Alves et al. Diabetology &
Diabetology & Metabolic Syndrome (2023) 15:203

https://doi.org/10.1186/513098-023-01168-w Metabolic Syndrome

. : ®
Diabetes related phenotypes and their iy

influence on outcomes of patients with corona
virus disease 2019 (COVID-19)

Lais Isidoro Alves', Adriana Aparecida Bosco', Adriana Aparecida Rosa', Marcia Regina Soares Correia’,
Sergio Russo Matioli?, Maria Elizabeth Rossi da Silva'” and HCFMUSP COVID-19 Study Group

Abstract

Introduction Diabetes mellitus (DM) is associated with severe forms of COVID-19 but little is known about the diabe-
tes—related phenotype considering pre-admission, on-admission and data covering the entire hospitalization period.

Methods We analyzed COVID-19 inpatients (n=3327) aged 61.2(48.2-71.4) years attended from March to September
2020 in a public hospital.

Results DM group (n=1218) differed from Non-DM group (n=2109) by higher age, body mass index (BMI), systolic
blood pressure and lower O2 saturation on admission. Gender, ethnicity and COVID-19-related symptoms were
similar. Glucose and several markers of inflammation, tissue injury and organ dysfunction were higher among patients
with diabetes: troponin, lactate dehydrogenase, creatine phosphokinase (CPK), C-reactive protein (CRP), lactate, brain
natriuretic peptide, urea, creatinine, sodium, potassium but lower albumin levels. Hospital (12x 11 days) and intensive
care unit permanence (10x 9 days) were similar but DM group needed more vasoactive, anticoagulant and anti-
platelet drugs, oxygen therapy, endotracheal intubation and dialysis. Lethality was higher in patients with diabetes
(39.3% % 30.7%) and increased with glucose levels and age, in male sex and with BMI <30 kg/m?2 in both groups (obe-
sity paradox). It was lower with previous treatment with ACEi/BRA in both groups. Ethnicity and education level did
not result in different outcomes between groups. Higher frequency of comorbidities (hypertension, cardiovascular/
renal disease, stroke), of inflammatory (higher leucocyte number, RCP, LDH, troponin) and renal markers (urea, creati-
nine, potassium levels and lower sodium, magnesium) differentiated lethality risk between patients with and without
diabetes.

Conclusions Comorbidities, inflammatory markers and renal disfunction but not Covid-19-related symptoms, obe-
sity, ethnicity and education level differentiated lethality risk between patients with and without diabetes.
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Introduction
In the last two years, after the impact of a pandemic with
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Demographic, ethno-social and gender characteristics
were very similar in most countries, indicating that indi-
viduals of advanced age (especially over 65 years of age),
male sex and belonging to ethnic and socio-economic
minority groups were at greater risk for infectivity and
worse outcomes. Comorbidities conditioning higher risk
for severity of COVID-19 (hypertension, diabetes, car-
diovascular disease and obesity), associated with insulin
resistance, oxidative stress and vascular damage caused
by low-grade inflammation that permeate all these
comorbidities usually present worldwide were exacer-
bated by sedentary lifestyle, inadequate nutrition and the
stress of modern life, worsened by the lockdown [1-8].
In addition, individuals with weaknesses and vulnerabil-
ity such as chronic renal failure, cancer and those immu-
nocompromised also evolved with several complications.
All these factors favored a high rate of hospitalization
and death, including the Brazil population [9-13].

SARs-CoV-2, the etiological agent responsible for
severe acute respiratory syndrome (SARS), after binding
to the angiotensin-converting enzyme-2 receptor (ACE-
2), leads to endothelial dysfunction in the alveolar system
and pulmonary endothelial cells, hindering the hematosis
process, but also intensifies the systemic oxidative stress,
insulin resistance and inflammation [14].

Patients with diabetes (DM) have been referred to as
being at high risk for worse outcomes, expressed by exac-
erbated inflammatory response, tissue damage, throm-
botic processes, greater need for mechanical ventilation
and intensive care and higher mortality rate [15]. A more
severe progression of COVID-19 described in patients
who develop sustained hyperglycemia at the beginning of
the infection, even in individuals without diabetes, were
related to the systemic inflammation, insulin resistance
and its vascular consequences, usually observed in indi-
viduals with diabetes or metabolic syndrome [6, 16].

Brazil is a socioeconomically and ethnically diverse
country. The severe impact of COVID-19, was sensed in
Séo Paulo, the first state to present infection by SARs-
CoV-2 in Brazil and, due to its cosmopolitan charac-
teristics, has become an important focus of the disease.
Hospital de Clinicas da Faculdade de Medicina da Uni-
versidade de Sdo Paulo (FMUSP), the largest academic
hospital from Brazil become a reference for severely
affected cases of COVID-19 in 2020.

Although the disproportionate impact of COVID-19 on
patients with diabetes had already been evidenced, quan-
titative or qualitative studies assessing the clinical data
and outcomes inequities in relation to those without dia-
betes were little evaluated or restricted to limited periods
of time, [6, 7, 17]. This retrospective study provide details
covering the entire period of hospitalization, focus-
ing on log-term prognosis. We analyzed demographic
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characteristics, ethnicity, educational level, clinical and
laboratory parameters on admission and during the final
progression to fatal or non-fatal outcomes, as well as the
impact of previous comorbidities in patients with diabe-
tes in relation to the population without diabetes.

Research design and methods

The study was approved by the Ethical Committee of
Hospital das Clinicas, Faculdade de Medicina, Univer-
sidade de Sao Paulo (CAAE 53303621.0.0000.0068), and
followed the guidelines of the Declaration of Helsinki.
Informed consent was obtained from all patients.

Only cases of hospitalized patients affected by SARS-
CoV-2, aged 18 years and over consecutively admitted to
the hospital were considered in this descriptive, retro-
spective and cross-sectional study, carried out through a
review of data collected of 3778 patients with severe acute
respiratory syndrome attended in the period from March
to September 2020. Of these, 426 patients who tested
negative for SARs-COV-2 (RT-PCR or serological tests)
or did not meet the epidemiological criteria for COVID
and 25 patients youger than 18 years were excluded. We
analyzed 3009 patients positive for COVID-19 plus 318
patients with very high clinical suspicion and/or radio-
logical information who did not undergo the test, totaling
3327 patients.

