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Abstract

Objective: We examined whether diabetic ketoacidosis (DKA), a serious complication
of type 1 diabetes (T1D) was more prevalent among Non-Hispanic (NH) Black and
Hispanic patients with T1D and laboratory-confirmed coronavirus disease 2019 (COVID-
19) compared with NH Whites.
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Method: This is a cross-sectional study of patients with T1D and laboratory-confirmed
COVID-19 from 52 clinical sites in the United States, data were collected from April to
August 2020. We examined the distribution of patient factors and DKA events across NH
White, NH Black, and Hispanic race/ethnicity groups. Multivariable logistic regression
analysis was performed to examine the odds of DKA among NH Black and Hispanic patients
withT1D as compared with NH White patients, adjusting for potential confounders, such
as age, sex, insurance, and last glycated hemoglobin A1c (HbA1c) level.

Results: We included 180 patients with T1D and laboratory-confirmed COVID-19 in the
analysis. Forty-four percent (n =79) were NH White, 31% (n =55) NH Black, 26% (n = 46)
Hispanic. NH Blacks and Hispanics had higher median HbA1c than Whites (%-points
[IQRI]: 11.7 [4.7], P< 0.001, and 9.7 [3.1] vs 8.3 [2.4], P=0.01, respectively). We found that
more NH Black and Hispanic presented with DKA compared to Whites (55% and 33% vs
13%, P<0.001 and P=0.008, respectively). After adjusting for potential confounders, NH
Black patients continued to have greater odds of presenting with DKA compared with NH
Whites (OR [95% Cl]: 3.7 [1.4, 10.6]).

Conclusion: We found that among T1D patients with COVID-19 infection, NH Black
patients were more likely to present in DKA compared with NH White patients. Our

findings demonstrate additional risk among NH Black patients withT1D and COVID-19.

Key Words: COVID-19, DKA, type 1 diabetes, inequities

The World Health Organization declared coronavirus dis-
ease 2019 (COVID-19) a global pandemic in March 2020.
As of August 30, 2020, there have been over 186 000
deaths and 6 million people infected with COVID-19 in the
United States (1, 2).

Like many diseases, COVID-19 has disproportionately
affected racial/ethnic minority groups (3, 4). Non-Hispanic
(NH) Black and Hispanic people are 3 times more likely to
be infected with COVID-19 and 2 times as likely to die from
COVID-19 compared with NH Whites (5). Racial-ethnic
minorities also have increased odds of hospitalization com-
pared with Whites after adjusting for age, sex, comorbidities,
and income (6). Although NH Blacks comprise 13% of the
US population, they represent up to 34% of the US mor-
tality from COVID-19 (7). These data underscore the reality
that social and health inequities predispose NH Blacks and
Hispanics to adverse outcomes of the COVID-19 pandemic.

Type 2 diabetes (T2D) has been identified as a risk factor
for worse COVID-19 outcomes, including mortality, espe-
cially among NH Black and Hispanic people (8, 9). However,
there are limited data on patients with type 1 diabetes (T1D),
despite having unique complications, such as diabetic keto-
acidosis (DKA), which requires resource-intensive care in the
hospital and tailored approaches distinct from T2D.

Most studies to date on diabetes and COVID-19 include
population or cohort-based approaches, with predomin-
antly T2D patients, and have shown that age, obesity, and
other comorbidities are associated with increased risk of
dying (10, 11). Given that the natural history, treatment re-
gimens, and age of onset for T2D differ significantly from
that of T1D, there is a critical need to understand how

COVID-19 modifies T1D-specific risks. Moreover, recent
epidemiologic studies suggest that complications of T1D are
higher among minority populations (12-14).

Prior T1D Exchange network data before the COVID-
19 pandemic had demonstrated significant disparities in
race and ethnicity among patients with T1D (12, 15-17).

