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Abstract

Background The COVID-19 pandemic affected healthcare utilization, particularly for populations with chronic
disease. This study examined impact of the COVID-19 pandemic on Emergency Department (ED) visits among adults
with diabetes in the U.S.

Methods We conducted a cross-sectional analysis of adults with diabetes using deidentified, publicly available data
from the 2019-2021 National Health Interview Survey (NHIS). The primary independent variable was survey year:
2019 (pre-COVID-19 era) and 2020-2021 (COVID era). The outcome variable was any ED visit in the last 12 months.
We conducted multivariable logistic regression to estimate the difference in ED visits before and during the COVID-19
pandemic among adults with diabetes. We estimated adjusted odds ratios and 95% confidence intervals adjusting for
healthcare access, self-reported health status, demographic, and socioeconomic characteristics.

Results The sample consisted of 9,845 adults with diabetes (3,066 in 2019, 3,086 in 2020, and 2,899 in 2021). Of these,
19.5% were immigrants, 15.6% Non-Hispanic Black, 17.2% Hispanic, and 58.5% Non-Hispanic White. People with
diabetes were 15% in 2020 [AOR 0.85 (95% Cl 0.73-0.98)] and 24% in 2021 [AOR 0.76 (95% Cl 0.65-0.88)] less likely to
visit ED compared to 2019. Delayed care due to cost was significantly associated with increased odds (AOR 1.65; 95%
Cl 1.32,2.06) of ED visits compared to those who did not delay their care due to cost. Having fair or poor health status
was associated with higher odds of ED visits (AOR 2.01; 95% Cl 1.68, 2.41) compared to those reporting excellent
health status.

Conclusion Limited access to routine care during the COVID-19 pandemic for diabetes should have led to increased
ED visits but the study found significant reduction in ED visits compared to pre-pandemic in people living with
diabetes. Future studies are needed to examine whether the reductions in ER were derived from better telemedicine
use or avoidance of using necessary care. Also, studies are needed for developing solutions that preserves healthcare
delivery in public health care crisis.
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Introduction

In 2021, 38 million adults in the United States had dia-
betes, representing 15% of the adult population [1]. Of
38 million, 9 million (3% of the adult population) were
undiagnosed [2]. Diabetes impacts physical and men-
tal health, social relationships, and leads to a higher risk
of medical comorbidities [3, 4]. In 2022, diabetes was
the most expensive chronic condition to manage in the
U.S. with a total medical cost of $413 billion related to
diabetes care [1, 5, 6]. People living with diabetes spend
an estimated $19,736 annually on medical care [3]. This
high cost of care is especially problematic because diabe-
tes is most prevalent in populations that may already face
financial difficulties, specifically, adults with low socio-
economic status, living in rural areas and from racial and
ethnic minority groups [2, 3].

The novel coronavirus disease 2019 (COVID-19) is
caused by the SARS-CoV-2 virus. The first known case of
COVID-19 was identified in Wuhan, China in December
2019 [7]. The disease spread globally and was declared a
pandemic by the World Health Organization (WHO) in
March 2020 [8]. The COVID-19 pandemic led to a global
health crisis [9]. In the U.S., the spread of COVID-19
peaked on January 21, 2022 with 2,363.68 cases per mil-
lion people [10]. The WHO declared an end to the global
Public Health Emergency for COVID-19 on May 5, 2023,
followed shortly by a declaration by the U.S. Department
of Health and Human Services of the end to the national
public health emergency in the U.S. on May 11, 2023 [11-
13]. In 2022, COVID-19 illness were less severe and less
deadly compared to 2020 and 2021, and no new variant
emerged with the capacity to fuel a major wave of cases
[14]. The COVID-19 pandemic significantly disrupted
global healthcare systems, resulting in profound changes
in care delivery and health-seeking behaviors. Individuals
with diabetes mellitus represent a particularly vulnerable
population, as they are at elevated risk for both severe
COVID-19 outcomes and complications associated with
suboptimal disease management.

Emergency department (ED) visits have historically
played an essential role in the acute management of most
common and life-threatening diabetes-related complica-
tions, including hypoglycemia, hyperglycemia, and dia-
betic ketoacidosis [15]. There are many factors that are
associated with ED visits among people with diabetes.
For example, people living in urban areas and without
insurance are known to have higher all-cause diabetes ED
visits [16]. Diabetes-specific ED visits were three times
higher for Black patients and 1.29 times higher for
Hispanic patients compared to non-Hispanic Whites

patients [16]. Adults with diabetes who receive inad-
equate care whether in form of inadequate pharmaco-
logical therapies or inadequate laboratory evaluations are
known to have more diabetes-related complications and
subsequently increased emergency healthcare utilization
[17]. However, the onset of the pandemic introduced sub-
stantial barriers to accessing health care, driven by public
health measures, apprehension regarding viral exposure,
and the redirection of healthcare resources. Addition-
ally, ED visits are a critical indicator of performance of
any health system [18]. Measures of ED visits are used to
assess disparities in access to primary health care, health-
care utilization, quantify costs and quality of care, and to
provide insights into public health trends [18]. For these
reasons, high rates of ED visits suggest poor management
of health care, and the presence of barriers to accessing
health care, especially primary health care [19, 20].

