SDC

Research Full Report

Risks of Severe COVID-19 Outcomes Among Patients
With Diabetic Polyneuropathy in the United States

Wen-Jan Tuan, DHA, MS, MPH; Robert P. Lennon, MD, JD; Alice Zhang, MD; Ajay Macherla;
Aleksandra E. Zgierska, MD, PhD

ABSTRACT

Context: Diabetic neuropathy (DN) affects more than 50% of diabetic patients who are also likely to have compromised
immune system and respiratory function, both of which can make them susceptible to the SARS-CoV-2 virus.

Objective: To assess the risk of severe COVID-19 illness among adults with DN, compared with those with no DN and
those with no diabetes.

Setting: The analysis utilized electronic health records from 55 US health care organizations in the TriNetX research
database.

Design: A retrospective cohort study.

Participants: The analysis included 882 650 adults diagnosed with COVID-19 in January 2020 to June 2021, including 16 641
with DN, 81 329 with diabetes with no neuropathy, and 784 680 with no diabetes.

Outcome Measures: The presence of health care utilization (admissions to emergency department, hospital, intensive care
unit), 30-day mortality, clinical presentation (cough, fever, hypoxemia, dyspnea, or acute respiratory distress syndrome), and
diagnostic test results after being infected affected by COVID-19.

Results: The DN cohort was 1.19 to 2.47 times more likely than the non-DN cohorts to utilize care resources, receive
critical care, and have higher 30-day mortality rates. Patients with DN also showed increased risk (1.13-2.18 times) of
severe symptoms, such as hypoxemia, dyspnea, and acute respiratory distress syndrome.

Conclusions: Patients with DN had a significantly greater risk of developing severe COVID-19-related complications than
those with no DN. It is critical for the public health community to continue preventive measures, such as social distancing,

wearing masks, and vaccination, to reduce infection rates, particularly in higher risk groups, such as those with DN.
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iabetes mellitus (DM) is one of the most
frequently observed comorbidities in
COVID-19 patients, found in more than
58% of patients with coronavirus infection in the
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United States.'* Individuals with diabetes are 2 to
4 times more likely to experience severe COVID-19
complications than their nondiabetic counterparts.’
The SARS-CoV-2 virus causes damage to the pan-
creatic islet cells of diabetic patients, resulting in
insulin deficiency and hyperglycemia.* Hyperglycemia
further triggers the release of a large number of in-
flammatory mediators and cytokines in a short
amount of time, leading to organ damage or failure.>*
Yet, little is known about the impact of COVID-19
on people experiencing neurological issues, such as
diabetic neuropathy (DN). The large scale of this
pandemic has raised challenges to our health care
practice and the need for better knowledge of con-
taining ongoing and emerging outbreaks to reduce
subsequent mortality and morbidity for patients with
diabetes and its complications.

Diabetic neuropathy, a type of nerve damage
affecting sensory and motor functions, has been
found in more than 50% of diabetic patients.”®
Nerve damage can potentially lead to a dysregulation
of the inflammatory reflex in the nervous system,
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resulting in a heightened proinflammatory state and
elevated cytokines in patients with DN infected by
COVID-19.° Moreover, patients with DN who have
impaired lung function, particularly abnormalities in
bronchial neuroadrenergic innervation,'® can be more
susceptible to severe COVID-19 due to a vulnerable
respiratory system. Although the risk of increasing
morbidity and mortality from SARS-CoV-2 infection
among individuals with certain chronic conditions
has been identified and incorporated into outcome
prediction models,"" the relationship between DN
and SARS-CoV-2-related morbidity and mortality
has not been assessed.

Because of the impaired immune response and lung
function, patients with DN infected by COVID-19
may have more severe adverse health outcomes. Given
the high prevalence of DN among diabetic patients,
more research is urgently needed to investigate DN as
a pathway to severe COVID-19. This study aims to
assess the risks of developing severe outcomes or in-
creased health care utilization for COVID-19 patients
with DN compared with individuals who have no di-
abetes or have diabetes with no the history of DN.
Understanding these risks may help clinicians coun-
sel their patients with DN to adhere to public health
recommendations to avoid SARS-CoV-2 infection, as
well as to develop more effective care guidelines for
treating COVID-19 patients with DN.

