 (0.8)
Sex
Female 7,683 (39.9) 6,084 (44.1) 1,599 (29.4)
Male 11,573 (60.1) 7,725 (55.9) 3,848 (70.6)
Ethnicity
White 11,439 (73.0) 8,413 (76.9) 3,026 (63.9)
Asian 2,036 (13.0) 1,204 (11.0) 832 (17.6)
Black 1,097 (7.0) 727 (6.6) 370(7.8)
Mixed 211 (1.3) 72 (0.7) 139 (2.9)
Other 895 (5.7) 523 (4.8) 372 (7.8)
Obesity
Non-obese 7,543 (65.3) 5,467 (75.8) 2,076 (47.9)
Obese 4,004 (34.7) 1,742 (24.2) 2,262 (52.1)
Comorbidity
Type 2 diabetes 3,524 (18.3) 2,139 (15.5) 1,385 (25.4)
Chronic respiratory disease 1,673 (8.7) 1,166 (8.4) 507 (9.3)
Asthma 1,628 (8.5) 929 (6.7) 699 (12.8)
Hypertension 5,657 (29.4) 3,602 (26.1) 2,055 (37.7)
Chronic heart disease 2,662 (13.8) 2,034 (14.7) 628 (11.5)
Chronic renal disease 1,827 (9.5) 1,426 (10.3) 401 (7.4)
Chronic liver disease 390 (2.0) 244 (1.8) 146 (2.7)
Chronic neurological disease 1,408 (7.3) 1,174 (8.5) 234 (4.3)
Immunosuppressive disease 468 (2.4) 274 (2.0) 194 (3.6)
Time in hospital
Days from hospital to ICU admission NA NA 2 (5.62)

per day increase (Mean [SD])



SFigure 1: Kaplan-Meier plots for in-hospital COVID-19 death in 19,256 patients admitted to critical care (HDU
or ICU) in CHESS by time since hospital admission, with type 2 diabetes status coded as Yes, No, and Not
recorded. Plots show the proportion of individuals at risk who were still alive at regular intervals up to 30 days from
admission. People discharged from hospital prior to 30 days were assumed to survive to 30 days and are included in the

number at-risk until 30 days, in keeping with the standard practice for time-to-event modelling in analysis of critical
care patients.
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SFigure 2: Kaplan-Meier plots for in-hospital COVID-19 death over time, by diabetes status for:

a) HDU only cohort, n=13,809)
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sTable 2: Hazard ratios for full covariate set in multivariable analysis of the primary outcome of 30 day all-cause

in-hospital mortality for each study cohort. Data in brackets are 95% confidence intervals.

HDU/ICU cohort HDU only cohort ICU cohort
(n=19,256) (n=13,809) (n=5,447)

Type 2 diabetes
No type 2 diabetes 1.00 (ref) 1.00 (ref) 1.00 (ref)

Type 2 diabetes
Age

1.23 (1.14;1.32), p<0.001

1.19 (1.08;1.31), p<0.001

1.24 (1.11;1.38), p<0.001

Age spline
Age spline'
Sex

1.06 (1.06;1.07), p<0.001
0.97 (0.96;0.98), p<0.001

1.10 (1.09;1.11), p<0.001
0.96 (0.95;0.97), p<0.001

1.04 (1.03;1.05), p<0.001
1.00 (0.99;1.01), p=0.699

Female
Male
Ethnicity*

1-00 (ref)
1.33 (1.25;1.41), p<0.001

1-00 (ref)
1.30 (1.21;1.39), p<0.001

1-00 (ref)
1.08 (0.98;1.20), p=0.121

White
Asian
Black
Mixed
Other
Missing
Obesity**

1.00 (ref)
1.32 (1.20;1.46), p<0.001
1.19 (1.04;1.35), p=0.010
1.74 (1.34;2.25), p=0.000
1.00 (0.85;1.17), p=0.964
1.10 (1.01;1.18), p=0.020