For routine diabetes care, a set of tests are conducted
for risk assessment and to prevent complications due to
diabetes. These are Hemoglobin Alc (HbAlc), examina-
tion of retina, and evaluation of kidney functions. A study
using electronic health records in North Carolina found
relationship between COVID-19 and disruption in diabe-
tes care [21]. Specifically, for the first two months of the
pandemic, the frequency of HbAlc, retina screening, and
evaluation of kidney function tests reduced to less than
50% [21]. By the end of 2020, the frequency of these tests
increased but never reached the same as previous year.
These decreases in procedures resulted in 35-98% delay
in first assessment during the pandemic [21]. Decrease
and delays in diabetes care significantly affect the health
outcomes of people with diabetes.

During the early months of the pandemic in 2020, there
were substantial decreases in ED visits across the U.S.
in the general population [22—-24]. But there are limited
studies that explored the impact of pandemic on ED vis-
its in people living with diabetes. Thus, the aim of this
study was to examine the impact of the COVID-19 pan-
demic on ED visits in adults living with diabetes in the
U.S. Given the widespread accounts of increased avoid-
ance of health care systems during the pandemic [25-29],
our hypothesis was that ED visits amongst adults with
diabetes would be lower during the COVID-19 pandemic
(2020 and 2021) compared to the pre-pandemic era
(2019). Over the course of different waves of COVID-19,
past literature has shown recover and relapse in the use
of various health services [30, 31]. Anticipating similar
changes, we stratified the ED visits by survey year among
people with diabetes.
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Methods

The study used three cycles of publicly available data
from the 2019-2021 National Health Interview Survey
(NHIS) [2, 32—-34]. The NHIS is an in-person, cross-sec-
tional household interview survey, but data collection
shifted partially to telephone interview in 2020 due to
the pandemic. Consequently, the response rate declined
slightly; however, they still provided detailed, pandemic-
era, nationally representative data. The survey is repre-
sentative of the noninstitutionalized U.S. population and
is conducted by the National Center for Health Statistics.
Information about sampling structure and weighting is
described elsewhere [2, 32—34]. The study population was
limited to adults aged 18 years and older diagnosed with
either type I or type II diabetes. All other types of diabe-
tes were excluded from the sample. People with diabetes
were determined by participant’s response to the survey
question, “has a doctor or other health professional ever
told you that you had diabetes (not including gestational
diabetes, prediabetes)?” The type of diabetes people had
was determined by response to survey question, “Accord-
ing to your doctor or other health professional, what type
of diabetes do you have? Is it type 1, type 2, or some other
type? If you don’t remember or weren't told, that’s OK”

The outcome was a constructed binary variable based
on participant-reported any ED visit in the last 12
months in response to the survey question, “during the
past 12 months, how many times have you gone to a
hospital emergency room about your health?” ED visits
among people with diabetes is not a rare event. ED vis-
its were treated as a categorical variable to accommo-
date the non-linear and non-Poisson distribution of visit
frequencies across the study population. In many cases,
healthcare utilization such as the number of ED visits
may be heavily skewed, zero-inflated, or influenced by
unmeasured confounders, violating assumptions of stan-
dard count models. Categorizing ED visits enables more
flexible modeling of relationships with key predictors and
allows for easier interpretation of thresholds of health-
care use. ED visits were dichotomized, with zero (0) as
having no ED visit in last 12 months and one [1] having
one or more ED visits in last 12 months. The primary
independent variable was the survey year. Therefore, out-
comes from the 2019 NHIS dataset was used to represent
the pre-COVID-19 era (reference variable), and the 2020
and 2021 NHIS datasets represented the COVID era. The
selection of other independent variables were informed
by the Andersen’s Behavioral Model of Health Services
Use [35].

In this study we adjusted for a set of independent vari-
ables classified under predisposing, enabling, and need
factors in the regression model to estimate the deter-
minants of ED visits among people living with diabetes.
According to the Andersen behavioral model of health
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service utilization, the predisposing factors are the gen-
eral characteristics of the population and exist before
the onset of a problem [36]. The predisposing factors
included in this study are age (18—34 years, 35-49 years,
50—-64 years, 65 +years), sex (male, female), race/ethnic-
ity (non-Hispanic Black [NHB], Hispanic, non-Hispanic
other, non-Hispanic White [NHW]), sexual orientation
sexual orientation (heterosexual, gay/lesbian, bisexual,
other non-heterosexual), marital status (not married,
married), and U.S. nativity (immigrant, U.S.-born).
Enabling factors are those that facilitate or impede access
to resources [36]. Enabling factors included in this study
are highest level of education achieved (no diploma, GED
or high school, some college, bachelor, graduate degree
or higher), US. region (Northeast, Midwest, South,
West), metropolitan status (non-metropolitan, metro-
politan), type of health insurance (Medicare/Medicaid,
other coverage, uninsured, private), working status in last
week (not worked, worked), income-poverty ratio (<100
Federal Poverty Level (FPL), 100—200 FPL, 200—400 FPL,
>400 FPL), last time saw a doctor to receive health care
(within last year or two, more than 3 years or never),
usual source for receiving healthcare (one or more usual
place, no place), delayed care due to cost (yes, no), expe-
riencing food insecurity in the last 30 days (yes, no), sup-
plemental nutrition assistance program (SNAP) utilizer
(yes, no), and household size(1, 2, 3, 4 or more mem-
bers). Factors that motivate people to use health services
are need factors [36]. This study included self-reported
health status (good, fair or poor, excellent or very good)
and disability (yes, no).