Statistical analysis

The distributions of demographic data were verified by
Shapiro—Wilk normality test. Numerical variables with
parametric and non-parametric distribution were ana-
lyzed by unpaired Student’s t-test and Mann—Whitney
test, respectively. The correlations were performed by
Pearson’s correlation coefficient or Spearman’s rank cor-
relation coefficient. Continuous and categorical variables
were presented as median interquartile range (IQT) and
n (%). Qualitative variables were compared using the
Chi-square test or the Fisher’s exact test, with the statisti-
cal package Graph Pad Prism. To control multiplicity in
confirmatory results we used a so-called hierarchical, or
fixed sequence, test procedure to determine the signifi-
cant p value [18].

Besides individual comparisons between variables of
the diabetic and non-diabetic groups, we also performed
a principal component analysis. In this analysis, the origi-
nal variables were mathematically transformed in its
principal components, i.e., new variables that contains all
variation of the original variables but that no longer pre-
sent correlations among them. The principal component
variables that comprise at least 50% of all variation were
further compared between the groups and were also used
in a logistic regression to verify its predictive power on
the outcome.
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The principal component analyses were done in four
groups, according to physiological criteria. The first
group comprised standard measures on admission and
the resulting principal components were named Adm PC
1 and Adm PC 2 for further analyses.

The second, third and fourth groups comprised labo-
ratory analyses related to inflammatory, coagulation
and renal status and the resulting principal components
were named INFLA PC 1 and INFLA PC 2, COAG PC
1 and COAG PC 2 and RENAL PC 1 and RENAL PC 2
respectively.

For each group we compared their principal com-
ponents between patients with and without diabetes,
between dead and released patients (in the total or sepa-
rated by diabetes status).

Principal components variables were compared by the
Chi square approximation after Wilcoxon non-paramet-
ric test for principal components that have variances sig-
nificantly different as verified by the Levene test. When
the variances were not significantly different after the
Levene test, the t test was applied. The predictive power
of the principal components for death/release outcomes
were estimated by logistic regression and receiver operat-
ing characteristic curves (ROC).

Missing data were reported in tables and supplemen-
tary material.

Results
Data are presented as numbers (%) or median (25-75th
percentile).

Among the 3327 individuals admitted to the hos-
pital, prevailed those self-reported as white (64.98%),
males (55.4%) and with basic educational level (68.4%).
The median age was 61.2 years (48.2-71.4) and body
mass index (BMI) was 26.30 kg/m?* (23.4-31.1). Upon
admission, the most frequent comorbidities were arte-
rial hypertension (57.4%) followed by diabetes mellitus
(36.6%), cardiovascular disease (CVD- 20.6%), obesity
(24.7%), cancer (13.9%), chronic kidney disease and/or
dialysis (CKD) (11.67%). In smaller proportions, were
chronic obstructive pulmonary disease (9.8%), stroke
(7.13%), neurological (8.9%) and gastrointestinal dis-
eases (4.42%).There was a predominance of ex-smokers
(21.13% % 6.42%) (Additional file 1: Table S1).

Diabetes was the second most common comorbidity in
the hospitalized population. These patients (DM group;
n=1218) differed significantly from those without diabe-
tes (Non-DM group; n=2109) in terms of higher age and
BMI and lower educational level (Table 1). As expected,
individuals with diabetes also presented a higher fre-
quency of the following comorbidities: CVD, hyperten-
sion, previous stroke, CKD/dialysis and obesity. Many
of them were ex-smokers and used ACE inhibitors and/
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or angiotensin II receptor blockers (ACEI/BRA) medi-
cations more frequently. On the other hand, cancer pre-
dominated among individuals without diabetes. There
was no difference between groups regarding sex and eth-
nicity and in the frequency of previous pulmonary, gas-
tro-intestinal and neurological diseases.

Considering the characteristics prior to hospital admis-
sion, the median duration of COVID-19 symptoms
(9 days), as well as the frequency of the following com-
plaints were similar between groups: dyspnea (the most
frequent symptom—near 77% in both groups), cough
(70%), runny nose, odynophagia, headache, muscle pain,
anosmia, ageusia, mental confusion, tiredness and gas-
trointestinal complains. Fever before hospitalization was
less frequent in patients with diabetes than in those with-
out diabetes (Table 1).

On hospital admission, patients with diabetes pre-
sented lower O2 saturation, higher systolic blood pres-
sure and higher Score Simplified Acute Physiology III
(SAPS3) index (suggestive of a worse prognosis for the
evolution). The body temperature, heart and respiratory
rate and the diastolic blood pressure were similar in both
groups (Table 1).

As expected, glucose levels on admission were higher
among patients with diabetes, as well as several markers
of inflammation, tissue injury and organ dysfunction like
troponin, lactate dehydrogenase (LDH), creatine phos-
phokinase (CPK), C-reactive protein (CRP), lactate and
brain natriuretic peptide (BNP) levels. Likewise, markers
of kidney damage were more prevalent among patients
with diabetes, evidenced by greater blood levels of urea,
creatinine, sodium, potassium and lower of albumin.
Only aspartate aminotransferase (AST), alanine ami-
notransferase (ALT) and magnesium were lower in these
patients (Table 2).

No difference was observed between groups in hemo-
globin levels, leukocyte count or clotting markers like
D-dimer, prothrombin time (PT), partial thromboplastin
time (PTP), fibrinogen levels, platelet number and ionic
calcium.

Disease severity was great in both groups, considering
the necessity of medications and intensive care, which
were higher in patients with diabetes (69.9% X 60.4%)
(Table 3. This was also evidenced by their greater need
of vasoactive, anticoagulant and anti-platelet drugs, oxy-
gen therapy, endotracheal intubation and dialysis. They
also received ACEI/BRA more frequently (34.3% X 22.7%;
p<0.0001). No difference between groups was observed
for the frequency of blood transfusion, and treatment
with glucocorticoids, antibiotics, anti-viral, anti-fungal
and immunosuppressive drugs.

