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Abstract
Introduction: Though severe illness due to COVID-19 is un-
common in children, there is an urgent need to better deter-
mine the risk factors for disease severity in youth. This study 
aims to determine the impact a preexisting endocrine diag-
nosis has on severity of COVID-19 presentation in youth. 
Methods: The cross-sectional chart review study included all 
patients less than 25 years old with a positive SARS-CoV-2 
PCR at St. Louis Children’s Hospital between March 2020 and 
February 2021. Electronic medical record data for analysis 
included patient demographics, BMI percentile, inpatient 
hospitalization or admission to the pediatric intensive care 
unit (PICU), and the presence of a preexisting endocrine di-
agnosis such as diabetes mellitus (type 1 and type 2), adrenal 
insufficiency, and hypothyroidism. Two outcome measures 
were analyzed in multivariate analysis: inpatient admission 
and PICU admission. Adjusted odds ratios with a 95% CI were 
calculated using binary logistic regression, along with p val-
ues after Wald χ2 analysis. Results: 390 patients were includ-

ed in the study. Mean age was 123.1 (±82.2) months old. 
50.3% of patients were hospitalized, and 12.1% of patients 
were admitted to intensive care. Preexisting diagnoses of 
diabetes mellitus, obesity, and hypothyroidism were associ-
ated with an increased risk of hospital and ICU admission, 
independent of socioeconomic status. Discussion/Conclu-
sion: This study provides evidence that unvaccinated youth 
with a preexisting diagnosis of obesity, hypothyroidism, or 
diabetes mellitus infected with COVID-19 are more likely to 
have a more severe clinical presentation requiring inpatient 
hospital admission and/or intensive care.

© 2022 S. Karger AG, Basel

Introduction

More than 12 million children in the USA have been 
diagnosed with COVID-19 since the start of the pandem-
ic, representing approximately 18.9% of cumulative cases 
[1]. Though most children with COVID-19 do not de-
velop severe disease or require specific therapy, children 
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with certain medical conditions may be at increased risk 
for severe disease, and therefore may be eligible for thera-
peutic strategies to prevent disease progression [2]. Re-
cent studies have looked at potential risk factors for severe 
COVID-19 presentation to guide these recommenda-
tions and have shown that diabetes mellitus and obesity 
are endocrine disorders that pose a significant risk for 
severe disease in both children and adults with COVID-19 
[3, 4]. The impact of other preexisting endocrine disor-
ders such as hypothyroidism and adrenal insufficiency on 
the clinical presentation of COVID-19 in youth has not 
been evaluated. Such studies may inform practitioners 
about potential patient groups at increased risk for devel-
oping severe infection and guide pediatric-specific rec-
ommendations for the treatment of COVID-19. Further-
more, it may help guide prioritization strategies for vac-
cination and therapeutic interventions in limited resource 
settings. This study aimed to determine if preexisting en-
docrine disorders such as adrenal insufficiency, obesity, 
overweight, diabetes mellitus, and hypothyroidism in 
youth are associated with higher rates of severe CO-
VID-19.

Materials and Methods

This retrospective cohort study was conducted at Washington 
University School of Medicine and Saint Louis Children’s Hospital 
(SLCH), a 400-bed pediatric hospital with a 40-bed pediatric in-
tensive care unit (PICU), in Saint Louis, MO, USA. The study was 
approved by the university’s Human Research Protection Office 
Committee. Chart review was performed on all patients less than 
25 years old who had a positive SARS-CoV-2 PCR at St. Louis Chil-
dren’s Hospital between March 2020 and February 2021.

After chart review, data from the electronic medical record 
(EPIC) was collected for analysis. These measures included: age, 
sex, patient’s address, BMI percentile, inpatient hospitalization or 
admission to the PICU, and the history of a preexisting endocrine 
diagnosis such as diabetes mellitus (type 1 and type 2), adrenal in-
sufficiency, and hypothyroidism. The diagnosis of endocrinopathy 
in all patients included in this study preceded infection with CO-
VID-19. Patients with preexisting primary or central hypothyroid-
ism, regardless of whether they presented to the hospital biochem-
ically euthyroid, were classified as having a diagnosis of hypothy-
roidism in this study. Patients were classified as having a history of 
adrenal insufficiency if they had a preexisting diagnosis of primary 
or central adrenal insufficiency or if they had a history of chronic 
use of high dose oral steroids that could cause adrenal suppression 
and be at risk for disturbed stress response during infectious stress 
[5]. Patients were classified as normal weight, overweight, or obese 
based on the Centers for Disease Control and Prevention defini-
tion [6]. Obese patients were defined as having a BMI percentile 
greater than 95, and overweight patients were defined as having a 
BMI percentile greater than 85 but less than 95. BMI percentiles 
were calculated using the PediTools Electronic Growth Chart Cal-