Statistical analysis

We conducted a retrospective cross-sectional analysis
using the R Statistical Software using the survey package
and accounting for the complex survey design (R codes
are available in Online Resource). After listwise deletion,
we estimated the weighted proportions of independent
variables for the full sample and then stratified the sam-
ple by survey year. We then fitted a multivariable logis-
tic regression model with independent variables selected
a priori to estimate the determinants of ED use among
diabetic patients. Additionally, in the years 2020 and
2021, there were different waves of COVID-19. These
waves were found to be correlated with recovery and
relapse of use of various health services [30, 31]. During
the COVID-19, there were exacerbation of preexisting
barriers and emergence of new ones to access the health
services [31]. To examine such heterogeneity, we further
stratified our analysis based on survey year. We calcu-
lated the adjusted odds ratios (AOR) and their 95% con-
fidence intervals (CI). A two-sided alpha of less than 0.05
was considered significant. We also evaluated the multi-
collinearity among independent variables for each model.
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We used pairwise correlation between independent vari-
ables and found that none of them were highly correlated
(i.e., the correlation was below 0.6). Institutional review
board was waived because this study was a secondary
analysis of a publicly available, deidentified data set. This
study adhered to Strengthening the Reporting of Obser-
vational studies in Epidemiology (STROBE) reporting
guidelines [37].

Results

Table 1 shows the descriptive statistics of the study
sample and stratified by year for the ED visits. A total of
93,047 U.S. adults participated in the NHIS from 2019 to
2021. Of these, 9,051 had diabetes [3,066 (32.7%) in 2019,
3,086 (32.7%) in 2020, and 2,899 (34.5%) in 2021]. Over-
all, 30.3% (2,716) of the total sample reported having an
ED visit in the last 12 months with 36.2% (1,012) in 2019,
32% (897) in 2020, and 31.8% (807) in 2021. More than
half (58.5%, 5,804) of people with diabetes were NHW.
Less than half (46.2%, 4,916) of the total people with dia-
betes were 65 years and older.

Table 2 shows the results of the multivariable logis-
tic regression model comparing the likelihood of ED
visits during the COVID-19 era compared to the pre-
COVID-19 era. After adjusting for covariates, adults with
diabetes were 15% less likely in 2020 and 24% less likely
in 2021 to visit ED compared to 2019: AOR 0.85 (95%
CI0.73-0.98) and AOR 0.76 (95% CI 0.65-0.88), respec-
tively. People who delayed getting care were 1.65 times
more likely to have at least one ED visit than those who
did not delay their care (95% CI 1.32-2.06). People who
self-reported having a disability were more likely to have
an ED visit compared to adults who did not have disabil-
ity [AOR 1.64 (95% CI 1.42-1.89)]. SNAP utilizers were
more likely to have an ED visit compared to those with-
out SNAP [AOR 1.30 (95% CI 1.07-1.57)]. NHB were
1.51 times more likely to have an ED visit compared to
NHW [AOR 1.51 (95% CI 1.27-1.78)]. Adults with diabe-
tes aged 50—64 years were 42% [AOR 0.58 (95% CI 0.41-
0.84)] less likely and those 65 + years were 43% [AOR 0.57
(95% CI 0.39-0.82] less likely to have an ED visit com-
pared to adults aged 18-34 years with diabetes. People
who did not work in the last week were more likely to
have an ED visit compared to those who worked in the
last week [AOR 1.21 (95% CI 1.02-1.43)]. Lastly, immi-
grants with diabetes were 27% less likely to have an ED
visit compared to U.S.-born adults with diabetes [AOR
0.73 (95% CI 0.60-0.89)].

Table 3 shows the results of the multivariable model
comparing the odds of ED visits by the survey years,
2019, 2020 and 2021. People who reported fair or poor
health status reported to have higher odds of ED visits
across all the three years: [AOR 1.86 (95% CI 1.38-2.50)
in 2019, AOR 2.35 (95% CI 1.70-3.25) in 2020, and AOR
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2.03 (95% CI 1.45-2.85) in 2021]. People who had disabil-
ity reported to have higher odds of ED visits across all the
three years: [AOR 1.97 (95% CI 1.56-2.50) in 2019, AOR
1.46 (95% CI 1.14-1.88) in 2020, and AOR 1.48 (95%
CI 1.15-1.91) in 2021]. Immigrants with diabetes were
significantly less likely to have an ED visit compared to
U.S.-born with diabetes in 2020 [AOR 0.54 (95% CI 0.38—
0.77)]. NHB with diabetes were more likely to have an
ED visit compared to NHW across all three years [AOR
1.48 (95% CI 1.10-1.99) in 2019, AOR 1.49 (95% CI 1.11-
2.01) in 2020, and AOR 1.59 (95% CI 1.18-2.13) in 2021].
Adults aged 50—64 years with diabetes were less likely to
have an ED visit compared to adults aged 18-34 years
with diabetes in 2020 [AOR 0.52 (95% CI 0.27-0.99), and
2021 [AOR 0.48 (95% CI 0.25-0.91)]. Similarly, adults
aged 65 +years with diabetes were less likely to have an
ED visit compared to adults aged 18—34 years with diabe-
tes in 2020 [AOR 0.46 (95% CI 0.24—0.90)]. Lastly, SNAP
utilizers were more likely to have an ED visit in 2021
[AOR 1.60 (95% CI 1.16-2.21)] compared to those who
were not SNAP utilizers.