On the other hand, the median duration of hospital
(12x11 days) (Fig. 1) (Additional file 1: Table S2) and



Page 4 of 16

(2023) 15:203

Alves et al. Diabetology & Metabolic Syndrome

0SZ100 88790 T 197880 /b0l 8707/SSSL 899/ 98LL/6l6  6YLL 9% 'eaudsAQ
000100  +S0 LTI=S¥690  SLL60 PSl/erl 8l6 £€01/88 678 % "enuawap/aseasip [e160j0INaN
€€8000 60050 86%'1-08990  /¥68°0 €oLz/OrL 999 L12L/EL 009 9 WUSLIND JSNOWS
¥1/000  SE6L0 8SL'L-8LCL0  ¢rl60 viZL/6le 8Ll geol/eel 18'L1 % ‘dsou Auuny
G79000 88810 €8-/9 S/ #8-59 S/ BHwWW ‘a1nssaid poojq d1joiselq
955000 9080 71-09 6 Z1-09 6 (sAep) uoneinp swoldwAs
005000  /L¥0 8ET'L-¥SL60 #9001 9l0¢/66CL  €¥19 98L1/18/  $8S9 9% “AUDIULID SUYM
SSP000  €££0 LE91-TEE80  89l'L £017/88 8Ly 8171/6S ¥8Y 9% '9535IP JSAI| /|UNSIIUIONSED
/14000  8THE0 YOUL-61760  6/0'L zL07/00%L 8569 e@Ll/ws  LULL % '46nod
G8€00°0 40} 87S'1-G2060 8Ll €0/L/l¥L 8T8 £T01/66 96 % 'UOISNJUO 10 X40NS
LS€000  ¥9/1°0 190°1-88690 11980 9561/00¢  ¥ESL 9SL1/951  6bEL 9% 'sSO| dIse|.
€€€000 £S0L0 SZ0'L-02/L0 96880 60L2/06LL  T'9S 8lTL/TS9  €5¢€S 9% X3S e
€1€000 18800 001-8Z 388 66-LL 88 Ulw/s1eaq ‘a1es 1esH
¥62000 672/00 87-0¢ € 87-0¢ 24 ului/syieaiq ‘sies Alojesdsay
8/7000 8100 S7S6'0-12290  869/°0 €961/90¢ 6561 [SLLpPL ShTL % 'SSO| ||oWS
€97000 1100 LLS6'0-7€690 07180 LL61/€59  €O€E 19LL/ZEE  09'8C % ‘942e 32NN
052000  Z#000 8E160-8/790  ¥/S/0 9s61/8ly  LELT vSLL/L6L  L0LL 9% '94oepesH
867000  T¥000 L£-9€¢ SlL'9¢ L£-9€¢ 1'9¢ o @Intesadwal
/22000  £€000 LLS1-680L  €8C'1 6LL1/C6 99/ 6/01/55¢  06CE 9% 'ssaupailL
£12000 SLO0'0 L6-16 6 96-16 6 9% 'uoljeinies usbIxQ
802000 6000°0 L€06'0-09/90 €18/0 /107/98LL  088S 9/LL/0T9  TLTS % 19N
002000 L0000 > 8YOT-CECL  TS9L SY8/EhS 99 6€S/70Y 961/ % '|9A3] UONEINPS MO
761000 L000°0> OLL1-8lTL  &pbL L01Z/96€  S8'8L LLZLA0E  0l'ST 9% UHOWS SNOIA3IG
681000 L000°0> 6¢91-€61'L  06€L 6012/0/5  €0/C glel/mly  66°€E % ‘Ausaqo
6/1000 LO00°0>  6v/L0-0v6¥0 /8190 L681/T0E  L6GL oSLL/lzl  ¢SolL 9% 90ued
¢/1000 1000°0> 87 0£-98'CC S6GC  651E-0EYC [4WVad zwi/By ‘xapul ssew Apog
/91000 1000°0> SEL-0LL 0l 0rL-0L1L Vi) BHwwW ‘ainssaid poojq 2101sAs
191000 1000°0> SSLT-L0FL YL 8017/00C  6v6 glzL/88l  ¥hSL % ‘sisAjeip 1o aInjiej jeusy
951000 L000°0> v/-1§ €9 6/-55 89 € SdvS
751000 L000°0> 9lET-TIL L YETT 8017/L0L 80 8lzL/0EL  £901L % OIS
/51000 L000°0> 6V C-LrL L S90T L0lT/6€€ 6091 clTL/AveE  9€8C 9% '95e3sIP JB|NJSRAOIPIED
€71000 1000°0> 6CLT6¥6'L  LOST lbvl/cey vl r6/ELS S 9% 'Brup JougIyul Syvy
61000 L0O00°0> L69-L'€Y 6L Y'e/~1'95 SS9 (s1eak) aby
GEL000 1L000°0> [TE[~10CS L9 801C/906 86T 9lzL/Lo0L  CET8 9% "UoisuaLIRdAH
[e303/3AISOd (%) [e30)/9ANISOd (%) 40l uelpsiy 401 uelpsiy (LE=N) so|qellep

anjead |edi anjen 4 ») 4o dnoup |\Ng-uoN dnoip nQ@ dnoup |\Ng-uoN dnoip Na uoissiwpe je ejeq

uojssiwipe [edsoy uo siuaned 61-QIA0D O elep [edlulD L 3jqeL



Page 5 of 16

(2023) 15:203

Alves et al. Diabetology & Metabolic Syndrome

s9|qelen Jo Jaquinu Aq paisnfpe anjea d‘anjea d [ed1311) {[eAISIUT DIUSPYUOD ‘| ‘d3e) SPPO ‘YO 21035 ||| KBojoIsAyd 91ndy payldwis ‘€ SyS ‘sniijjow saaqgelp ‘'Wad

