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Methods: Using logistic regression analysis, the independent association of potential prognostic factors
and COVID-19 in-hospital mortality was investigated in three models. Model 1 included demographic
data and patient history; model 2 consisted of model 1, plus vital signs and pulse oximetry measure-
ments at hospital admission; and model 3 included model 2, plus laboratory test results at hospital

Keywords: L. . ] .
Cci/VID-w admission. The odds ratios (ORs) and 95% confidence intervals (95% Cls) were reported for each predictor
Diabetes in the different models. Moreover, to examine the discriminatory powers of the models, a corrected area

In-hospital mortality under the receiver-operating characteristic curve (AUC) was calculated.

Results: Among 560 patients with diabetes (men = 291) who were hospitalised for COVID-19, the mean
age of the study population was 61.8 (standard deviation [SD] 13.4) years. During a median length of
hospitalisation of 6 days, 165 deaths (men = 93) were recorded. In model 1, age and a history of cognitive
impairment were associated with higher mortality; however, taking statins, oral antidiabetic drugs and
beta-blockers was associated with a lower risk of mortality (AUC = 0.76). In model 2, adding the data for
respiratory rate (OR 1.07 [95% CI 1.00—1.14]) and oxygen saturation (OR 0.95 [95% CI 0.92—0.98]) slightly
increased the AUC to 0.80. In model 3, the data for platelet count (OR 0.99 [95% CI 0.99—1.00]), lactate
dehydrogenase (OR 1.002 [95% CI 1.001—1.003]), potassium (OR 2.02 [95% CI 1.33—3.08]) and fasting
plasma glucose (OR 1.04 [95% CI 1.02—1.07]) significantly improved the discriminatory power of the
model to AUC 0.86 (95% CI 0.83—0.90).
Conclusions: Among patients with type 2 diabetes, a combination of past medical and drug history and
pulse oximetry data, with four non-expensive laboratory measures, was significantly associated with in-
hospital COVID-19 mortality.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

I Diabetes is one of the most frequent comorbidities in patients
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with patients without diabetes.”> Results of studies among pa-
tients with diabetes have shown that some phenotypic character-
istics, radiological and laboratory parameters have been associated
with the severity of COVID-19;%7 however, diabetes is a heteroge-
neous disease, and specific phenotypes associated with poorer
outcome are inconsistent among studies. In addition, model
development studies that predict outcomes among patients with
diabetes are sparse due to insufficient sample sizes.®’

In Iran, more than 4,580,000 confirmed cases of COVID-19 and
100,255 deaths had been reported (until 20 August 2021), accord-
ing to the World Health Organisation (WHO) report.'® Furthermore,
compared with other countries in the Middle East and North Africa
(MENA) region, Iran has the highest total number of COVID-19
deaths (as of 20 August 2021)."" A multicentre, cross-sectional
study conducted in 19 hospitals in Tehran, Iran, showed a case fa-
tality rate (CFR) of 10.05% among 16,000 cases of COVID-19."? In
that study, the highest rate of mortality was observed in patients
with diabetes. In another single-centre study including 2968 Ira-
nian patients who were hospitalised with COVID-19, patients with
diabetes had significantly higher rates of CFR compared with pa-
tients who had no comorbidities (9.73% vs 7.61%)."°

Globally, in 2017, the MENA region had the second-highest
prevalence of type 2 diabetes (10.8%), with an increasing trend of
1.5—2 times in the past three decades.'* Hence, it was expected that
during the COVID-19 pandemic, patients with diabetes in this re-
gion would be greatly impacted.

As the burden of disease due to diabetes'® and COVID-19' in-
creases in Iran, the current study aims to: (1) describe the clinical
and laboratory characteristics of patients with diabetes and COVID-
19; (2) identify the risk factors of in-hospital mortality among these
patients; and (3) develop a predictive model for in-hospital mor-
tality among Iranian adult patients with type 2 diabetes who were
hospitalised for COVID-19.

Methods
Study population and data collection

The study population included all adult patients (aged >18
years) with type 2 diabetes (n = 560) who were hospitalised for
COVID-19, according to the algorithms suggested by the WHO,'© at
a tertiary referral centre in Golestan province, Iran, between
February and August 2020.

Two physicians extracted demographic data, medical and drug
history, symptoms and signs, and laboratory parameters from
electronic medical records. All inpatient medical records were then
completed by telephone calls. Unfortunately, data were not com-
plete for all patients. Details of missing data for each characteristic
are shown in Table 1.