Discussion

This study examines the impact of COVID-19 on ED
visits among adults with diabetes in the U.S., using the
NHIS data from 2019 to 2021. The analyses reveal a sig-
nificant decrease in ED visits during the pandemic years
compared to the pre-pandemic year, even after adjusting
for healthcare access, self-reported health status, demo-
graphic, and other socioeconomic factors. These find-
ings suggest that COVID-19 may have led to a substantial
change in healthcare-seeking behaviors among people
with diabetes but delaying care is not the only contribut-
ing factor in changes in ED visits. This study highlights
the disparities among people living with diabetes whose
care was affected not only by the COVID and its related
factors but also may have been due to existing factors
that were exaggerated due to COVID.

Over 40% of adults in the U.S. avoided the health-
care system due to COVID-19 concerns, with signifi-
cant declines in overall healthcare utilization [38]. Past
literature shows 10% decrease in ED visits from dia-
betes-related crisis during the early pandemic than pre-
pandemic period [39]. Some of the decline in ED visits
among patients with diabetes during the pandemic can
be explained by widespread fear of contracting COVID-
19, stay-at-home orders, public health recommendation
to avoid crowded places in healthcare settings likely dis-
couraged the patients from seeking urgent or emergency
care, even when it was necessary [25, 26, 31, 39]. Second,
increased use of telemedicine services during the pan-
demic may have provided an alternative to in-person ED
visits [27-29], allowing patients to manage their condi-
tions remotely without having to visit the ED [40].
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Table 1 Weighted percentages of independent variables for the study sample of the U.S. Adults living with diabetes and their ED
utilization and total study sample stratified by year: NHIS 2019-2021

INDEPENDENT VARIABLES Total Sample  Used ED Did NotUse ED  P-Value 2019 2020 2021
Weighted % Weighted %  Weighted % Weighted % Weighted % Weighted %
(unweighted (unweighted (unweighted N) (unweighted (unweighted (unweight-
N) N) N) N) ed N)
Year <0.001
2019 32.7 (3,066) 36.2(1,012) 31.3(2,037)
2020 32.7 (3,086) 32.0(897) 33.0(2,166)
2021 34.5(2,899) 31.8(807) 35.7 (2,071)
ED Utilization <0.001
Used ED 303 (2,716) 334(1,012) 296 (897) 27.9(807)
Did Not Use ED 69.7 (6,274) 66.6 (2,037) 70.4 (2,166) 72.1(2,071)
NEED FACTORS
Self-Reported Health Status <0.001
Excellent or Very Good 20.6 (1,962) 123 (364) 24.2 (1,589) 20.0 (634) 20.1 (693) 21.5 (635)
Good 38.5(3,515) 329(912) 409 (2,582) 37.2(1,170) 37.7(1,195) 40.3 (1,150)
Fair or Poor 41.0(3,573) 54.7 (1,440) 349(2,102) 42.7 (1,262) 42.2(1,198) 38.2(1,113)
Disability Status <0.001
Do not have a disability 76.2 (6,800) 64.7 (1,725) 81.2 (5,033) 759(2,273) 76.2 (2,348) 764 (2,179)
Have disability 23.8(2,251) 35.3(991) 18.8 (1,241) 24.1 (793) 23.8(738) 23.6 (720)
ENABLING FACTORS
Delayed Care <0.001
Did Not Delay Care 91.9 (8,348) 87.5(2,430) 93.8 (5,908) 90.4 (2,788) 929 (2,883) 922 (2,677)
Delayed Care 8.1(652) 12.5(286) 6.2 (365) 9.6 (264) 7.1 (184) 7.8 (204)
Last Doctor Visit 0.034
Last Doctor Visit Within Last 99.1 (8,935) 99.6 (2,703) 98.9 (6,215) 99.1 (3,028) 99.2 (3,046) 99.1 (2,861)
Year or Two
Last Time Saw Doctor Was 0.9 (67) 04 (12) 1.1 (55) 0.9 (26) 0.8 (21) 0.9 (20)
More than 3 years or never
Usual Source of Care 0.81
One or More Than One Usual  97.5(8,822) 97.4 (2,664) (6,146) 97.2 (2,980) 97.6 (3,015) 97.7 (2,827)
Place to Go for Care
Have No place to Go for Care 2.5 (181) 26(52) 24(127) 2.8(73) 24(53) 2.3(55)
Health Insurance <0.001
Private 47.8 (4,252) 39.8 (1,069) 514 (3,164) 49.3(1,483) 46.1 (1,439) 48.1(1,330)
Uninsured 6.5 (406) 6.6 (123) 6.4 (280) 6.7 (152) 7.1 (130) 5.6 (124)
Medicare/Medicaid 35.9(3,417) 41.9(1,181) 33.1(2,203) 34.1(1,097) 37.0(1,188) 36.5(1,132)
Other Coverage 9.8 (955) 11.6 (337) 9.1 (615) 9.9 (327) 9.7 (323) 9.8 (305)
Food Insecurity <0.001
No Food Insecurity 883 (7,771) 82.2(2,183) 90.8 (5,578) 86.5 (2,609) 87.4(2,635) 90.6 (2,527)
With Food Insecurity 11.7 (963) 17.8 (439) 9.2 (524) 13.5(380) 12.6 (326) 9.4 (257)
SNAP Utilization <0.001
Not a SNAP Utilizer 82.7 (7,301) 74.6 (2,008) 86.2 (5,285) 82.9(2,502) 82.6 (2,484) 82.5(2,315)
SNAP Utilizer 17.3(1,414) 25.4 (608) 13.8 (804) 17.1(479) 174 (471) 17.5 (464)
Working Status in Last Week <0.001
Worked last week 37.6(2,925) 29.7 (684) 41.1(2,239) 37.8(1,017) 35.7(935) 39.3(973)
Not Worked Last Week 624 (5,850) 70.3 (1,953) 58.9(3,889) 62.2(1,977) 64.3 (2,041) 60.7 (1,832)
Income-Poverty ratio <0.001
>400 FPL 29.9(2,791) 232 (671) 329(2,107) 28.4 (894) 29.6 (982) 31.7 (915)
< 100 FPL 13.9(1,288) 19.6 (545) 3(729) 154 (491) 14.1 (420) 12.3(377)
100-200 FPL 23.5(2,141) 269 (711) 9(1,410) 23.4(724) 24.2 (723) 23.0 (694)
200-400 FPL 326 (2,831) 30.2 (789) 33.8(2,028) 32.8(957) 32.1(961) 329(913)
Education <0.001
Graduate Degree or Higher 12.9(1,195) 10.0 (276) 14.3(917) 123 (384) 12.5 (430) 14.0 (378)