1.00 (ref)
1.24 (1.07;1.45), p=0.005
1.19 (0.99;1.44), p=0.065
1.52 (0.90;2.58), p=0.119
0.83 (0.63;1.08), p=0.165
1.16 (1.06;1.27), p=0.001

1.00 (ref)
1.27 (1.11;1.44), p<0.001
1.33(1.11;1.59), p=0.002
1.24 (0.92;1.67), p=0.157
0.99 (0.81;1.20), p=0.887
1.03 (0.90;1.19), p=0.645

Non-obese (BMI<30)
Obese (BMI>30)
Missing
Comorbidity (versus No/Missing)

1.00 (ref)
1.06 (0.99;1.15), p=0.113
0.94 (0.88;1.01), p=0.089

1.00 (ref)
0.84 (0.74;0.95), p=0.007
0.89 (0.82;0.97), p=0.005

1.00 (ref)
0.95 (0.86;1.06), p=0.393
1.51 (1.35;1.70), p<0.001

Chronic respiratory disease

Asthma

Hypertension

Chronic heart disease

Chronic renal disease

Chronic liver disease

Chronic neurological disease

Immunosuppressive disease
Time in hospital

1.29 (1.18;1.41), p<0.001
1.02 (0.92;1.13), p=0.755
1.04 (0.97;1.11), p=0.237
1.11 (1.03;1.20), p=0.009
1.17 (1.07;1.27), p<0.001
0.99 (0.81;1.21), p=0.924
1.12 (1.02;1.23), p=0.022
1.23 (1.05;1.44), p=0.009

1.35 (1.21;1.51), p<0.001
0.99 (0.85;1.14), p=0.862
0.91 (0.83;0.99), p=0.024
1.11 (1.01;1.22), p=0.026
1.24 (1.11;1.37), p<0.001
1.21 (0.93;1.58), p=0.162
1.20 (1.07;1.33), p=0.001
1.20 (0.97;1.49), p=0.095

1.11 (0.96;1.28), p=0.175
0.92 (0.79;1.06), p=0.253
1.01 (0.91;1.12), p=0.846
1.10 (0.97;1.26), p=0.146
1.29 (1.11;1.50), p=0.001
0.91 (0.67;1.23), p=0.540
1.13 (0.91;1.39), p=0.276
1.01 (0.80;1.27), p=0.938

Days from hospital to ICU
admission (per day increase)

*Ethnicity not recorded for HDU/ICU 3,578 patients; HDU 2,870; ICU 708. **Obesity not recorded for HDU/ICU 7,709 patients;

HDU 6,600; ICU 1,109.

NA

NA

1.00 (0.99;1.01), p=0.722



sTable 3: Hazard ratios for additional subgroup and sensitivity analysis. Data in brackets are 95% confidence

intervals.

Subgroup and sensitivity
analysis. All adjusted for the full
covariate set.

HDU/ICU cohort

HDU only cohort

ICU cohort

Admitted to hospital in March
2020 (All n=5606, HDU n=3,725,
ICU n=1881)

Admitted to hospital in April 2020
(All n=9440, HDU n=6,666, ICU
n=2774)

Admitted to hospital in May-July
2020 (All n=4210, HDU n=3418,
ICU n=792)

Calendar week of hospital
admission added as an addition
covariate (All n=19,256, HDU
n=13,809, ICU n=5,447)

Exclude transferred patients and
patient who remain in hospital (All
n=17,044, HDU n=13,033, ICU
n=4,483)

Include only patients with PCR
swab positive result during
admission (All n=17,606, HDU
n=12,550, ICU n=5056)

NHS Trust as additional random
effect (All n=19,256, HDU
n=13,809, ICU n=5,447)

Multiple imputation model (All
n=19,256, HDU n=13,809, ICU
n=5,447)

Include patients from all hospitals,
assuming non-coded comorbidity
represents the absence of a
comorbidity (All n=21452 , HDU
n=15,637, ICU n=5,815)

Include patients only from
hospitals with <25% missing
comorbidity coding (All n=13,995,
HDU n=8,8981, ICU n=4,482)

sTable 4: Recorded characteristics of patients in hospitals included and excluded from study cohorts. Data are N

(%) unless stated.