Methods
Study design and data source

The study applied a retrospective, longitudinal co-
hort design utilizing electronic health records (EHR)
from 55 health care organizations sourced from the
TriNetX research network database in the United
States (Cambridge, Massachusetts). TriNetX is a
federated health research network that provides re-
searchers with access to de-identified, aggregated
EHR data (demographics, diagnoses, procedures,
medications, and laboratory tests) of more than 80
million patients from participating health care or-
ganizations. All the data queries were performed in
the TriNetX online portal, and the results contained
only aggregated counts and statistical summaries.
Data in the TriNetX database have been shown
referential integrity and be reliable.'”> The coding
information of the research data also underwent ex-
tensive curation and was mapped to common clinical
terminologies to ensure high usability and consis-
tency with the Reporting of studies Conducted using
Observational Routinely collected Data (RECORD)
guidelines criteria.'’ Because there were no patient-
level identifiable data involved or accessed in the
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analysis, this research was determined to be exempt
from the institutional review board oversight.

Study population

The study population consisted of adults (aged 18
years and older) diagnosed with COVID-19 from
January 1, 2020, through June 30,2021, based on the
presence of International Classification of Diseases,
Tenth Revision (ICD-10) diagnosis codes and positive
laboratory test results."* Diabetic neuropathy was de-
termined on the basis of ICD-10 diagnosis codes that
contained various DN types, including mononeuropa-
thy, polyneuropathy, autonomic neuropathy, and non-
specific neurological complications.'” Three nonover-
lapping cohorts were constructed in the analysis. The
cohort of primary interest (DN cohort) comprised di-
abetic adults (type I or II) with DN who preceded
their COVID-19 infection. Adults with diabetes (type I
or II) but with no DN diagnoses (DM/non-DN
cohort) and those with no either diabetes or DN di-
agnoses (non-DM cohort) served as two comparator
cohorts. The study population excluded individuals
who had cancers, or living in nursing homes, hospice,
or palliative care facilities. The Figure 1 is a cohort se-
lection flowchart. Detailed information for diagnostic
codes is provided in the online Supplemental Digital

1,099,097 adults (age=18 years)
diagnosed with COVID-19 from
1/1/2020 to 6/30/2021 (55 HCOs)

216,447 were excluded because of
their cancer conditions, or living in
nursing homes, hospice or palliative
care facilities

882,650 people met with the
COVID-19 criteria (55 HCOs)

97,970 people with
diabetes (Type I or IT)
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16,511 matched pairs of
people were assigned to
each cohort

16,253 matched pairs of
people were assigned to
each cohort

DM

80,672 matched pairs of
people were assigned to
each cohort

FIGURE 1 Flowchart of the Study Cohort Selection Process

Abbreviations: DM/non-DN, diabetes with no diabetic neuropathy; DN,
diabetic neuropathy; HCOs, health care organizations; Non-DM, no dia-

betes and no diabetic neuropathy; PSM, propensity score matching.
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Content Table S1, available at http:/links.lww.com/
JPHMP/B11.

Outcome measures

Infection severity was assessed through 3 areas: health
care utilization/mortality, clinical presentation, and
diagnostic test results. Health care utilization mea-
sures included the indicators (yes/no) of admission
to the emergency department (ED), admission to
the inpatient ward, admission to the intensive care
unit, placement on mechanical ventilation, and va-
sopressor treatment, within 30 days of COVID-19
infection. Mortality was defined as deaths within 30
days after COVID-19 infection. Clinical presenta-
tion measures were presence (yes/no) of cough, fever,
hypoxemia, dyspnea, or acute respiratory distress syn-
drome (ARDS) after being infected by COVID-19.
Diagnostic test results included common biomarkers,
such as serum creatinine, blood urea nitrogen, and
C-reactive protein (CRP) levels, which were identified
as severity indicators of COVID-19 infection in both
inpatients and outpatient settings.'"!* These measures
were based on the first observations recorded within
1 and 7 days immediately after COVID infection.
Diagnosis and laboratory test codes for outcome mea-
sures are available in the online Supplemental Digital
Content Table S1, available at http://links.lww.com/
JPHMP/B11.