Clinical and laboratory measurements

Oropharyngeal swab specimens were collected and examined in
predetermined laboratories across the province to detect SARS-
CoV-2 viral nucleic acid using a real-time reverse transcription-
polymerase chain reaction (RT-PCR) assay. Laboratory parameters,
including white blood cells (WBC) count, neutrophils and lym-
phocytes, haemoglobin (Hb), blood urea nitrogen (BUN) concen-
tration, creatinine, sodium, potassium, creatine phosphokinase
(CPK), lactate dehydrogenase (LDH), albumin, liver enzymes
(including aspartate and alanine transaminases [AST and ALT]),
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)
were collected for each patient. The primary outcome was in-
hospital COVID-19 mortality.
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Definition of terms

As suggested by the National Headquarters for the management
and control of the novel coronavirus, we followed the WHO interim
guidelines for diagnosing COVID-19 infection;!” thus, the case
definition was based on both confirmed (i.e. positive PCR) and
probable infected cases. Probable cases were defined as follows:
first, either a febrile acute respiratory illness (ARI) with clinical,
radiological or histopathological evidence of pulmonary paren-
chymal disease (e.g. pneumonia or acute respiratory distress syn-
drome [ARDS]), a direct epidemiological link to a laboratory-
confirmed COVID-19 case, or testing for COVID-19 is unavailable
or negative on a single inadequate specimen or shows inconclusive
results; second, a febrile ARI that is not explained fully by any other
aetiology, and the person resides or travelled in the Middle East,
and testing for COVID-19 is inconclusive; third, an ARI of any
severity, and a direct epidemiological link to a confirmed COVID-19
case, and testing for COVID-19 is inconclusive. Diabetes was defined
by fasting plasma glucose (FPG) >7.0 mmol/L or random blood
glucose >11.0 mmol/L or glycosylated haemoglobin Alc (HbA1c)
>6.5% at admission or the patient is already receiving glucose-
lowering medications.

Body mass index (BMI) was calculated as weight in kilograms
divided by the square of height (m?). The estimated glomerular
filtration rate (eGFR) was expressed in mL/min/1.73 m? and was
calculated using the chronic kidney diseases (CKD) Epidemiology
Collaboration (CKD-EPI) equation,'® and CKD was defined as an
eGFR of <60 mL/min per 1.73 m%!° The education status was
classified as illiterate/elementary school, below diploma/diploma
and higher than a diploma.

Statistical analyses

The baseline characteristics were presented as mean (standard
deviation [SD]) or median (interquartile range [IQR]) for continuous
variables and frequencies (%) for categorical variables. Comparisons
of baseline characteristics between patients who survived and
those who died and between respondents (those with complete
data on covariates) and non-respondents (those with missing data
on some covariates at the baseline) were performed using Student’s
t-test, Mann—Whitney test and Chi-squared test, as appropriate.

Using univariable logistic regression, the associations of
different characteristics of patients at admission with in-hospital
mortality were evaluated. Covariates with P-values <0.20 in uni-
variable analysis were then entered in the multivariable models.
Model 1 included demographic data, diabetes-related complica-
tions and drug history; model 2 included all significant variables in
model 1, plus vital signs and pulse oximetry data; model 3 included
significant variables in model 2, plus laboratory test data. Since the
history of chronic insulin therapy (with or without oral antidiabetic
drugs [OADs]) was an important indicator for the long duration of
diabetes and a predictor of mortality among COVID-19 patients, this
confounder was included in both models 2 and 3.

The odds ratios (ORs) and 95% confidence intervals (95% Cls)
were reported for each predictor in different models.

The area under the receiver-operating characteristic curve (AUC)
was used to assess the discrimination of models. According to the
Hosmer et al. criteria, the AUC values were categorised as poor
(>0.5 to <0.7), acceptable (>0.70 to <80), excellent (>0.80 to
<0.90) and outstanding (>0.90) discriminations.’® A comparison of
AUC values of different models with the same number of partici-
pants in the three models (i.e. n = 456) was performed using a non-
parametric approach proposed by DeLong et al.’!