We were interested in whether NH Black and Hispanic
patients with T1D and laboratory-confirmed COVID-
19 had a higher incidence of DKA compared with NH
Whites, given that added risk for DKA may have grave
consequences in hospitalization. We used a unique national
registry of patients with T1D from 52 T1D Exchange clin-
ical sites, which offered a racial/ethnic and geographically
diverse cohort.

We describe the characteristics of the cohort and our
use of multivariable logistic regression analyses to examine
whether NH Black and Hispanic children and adults with
T1D had higher rates of DKA compared with NH Whites,
after adjusting for age, sex, insurance, and glycated hemo-
globin Alc (HbAlc) levels.

Methods
Study procedures

This cross-sectional study was coordinated by the T1D
Exchange, a Boston-based population health research or-
ganization focused on T1D. The study was reviewed and
approved as non-human subjects’ research with the need
for informed consent waived by the Western Institutional
Review Board. All participating centers also obtained local
institutional approval.
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As of August 30, 2020, 52 Endocrinology centers
from the T1D Exchange clinical network sites partici-
pated in the multicenter surveillance study. Participating
endocrinology clinics completed a retrospective chart re-
view and were asked to submit information on all pa-
tients with T1D at their sites who tested positive for
COVID-19 via an online questionnaire that was created
and managed by the T1D Exchange. The questionnaire
was administered using the Qualtrics survey platform
(www.qualtrics.com version XM) and comprised 33 pre-
coded and free text questions to collect data on patient
and clinical attributes. Each participating center identi-
fied one team member for reporting to avoid duplicate
patient submission. Each submission was reviewed for
potential errors and incomplete information. The coord-
inating center verified the number of cases per site for
data quality assurance.

Three of the co-authors (O.E., S.A., and N.N.) had full
access to all the source data used for this analysis.

Inclusion criteria

AllNH Black, NH White, and Hispanic patients submitted
by participating clinics to the registry with laboratory-
confirmed COVID-19 were included in this study. An
individual was entered into the registry as COVID-19
positive if they tested positive by molecular testing (re-
verse transcription-polymerase chain reaction) from
nasopharyngeal swabs, throat swabs, sputum, or other
bodily fluid testing. Preliminary reporting from the T1D
COVID-109 registry has previously been described (18).

Race-ethnicity
Participating Centers entered race/ethnicity information
into the online questionnaire as a categorical variable, en-
coded as “Non-Hispanic White,” “Non-Hispanic Black,”
“Hispanic,” “Asian,” “More than One Race,” or “Other” per
US Census criteria (16). Clinical sites extracted this infor-
mation from medical charts. For this analysis, we included
Non-Hispanic White (NH White), Non-Hispanic Black
(NH Black), and Hispanic race/ethnicity participants only.
We excluded 18 patients from this analysis because of
missing race/ethnicity information or outside of the focus
race/ethnicity groups (Asian n =1, More than One Race
n =4, Other n = 5, Unknown n = 8).

Primary outcome

The primary outcome for this study was DKA. DKA
was defined as blood glucose greater than 200 mg/dL
(11 mmol/L), venous pH less than 7.3 or bicarbonate less
than 15 mmol/L, ketonemia, and ketonuria. Patient med-
ical charts were reviewed to confirm DKA status.

Covariates

Information was collected on additional variables of
interest which are pertinent to T1D and COVID-19,
including sociodemographic information (age, sex, insur-
ance), duration of T1D, use of insulin pump or continuous
glucose monitoring (CGM), comorbidities, and presenting
symptoms of COVID-19.

Statistical analysis plan

The primary objectives of this analysis were to (i) examine
the distribution of patient and diabetes-specific clinical
characteristics across Black, Hispanic, and White patient
groups with T1D and COVID-19 infection; (ii) compare
the distribution of DKA events for Whites vs Blacks and
Hispanics; and (iii) determine if the odds of DKA events in
Black and Hispanic groups were greater relative to White
patients.

Data were collected from April 7, 2020, to August 30,
2020, from 52 clinical sites that are members of the T1D
Exchange Clinic Registry.