(Ref)
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Table 1 (continued)
INDEPENDENT VARIABLES Total Sample  Used ED Did Not Use ED  P-Value 2019 2020 2021
Weighted % Weighted %  Weighted % Weighted % Weighted % Weighted %
(unweighted (unweighted (unweighted N) (unweighted (unweighted (unweight-
N) N) N) N) ed N)
No Diploma 9.2 (832) 9.9 (293) 8.8 (531) 10.2 (307) 10.3 (266) 7.2 (259)
GED or High School 24.7 (2,211) 27.2 (709) 23.6 (1,485) 25.0(778) 23.3(702) 259 (731)
Some College 33.9(3,062) 36.7 (993) 32.7 (2,048) 34.1(1,022) 353(1,074) 32.2 (966)
Bachelor 19.2(1,727) 16.2 (439) 20.5(1,276) 18.4 (564) 18.6 (608) 20.6 (555)
Household Size 0.015
1 member 21.2(3,535) 22.8(1,118) 20.3(2,389) 21.7 (1,224) 21.5(1,223) 20.4 (1,088)
2 members 424 (3,600) 39.9(1,019) 434 (2,553) 41.8(1,187) 42.2(1,223) 43.2 (1,190)
3 members 220(1,151) 21.3(339) 224 (810) 22.0(398) 21.3(375) 22.6(378)
>=4 members 144 (752) 15.9 (236) 13.8(513) 14.4 (252) 15.0 (257) 13.8 (243)
Region 049
West 20.5(1,879) 20.7 (548) 204 (1,319) 19.6 (607) 20.8 (624) 21.0 (648)
Northeast 15.9(1,399) 14.8 (411) 4(979) 16.2 (471) 16.3 (529) 154 (399)
Midwest 203 (2,013) 208 (618) 20.0(1,381) 20.3 (675) 19.8 (680) 20.8 (658)
South 43.2 (3,760) 43.6(1,139) .1(2,595) 439(1,313) 43.1(1,253) 42.8(1,197)
Metropolitan Status 0.13
Metropolitan 824 (7,315) 81.3(2,159) 82.9(5,110) 80.9 (2,431) 82.0 (2,499) 84.1(2,385)
Non-Metro Area 17.6 (1,736) 18.7 (557) 17.1(1,164) 19.1 (635) 18.0 (587) 159 (514)
PREDISPOSING FACTORS
Age (in years) <0.001
18-34 39(217) 4.9 (80) 34(134) 3.6 (75) 4.2 (75) 3.8(67)
35-49 13.9 (965) 164 (325) 12.7 (635) 14.6 (345) 13.8(307) 13.2(313)
50-64 36.0 (2,953) 33.7 (864) 37.1(2,070) 36.8 (1,030) 32.9(921) 38.2(1,002)
65+ 46.2 (4,916) 45.1 (1,447) 46.7 (3/435) 45.0(1,616) 49.1 (1,783) 448 (1,517)
Sex <0.001
Male 50.5 (4,381) 46.0 (1,257) 52.5(3,094) 48,9 (1,478) 51.4(1,500) 51.3(1,403)
Female 49.5 (4,669) 54.0 (1,459) 475 (3,179) 51.1(1,588) 486 (1,585) 48.7 (1,496)
Race/Ethnicity <0.001
Non-Hispanic White (Ref) 58.5(5,804) 55.5(1,653) 59.9 (4,118) 59.9 (1,995) 58.3(2,023) 57.4(1,786)
Non-Hispanic Black 15.6 (1,401) 20.2 (527) 13.6 (861) 153 (475) 15.0 (456) 16.4 (470)
Hispanic 17.1(1,166) 16.3 (355) 17.5(801) 16.1 (373) 17.6 (382) 17.7 (411)
Non-Hispanic Others 8.7 (680) 79(181) 9.0 (494) 8.6 (223) 9.1 (225) 84 (232)
Sexual Orientation 0.5
Heterosexuals (Ref) 97.7 (8,476) 97.3(2,534) 97.9 (5,929) 98.2 (2,893) 97.7 (2,900) 97.2 (2,683)
Gay/Lesbian 12(116) 1.3(35) 1.2(81) 0.8 (29) 1.5 (45) 1.3(42)
Bisexuals 0.8(57) 0.9 (21) 0.6 (36) 0.6 (20) 0.5 (15) 1.0 (22)
Other non-heterosexuals 03(31) 0.4 (10) 0.3 (20) 0.3(9) 03(171) 05(11)
Marital Status <0.001
Married 56.1 (4,014) 494 (1,063) 58.9(2,947) 55.5(1,338) 54.8 (1,349) 57.8(1,327)
Not Married 439 (4,767) 50.6 (1,574) 41.1(3,187) 44,5 (1,657) 452 (1,632) 422 (1,478)
Nativity <0.001
U.S. Born 80.5 (7,496) 84.1(2,320) 789 (5,165) 81.7 (2,580) 79.2 (2,563) 80.4 (2,353)
Immigrants 19.5(1,301) 15.9 (326) 21.1(973) 183 (411) 20.8 (443) 19.6 (447)