In addition, to address overfitting, which mainly occurs in the
model building process, the optimism-corrected AUC was
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Table 1
Characteristics of diabetic patients hospitalised for COVID-19 infection (N = 560).
Characteristics Patients with Total population Patient outcome P-value
available data Deceased Survived
(n=165) (n=395)
Demographic characteristics
Gender (male), n (%) 560 291 (52%) 93 (56.4%) 198 (50.1%) 0.19
Age (years), mean + SD 560 61.8 (13.4) 64.3 (14.0) 60.7 (13.1) 0.004
BMI (kg/m?), mean + SD 479 29.2(6.1) 29.0 (6.5) 29.3(5.9) 0.50
Marital status (married) n (%) 560 551 (98.4%) 162 (98.2%) 389 (98.5%) 0.65
Education, n (%) 512 0.76
Illiterate/elementary 317 (61.9%) 98 (62.8%) 219 (61.5%)
Below diploma/diploma 124 (24.2%) 39 (25%) 85 (23.9%)
Higher than diploma 71 (13.9%) 19 (12.2%) 52 (14.6%)
Area of residence, n (%) 560 0.22
Rural 157 (28.0%) 40 (24.2%) 117 (29.6%)
Urban 403 (72.0%) 125 (75.8%) 278 (70.4%)
Duration of diabetes, mean + SD 469 8.01 (8.0) 7.4 (8.9) 8.3(8.5) 0.33
Comorbidities, n (%)
History of hypertension 559 441 (78.9%) 122 (73.9%) 319 (81.0%) 0.07
History of previous CAD 515 220 (42.7%) 63 (42.0%) 157 (43.0%) 0.84
History of stroke 510 3 (10.4%) 23 (15.4%) 30 (8.3%) 0.02
History of pulmonary disease 506 4 (18.6%) 35 (23.6%) 59 (16.5%) 0.08
History of diabetic foot 485 6 (15.7%) 50 (14.9%) 26 (17.4%) 0.50
Routine treatment before admission, n (%)
Antidiabetic drugs 560 0.001
OADs 215 (38.4%) 45 (27.3%) 170 (43%)
Insulin 101 (18%) 28 (17%) 73 (18.5%)
Both OADs and insulin 48 (8.6%) 17 (10.3%) 31 (7.8%)
Beta-blocker 560 6 (13.6%) 15 (9.1%) 61 (15.4%) 0.06
ARBs/ACE inhibitors 560 249 (44.5%) 66 (40.0%) 183 (46.3%) 0.20
Statins 560 111 (19.8%) 21 (12.7%) 90 (22.8%) 0.007
Antiplatelet drugs 560 124 (22.1%) 31 (18.8%) 93 (23.5%) 0.26
Chest CT imaging, n (%) 423 0.31
Without involvement 105 (24.8%) 29 (24.4%) 76 (25.0%)
Crazy paving + consolidation 148 (35.0%) 48 (40.3%) 100 (32.9%)
Other 170 (40.2%) 42 (35.3%) 128 (42.1%)
Clinical characteristics, n (%)
Dyspnoea 548 338 (70.8%) 108 (66.3%) 280 (72.7%) 0.15
Cough 538 278 (51.7%) 77 (48.4%) 201 (53.0%) 0.34
Fever 540 275 (50.9%) 90 (56.6%) 185 (48.6%) 9.09
Fatigue 542 255 (47.0%) 84 (52.5%) 171 (44.8%) 0.10
Gastrointestinal symptoms 539 207 (38.4%) 73 (45.9%) 134 (35.3%) 0.02
Cognitive impairment 541 3 (15.3%) 41 (25.8%) 42 (11.0%) <0.001
Anosmia/hyposmia/ageusia 534 6 (14.2%) 17 (10.8%) 59 (15.7%) 0.17
Vital signs on admission
SBP (mmHg), mean + SD 560 137.8 (25.7) 132.2(26.2) 140.2 (25.2) 0.001
DBP (mmHg), mean + SD 559 81.8 (14.8) 78.8 (15.4) 83.1(14.3) 0.002
Pulse (beats/min), mean + SD 558 99.06 (18.4) 100.7 (19.1) 98.4 (18.1) 0.19
RR-breaths (per minute), median (IQR) 559 20.0 (18.0-25) 24.0 (20—28) 20.0 (18—24) <0.001
Temperature (°C), median (IQR) 557 37.0 (37.0-37.5) 37.2 (37-37.6) 37.0 (37-37.5) 0.15
SPO2 (%), median (IQR) 560 91.0 (85—-95) 85.0 (72.5-91) 93.0 (88—96) <0.001
Admission plasma glucose (mg/dl), mean + SD 559 2314 (114.6) 231.8 (29.0) 231.2(108.1) 0.95
White blood cell count (x 10°/L), mean + SD 560 8.86 (4.8) 9.82 (4.5) 8.46 (4.8) 0.002
Neutrophil count (%), median (IQR) 499 79.0 (70—86) 83.0 (76.5—88.0) 77.0 (69.7—-84) <0.001
Lymphocyte count (%), median (IQR) 499 16.0 (10—24) 12.0 (8—19) 18.0 (12-26) <0.001
Haemoglobin (g/L), mean + SD 560 119.0 (19) 118.0 (18.8) 119.0 (19) 0.34
Platelet count (x 10°/L), mean + SD 560 214.0 (94.8) 199.5 (90.0) 220.1 (96.1) 0.02
Prothrombin time (s), median (IQR) 283 13.2 (13-14.7) 13.7 (13-15.2) 13.0 (13—-14.0) 0.77
Partial thromboplastin time (s), median (IQR) 283 32 0(27-39) 32.0 (27.2—41) 31.8 (27-37) 0.82
HbA1c (%), median (IQR) 70 4 (6.9—10.3) 9.5 (6.4—10.3) 9.4 (7-10.4) 0.68
CRP (mg/L), mean + SD 496 2 (0.4) 1.16 (0.37) 1.18 (0.38) 0.62
ESR (mm/h), median (IQR) 330 66 0 (41-93) 65.0 (41.5-94) 66.0 (41-92.5) 0.76
Albumin (g/dl), mean + SD 343 3.59 (0.5) 3.39 (0.5) 3.7 (0.5) <0.001
LDH (U/L), median (IQR) 528 563.5 (426.2—777.0) 767.0 (537—995) 512.0 (406—672) <0.001
CPK, median (IQR) 528 150.0 (88—297.0) 201.5 (113.7-553.5) 131.0 (81-222) <0.001
Urea (mmol/L), median (IQR) 559 1.43 (1.03-2.45) 1.82 (1.25-3.14) 1.32 (0.92-2.07) <0.001
Creatinine (pmol/L), median (IQR) 559 106.1 (88 4-141.4) 114.9 (97.2—176.8) 97.2 (88.4—132.6) 0.001
eGFR (mL/min/1.73 m?, mean + SD 559 57.47 (26 51.0 (27.8) 59.3 (24.8) 0.001
Sodium (mEq/L), mean + SD 558 136.3 (5. 7) 136.2 (7.0) 136.37 (5.0) 0.73
Potassium (mEq/L), mean + SD 558 4.48 (0.7) 4.6 (0.9) 4.4 (0.7) 0.01
AST (U/L), median (IQR) 305 38.0 (27—65.5) 48.0 (30—91) 54.2 (23.7-58.2) 0.001
ALT (U/L), median (IQR) 305 34.0 (21-56.5) 37.0 (22-73) 30.5 (20—56) 0.014
FPG (mg/dl), mean + SD 560 250.5(114.7) 282.2 (133.3) 237.3(103.3) <0.001