000500  S860 6€€'1-£852°0 800°L rel/LelL SO/ ¥SLL/C8 Lz 9% "Abeydoucipo
00S¢00 84640 91€1-¢0¢80 6¢0'L 801¢/¥0C 896 glcl/eel 00l 96 "BWIYISE/35EISIP Bun| d1U0IYD
/99100 L/LZ0 [PL'1-9L180 8¥96'0 ¥/61/95% olec 991 1/29C YT 9 ‘Siule|duwIod [eUNSRIUIOIISED)
[e301/2A1ISOd (%)  [E3O3/PAIMSOd (%) 4Ol uelpay 4Ol ueipaw (£E=N) sa|qeniep

anjend |edny)  anjead D Lo} dnoup yqg-uoN dnoio pa dnoug Ng-uoN dnoup Q@ uoissiwpe je ejeq

(PanupUOd) | 3jqey



Alves et al. Diabetology & Metabolic Syndrome

(2023) 15:203

Table 2 Laboratory data of patients with COVID-19 on-admission
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Laboratory Data Diabetes Non-Diabetes P value Critical P value
Variables (N=23) Group median IQR Gtoup IQR

median
Glucose mg/dL 214.00 143-302 127 104-165 <0.0001 0.002174
ureia, mg/dL 56.00 34-93 40 26-69 <0.0001 0.002273
potassium, mEg/L 4.30 3.9-48 4.2 3.8-4.7 <0.0001 0.002381
magnesium,mg/dL 2.02 1.82-2.28 2.09 1.88-2.32 <0.0001 0.0025
aspartate aminotransferase, U/L 36.00 25-58 41 27-65 <0.0001 0.002632
alanine aminotransferase, U/L 30.00 20-48 34 21-58 <0.0001 0.002778
creatinine, mg/dL 1.14 0.8-2.0075 094 0.7-1.4925 <0.0001 0.002941
sodium, mEg/L 139.00 136-142 139 137-142 <0.0001 0.003125
troponin, ng/mL 0.025 0.012-0.074 0.02 0.007-0.044 <0.0001 0.003333
B-type natriuretic peptide, pg/mL 1061.00 303.5-4005 574 150-2973 <0.0001 0.003571
creatine phosphokinase, U/L 140.00 58-460.5 107.5 51-304.75 0.0002 0.003846
lactate, mmol/L 14.00 11.0-18 13 10.0-18 0.0004 0.004167
C-reactive protein, mg/L 129.75 68.025-225.6 111.55 55.6-214.05 0.0005 0.004545
Albumin, g/dL 3.00 26-33 3.1 27-34 0.0016 0.005
lactate dehydrogenase, U/L 429.00 309-569.5 391 290-541 0.0017 0.005556
fibrinogen,mg/dL 551.00 434.75-664 525 396-664 0.0815 0.00625
hemoglobin g/dL 12.00 10.5-134 12.2 104-13.6 0.0936 0.007143
leucocytes, 109/L 8.81 6.31-1244 855 5.98-12.27 0.1459 0.008333
D-dimer ng/mL 1548.50 822.75-4431.5 1476.5 785.5-4359.75 0.2269 0.01
Platelet, 10 °/L 225.00 165-301 2235 163-297 0.5662 0.0125
prothrombin time, seconds 12.80 12.0-14 129 12-14.1 0.781 0.016667
partial thromboplastin time, seconds 29.90 27.1-335 29.9 27.1-333 0.8246 0.025
ionic calcium, mg/dL 4.68 4.47-4.89 4.68 4.48-4.86 0.9238 0.05

IQR, interquartile range; Critical p value, p value adjusted by number of variables

intensive care unit (ICU) permanence (10x9 days) as
well as the duration of all reported therapies were similar
between groups (Table 3).

Patients with diabetes had a higher fatality rate
(39,3% % 30,7%) which predominated in men in both
groups (Table 4).

The age (years) of death did not differ between women
and men in both DM [67.60 (57.20-76.60)X67.45
(59.50-75.23) p=0.828] and non-DM group [64.7(52.3—
75-38) X 66.95(56.48-74.83); p=0.360].

In both groups the unfavorable outcome was
observed in those presenting higher age and cardiac
rate, lower systolic and diastolic blood pressure levels
and lower BMI on admission. Higher blood levels of
glucose, CRP, LDH, AST, ALT, D-dimer, PT, CPK, lac-
tate, urea, creatinine, sodium, potassium, magnesium,
troponin, BNP, Pt and leucocyte count and lower albu-
min levels and platelet count probably also contributed
to the mortality in both groups. There were few differ-
ences between groups. Lower ionic calcium, higher lac-
tate and PTT, and chronic renal disease were observed
in patients with diabetes that evolved to death. Lower

haemoglobin, fibrinogen levels and oxygen saturation
and higher prevalence of male sex and hypertension
were also associated with mortality in non-DM group
(Additional file 1: Table S3-S8).

Several COVID-19 complaints like fever, cough, runny
nose, odynophagia, headache, tiredness, muscle pain,
anosmia, ageusia, and gastrointestinal complains on
admission had lower frequency in those progressing
to death. Dyspnea and mental confusion were similar
(Additional file 1: Table S3, S6). All these complaints did
not differ between patients with and without diabetes
(Additional file 1: Table S9).

Comorbidities were frequent in both groups pro-
gressing to death, mainly in patients with diabetes, with
almost twice the frequency of hypertension, CVD, CKD
and previous stroke in relation to those without diabetes
(Additional file 1: Table S9). They also presented higher
age and higher glucose, troponin, PKC, urea, creatinine,
sodium and potassium levels, needed more intensive
care, anti-platelets and vasoactive drugs. Only cancer
prevailed in those without diabetes (Additional file 1:
Table S9-S11).
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Fig. 1 Duration of hospital permanence of patients with and without diabetes

Table 4 influence of sex and diabetes on fatality rate of COVID-19 patients

Group Death Positive/total OR IC p Critical P value
frequency (%)
DM group 39.24 419/1218 146 1.260-1.693 <0.00001 0017
Non-DM group 30.72 648/2109
Non-DM group Male 34.5 410/1190 1.504 1.244-1.819 <0.0001 0.025
Female 259 238/919
DM Group Male 428 279/652 1.369 1.085-1.726 0.0082 0.05
Female 353 200/566

DM, diabetes mellitus; OR, odds rate; Cl, confidence interval; Critical p value, p value adjusted by number of variables (n=3)

In general, mortality increased with age. It was around
11-12% in younger than 40 to around 60% in patients
over 80 and 90 years with and without diabetes respec-
tively (Fig. 2). The frequency of death was similar between
groups for all age ranges (Additional file 1: Table S12).