culators with the 2000 CDC growth chart used for reference [7, 8]. 
To provide continuity from childhood to adulthood, we used the 
age 20 reference to calculate BMI percentiles when individuals 
were 20 years of age or older, as others have done [9–11]. Socio-
economic status was calculated using the patient’s address and the 
Neighborhood Atlas® software from the University of Wisconsin 
[12]. This software uses the 2018 American Community Survey to 
generate a National Percentile Area Deprivation Index (ADI), 
which allows for an objective comparison of socioeconomic status 
across the USA. Severity of COVID-19 disease was determined by 
the need for inpatient admission and PICU admission, which is 
similar to the definitions in other literature [4].

Descriptive statistics were performed on all variables. Mean, 
standard deviations, and confidence intervals were calculated. To 
examine the association between patients admitted to inpatient 
care, or PICU, with a preexisting endocrine disorder, binary logis-
tic regression was performed. Two outcome measures were ana-
lyzed in multivariate analysis: inpatient admission and PICU ad-
mission. ADI score, obesity, diabetes mellitus, adrenal insufficien-
cy, age, and hypothyroidism were included in binary logistic 
regression due to either statistical significance or clinical impor-
tance. Adjusted odds ratios with 95% CI were calculated, along 
with p values after Wald χ2 analysis. Results were interpreted as 
statistically significant if p < 0.05 in two-tailed tests. Analyses were 
performed with statistical package SPSS© Version 27 for Mac. 
Graphics were produced using Adobe Illustrator and PRISM.

Results

As shown in Figure 1, 540 patients had a positive 
SARS-CoV-2 PCR test at St. Louis Children’s Hospital 
between March 2020 and February 2021. 150 patients 
were excluded from the analysis: 132 patients were miss-
ing BMI data, 11 were admitted to SLCH for either trau-
ma or emergent surgery, and 7 were excluded due to miss-
ing socioeconomic data.

The remaining 390 patients were included in this 
study. Population characteristics are shown in Table 1. 
Mean age was 123.1 months old (SD = 82.2), and 194 
(49.7%) of the patients were male. Mean ADI was 63.63 
(SD = 25.4) The most prevalent endocrine condition 
among the patients studied was obesity, followed by over-
weight and diabetes mellitus (both type 1 and type 2). The 
mean HbA1c of those with diabetes was 11.0% (SD = 
3.2.). 158 (40.5%) patients were admitted, with 47 (12.1%) 
patients admitted to intensive care. Of the 13 patients 
with a preexisting diagnosis of hypothyroidism, 1 had 
central hypothyroidism and the rest had primary hypo-
thyroidism. Only 2 of the patients were biochemically hy-
pothyroid at the time of positive COVID-19 testing, and 
all others were euthyroid. Eleven of the 13 patients were 
hospitalized, and the two nonadmitted were euthyroid. 
Of the patients with endocrinopathies included in the 
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study, 4 patients had coexisting hypothyroidism and ad-
renal insufficiency, and all 4 of these patients were admit-
ted to the hospital. In addition, one patient had coexisting 
hypothyroidism and diabetes mellitus, and 2 patients had 
coexisting diabetes and adrenal insufficiency. National 
percentile socioeconomic status, diabetes mellitus, obe-
sity, and hypothyroidism were associated with an in-

creased odds of inpatient admission (p < 0.05). As shown 
in Table  2 and Figure 2, after controlling for age, SES, 
weight, hypothyroidism, and adrenal insufficiency in the 
multivariate model, children with diabetes had 8.96 times 
increased odds of being admitted than kids without dia-
betes. As shown in Table 3 and Figure 3, adrenal insuffi-
ciency, diabetes mellitus, hypothyroidism, and obesity 