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index; OADs, oral antidiabetic drugs; ARB, angiotensin receptor blocker; ACE, angiotensin-
converting enzyme; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; RR, respiratory rate; CRP, C-reactive protein; ESR, erythro-
cyte sedimentation rate; LDH, lactate dehydrogenase; CPK, creatine phosphokinase; eGFR, estimated glomerular filtration rate (as calculated using the CKD Epidemiology
Collaboration equation); AST, aspartate aminotransferase; ALT, alanine aminotransferase; FPG, fasting plasma glucose.
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estimated using 1000 bootstrap resamples for every underlying
model. The difference between the original and the mean AUC of
the 1000 replicates was used as a correction factor and subtracted
from the original AUC. This bias-corrected AUC was used as a
measure for internal validation.

To evaluate the calibration, which shows agreement between
the observed (actual) outcomes and predictions, we used observed
to predicted ratios, the Hosmer—Lemeshow goodness-of-fit test
and a calibration plot. The calibration plot shows predicted in-
hospital death probabilities (x-axis) against the observed out-
comes (y-axis) in deciles of the predicted probabilities. Using the
LOWESS (locally weighted scatter plot smoothing) line, we
smoothed the calibration plot. Perfect predictions are on the 45°
line (y = x). Validation of the goodness-of-fit of each underlying
model was determined by the Hosmer—Lemeshow test in deciles
based on the predicted risk. A non-significant test implied that the
observed outcome did not differ significantly from the predicted
mortality risk.

To encourage the integration of the prognostic model into
everyday clinical situations, the mathematical formula of the
prognostic algorithm obtained from logistic regression modelling
was also incorporated into a nomogram. The nomogram devel-
oped herein serves as a graphical representation of our prognostic
algorithm, incorporating significant prognostic factors as contin-
uous variables to predict the risk of in-hospital mortality from
COVID-19. Except for the variable selection, P < 0.05 was consid-
ered significant. Statistical analyses were performed with SPSS 22
(SPSS Inc., Chicago, IL, USA) and STATA 14 (StataCorp, college sta-
tion, TX, USA).