The mortality rate prevailed in those with BMI lower
than 30 kg/m2 in both groups (Additional file 1: Table S3,
S6), being higher in patients with DM in relation to
those without DM only for those with BMI between 25
and 29.9 kg/m2 (47.3 % 34.3%; OR=1.72, CI11.306-2.268;
p<0.0001) (Fig. 3) (Additional file 1: Table S13).

Ethnicity and education level did not result in different
outcomes between groups. The frequency of death was
similar between patients with and without diabetes for
those with high and with low education level (Table 5).

No influence was also observed when compar-
ing the frequency of deaths in those self-reported as
white and non-white in DM group (39.26% X 40.99%;
OR=0.9305; CI0.7286-1.188; p=0.574) or non-DM
group (30.2%x%32.5%; OR=0.9011; CI0.7406-1.096;
p=0.9011). The median age of death in whites was

similar to of non-whites in both DM (69.5X%69.6;
p=0.7613) and non-DM groups (65.9%66.3;
p=0.7924). Further, the lethality rate of patients with
diabetes remained greater than those without diabetes
for both those self-referred as white (39.26% x 30.25%;
OR 1.490 (1.237-1.795); p<0.0001) or non-white
(40.99% x 32.50%; OR 1.443 (1.121-1.857); p=0.0052)
(Table 5).

Lethality was lower with previous treatment with
ACEi/BRA in both DM group (33.5%x48.95%;
OR=0.526; CI0.4041-0.6846; p<0.0001) and non-DM
group (30.08% % 37.51%; OR=0.7167; CI 0.5675-0.9049;
p=0.0052).

Further, previous use of ACEi/BRA seemed to be
associated with protection to patients with diabetes.
The lethality among DM and non-DM groups with this
therapy was similar (33.53x30.08; OR 1.172; CI 0.8986—
1.530; p=0.2501) but, in those without ACEi/BRA, it was
higher among patients with than those without diabetes
(48,95% % 37.51%; OR 1.597; CI 1.268-2.011; p<0.0001)
(Table 5).
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Fig. 2 Lethality rate (%) by age at admission of patients with and without diabetes

Letality rate by body mass index

50

40
3
S
2
1
0

20-24 25-29

o

o

o

30-34 35-39 40-45

Body mass index kg/m2

® Diabetes Group ® Non-Diabetes Group

Fig. 3 Lethality rate (%) by body mass index (kg/m2) at admission of patients with and without diabetes

Glucose levels also influenced the outcomes, with evi-
dent impact on the severity of COVID-19 in both groups.
Levels greater than 126 mg/dL on admission were
observed in 81.6% (626/767) of patents with diabetes but
also in 50.3% (593/1179) of those without diabetes, being
associated with a mortality rate of 49.04% and of 45.36%
in DM and non-DM groups. A trend towards an increase
in COVID-19 related lethality with the increase in

glucose levels was noticed in both groups (Fig. 4) (Addi-
tional file 1: Table S14).

Principal component analysis of four groups

The first group contained the standard measures
obtained at patient admission (temperature, heart
and respiratory rate, systolic and diastolic blood pres-
sure and O, saturation) presenting strong positive
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Table 5 Influence of education level, ethnicity and treatment with renin-angiotensin—aldosterone blokers on lethalilty of patients

with COVID-19
Variables N=6 Characteristic ~ Group Death % Positive/total OR Cl P value Crtical P value
Education level Low DM Group 57.67 233/404 1.189  0.9169-1.541 02094  0.025
Non-DM Group 5341 290/543
High DM Group 5333 72/135 1.512 1.006-2.273 00491  0.016667
Non-DM Group ~ 43.05 130/302
Self reported skin colour ~ White DM Group 39.26 307/ 782 1490  1.237-1.795 <0.0001 0.008333
Non-DM Group ~ 30.25 393/ 1299
Non-white DM Group 40.99 166/405 1443 1.121-1.857 0.0052 0.0125
Non-DM Group ~ 32.50 233/717
ACEI/BRA treatment Positive DM Group 3353 172/513 1.172  0.8986-1530 0.2501  0.05
Non-DM Group ~ 30.08 148/492
No DM Group 4895 210/429 1597 1.268-2.011 <0.0001 0.01
Non-DM Group ~ 37.51 356/949

DM, diabete mellitus; ACEi/BRA, renin-angiotensin-aldosterone blokers; OR, odds rate; Cl, confidence interval; Critical p value, p value adjusted by number of

variables

correlations among most of them (Additional file 1:
Table S15), with the exception of O, saturation (non-
significant or negative with the other variables).

The principal component analysis of the correlations
among these variables produced two uncorrelated vari-
ables (Adm PC 1 and Adm PC 2) that contain more
than 50% of the overall variation and presented mainly
positive correlations among variables (Additional file 1:
Table S16).

Both principal components for parameters verified at
patient admission were significantly different between
patients that died, and patients released, suggesting
mainly that lower systolic and diastolic blood pres-
sure level (Adm PC1) and elevated temperature, heart
and respiratory rate (Adm PC2) predisposed to death
(Table 6). However, these variables were poor predictors
of patient outcome, after a logistic regression analysis
between principal components and outcome (Additional

Letality rate by glucose levels
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Fig. 4 Lethality rate (%) by glucose levels at admission of patients with and without diabetes
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Table 6 Comparison between principal components of variables obtained at patient admission between the patient outcomes

Condition N Mean Standard deviation Chi square p value

Adm PC1 Released 2176 0.09722 126.228 340212 <0.0001**
Death 1117 —0.18939 141487

Adm PC 2 Released 2176 —0.09358 110.321 494,843 <0.0001%*
Death 1117 0.18230 119.699