Descriptive statistics were used to summarize the data.
Continuous data are represented as means (SD) or medians
(interquartile range [IQR]). Summary statistics, including
frequency and percentage for categorical variables, were
calculated for all patient-related and clinical characteris-
tics. Age in years was analyzed as both a continuous vari-
able as well as a categorical variable (>19 and <19 years).
The age cutoff was chosen to be in line with the most
common COVID19 state reporting practices since 36 of
49 reporting states use this age cutoff for delineating pedi-
atric from adult patients (19). Patient sex was analyzed as
Male or Female. Insurance status was analyzed as a cat-
egorical variable with Public (Medicare, Medicaid, or other
public), Private (employer-based private, other private or
military), Uninsured, and Unknown groups. HbAlc levels
were reported as %-units, whereas data on comorbidities
and medications were provided under free text questions.
Information on comorbidities, specifically hypertension,
obesity, and chronic kidney disease, were classified into cat-
egorical variables (Yes/ No) for analysis.

Patient characteristics were reported across race-
ethnicity groups and stratified by racial-ethnic groups.
Newly diagnosed patients were excluded from descriptive
analysis. The difference in the distribution of categorical
patient characteristics across race/ethnicity groups was
examined by chi-square or Fisher Exact tests. Categorical
variables with multiple groups were compared against
a reference category, as noted in Tables 1 and 2. Median
HbA1lc values were compared between groups using the
nonparametric Kruskal-Wallis test, given the nonnormal
distribution of HbATc.
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Table 1. Participant Characteristics of Patients With Type 1 Diabetes and COVID-19, by Race-Ethnicity (N = 180)

NH White NH Black Hispanic P value P value
N=79 N=55 N =46 NH White vs NH Black NH White vs Hispanic
Sex 0.99 0.42
Male 40 (51%) 27 (49%) 18 (39%)
Female 39 (49%) 28 (51%) 28 (61%)
Age, years 0.18 0.94
<19 27 (34) 26 (47) 23 (50)
>19 52 (66) 29 (53) 23 (50)
New-diagnosis T1D 0.01 0.08
Yes 1(1) 7 (13) 6 (13)
Duration of T1D 0.11 0.06
0-5 years 22 15 13
6-10 years 8 11 10
>11 years 47 22 17
Insurance’ 0.001 0.001
Private 53 (67) 11 (20) 12 (26)
Public 24 (30) 43 (78) 33 (72)
Uninsured 2(3) 1(2) 1(2)
HbA1lc 0.001 0.001
<7% 21 (27) 2(5) 4(9)
7%-9% 35 (44) 13 (24) 16 (39)
>9% 23 (29) 39 (71) 26 (57)
Median HbA1c %-points (IQR) 8.3 (2.4) 11.7 (4.7) 9.7 (3.1) 0.001 0.01
Median HbA1c % points (IQR)‘ 8.2 (2.2) 11.6 (4.8) 9.1 (3.0) 0.001 0.01
Comorbidities (yes)
Obesity 10 (12) 11 (20) 8 (17) 0.3 0.51
Hypertension 13 (16) 16 (29) 8(17) 0.9 0.09
CKD 11 (14) 8 (15) 6 (13) 0.9 0.93
CGM use*
Yes 49 (62) 7 (13) 17 (37) 0.001 0.004
Insulin pump®
Yes 43 (54) 4(7) 10 (22) 0.001 0.001
Presenting symptoms™® (yes)
Elevated temperature 31 (39) 26 (47) 23 (50) 0.5 0.31
Dry cough 25 (32) 22 (40) 17 (37) 0.4 0.68
Body ache 25 (32) 14 (25) 16 (35) 0.8 0.53
High blood glucose 23 (29) 31 (56) 25 (54) 0.002 0.009
Fatigue 27 (34) 19 (34) 14 (30) 0.98 0.81
Medications? ( yes)
ACE inhibitors 3(4) 3(5) 5(11) 0.8 0.82
Beta blockers 12 (15) 10 (18) 12 (26) 0.6/ 0.91
Statins 15 (19) 8 (15) 8 (17) 0.8/ 0.73
Antidepressants 7(9) 6 (11) 6 (13) 0.7/ 0.81
ARBs 7 (9) 10 (18) 6 (13) 0.2/ 0.34
Highest level of care <0.001 0.001
Home (ref) 36 (46) 4(7) 13 (28)
Clinic/urgent 15 (19) 6 (11) 0 (0)
Emergency department 5(6) 3(5) 5(11)
Hospitalization/ICU 23 (29) 42 (76) 27 (59)
Adverse acute T1D outcomes (yes vs no adverse outcome)
DKA 10 (13) 30 (55) 15 (33) <0.001 0.008
Severe hypoglycemia 3 (4) 2 (4) 0 (0) 0.61/ 0.52
Death 1(1) 0(0) 3(7) 0.001/ 0.03