Statistical analyses

Baseline characteristics including patient characteris-
tics (age, sex, race and ethnicity) and comorbidities
(obesity, hypertension, chronic pulmonary conditions,
and cardiovascular diseases) were accounted for as
confounding variables. To account for potential me-
diating effects of the socioeconomic condition, we
further included diagnoses that may indicate in-
creased risk due to socioeconomic and psychosocial
circumstances (education and literacy, employment,
housing, lack of adequate food or water, or expo-
sure to occupational hazards). The study applied a 1:1
propensity score matching (PSM) technique to bal-
ance the baseline characteristics by creating matched
pair of patients with similar propensity scores be-
tween the DN and its 2 comparator cohorts. The PSM
method was performed using logistic regression and
nearest neighbor algorithms with a caliper width of
0.1 pooled standard deviation, ensuring that matched
pairs have similar baseline characteristics. Risk ratios
with 95% confidence intervals (95% CI) for the like-
lihood of experiencing each outcome were calculated,
and a 2-sided P value of <.05 was defined a priori for
statistical significance. All data queries and statistical
analyses were performed on the TriNetX portal.

Risks of Severe COVID-19 Outcomes Among Patients With Diabetic Polyneuropathy in the United States

Results
Overall population

A total of 882650 adults diagnosed with COVID-
19 met the study criteria between January 1, 2020,
and June 30, 2021, in the EHR database, includ-
ing 16 641 patients with DN (DN cohort), 81329
patients with DM with no DN (DM/non-DN co-
hort), and 784 680 patients with no either DM or
DN (non-DM cohort) (see the Figure). The demo-
graphic characteristics and comorbid conditions of
the cohort populations at the baseline, both before
and after PSM analysis, are shown in Supplemen-
tal Digital Content Tables S2a-c, available at http:
/MNinks.lww.com/JPHMP/B12. Before PSM, individu-
als in the DN cohort generally had a higher average
age, a greater percentage of non-Hispanics and Blacks,
and a higher prevalence of comorbidity conditions
than their DM/non-DN and non-DM counterparts.
More male patients were found in the DN cohort
than the non-DM cohort, but there was no differ-
ence in the gender proportion between the DN and
the DM/non-DN cohorts. In addition, patients with
DN had higher average hemoglobin A;c values than
non-DN patients, indicating worse diabetes control at
baseline.

The PSM identified 16 511 matched pairs of pa-
tients for the DN versus DM/non-DN analysis,
16253 matched pairs of patients for the DN ver-
sus non-DM analysis, and 80672 matched pairs
of patients for the DN versus non-DN analysis.
After PSM, there were no baseline differences be-
tween the DN and comparator cohort characteristics,
suggesting that the demographic characteristics and
comorbid conditions were well balanced between the
cohorts. Moreover, absolute standardized differences
for all measured baseline characteristics were less
than 10%, further indicating similar distributions of
the baseline characteristics between the PSM-matched
samples.'®

Health care utilization and 30-day mortality

COVID-19 patients with DN consistently showed
greater utilization of various health care resources
than COVID-19 patients with no DN (Table 1). Pa-
tients with DN were 1.19 times (95% CI: 1.15-1.24,
P < .001) more likely to have ED visits, and 1.24
times (95% CI: 1.19-1.3, P < .001) more likely to be
hospitalized than the DM/non-DN cohort. The DN
cohort also showed greater risks of receiving intensive
care (risk ratio [RR] = 1.39,95% CI: 1.27-1.52, P <
.001), mechanical ventilation (RR = 1.24, 95% CI:
1.12-1.37, P < .001), and vasopressors (RR = 1.22,
95% CI: 1.03-1.45, P = .03) than the DM/non-DM
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cohort. Compared with the non-DM cohort, patients
with DN were 1.41 times (95% CI: 1.35-1.47, P <
.001) and 1.61 times (95% CI: 1.53-1.69, P < .001)
more likely to be admitted to ED and hospital, respec-
tively, and more likely to use intensive care (RR =
2.01,95% CI: 1.81-2.23, P < .001), mechanical ven-
tilation (RR = 2.22, 95% CI: 1.97-2.51, P < .001),
and vasopressors (RR = 2.47, 95% CI: 1.99-3.07, P
< .001). The DM/non-DN cohort had greater like-
lihoods than the non-DM cohort to be admitted to
ED (RR = 1.19, 95% CI: 1.16-1.21, P < .001) and
hospital (RR = 1.59, 95% CI: 1.55-1.63, P < .001)
and require intensive care (RR = 1.96,95% CI: 1.85-
2.08, P < .001), mechanical ventilation (RR = 2.23,
95% CI: 2.10-2.37, P < .001), and vasopressors (RR
—2.09,95% CI: 1.89-2.31, P < .001).