INFLAPC 1 Released 843 —0.24489 0.81823 2.065.813 <.0001**
Death 452 045674 229.336

INFLA PC 2 Released 843 —0.19523 0.71300 1.553.776 <.0001**
Death 452 036411 150424

COAGPC1 Released 332 —0.15639 0.88525 18.771 <0.0001
Death 287 0.18091 150320

COAGPC2 Released 332 0.11805 0.84514 67.557 0.0093
Death 287 —0.13656 123431

REN PC1 Released 1374 —0.31957 133.508 1.903.586 <0.0001
Death 955 045978 165429

REN PC 2 Released 1374 —0.06950 097101 82911 0.0040
Death 955 0.09999 124439

Critical p value=0.025

Adm PC1 and Adm PC2, INFLA PC 1 and INFLA PC 2, COAG PC 1 and COAG PC 2 and RENAL PC 1 and RENAL PC 2-comprised principal Components (PC) of laboratory
analyses related to admission, inflammatory, coagulation and renal status of patients

file 1: Fig S1A, B). The areas under the Receiver Operator The second group comprised laboratory analyses
Characteristic (ROC) curve for Adm PC 1 and Adm PC  related to inflammatory status and tissue lesion: AST,
2 were only 56.2% and 57.5% respectively and do not dif- ~ ALT, Troponin, LDH, PKC, RCP levels and leukocyte
ferentiated patients with and without diabetes (Table 7). number, with strong positive correlations among most of

Table 7 Comparison between principal components of variables obtained a patient admission between patients with and without

diabetes
Condition N Mean Standard deviation t ratio p value

Adm PC 1 Non-diabetes group 2080 —0.0219% 130.839 124011 0.2151
Diabetes group 1211 0.03780 134.742

Adm PC2 Non-diabetes group 2080 0.03132 113.504 —20.622 0.0393
Diabetes group 1211 —0.05429 115.639

INFLAPC 1 Non-diabetes group 780 -0.01314 173.366 0405236 0.6854
Diabetes group 515 0.01990 119.900

INFLA PC 2 Non-diabetes group 780 —0.07849 119.645 3.386363 0.0007**
Diabetes group 515 0.11888 0.89679

COAGPC1 Non-diabetes group 389 —0.04242 0.99157 1.010123 03131
Diabetes group 230 0.07175 153.530

COAGPC?2 Non-diabetes group 389 —0.07190 108.580 2281311 0.0229
Diabetes group 230 0.12160 0.97856

REN PC 1 Non-diabetes group 1418 —0.07666 152.799 3.078891 0.0021
Diabetes group 910 0.12156 150.777

REN PC 2 Non-diabetes group 1418 0.07749 104.787 267.289 <0.0001
Diabetes group 910 -0.12128 115375

Adm PC1 and Adm PC2, INFLA PC 1 and INFLA PC 2, COAG PC 1 and COAG PC 2 and RENAL PC 1 and RENAL PC 2-comprised Principal Components (PC) of laboratory
analyses related to admission, inflammatory, coagulation and renal status of patients

Critical p value=0.025



Alves et al. Diabetology & Metabolic Syndrome (2023) 15:203

them (Additional file 1: Table S17). The resulting uncor-
related principal components were named INFLA PC
1 and INFLA PC 2 that contains more than 50% of the
overall variation. INFLA PC 1 reflects positively all the
variables and so INFLA PC2, except for ALT and AST
levels (negative) (Additional file 1: Table S16).

The variables of INFLA PC1 and INFLA PC2 were pre-
dictors of death, especially elevated ALT, AST and LDH
levels in INFLA PC1 and elevated RCP levels and leu-
cocytes count in INFLA PC2, mirroring inflammation
and tissue lesion (Table 6) (Additional file 1: Fig S1C-D).
However only INFLA PC2 differentiated both groups,
pointing to higher inflammation (elevated RCP levels and
leucocytes count) and tissue lesion processes (high LDH
and troponin levels) in patients with diabetes favoring
death (Table 7).

The third group comprised laboratory analyses of
coagulation related variables: PT, PTT, D-dimer and
fibrinogen values) (Additional file 1: Table S18). The
resulting uncorrelated principal components COAG PC1
and COAG PC2, containing more than 50% of the over-
all variation, reflected positively all the variables, except
for fibrinogen in COAG PC1 and D-dimer in COAG
PC2 (negative) (Additional file 1: Table S16). Both vari-
ables COAG PC1 and COAG PC2, related to activation
of coagulation were predictors of death (Table 6) (Addi-
tional file 1: Fig S1E, F), but do not differentiated DM
from non-DM group (Table 7).

The forth group comprised laboratory data of renal
status and blood solutes obtained on admission: sodium,
potassium, calcium, magnesium, urea and creatinine lev-
els. The resulting principal components, RENAL PC 1
and RENAL PC 2 (Additional file 1: Table S19) contained
more than 50% of the overall variation. RENAL PC 1
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reflected positively all the variables except calcium, and
RENAL PC2 all the variables except potassium and cre-
atinine (negative) (Additional file 1: Table S16).

Both components of RENAL PC1 and RENAL PC2,
expressing the worsening of renal status were predic-
tors of death (Table 6) (Additional file 1: Fig S1G, H)
and differentiated DM from non-DM group (Table 7),
represented by elevated urea, creatinine, potassium in
RENAL PC1 and reduced sodium and magnesium levels
in RENAL PC2.

In the total analysis, variables of INFLA PC1, INFLA
PC2 and RENAL PC1 had the greatest predictive power
for death, as well as the index SAPS3 (Table 8) (Addi-
tional file 1: Fig S1I).

Discussion

This analysis focused on determining the main differen-
tial COVID-19 phenotypic manifestations of patients
with diabetes in relation to those without diabetes. It
comprises an extensive analysis of demographic data,
pre-admission symptoms, clinical and laboratory charac-
teristics on admission, treatment during the entire hos-
pitalization and prognosis of COVID-19 in 3327 patients
attended at a public hospital.