Data are presented as n (%) patients.
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; CGM, continuous glucose monitoring; CKD, chronic kidney disease;
DKA, diabetic ketoacidosis; HbAlc, glycated hemoglobin Alc; ICU, intensive care unit; IQR, interquartile range; NH, non-Hispanic; T1D, type 1 diabetes.

“Multiple responses per individual “Medical History chart review “Excludes new diagnosis
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Multivariable logistic regression analysis was performed
to examine the association between race/ethnicity status and
DKA while adjusting for potential confounders, including
age, sex, insurance, and HbA1c. Age and HbA1c were used
as continuous variables in the model. Sensitivity analysis
was performed by using HbAlc and Age as a categorical
variable, which resulted in similar results. All statistical tests
were 2-sided, with a type 1 error set at 5%. All analyses
were performed using statistical software R version 3.6.2.

Results

Of a total of 180 patients with T1D and confirmed COVID-
19 in this analysis, 44% (n = 72) were NH White, 30% (n
= 55) were NH Black and 26% (n = 46) were Hispanic
(Table 1). There was no significant difference in the dis-
tribution of adults and young patients among the 3 race/
ethnicity groups (P = 0.21). Compared with NH White par-
ticipants, more NH Black and Hispanic patients were pub-
licly insured (78% NH Black and 72% Hispanic vs 30%

NH White) (P = 0.001). HbAlc levels were also higher for
NH Black and Hispanic patients, who had median HbA1c
levels of 11.0% and 9.8%, respectively, compared with
8.3% for Whites (P < 0.001). Compared with NH Whites,
NH Black and Hispanic patients were less likely to be using
an insulin pump or CGM and were more likely to be hos-
pitalized for COVID-19 treatment (Table 1).

NH Blacks were more likely to present with DKA com-
pared with NH White (55% vs 13%, P < 0.001); all pa-
tients with DKA were hospitalized. Additionally, there were
more cases of new-diagnosis T1D in the NH Black and
Hispanic patients vs NH White patients (13% and 12% vs
1%, respectively; P = 0.001).

Of those with DKA and known or newly diagnosed
T1D, compared with NH Whites, both NH Black and
Hispanic patients were more likely to be female, on public
insurance, and had higher HbA1c¢ levels (Table 2). Notably,
in patients with known diabetes, there were similarly low
rates of pump and CGM use across racial-ethnic groups.
Table 3 shows results from logistic regression analyses

Table 2. Participant Characteristics of Patients With DKA Events, by Race-Ethnicity Status (N = 55)