NHIS National Health Interview Survey, Ref Reference category, GED General Educational Development, SNAP Supplemental Nutrition Assistance Program, FPL

Federal Poverty Level

About 68 million people in the U.S. have two or more
chronic conditions [41]. Chronic conditions often require
urgent care when complications arise, particularly if they
are poorly managed due to limited access to primary
care. This study shows that older age groups (50—64 and
65 +years) had significantly lower odds of visiting the

ED compared to younger adults. This may suggest better
disease management and continuity of care among older
patients with established healthcare routines. However,
this disparity may also indicate that younger patients are
underutilizing necessary care, potentially due to barriers
in access or a lack of engagement with healthcare services
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Table 2 Multivariable logistic regression of emergency department utilization before (2019) and during (2020 and 2021) the COVID-19
pandemic among U.S. Adults living with diabetes

Exposure Variables

Emergency Department Visit

Adjusted Odds Ratio
Year
2019 Reference
2020 0.85 (0.73-0.98)*
2021 0.76 (0.65-0.88)***
NEED FACTORS

Self-Reported Health Status
Excellent or Very Good
Good
Fair or Poor
Disability Status
Do not have a disability
Have Disability
ENABLING FACTORS
Delayed Care
Did Not Delay Care Due to Cost
Delayed Care Due to Cost
Last Doctor Visit
Last Time Saw Doctor Within Last Year or Two
Last Time Saw Doctor Was > 3 Years or Never
Usual Source of Care
Have One Or More Usual Place to Go for Care
Have No Usual Place to Go for Care
Health Insurance
Private
Medicare/Medicaid
Other Coverage
Uninsured
Food Insecurity
No Food Insecurity
With Food Insecurity
SNAP
Not a SNAP utilizer
SNAP Utilizer
Working status in Last Week
Worked Last Week
Not Worked Last Week
Income-Poverty ratio
>400 FPL
< 100 FPL
100-200 FPL
200-400 FPL
Education
Graduate Degree or Higher
No Diploma
GED or High School
Some College
Bachelor
Household Size
1 member
2 members
3 members

Reference
1.39 (1.18-1.64)***
2.01(1.68-2.41)***

Reference
1.64 (1.42-1.89)***

Reference
1.65 (1.32-2.06)***

Reference
049 (0.17-1.37)

Reference
1.02 (0.67-1.55)

Reference

0.95 (0.69-1.31)
1.15(0.98-1.34)
1.18 (0.97-1.44)

Reference
1.21(1.00-1.47)

Reference
1.30 (1.07-1.57)**

Reference
1.21(1.02-1.43)*

Reference

1.13(0.88-1.45)
1.07 (0.87-1.30)
0.97 (0.83-1.14)

Reference

1.04 (0.78-1.38)
1.18(0.94-1.49)
1.24(1.01-1.52)*
1.10 (0.88-1.38)

Reference
1.04 (0.88-1.22)
1.05(0.85-1.31)
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Table 2 (continued)

Page 8 of 13

Exposure Variables

Emergency Department Visit
Adjusted Odds Ratio

>=4 members
Region
West
Northeast
Midwest
South
Metropolitan Status
Metropolitan
Non-Metropolitan
PREDISPOSING FACTORS
Age (in years)
18-34
35-49
50-64
65+
Sex
Male
Female
Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Non-Hispanic Others
Sexual Orientation
Heterosexuals
Gay/Lesbian
Bisexuals
Other non-heterosexuals
Marital Status
Married
Not Married
Nativity
U.S. Born
Immigrants

1.08 (0.84-1.38)

Reference

0.92(0.75-1.14)
0.95 (0.78-1.14)
0.86 (0.72-1.02)

Reference
0.98 (0.84-1.14)

Reference

0.82 (0.56-1.19)
0.58 (0.41-0.84)**
0.57 (0.39-0.82)**

Reference
1.12(0.99-1.26)

Reference
1.51(1.27-1.78)***
0.99 (0.80-1.23)
1.15(0.89-1.47)

Reference

1.16 (0.68-1.96)
1.01 (0.49-2.05)
0.91(0.38-2.16)