Patients with a Positive SARS-CoV-2 PCR Test
Between January 2020 and Febuary 2021

n = 540

Patients excluded 
from analysis

n = 150

Patients without 
height or weight 

data
n = 132

Patients admitted  
for other primary 

diagnosis
n = 11

Patients without 
Area Deprivation 
Index Percentile

n = 7

Patients included 
in analysis
n = 390

Patients without 
hospital admission

n = 232

Patients with an 
inpatient 
admission

n = 158

Patients admitted 
to PICU

n = 47

Table 1. Clinical characteristics of study participants

Inpatient admission PICU admission Total

yes (n = 158), no (n = 232), yes (n = 47), no (n = 343), n = 390,
n (%) n (%) n (%) n (%) n (%)

Age
Mean age in months (σ) 125.3 (83.3) 121.57 (81.6) 151.9 (75.2) 119.1 (82.4) 123.1 (82.2)

Area deprivation index (ADI)
Mean ADI (σ) 71.0 (22.7) 58.6 (25.9) 71.6 (21.7) 62.5 (25.7) 63.63 (25.4)

Sex
Male 118 (50.9) 76 (48.1) 23 (48.9) 171 (49.9) 194 (49.7)
Female 114 (49.1) 82 (51.9) 24 (51.1) 172 (50.1) 196 (50.3)

Weight categorization
Obese 53 (33.5) 39 (16.8) 20 (42.6) 72 (21.0) 92 (23.6)
Overweight 19 (12.0) 35 (15.1) 8 (17.0) 46 (13.4) 54 (13.8)
Healthy weight 86 (54.4) 158 (68.1) 19 (40.4) 225 (65.6) 255 (62.6)

Endocrine disorders
Adrenal insufficiency 10 (6.3) 2 (0.9) 6 (12.8) 6 (1.7) 12 (3.1)
Hypothyroidism 11 (7.0) 2 (0.9) 8 (17.0) 5 (1.5) 13 (3.3)
Diabetes mellitus 16 (10.1) 2 (0.9) 10 (21.3) 8 (2.3) 18 (4.6)

Fig. 1. Total number of cases considered for data analysis after excluding for invalid records and missing data.
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were associated with an increased odds of PICU admis-
sion (p < 0.05). While not statistically significant when 
considering p values, adrenal insufficiency had an adjust-
ed odds ratio of 1.692 (95% CI: 0.934–15.350), suggesting 
a possible association between adrenal insufficiency and 
an increased odds of intensive care.

Discussion/Conclusion

Throughout 2020 and 2021, COVID-19 was a leading 
cause of death in the USA, with a high prevalence of dis-
ease in the pediatric population [1, 13]. COVID-19 hos-

pitalization rates in adolescents increased 5-fold over the 
summer of 2021 with unvaccinated patients making up 
most admissions [14]. With this increasing number of 
hospitalized patients, there is an urgent need for a better 
understanding of predictors of disease severity to deter-
mine populations at risk that will benefit from preventa-
tive and therapeutic interventions to decrease hospital-
ization and mortality rates. This study supports the estab-
lished association between obesity and poorly controlled 
diabetes mellitus, with severity of COVID-19 presenta-
tion in adults [15, 16], and it further demonstrates that 
pediatric patients with COVID-19 who had a preexisting 
diagnosis of obesity, hypothyroidism, or diabetes mellitus 

Adjusted odds ratio (ORadj) for inpatient admissions ORadj, 95% CI

Diabetes Mellitus, n = 18

Hypothyroidism, n = 13

Adrenal Insufficiency, n = 12

Obesity, n = 92

Area Deprivation Index (ADI)

Overweight, n = 54

8.959 (1.984 – 40.466)

6.921 (1.396 – 34.307)

4.754 (0.939 – 24.070)

2.102 (1.249 – 3.540)

1.018 (1.009 – 1.028)

0.867 (0.442 – 1.700)

0.1 1 10 100
ORadj

Table 2. Binary logistic regression for inpatient admission

Univariate Multivariate

p value ORadj 95% 
lower CI

95% 
upper CI

p value ORadj 95% 
lower CI

95% 
upper CI

Age 0.664 1.001 0.998 1.003
Area deprivation index <0.001 1.021 1.012 1.029 <0.001 1.018 1.009 1.028
Sex 0.592 0.895 0.597 1.342
Obesity <0.001 2.498 1.55 4.024 0.005 2.102 1.249 3.540
Overweight 0.391 0.769 0.423 1.401 0.678 0.867 0.442 1.700
Diabetes mellitus 0.001 12.958 2.936 57.195 0.004 8.959 1.984 40.466
Adrenal insufficiency 0.009 7.77 1.679 35.962 0.060 4.754 0.939 24.070
Hypothyroidism 0.006 8.605 1.881 39.377 0.018 6.921 1.396 34.307

ORadj, adjusted odds ratios.