Results

Comparison between respondents and non-respondents indi-
cated no clinically important differences between these two
groups, with the exception that respondents reported a higher
frequency of angiotensin-converting enzyme (ACE)/angiotensin II
receptor blockers (ARB) use and a lower prevalence of cough and
gastrointestinal symptoms compared with non-respondents (see
Supplementary Table S1).

The study sample included 560 patients with diabetes
(men = 291). Among them, 364 (65%) were receiving glucose-
lowering medication. The mean age of the total population was
61.8 (SD 13.4) years, and SARS-CoV-2 PCR testing was performed in
209 patients, with a positive result in 125 patients. The median
duration of hospital stay was 6 (IQR 3—11) days, whereby 232 pa-
tients were admitted to the intensive care unit (ICU) for the median
stay of 6 (IQR 3—11) days. In total, 165 in-hospital deaths were
recorded (men = 93).

The baseline characteristics of patients who survived and those
who died are compared in Table 1. The prevalence of overweight,
obesity and CKD was 37.2%, 38.6% and 44.5%, respectively. A med-
ical history of hypertension, coronary artery disease (CAD), stroke
and pulmonary disease was observed in 78.9%, 42.7%, 10.4% and
18.6% of the participants, respectively. The mean level of plasma
glucose at the time of hospital admission was 231.4 (114.6) mg/dI,
and the level of HbA1c (only for 70 patients) was 9.4%. The most
common glucose-lowering medications were metformin, followed
by insulin, sulfonylurea and other oral glucose-lowering agents.
Moreover, ACE inhibitors and/or ARBs, beta-blockers, statins and
antiplatelet drugs were used by 44.5%, 13.6%, 19.8% and 22.1% of the
participants, respectively.

The most common signs of COVID-19 on admission were
dyspnoea, cough, fever, fatigue, gastrointestinal disorders, cogni-
tive impairment and anosmia, hyposmia and ageusia. Thoracic
computed tomography (CT) imaging was performed for all patients
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at hospital admission and did not reveal any abnormality in 25% of
patients. Details of other results are shown in Table 1.

Patients who died compared with those who survived were
older, more likely to have a history of stroke, and present with
gastrointestinal symptoms and cognitive impairment. Moreover,
they were less likely to be taking metformin and statins. In-hospital
mortality was more likely in individuals who initially presented (i.e.
at hospital admission) with significantly lower systolic blood
pressure (SBP), diastolic blood pressure (DBP), oxygen saturation
(Sp02) and lower levels of lymphocytes, platelet, albumin and
eGFR, but higher levels of respiratory rate, WBC, neutrophils, LDH,
CPK, creatinine, potassium, AST, ALT and FPG compared with pa-
tients who survived (all P-values were <0.05).

Table 2 shows multivariate prediction models for in-hospital
mortality. In model 1, age (OR 1.02 [95% CI 1.00—1.04]) and a his-
tory of cognitive impairment (OR 3.17 [95% CI 1.77—5.68]) were
associated with a significantly higher risk of in-hospital mortality.
Moreover, prior use of OADs, beta-blockers and statins was asso-
ciated with significant 55%, 51% and 49% lower risks of mortality,
respectively. In model 2, age and history of cognitive impairment
were independently associated with a higher risk of mortality,
while the use of statins, beta-blockers and OADs, lower respiratory
rate (OR 1.07 [95% CI 1.00—1.14]) and higher oxygen saturation (OR
0.95 [95% CI1 0.92—0.98]) were associated with a significantly lower
risk of mortality. Finally, in model 3, in addition to the significant
predictors of model 2, the use of insulin (OR 0.42 [95% CI
0.19—0.94]), platelet count (OR 0.99 [95% CI 0.99—1.00]), LDH (OR
1.002 [95% CI 1.001-1.003]), potassium (OR 2.02 [95% CI
1.33—3.08]) and each 10 mg/dl increase in FPG (OR 1.04 [95% CI
1.04—1.07]) were found to be independently associated with the
risk of death.

The values of discrimination power (AUC) of models were 0.75
(95% C10.70—0.80) for model 1, 0.80 (95% CI1 0.74—0.82) for model 2,
and 0.86 (95% CI 0.83—0.90) for model 3. The corrected AUC for
model 3 was 0.82 (95% CI 0.79—0.89). Model 3 had the highest
discrimination power (Fig. 1).