Diabetes was the second most common comorbid-
ity after hypertension (57.4%), with 36.7% of patients
suffering from the disease (Additional file 1: Table S1).
Pre-existing comorbidities prior to admission, mainly
hypertension, neurological and renal disease, older age
and male sex predisposed to a more severe course of the
disease and to death (data not shown) that occurred in
33.9% of the patients, and was higher in those with dia-
betes (39.2%x30.7%; OR=1.46; p<0.0001) (Table 4).
These data are in accordance with other epidemiological

Table 8 Summary of predictive power of compound variables on the outcome (death or release) for patients with and without

diabetes and for the total sample

Compound Area under the ROC curve Total % OR Total
variable DM Group % Non-DM group % DM Group Non-DM Group

SAPS3 7260 75.20 7450 0.0065 0.0002 0.0003
Adm PC 1 5840 55.10 56.20 10.054 5357 8033
Adm PC 2 59.40 56.70 5750 0.0924 0.155 0.108
INFLA PC 1 74.80 73.50 74.20 19x107 48x107"? 19%107"?
INFLA PC 2 69.90 70.70 71.00 89x10™* 16x1071° 1.1x10™"
COAGPC 1 5830 61.50 60.10 00513 0.021 0015
COAGPC 2 53.10 58.50 56.10 1.884 2037 10.54

REN PC 1 71.10 63.40 66.80 27%x107* 0.027 0.026

REN PC 2 5340 5470 53.50 0.0565 0.115 0.186

Adm PC1 and Adm PC2, INFLA PC 1 and INFLA PC 2, COAG PC 1 and COAG PC 2 and RENAL PC 1 and RENAL PC 2-comprised Principal Components (PC) of laboratory

analyses related to admission, inflammatory, coagulation and renal status of patients

DM, diabetes
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reports around the world [1-8] and in data from Brazil
[9-13]

Men accounted for the majority of COVD-19 deaths
in the total cohort—61.14% (689/1127), with greater
risk both in men with (OR=1.37) and without diabetes
(OR=1.50) (Table 4). This sexual dimorphism had been
attributed to gender difference in immune response,
higher expression of transmembrane serine protease
2 (TMPRSS2) promoted by androgen, facilitating SARS-
COV-2 entry [19], frequent prevalence of comorbidities
(hypertension, CVD, chronic lung diseases), occupational
exposure, risk behaviors (smoking and alcohol), worse
health habits and irregular medical appointments [20,
21].

However, the usual protection conferred by female
gender seemed inappropriate in diabetes, as women with
diabetes had lethality rates that do not differ to those of
men without diabetes.: 35.3% % 34.5% (p=0.7477).

Interesting, the frequency of death in patients with dia-
betes was similar to those without diabetes for each age
range evaluated, (Fig. 2) and increased in a similar way
with age, being 5 times more frequent in patients older
than 80 years in relation to those lower than 40 years old,
reaching 60% and over in the elderly. The fact that the
presence of diabetes was not a determinant of mortality
by age group may have depended to the large percent-
age of the population without diabetes that evolved with
acute hyperglycemia, which was associated with a worse
outcome. (Fig. 4). Deficiency of the immune system and
other weaknesses associated with comorbidities, meta-
bolic diseases and age sarcopenia probably contributed to
the worse prognosis of patients with diabetes which were
older than those of non-DM group.

Obesity deserves a special attention considering
reported prominent effects on outcomes, provided by
mechanisms like ventilatory difficult, insulin resistance,
the hypercoagulable and pro-inflammatory environment,
nutritional deficits and immune dysregulation, besides
comorbidities, oxidative stress and lipotoxicity [22]

We also observed a trend to higher mortality in patients
with diabetes versus those without diabetes for several
BMI ranges that was significant only for those overweight
(Fig. 3). However, in our cohort, obesity did not condi-
tioned the worst prognosis, which prevailed in those with
BMI lower than 30 kg/m2, appearing as a predictor of
death in both groups (Additional file 1: Table S3, S6). Pre-
existing disease like neurologic and neoplastic diseases
with illness-induced wasting and sarcopenia, smoking,
drugs and inadequate glycemic control are possible pre-
dictors for the paradox of low BMI. Cariou et al. [17] also
described the obesity paradox where the primary out-
come was less pronounced in patients with morbid obe-
sity compared with those who were overweight or with
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grade 1-2 obesity. The low frequency of obesity in our
population (DM =33.99%; non-DM group =27.03%) may
have influenced this result.

Clinical manifestations of COVID-19 prior to hospi-
tal admission did not differ between groups considering
the median duration of COVID-19 symptoms (9 days)
and the frequency of complains like dyspnea and cough
(>70%), followed by tiredness, muscle ache, gastrointes-
tinal complains, headache and, to a lesser extent runny
nose, odynophagia, anosmia, ageusia, mental confusion
(Table 1). There were lower reports of fever in patients
with diabetes, maybe due to dysfunction of the immune
and of sympathetic systems, hyperglycemia and dehy-
dration. This characterization is important particularly
because it draws attention to the fact that they were hos-
pitalized with a more severe condition despite similar
previous symptoms that did not denote that severity.

Ethnicity and education level also did not impact on
different outcomes in patients with and without diabetes
(Table 5). Non-white ethnicity and low-education attain-
ment usually contributes with several factors that worsen
the prognosis like as low-income, lower access to quality
healthcare, higher prevalence of comorbidities and poor
nutrition, as observed in other studies in Brazil [10, 12]

However, our population assisted in a single public
hospital was homogeneous in terms of cultural, ethnic
(highly miscigenated population) and socioeconomic
aspects which may have reduced the impact of these fac-
tor in different mortality rates between groups.

As expected, blood glucose levels on admission were
higher among patients with diabetes (Table 2). Notwith-
standing, hyperglycemia could not be considered exclu-
sive of diabetes. It is important to point that glucose
levels greater than 126 mg/dL were observed in 81.6%
of DM-group but also in 50.3% of non-DM group, being
associated with a lethality rate of 49.04% and of 45.36%
respectively. There was a trend towards an increase in
COVID-109 related mortality with the increase in glucose
levels in both groups (Fig. 4 (Additional file 1: Table S14),
evidencing the contribution of the severe infection to
hyperglycemia. As suggested by Mondal et al. [16], the
stress hyperglycemia, irrespective of the pre-existing
glycemic status seems to worse the prognosis of patients
and contribute to progression to critical disease, even in
those without diabetes,

SARs-Cov-2 replication and cytokine production
favored by elevated glucose levels [23], create an inflam-
matory condition that may affect pancreatic islet function
and survival and cause insulin resistance, that coupled
with the frequent administration of glucocorticoids prob-
ably accentuated the metabolic abnormalities.