NH White NH Black Hispanic P Value P Value
(N=10) (N =30) (N=15) NH White vs NH White vs
NH Black Hispanic
Sex 0.23 0.04
Male 7 (70%) 13 (43%) 3(20%)
Female 3(30%) 17 (57%) 12 (80%)
Age, years 0.22 0.28
<19 3(30) 18 (60) 9 (60)
>19 7 (70) 12 (40) 6 (40)
New-onset T1D 0.22 0.22
Yes 0(0) 7 (23) 4(27)
Insurance 0.18 0.08
Private 4 (40) 6 (20) 1(7)
Public 5(50) 23 (77) 13 (87)
Uninsured 1(10) 1(3) 1(7)
Median HbA1c [IQR] 9.0 (1.3) 12.4 (3.3) 11.1 (4.0) 0.03 0.02
Median HbA1c [IQR]* 9.0 (1.3) 13.0 (3.3) 11.0 (4.7) 0.03 0.02
HbA1¢* 0.17 0.28
<7% (ref) 0(0) 0(0) 0 (0)
7%-9% 5(50) 6 (20) 3(20)
>9% 5(50) 26 (80) 12 (80)
CGM’ 0.09 0.04
Yes 1(10) 3(10) 3(20)
Pump’ 0.52 0.62
Yes 2 (20) 3(10) 2 (13)
Comorbidities
Obesity (yes) 2 (20) 4(13) 3(20) 0.67 0.91
Hypertension (yes) 3 (30) 6 (20) 2(5) 0.69 0.32
CKD (yes) 1(10) 2(7) 1(0.5) 0.98 0.99

Data are presented as n (%) patients.

Abbreviations: CGM, continuous glucose monitoring; DKA, diabetic ketoacidosis; HbAlc, glycated hemoglobin Alc; NH, non-Hispanic; T1D, type 1 diabetes.

“Excludes new diagnosis
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Table 3. Odds Ratios for DKA Comparing Racial-Ethnic Minority With NH White Patients WithT1D and COVID-19 (N = 163;

DKA =55, no adverse Events = 108)

Unadjusted OR (95% CI) Adjusted model” Adjusted model”
OR (95% CI) OR (95% CI)
Race
Hispanic vs NH White 3.7 (1.4-9.6) 9 (0.7-5.7) 6 (0.5-4.9)
NH Black vs NH White 8.8 (3.8-22.0) 7 (1.4-10.6)¢ 3(1.2-9.6)¢
Age (years) - 0 (0.9-1.0) 1.0 (0.9-1.0)
Sex (M vs F) - 8 (0.3-1.7) 0.8 (0.4-2.0)
HbAlc (%) - 3 (1.1-1.5)¢ 2 (1.1-1.5)¢
Insurance - 7 (1.1-6.7)° 7 (1.1-7.0)°
Public vs private
Newly diagnosed (yes vs no) - 5.9 (1.5-30.1)°

“Adjusted for age, HbAlc (as continuous variables), sex, insurance

bAdjusted for age, HbA1c (as continuous variables), sex, insurance, and newly diagnosed T1D status

¢<0.05, 9<0.001

examining the association between racial/ethnic group and
DKA events. The adjusted model was controlled for age,
sex, HbA1lc levels, and insurance (potential confounders).
We found that NH Blacks had almost 4 times greater odds
of presenting with DKA that NH Whites (adjusted odds
ratio [OR] [95% CIJ: 3.7 [1.4-10.6]). After adjustment,
Hispanics had almost 2 times greater odds of presenting
with DKA. However, this finding was not statistically sig-
nificant (adjusted OR [95% CI]: 1.9 [0.7-5.7]).

Discussion

We found that NH Black patients with T1D and confirmed
COVID-19 were almost 4 times more likely to present with
DKA compared to NH Whites, despite adjustment for age,
sex, last HbA1c value, and insurance status among partici-
pants in this study. This study is the first systematic exam-
ination of racial-ethnic disparities for people with T1D and
COVID-19 infection, using a diverse cohort, with equal rep-
resentation from both NH Black and Hispanic groups. Our
findings demonstrate that NH Black patients with COVID-
19 and T1D have an additional risk of DKA beyond the
risk already conferred from having longstanding diabetes
or being of minority status. Data examining major US city
COVID-19 estimates reveal that NH Black and Hispanic
groups are more likely to contract COVID-19, ranging
from 15% to 55% increased risk compared with NH
Whites (7). Moreover, age-adjusted COVID-19 mortality is
higher among Hispanics (187 per 100 000) and NH Black
groups (184 per 100 000), compared with NH Whites
(93 per 100 000). Compounding the risk of COVID-19 in
Black and Hispanic patients, these groups are also known
to have a higher risk of DKA and associated mortality (14,
17, 20, 21). Thus, the shared risk of COVID-19 and DKA