The calibration plot indicated good calibration for the risk pre-
diction model within the data set (Fig. 2) and the
Hosmer—Lemeshow goodness-of-fit test also showed good cali-
bration (C = 4.19, P = 0.84).

Fig. 3 shows the nomogram of the final model (model 3). Ac-
cording to the nomogram as an example, a 45-year-old patient with
diabetes who presents at the emergency room with an SpO2 of 80%,
FPG of 210 mg/dl, LDH of 800 U/L, potassium of 5 mEq/L and platelet
count of 230 x 10%/L, without a history of loss of consciousness and
who is not receiving statin, beta-blocker or OAD treatment gets the
scoreof (1.5+1+1+2+35+4+3+0+1+12+1=19.2)and
will have a 95% probability of mortality.

Discussion

The current study was conducted in a large tertiary centre in the
North East of Iran during the first half of 2020. Our findings, among
560 patients with diabetes who were hospitalised for COVID-19,
showed a 30% in-hospital mortality rate following approximately
one week of hospitalisation. Ageing, cognitive impairment and
higher levels of LDH, potassium and FPG were found to be associ-
ated with an increased risk of death, while higher platelet levels
and oxygen saturation, as well as taking oral glucose-lowering
drugs, insulin, statins and beta-blockers, were significantly associ-
ated with a reduced risk of in-hospital mortality. We developed a
simple model with its nomogram that showed an excellent
discriminatory power for the prediction of mortality events among
patients with diabetes who had been hospitalised with COVID-19.
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Table 2
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Multivariate prediction models of in-hospital mortality for patients with diabetes and COVID-19.

Characteristics Model 1 (N = 498)

Model 2 (N = 534) Model 3 (N = 456)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Prior to admission characteristics
Age 1.02 (1.00—1.04) 0.01 1.02 (1.00—1.04) 0.01 1.03 (1.01-1.05) 0.01
Gender 1.01 (0.65—1.56) 0.97
Area of residence 0.74 (0.45-1.19) 0.19
Dyspnoea 0.66 (0.42—1.04) 0.07
History of fever 1.53 (0.96—2.43) 0.07
Cognitive impairment 3.17 (1.77-5.68) <0.001 2.06 (1.16—3.66) 0.01 2.78 (1.35-5.71) 0.006
Fatigue 1.34 (0.85-2.13) 0.21
Gastrointestinal symptoms 1.56 (0.97—2.51) 0.06
Anosmia, hyposmia or ageusia 0.54 (0.28—1.04) 0.06
History of stroke 1.22 (0.60—2.49) 0.58
History of pulmonary disease 1.51 (0.88—2.58) 0.13
History of hypertension 0.63 (0.36—1.12) 0.12
Routine treatment before admission
OADs 0.45 (0.26—0.75) 0.003 0.55 (0.33—0.92) 0.02 0.38 (0.12—0.73) 0.04
Insulin 0.53 (0.28-1.01) 0.055 0.83 (0.45—1.52) 0.54 0.42 (0.19—-0.94) 0.03
OADs and insulin 0.97 (0.45—2.09) 0.94 1.24 (0.57-2.71) 0.58 1.01 (0.38—-2.70) 0.99
Beta-blocker 0.49 (0.24—0.99) 0.05 0.43 (0.20—0.89) 0.02 0.35(0.14—0.88) 0.02
ARBs/ACE inhibitors 0.98 (0.57—1.69) 0.95
Statins 0.51 (0.28-0.93) 0.03 0.46 (0.24—0.86) 0.01 0.37 (0.17—-0.82) 0.01
Vital signs on admission
SBP 0.99 (0.97—1.00) 0.06
DBP 1.007 (0.98—1.03) 0.52
Pulse 0.99 (0.98—1.00) 0.16
RR 1.07 (1.00—1.14) 0.04 1.06 (0.97—-1.15) 0.18
Temperature 1.02 (0.80—1.45) 0.62
SPO2 0.95 (0.92—-0.98) 0.001 0.95 (0.91-0.99) 0.01
Laboratory tests on admission
White blood cell count 0.98 (0.93—-1.03) 0.48
Neutrophil count 0.99 (0.90—1.08) 0.80
Lymphocyte count 0.97 (0.87—1.07) 0.54
Platelet 0.99 (0.99—1.00) 0.002
LDH 1.002 (1.001-1.003) 0.00
Creatinine 1.07 (0.78—1.47) 0.68
eGFR 1.00 (0.98—1.01) 0.64
Potassium 2.02 (1.33—3.08) 0.001
FPG 1.04 (1.02—-1.07) 0.001
AUC 0.76 (0.70—0.80) 0.80 (0.74—0.82) 0.86 (0.83—0.90)

Abbreviations: OADs, oral antidiabetic drugs; ARB, angiotensin receptor blocker; ACE, angiotensin-converting enzyme; SBP, systolic blood pressure; DBP, diastolic blood
pressure; RR, respiratory rate; LDH, lactate dehydrogenase; eGFR, estimated glomerular filtration rate (as calculated using the CKD Epidemiology Collaboration equation); FPG,
fasting plasma glucose; AUC, area under the receiver-operating characteristic curve; OR, odds ratio; CI, confidence interval.