1.34 (1.18, 1.51),
p<0.001

1.13 (1.02, 1.26),
p=0.02

1.24 (1.01, 1.52),
p=0.04

1.21(1.13,1.31),
p<0.001

1.22 (1.14, 1.31),
p<0.001

1.23(1.14,1.32),
p<0.001

1-19 (1-11, 1-29),
p<0-001

1.25 (1.15, 1.36),
p<0.001

1.26 (1.17, 1.35),
p<0-001

1.25 (1-16, 1-35),
p<0-001

1.39 (1.18, 1.64),
p<0.001

1.05 (0.92, 1.21), p=0.47

1.24 (0.96, 1.60), p=0.10

1.18 (1.07, 1.30),
p<0.001

1.17 (1-06, 1-29),
p=0-002

1.22 (1.11, 1.35),
p<0.001

1.20 (1.09, 1.32),
p<0.001

1.16 (1.03, 1.31),
p=0.02

1.24 (1.13, 1.36),
p<0-001

1.25 (1-12, 1-39),
p<0-001

1.30 (1.09, 1.54),
p=0-003

1.19 (1.02, 1.39),
p=0.03

1.19 (0.84, 1.69),
p=0.34

1.22 (1.10, 1.36),
p<0.001

1-24 (1.11, 1.38),
p<0-001

1.18 (1.06, 1.32),
p=0.004

1.18 (1.06, 1.32),
p=0-003

1.31 (1.16, 1.49),
P<0.001

1.25 (1.12, 1.39),
p<0-001

1.27 (1-13, 1-42),
p<0-001



Hospitals excluded
(hospital n=15,
patient n=1,993)

Hospitals included
(hospital n=91,
patient n=19,256)

Age in years (Mean [SD]) 70 (16.26) 67 (16.88)
Age Group
18-24 14 (0.7) 172 (0.9)
25-34 39 (2.0) 652 (3.4)
35-44 91 (4.6) 1,152 (6.0)
45-54 235 (11.8) 2,468 (12.8)
55-64 282 (14.1) 3,662 (19.0)
65-74 398 (20.0) 3,850 (20.0)
75-84 509 (25.5) 4,052 (21.0)
85+ 425 (21.3) 3,248 (16.9)
Sex
Female 827 (41.5) 7,683 (39.9)
Male 1,166 (58.5) 11,573 (60.1)
Ethnicity
White 735 (36.9) 11,439 (59.4)
Asian 80 (4.0) 2,036 (10.6)
Black 11 (0.6) 1,097 (5.7)
Mixed 7(0.4) 211 (1.1)
Other 14 (0.7) 895 (4.6)
Not recorded 1,146 (57.5) 3,578 (18.5)
Obesity
Non-obese 61 (3.1) 7,543 (39.1)
Obese 36 (1.8) 4,004 (20.8)
Not recorded 1,896 (95.1) 7,709 (40.0)
Comorbidity (recorded yes)
Diabetes 80 (4.0) 3,524 (18.3)
Chronic respiratory disease 66 (3.3) 1,673 (8.7)
Asthma 27 (1.4) 1,628 (8.5)
Hypertension 123 (6.2) 5,657 (29.4)
Chronic heart disease 70 (3.5) 2,662 (13.8)
Chronic renal disease 38(1.9) 1,827 (9.5)
Chronic liver disease 3(0.2) 390 (2.0)
Chronic neurological disease 40 (2.0) 1,408 (7.3)
Immunosuppressive disease 15 (0.8) 468 (2.4)
Time in hospital
Admitted to ICU 294 (14.8) 5,447 (28.2)