Patients in the DN cohort experienced significantly
greater 30-day post-COVID-19 diagnosis mortality
rates than those in the DM/non-DN (RR = 1.20, 95%
CI: 1.10-1.32, P < .001) and those in the non-DM
(RR = 1.54, 95% CI: 1.39-1.70, P < .001) cohorts.
The 30-day mortality rate was also about 1.5 times
higher (RR = 1.52, 95% CI: 1.44-1.60, P < .001) in
the DM/non-DN cohort than in the non-DM cohort.

Clinical presentation-related outcomes

Overall, the DN cohort was likely to experience
severe COVID-19-related complications compared
with both the DM/non-DN and the non-DM cohorts
(see Table 1). Patients in the DN cohort were approx-
imately 1.13 to 1.57 times (P < .01) more likely to
present with fever and cough, and 1.17 to 1.54 times
(P < .01) more likely to present with dyspnea and
hypoxemia than those in the non-DM and non-DN
cohorts. The DN cohort also showed a higher risk of
ARDS diagnoses than the DM/non-DN cohort (RR
= 1.38, P < .01) and the non-DM cohort (RR =
2.18, P < .01). Similarly, the DM/non-DN cohort was
1.14 to 2.33 times (P < .01) more likely to experience
most of the aforementioned COVID-19 complications
than nondiabetic patients, except for cough diagnoses,
which did not differ between these 2 cohorts.

Laboratory tests

Mixed results were found in laboratory tests (see
Table 2) commonly assessed in patients with
COVID-19 and that can be predictive of the dis-
ease severity. Although patients in the DN cohort
had significantly lower diastolic blood pressure levels
than DM/non-DN (72.8 vs 74.2 mm Hg, P < .01)
and non-DM (72.8 vs 75.5 mm Hg, P < .01) patients,
the absolute difference in the diastolic pressure was
less than 4 mm Hg, and no statistical differences

Risks of Severe COVID-19 Outcomes Among Patients With Diabetic Polyneuropathy in the United States

were found in systolic blood pressure between the
cohorts. The lymphocyte count of DN patients was
lower than those of DM/non-DN (22.5 vs 23.1 per
100 leukocytes, P < .01) and non-DM (22.6 vs 23.6
per 100 leukocytes, P < .01) patients, with a small
absolute difference.

The DN cohort also had greater elevation in serum
creatinine (1.7 vs 1.3 mg/dL, P < .01 against DM/non-
DN; 1.7 vs 1.2 mg/dL, P < .01 against non-DM),
blood urea nitrogen (24.3 vs 22.1 mg/dL, P < .01
against DM/non-DN; 24.3 vs 19.7 mg/dL, P < .01
against non-DM), alkaline phosphatase (99.6 vs 90.4
units/L, P < .01 against DM/non-DNj; 99.5 vs 8§4.9
units/L, P < .01 against non-DM), and CRP (48.0
vs 47.7 mg/L, P < .01 against DM/non-DN; 47.4 vs
38.5 mg/L, P < .01 against non-DM).

Among patients with no DN, the DM/non-DN co-
hort showed lower lymphocyte count and greater
elevation in serum creatinine (1.2 vs 1.1 mg/dL, P
< .001), blood urea nitrogen (20.4 vs 18.8 mg/dL,
P < .01), alkaline phosphatase (89.4 vs 83.4 units/L,
P < .001), and CRP (46.0 vs 40.4 mg/L, P < .001)
compared with the non-DM cohort. In addition, pa-
tients in the DM/non-DN cohort also had elevated
platelet counts (259.5 vs 253.8 K/uL, P < .001),
aspartate aminotransferase (52.9 vs 42.9 units/L, P
< .001), and serum ferritin (50.0 vs 40.4 ng/mL,
P < .001).

Discussion

The COVID-19 pandemic has posed significant pub-
lic health challenges for chronically ill populations,
especially among patients with diabetes, which has
been recognized as a risk factor for worse COVID-
19 outcomes.>!” This study confirmed that, in general,
diabetic patients suffer from more severe COVID-19
complications than nondiabetic patients.*>* It also pre-
sented new evidence that patients with DN are at a
greater risk of COVID-19 complications, including
death, and higher health care utilization compared
with both nondiabetic and diabetic cohorts of indi-
viduals with no neuropathy. The results are consistent
with existing literature showing that diabetic patients
with DN are more susceptible to lung damage and res-
piratory dysfunction.'"'* Combined with the findings
from the present study, patients with COVID-19 and
DN might benefit from more intensive monitoring and
management than their counterparts, and from early
physical therapy to improve respiratory function®
and nutrition management for better long-term lung
recovery.?’