The ORs correspond to each one-unit increase for continuous variables except for 10 mg/dL increase in FPG.

Several studies®®?>~2° have assessed the characteristics and
prognostic factors among the diabetic population with different
results (Supplementary Table S2). Two studies specifically focused
on patients with diabetes who were hospitalised for COVID-19.
First, the CORONADO study’ showed a 10.6% risk of death and
found several factors, including age, treated obstructive sleep
apnoea and microvascular and macrovascular complications, to be
independent predictors of death on day 7 (the current study
observed a higher risk of mortality, and the only common predictor
of death with our population was age). The other study among
patients with diabetes who were hospitalised with COVID-19 was
in the US® and showed a mortality rate of 33.1%, which is compa-
rable with the results obtained in our study. Furthermore, the US
study showed that HbA1c was not associated with mortality events,
while insulin treatment was a strong predictor of mortality. In the
current study, we found that a high level of plasma glucose at
hospital admission, as a proxy for the level of diabetes control,*®
was significantly associated with an increased risk of mortality.
Moreover, in contrast to the study of Agarwal et al.,, we demon-
strated that a history of using OADs and insulin was significantly
associated with a lower risk of in-hospital mortality. Importantly,
according to a national study,?’ despite some improvement in the
knowledge and screening of diabetes in Iran, 24.7% of patients with

diabetes were not aware of their disease. In addition, these newly
diagnosed patients exhibited a coronary heart disease (CHD) risk
comparable to patients without diabetes with a prior CHD event.”®
Results of a systematic review and meta-analysis of 14 studies
showed that male sex, age, history of cardiovascular disease (CVD),
CKD, chronic obstructive pulmonary disease (COPD), high plasma
glucose at hospital admission and chronic insulin use were asso-
ciated with a high risk of death for patients with diabetes who also
had COVID-19.%°

Among patients with diabetes, a few studies found no associa-
tion between statin use and poor outcome.””??>?° Several
studies®®>! with larger sample sizes among patients without dia-
betes showed that previous statin use in patients hospitalised with
COVID-19 was associated with lower in-hospital mortality, which
might be related to the immunomodulatory action or by preventing
cardiovascular damage in addition to their lipid-lowering activity.>*
These results are consistent with our study that also found a 63%
lower risk of death among patients who used statins, despite the
low number of lipid-lowering medication users in our study pop-
ulation. In another study, low statin use was also observed among
patients with diabetes in Iran.>? It is interesting that the current
study found that using beta-blockers was significantly associated
with a lower risk of in-hospital mortality. The results of other
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Fig. 1. Receiver-operating characteristic curve for the three models. Blue curve, model 1 (age, history of cognitive impairment, use of statins, beta-blockers and oral antidiabetic
drugs); red curve, model 2 (age, history of cognitive impairment, use of statins, beta-blockers and oral antidiabetic drugs, respiratory rate and oxygen saturation); and green curve,
model 3 (age, history of cognitive impairment, use of statins, beta-blockers, oral antidiabetic drugs, insulin, oxygen saturation, platelet count, lactate dehydrogenase, potassium and
fasting plasma glucose). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

studies among patients with diabetes who were infected with
COVID-19 were inconsistent; one study showed a 19% higher risk,
and another study found a 33% lower risk of mortality risk among
beta-blocker users, although both associations were non-

significant.”?? According to different guidelines, using this group of
medications for patients with diabetes is limited to those with
acute coronary syndrome or who are experiencing heart failure
(HF).>* Systematic reviews revealed that using beta-blockers was
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Observed risk | 0.022 0.00 0.109 0.133 0.065 0.195 0.400 0.456 0.630 0.866
Expected risk | 0.014 0.035 0.064 0.106 0.152 0.216 0.309 0.441 0.644 0.893
Ratio 1.55 0.0 1.69 1.26 0.43 0.90 1.29 1.03 0.98 0.97