Reference
1.09 (0.93-1.27)

Reference
0.73 (0.60-0.89)**

Boldface indicates statistical significance: *, **, *** significant at 5%, 1%, and 0.1% levels, respectively

Ref Reference category, GED General Educational Development, SNAP Supplemental Nutrition Assistance Program, FPL Federal Poverty Level

[42]. Younger people (18—34 years) have higher propor-
tions of type 1 diabetes which has higher likelihood of
acute life-threatening complications such as hyperos-
molar state (HHS) and diabetes ketoacidosis (DKA) [43].
Both DKA and HHS are known cause of increase health
service utilization in people with diabetes [43]. COVID-
19 infection may precipitate DKA and HHS [44]. This
may also explain lower ED visits in 50-64 years and
65 + years compared to 18—-34 years during the pandemic.

Patients relying on SNAP benefits and those not work-
ing at the time of the survey had higher ED visits, sug-
gesting that socioeconomically disadvantaged individuals
are more likely to rely on emergency services for health-
care needs [45]. These findings highlight the need to
address healthcare disparities, which were exacerbated

by the pandemic. This study found that adults with dia-
betes who self-reported a disability were significantly
more likely to have an ED visit compared to those with-
out a disability. Individuals with a disability may face
compounded challenges in accessing regular primary
care, such as mobility issues or communication barriers,
leading to poorer disease management and a higher like-
lihood of ED visits.

The study found significant variation in the ED visits by
other socioeconomic and demographic factors. People
with diabetes and no health insurance had 1.67 times
higher odds of ED visits compared to people with diabe-
tes and having private health insurance in 2021. Aggre-
gated results show that NHB were 1.51 times more likely
to use ED compared to NHW between 2019 and 2021.
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Table 3 Multivariable logistic regression of emergency department utilization among the U.S. Adults living with diabetes stratified by

year
2019 (N=2,908) 2020 (N=2,880) 2021 (N=2,707)
Exposure Variables Adjusted Lower  Upper  Adjusted Lower Upper Adjusted Lower  Upper
Odds @ @ Odds cl cl Odds @ c
Ratio Ratio Ratio
NEED FACTORS
Self-Reported Health Status
Excellent or Very Good Reference
Good 1.10 0.83 147 2.00***  1.48 2.69 1.33 0.98 1.79
Fair or Poor 1.86***  1.38 2.50 2.35%** 1,70 3.25 2.03*** 145 2.85
Disability Status
Do not have a disability Reference
Have Disability 1.97***  1.56 2.50 1.46%* 1.14 1.88 1.48** 1.15 1.91
ENABLING FACTORS
Delayed Care
Did Not Delay Care Due to Cost Reference
Delayed Care due to cost 1.83** 1.26 2.66 2.10%* 1.33 3.30 1.32 0.91 1.92
Last Doctor Visit
Doctor Visit in Last Year or Two Reference
Last Time Saw Dr Was More than 3 years or never 0.17** 0.05 0.62 0.10* 0.02 0.58 207 04 10.59
Usual Source of Care
One or More Than One Usual Place to Go for Care Reference
Have No place to Go for Care 0.95 0.45 1.99 0.87 042 1.81 118 0.57 245
Health Insurance
Private Reference
Medicare/Medicaid 0.79 047 1.33 0.88 046 1.68 1.25 0.73 214
Other Coverage 1.15 0.89 148 1.02 0.77 136 121 091 1.6
Uninsured 0.97 0.69 1.37 0.98 0.69 139 1.67** 1.20 2.32
Food Insecurity
No Food Insecurity Reference
With Food Insecurity 1.24 0.89 1.73 1.08 0.77 153 1.34 0.94 191
SNAP
Not a SNAP utilizer Reference
SNAP Utilizer 1.16 0.83 1.64 1.20 0.84 1.71 1.60%* 1.16 2.21
Working status in last week
Worked last week Reference
Not worked last week 1.20 0.91 1.58 1.47* 1.07 2.02 1.02 0.76 1.38
Income-Poverty ratio
>400 FPL Reference
<100 FPL 141 093 212 1.26 08 201 0.81 0.52 1.26
100-200 FPL 132 0.95 1.85 113 0.8 1.61 0.81 0.56 1.16
200-400 FPL 092 0.70 122 1.14 0.86 1.50 0.90 0.68 1.20
Education
Graduate Degree or Higher Reference
No Diploma 1.04 0.66 1.62 0.99 0.59 1.66 1.07 0.64 1.80
GED or High School 1.08 0.73 1.60 1.24 0.82 1.88 1.19 0.79 1.80
Some College 112 0.78 1.60 1.15 0.80 1.64 142 0.99 2.04
Bachelor 1.31 0.90 1.93 1.03 0.69 1.54 092 0.62 1.36
Household Size
T member Reference
2 members 097 0.73 1.27 1.25 092 1.71 0.96 0.72 1.29
3 members 0.99 0.70 1.39 148 0.99 2.22 0.87 0.58 1.29
>=4 members 117 0.79 1.74 122 0.76 1.94 0.93 0.60 145

Region
West Reference
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Table 3 (continued)

Page 10 of 13

2019 (N=2,908)

2020 (N=2,880) 2021 (N=2,707)

Northeast 0.88 061

Midwest 0.86 0.61

South 083 0.61
Metropolitan Status

Metropolitan Area Reference

Non-Metropolitan Area 0.81 0.63
PREDISPOSING FACTORS
Age (in years)