Several markers of inflammation, tissue injury and
organ dysfunction, mainly of cardiac and renal tissues
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were altered in both groups due to the severity of infec-
tion (Additional file 1: Table S2-S4,S6-S7), but more
intensely in DM group (Table 2), presenting higher levels
of CRP, LDH, troponin, PKC, lactate and BNP. Likewise,
kidney damage was more prevalent among patients with
diabetes, evidenced by higher blood levels of urea, creati-
nine, sodium, potassium and lower of albumin (Table 2).
They also presented lowers levels of magnesium which
have previously been implicated in lower survival of
COVID-19 patients, given its relevant role in the homeo-
stasis of the immune system, in the metabolism of carbo-
hydrate and transport of calcium and potassium [23].

Interesting, the higher lethality of group with diabetes
was not accompanied by expressive difference in their
clinical manifestations, symptoms and laboratory values
in relation to non-DM group, except for hyperglycemia
and data of renal dysfunction,. Not even difference in leu-
kocyte count (or neutrophils and lymphocytes- data not
shown) and clotting markers were evidenced. (Additional
file 1: Table S9-S11), suggesting that the higher mortal-
ity seemed to depend on several factors. In order to pre-
cise the main factors involved in outcomes, we analyzed
the impact of a set of characteristics on disease progres-
sion. The principal components (PC1 and PC2) related
to clinical characteristics on admission and to factors
related to inflammation, renal function and coagula-
tion were all predictors of death in the total population
(Table 6), except for PC2 of coagulation and of renal
factors (Table 6). However, only INFLA PC2 contain-
ing inflammatory factors (expressed by higher leucocyte
number, RCP, LDH and troponin and lower AST and
ALT levels) and mainly, components of renal function-
(higher urea, creatinine and potassium levels in RENAL
PC1 and lower sodium and magnesium in RENAL PC2)
differentiated lethality risk between patens with and
without diabetes (Table 7). Considering the area under
the ROC curve (Additional file 1: Fig S1), both worsen-
ing in renal function and elevated levels of inflamma-
tory factors were highly predictive of death (areas greater
than 65%), but especially Inflammatory factors, which
agree with reports of the harmful effects of the cytokine
storm, probably potentiated by the pro-inflammatory
state of patients with diabetes (ref). These components
were even more specific predictors of death than SAPS3
index (Table 8). As the principal components are based
on linear correlations, any non-linear correlations, which
are frequent in pathophysiological phenomena, may not
be verified. Thus, some physiological interpretations of
principal components may not have been evident for this
reason.

In addition, the poor prognosis of COVID-19 in
patients with diabetes was also associated with previous
comorbidities. They have almost twice the frequency of
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hypertension, CVD, CKD and previous stroke in relation
to those without diabetes (Additional file 1: Table S9)
which probably contributed to the risk of severe COVID-
19, as reported by Landstra et al. [8], considering comor-
bidities and risk factors normally present in patients with
diabetes.

Another factor to account in our results was the pre-
vious treatment with RAAS blockers, which was asso-
ciated with lower mortality in both groups, indicating
that ACEi/ARBs are not risk factors for disease severity
(Table 5). On the contrary, previous use of ACEi/BRA
seemed to protect patients with diabetes, which lethal-
ity was similar to those without DM (33.53x 30.08; OR
1.172; CI 0.8986-1.530; p=0.2501). Otherwise, lethal-
ity among patients with diabetes without previous RAS
inhibitor treatment was higher in comparison with those
without DM (48,95% x 37.51%; OR 1.597; CI 1.268-2.011;
p<0.0001). A neutral effect of these medications in
COVID19 patients with diabetes [17] or a protective [24]
or aggravating [25-27] effect in general population has
been reported.

In addition, it is important also to consider clinical defi-
ciencies or treatment previous to hospitalization in our
center that may have precluded a better differentiation of
both groups like administration of catecholamines, glu-
cocorticoids, anti-coagulants, antibiotics, other drugs,
dialysis and inadequate fluid therapy.

Some limitations have to be considered. All the data
were from a single public center and might not reflect the
conditions found at private counterparts. Diabetes sub-
types were not described due to limited data of the diag-
nosis. Moreover, laboratory data were not available for all
patients. Previous treatment of patients before admission
may have interfered with the results.

Strengths of our analysis included detailed description
of COVID manifestations in a sizable cohort of patients
with diabetes, including symptoms, clinical and labora-
tory manifestations, long-term outcomes and prescrip-
tions among hospitalized patients in relation to those
without diabetes. All the laboratory analyzes were done
at the same center and patients were treated with the
institutional protocols of the largest health care center in
Brazil. All these parameters have been little explored in
diabetes in previous reports.

In conclusion comorbidities, inflammatory markers
and renal disfunction, age, male sex but not Covid-19-re-
lated symptoms, obesity, ethnicity and education level
differentiated lethality risk between patients with and
without diabetes.

Abbreviations
ACEI/BRA  ACE inhibitors and/or angiotensin Il receptor blockers
ADM PC Principal Component at admission
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ALT Alanine aminotransferase

AST Aspartate aminotransferase

BNP Brain natriuretic peptide.

CKD Chronic kidney disease and/or dialysis
COAGPC  Principal component related to coagulation

COVID-19  Corona virus disease 2019

CPK Creatine phosphokinase

CRP C-reactive protein (CRP)

CVD Cardiovascular Disease

INFLAPC  Principal component related to inflamation
LDH Lactate dehydrogenase,

PT Prothrombin time

PTP Partial thromboplastin time

RENAL PC  Principal component related to renal status
SAPS 3 Score simplified acute physiology Il
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