Fig. 2. Calibration curves for comparing actual and predicted in-hospital death probabilities according to model 3. The Hosmer—Lemeshow test for goodness-of-fit (E = 4.19,

P =084).
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Fig. 3. Nomogram of covariates in model 3 for predicting in-hospital mortality among patients with diabetes who are hospitalised with COVID-19. Upon hospital admission, the risk
of mortality for a patient with diabetes can be calculated by computing the corresponding score of points for each of the nine clinical characteristics and then adding them together.
Looking at the bottom scale, the probability of in-hospital mortality corresponding to the calculated score can be calculated. LDH, lactate dehydrogenase; Prob, probability; O, oral
antidiabetic drugs; I, insulin; O&lI, oral antidiabetic drugs and insulin; N, no antidiabetic drugs.

associated with improved outcomes among patients with HF,
regardless of the diabetes status.>® Hence, in the current study
population, with a prevalence of CVD >40%, we speculated that a
large number of patients had some degree of existing HF and would
benefit from beta-blockers. Unfortunately, echocardiography was
not performed for most patients; hence, the ejection fraction data
were not available.

To the best of our knowledge, no study has investigated the
association between potassium level and COVID-19 mortality
among patients with diabetes; however, in studies conducted in the
general population, potassium was not associated with COVID-19
mortality risk>® or a higher risk®” of COVID-19 infection. In the
current study, each 1 mEq/L higher potassium level was associated
with a two-fold higher risk of in-hospital mortality. These findings
are in line with previous studies among ICU patients showing that
hyperkalaemia is an independent risk factor for death, even at a
moderate increase above the normal levels.*®>° Importantly, the
significant risk of a higher potassium level, which was found in the
current study, was independent of several important confounding
factors, including eGFR and ACE inhibitor/ARB use. However, pH
value is a strong confounder for potassium level as metabolic
acidosis can cause a potassium shift from the intracellular to the
extracellular space; unfortunately, we did not have data on pH
levels. The most important mechanism that is caused by hyper-
kalaemia is lowering of the resting membrane potential of the
myocardium, resulting in decreased myocardial cell conduction
velocity and increased rate of repolarisation.>”

To date, only two studies conducted among Chinese and
Australian populations have presented prediction models for
mortality from COVID-19 among patients with diabetes.®° The
study among the Chinese population® developed a model con-
taining predictor variables, including partial thromboplastin time
(PTT), urea nitrogen, WBC count and LDH, with an AUC of 0.836.
Moreover, the study in Australia® showed that a score computed
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from age, arterial occlusive disease, eGFR, CRP and AST levels at
hospital admission predicted in-hospital mortality with a C statistic
of 0.89 and good calibration. Our prediction model with 11 vari-
ables, including four non-expensive laboratory measures, yielded
similar excellent discriminatory power (0.86 [95% CI 0.83—0.90])
with acceptable calibration.

Strengths of the current study were the large sample size of
patients who were hospitalised for COVID-19 and a considerable
number of patients with diabetes, which, as discussed previously,
imposes a great burden of disease in Iran.'%!>

The current findings need to be interpreted in light of the study
limitations. First, this study did not validate the model externally;
however, the model showed a reasonable internal validity as
examined by the bootstrapping method. Second, there were no
data on HbA1lc; however, we adjusted for plasma glucose as a
surrogate of the HbA1c level.?® Third, a large number of patients
were probable cases of COVID-19, and the cases were not confirmed
with PCR. However, previous studies have shown that because of
difficulty in obtaining reliable nasopharyngeal swab specimens, the
timing of detection and limited detection capacity during the early
stages of the outbreak, false-negative results are often seen in the
PCR method.*® Moreover, CT imaging of the chest is a more reliable,
feasible and rapid method to diagnose and assess COVID-19
compared with RT-PCR, especially in epidemic regions such as
Iran.*’~* Fourth, we did not categorise patients as those with
previous diabetes and those who had increased blood glucose due
to COVID-19 infection, which might overestimate the number of
patients with diabetes. Finally, data regarding in-hospital treat-
ment were not included in our analysis.

In conclusion, approximately one-third of patients with diabetes
who were hospitalised for COVID-19 in this large referral centre
located in the North East of Iran died within 1 week of admission. A
simple and non-expensive risk score consisting of 11 variables,
including age, history of cognitive impairment, use of statins, OADs,
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insulin, beta-blockers, Sp0O2, platelet count, LDH, potassium and
FPG levels, demonstrated excellent prediction for in-hospital
mortality among patients with diabetes. This simple risk score
may help physicians in emergency departments to assess the
prognosis of patients with diabetes.
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