18-34 Reference

35-49 0.90 048

50-64 0.79 043

65+ 0.71 0.39
Sex

Male Reference

Female 1.11 0.91
Race/Ethnicity

Non-Hispanic White Reference

Non-Hispanic Black 1.48%* 1.10

Hispanic 1.20 0.83

Non-Hispanic Others 1.11 0.74
Sexual Orientation

Heterosexuals Reference

Gay/Lesbian 0.73 0.28

Bisexuals 0.69 0.19

Other non-heterosexuals 3.81 0.95
Marital Status

Married Reference

Not Married 1.04 0.80
Nativity

U.S. Born Reference

Immigrants 0.84 0.60

1.27 0.82 0.57 117 1.21 0.83 1.77
1.20 0.84 061 117 1.15 0.83 1.58
1.1 0.78 0.56 1.09 1.02 0.75 1.39
1.05 0.98 0.75 1.29 1.21 0.9 1.61

1.70 0.80 042 154 0.79 0.40 1.54
146 0.52* 0.27 0.99 0.48* 0.25 0.91
1.29 0.46* 0.24 0.90 0.57 0.30 1.09
1.36 1.03 0.83 1.29 1.12 091 1.39
1.99 1.49** 1.1 2.01 1.59** 1.18 213
1.73 0.84 0.58 1.22 0.98 0.66 147
1.67 1.22 0.77 1.96 117 0.74 1.87
1.94 0.82 0.36 1.84 1.87 0.77 4.56
246 0.62 0.15 251 1.59 061 413
15.28 0.46 0.12 1.81 0.53 0.10 3.01

1.36 1.41* 1.06 1.87 0.95 0.72 1.26
1.17 0.54***  0.38 0.77 0.77 0.53 1.12

Boldface indicates statistical significance: *, **, *** significant at 5%, 1%, and 0.1% levels, respectively

Cl Confidence Interval, GED General Educational Development, SNAP Supplemental Nutrition Assistance Program, FPL Federal Poverty Level

On stratification by year, the odds of ED visits continue
to be higher in each year in NHB compared to NHW.
Such findings suggest that these disparities were pres-
ent prior to the pandemic and widened during the pan-
demic, highlighting broader inequities in healthcare
access [31]. On the other hand, these finding were oppo-
site to the decreasing trends of health service utilization
and expenditure by adults with diabetes and commer-
cially insured during the pandemic observed in previous
studies [46]. The largest reduction was observed between
March 2020 and May 2020, but the reduction persisted
throughout 2021 [46]. In contrast, this study found that
the odds of ED visits were reduced by 24% in 2021 and
15% in 2020. Although literature showed persisted reduc-
tion in ED visits in 2021, the findings were limited to
commercially insured people with diabetes. Whereas our
study includes nationally representative population with
all types of health insurance or lack of it. Additionally, we
also see from previous literature that the overall ED visits

decrease in 2021 compared to 2019, but the decrease is
not constant through different quarters of 2021 [47]. And
this may be another reason why our study did not find
significant decrease in ED visits in 2021.

This study found that immigrants with diabetes were
less likely to have an ED visit compared to U.S.-born with
diabetes. This could be attributed to several factors. The
lower ED visit rate among immigrants may not neces-
sarily indicate a positive outcome. This finding could
reflect a limited understanding of diabetes complications
or health system or generally restricted access to health-
care services among immigrants [48—50]. Immigrants are
more likely to delay medical care due to cost, less likely
to visit an ED, and less likely to use telehealth during the
pandemic as per the past literature [51].

The result supports the need for expanded healthcare
access and tailored interventions for Blacks who may
face structural barriers to care. The result of this research
informs clinicians to anticipate high-acuity cases among
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diabetes and ensue faster triage and optimized care path-
ways. The study informs public health department in
planning for future public health crises, insurance com-
panies and managed care organizations to develop pre-
ventive care incentives and develop case management
strategies for people with diabetes at risk of complication
due to delayed care and challenges related to the social
determinants of health. The results help hospital and
health administrators to anticipate patient surges and
encourage partnerships with SNAP programs, disability
services, and minority health organizations to improve
diabetic care before utilization of high-cost ED visits.

While this study provides valuable insights on the
impact of COVID-19 on ED visits among adults with dia-
betes, some limitations should be acknowledged. First,
the findings were based on self-reported survey data,
which may introduce recall bias, particularly regarding
healthcare utilization. Additionally, the NHIS data do
not have information on the severity of diabetic condi-
tions or complications, which could affect ED use. Lastly,
despite adjustment for multiple covariates, unmeasured
confounders, such as access to primary care or local
pandemic restrictions, may have influenced the study
findings.

Conclusion

This study shows that the COVID-19 pandemic led to
a significant reduction in ED visits among adults with
diabetes in the U.S. This reduction was likely influenced
by concerns about infection risk and the increased use
of telemedicine. However, the continued high utiliza-
tion of ED services by socioeconomically disadvantaged
groups and racial minorities highlights persistent dis-
parities in access to routine care. These findings highlight
the need for improved healthcare infrastructure and tar-
geted interventions to ensure that vulnerable populations
have equitable access to routine care, both during pub-
lic health emergencies and beyond, to prevent negative
health outcomes in patients with diabetes.
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