in T1D worsens the short-term and long-term prognosis for
Black and Hispanic patients.

Previous studies have demonstrated an increased risk
of DKA among minority populations with T1D (16, 17).
Findings from this study confirm the persistence of these
disparities during the COVID-19 pandemic and potential
accentuation of these associations among COVID-19 posi-
tive patients. The increased risk of DKA in NH Black T1D
patients with COVID-19 in this registry is likely due to a
combination of factors, specifically, social determinants of
health, including income level, education, and racial seg-
regation, and inadequate healthcare access for NH Black
and Hispanic communities (22-25). Moreover, severe viral
infections, such as COVID-19, have been reported to re-
duce healthy behaviors, which can make it challenging to
sustain essential self-management strategies, and lead to
delays in accessing medical care (26-28). These social and
structural risks must be identified and mitigated to pre-
vent devastating complications with T1D and COVID-19.
The evidence of an increased risk of DKA among Black
patients with T1D and COVID-19 supports the case for
restructuring healthcare systems to cater to the needs of
underprivileged communities, and also to develop aware-
ness programs for DKA recognition and treatment for the
T1D patient population (26-28). While previous studies
have demonstrated an increased risk of adverse diabetes re-
lated outcomes in the Hispanic population (29, 30), in this
study, we found that Hispanic patients had greater odds of
presenting with DKA compared with White patients, albeit
these results were not statistically significant.

While our study has many strengths, we also acknow-
ledge several limitations. First, this is a cross-sectional
study from 52 centers and, therefore, cannot demon-
strate causality or generalizable findings. Second, given
the nature of medical chart extraction, we were not able
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to collect data on a wide range of social determinants of
health, which could have shed light on additional social
indicators leading to racial or ethnic disparities in DKA.
Third, while trained diabetes providers identified cases
of COVID-19 with T1D for submission to this registry it
is possible that some patients with T2D may have been
included inadvertently. Further, despite diligent efforts
to collect all cases of T1D with laboratory-confirmed
COVID-19 in the participating centers, there is a chance
some cases may have been missed for various reasons.
However, this method of case ascertainment has been
used in prior large registry-based studies and should not
have led to systematic bias. Fourth, this study is based
on a small sample size; however, patients with T1D and
COVID-19 are a special population from whom data
are exceedingly hard to collect in large numbers. Fifth,
the timing of DKA relative to COVID-19 status was not
collected in the study. Furthermore, while patients with
DKA who tested positive for COVID-19 also exhibited
one or more of the CDC listed symptoms, such as fever, it
is likely that some DKA cases may have been asymptom-
atic carriers who were not screened for COVID-19 and,
therefore, were not captured in this study. Sixth, as we
did not collect information on levels of ketones in urine,
we were unable to examine the association between
COVID-19 and shock. Finally, we used HbAlc values

from different clinics in this analysis, which may add to
variability in results. Prior research has estimated that
HbA1c for NH Black population runs about 0.4 % higher
(31). We account for this observation in our analysis by
adjusting for HbA1c levels in multivariable models.

In conclusion, this is the first multisite surveillance study
of people with T1D and COVID-19 evaluating racial-ethnic
disparities in T1D outcomes. Our findings underscore the
high risk that racial-ethnic minorities face from COVID-19
and T1D, signaling to clinicians that further interventions
are needed to prevent and provide a tailored approach to
mitigate poor outcomes.
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