The vital signs assessed as a part of this study
showed that, although DN patients had lower di-
astolic blood pressure than DM/non-DN patients
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and non-DM patients, with no difference in systolic
pressures and an absolute difference less than 4 mm
Hg, this is of doubtful clinical significance. COVID-
19 like other infections is expected to impact immune
and inflammatory responses. Lower lymphocyte
count was found in the DN population; this could
be viewed as suggesting a lower (worse) immune
function in DN patients that was described previ-
ously in the literature.*! Moreover, our study showed
considerably higher CRP in patients with DN than
in patients with no diabetes (without a significant
difference between DN and non-DN patients—both
with diabetes), suggesting more severe inflammation
experienced by diabetic patients after COVID-19
infection.”” Elevated CRP is also a prognostic indi-
cator of severe COVID-19,'! consistent with higher
dyspnea and ARDS in DN compared with non-DM
and non-DN patients.

Prior research has documented signs of kidney in-
jury among patients with severe cases of COVID-19.
It is consistent with our findings of elevated creati-
nine and blood urea nitrogen levels in patients with
diabetes and DN. Kidney function impairment in
COVID-19 patients has been also associated with in-
creased risk of dialysis*® and death.”* Elevated serum
creatinine can be prognostic of severe COVID-19,!"
underscoring the importance of close monitoring
of renal function in patient with DN throughout
their COVID-19 infection. Our findings demonstrate
the importance of diligent counseling to encourage
patients with DN to adhere to public health COVID-
19 mitigation recommendations and suggest a need
for close monitoring and follow-up of renal func-
tion in those patients who become infected with
SARS-CoV-2.

Strengths and limitations

There are several limitations in the study common to
all research utilizing EHR data. First, EHR data lack
relevant sociodemographic information that could af-
fect the risk of severe COVID-19 outcomes. This study
was unable to include socioeconomic indicators, such
as education attainment, employment status, or ru-
ral residence® in statistical analysis. Although we
did use socioeconomic and psychosocial diagnoses as
proxies, these diagnoses were often not recorded. Sec-
ond, diagnostic results including COVID-19 tests or
other laboratory studies completed outside the par-
ticipating research network may not be captured in
the EHR, potentially resulting in sampling incom-
pleteness. However, using a large national database
enabled us to develop balanced and comparable co-
horts to assess DN effects on selected COVID-19

Risks of Severe COVID-19 Outcomes Among Patients With Diabetic Polyneuropathy in the United States

Implications for Policy & Practice

W Adults with DN are mare likely to experience severe COVID-
19 complications than those with diabetes but with no
neuropathy, or those with no diabetes.

W DN should be considered a potential prognosticator for
worse COVID-19 outcomes. Generally accepted treatment
modalities should be made readily available to patients with
DN to optimize care outcomes.

W Based on prior literature, these might include close monitor-
ing of renal function to reduce the risk of acute kidney injury
and failure and offering early therapy to improve respiratory
functions for better long-term lung recovery.

M Policy interventions should emphasize on promoting pre-
vention strategies, including masking, physical distancing,
handwashing, and vaccination, to reduce subsequent mor-
bidity and mortality.

outcomes, increasing the generalizability of results.
Third, although the study found significantly greater
risk of requiring critical care services or death after
COVID-19 infection in patients with DN, absolute
differences in the number and percentage of those
events between DN and their comparators were rather
less and should be cautiously interpreted when con-
sidering applications to clinical practice. Finally, the
study did not address the differences between specific
types of DN, such as peripheral, autonomic, proxi-
mal, and focal neuropathy. Patients with a type of DN
might have experienced different severity of illness
from patients with another type of DN.?®

Conclusions

Adults with DN who have COVID-19 are at a
greater risk of severe complications and intensive care
utilization than those with no DN. As researchers
continue to develop and test effective treatments for
COVID-19, and glycemic management may not be ef-
fective in alleviating COVID-19 complications among
patients with DN,*”-? it is incumbent on clinicians and
public health officials to encourage patients with DN
to strictly adhere to public health COVID-19 mitiga-
tion recommendations and to provide more intensive
monitoring and clinical management of patients with
DN who are infected with SARS-CoV-2. Further re-
search is warranted to determine optimal ways for
effective prevention and treatment approaches to re-
duce morbidity, mortality, and health care utilization
in this population.
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