Fig. 2. ORadj for inpatient admissions. 
Odds ratios were calculated for endocrine 
disorders and other factors with clinical 
significance. ORadj (95% CI); ORadj, adjust-
ed odds ratios.
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were more likely to have a severe clinical presentation re-
quiring inpatient hospital admission. This association 
was independent of socioeconomic status. Furthermore, 
it demonstrates that pediatric patients with diabetes mel-
litus, hypothyroidism, and obesity were more likely to re-
quire intensive care. Though prior studies have discussed 
the association between severe COVID-19 disease and 
preexisting health conditions, many were based on billing 
code data, and the prevalence of endocrine disorders, 
such as obesity and diabetes, was not representative of 
those in the US pediatric population [17–19]; hence, this 
study provides evidence that preexisting endocrinopa-
thies are risk factors for predisposing youth to severe CO-
VID-19.

Obesity rates in children and adolescents have been 
increasing over the past few decades, with a current prev-
alence of approximately 19.3% in the general population 
[18]. This trend has been driven by socioeconomic status, 
with obesity prevalence being higher in low-income com-
munities [20]. The prevalence of obesity in this study 
population was 23.6%, which is similar to national disease 
rates [18]. This study confirms prior data demonstrating 
that obesity is a risk factor for COVID-19 disease severity 
[4]. Children with obesity, but not overweight, were twice 
as likely to be admitted to the hospital with COVID-19. 
However, this association was present independent of so-
cioeconomic status/residence in areas with an increased 
area deprivation index, age, or sex. Similarly, increased 

Adjusted odds ratios (ORadj) for ICU admissions ORadj, 95% CI

Hypothyroidism, n = 13

Diabetes Mellitus, n = 18

Adrenal Insufficiency, n = 12

Obesity, n = 92

Area Deprivation Index (ADI)

Age

11.077 (3.012 – 40.740)

8.227 (2.789 – 24.271)

3.787 (0.934 – 15.350)

2.762 (1.295 – 5.890)

1.692 (0.623 – 4.597)

1.002 (0.998 – 1.007)

0.1 1 10 100
ORadj

Overweight, n = 54

1.014 (0.999 – 1.030)

Table 3. Binary logistic regression for PICU admission

Univariate Multivariate

p value ORadj 95% 
lower CI

95% 
upper CI

p value ORadj 95% 
lower CI

95% 
upper CI

Age 0.012 1.005 1.001 1.009 0.295 1.002 0.998 1.007
Area deprivation index 0.023 1.015 1.002 1.029 0.074 1.014 0.999 1.030
Sex 0.906 0.964 0.524 1.774
Obesity 0.002 2.788 1.479 5.256 0.009 2.762 1.295 5.890
Overweight 0.503 1.324 0.582 3.012 0.302 1.692 0.623 4.597
Diabetes mellitus <0.001 11.318 4.206 30.451 <0.001 8.227 2.789 24.271
Adrenal insufficiency <0.001 8.22 2.533 26.672 0.062 3.787 0.934 15.350
Hypothyroidism <0.001 13.867 4.323 44.477 <0.001 11.077 3.012 40.740

ORadj, adjusted odds ratios.

Fig. 3. ORadj for ICU admissions. Odds ra-
tios were calculated for endocrine disor-
ders and other factors with clinical signifi-
cance. ORadj (95% CI); ORadj, adjusted 
odds ratios.
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rates of inpatient admission due to other infectious dis-
eases, such as H1N1 and bacterial infections, have been 
observed among obese populations [21, 22]. Chronic in-
flammation and altered immunity seen in patients with 
obesity may explain this relationship [23]. Furthermore, 
this data emphasizes the importance of strategies to miti-
gate COVID-19 in pediatric communities with higher 
rates of obesity regardless of socioeconomic status.

Increased risk for comorbidities and serious infections 
have been documented in patients with either type 1 or 
type 2 diabetes mellitus [24]. This study confirmed find-
ings by Kompaniyets et al. [4] that showed increased hos-
pitalization and ICU admission rates in children with di-
abetes mellitus and COVID-19. This association could be 
attributed to poor glycemic control, given that patients 
with diabetes mellitus in our study had an HbA1c higher 
than the target HbA1c recommended by the American 
Diabetes Association [25]. Even though some studies 
have demonstrated a clear relationship between poor gly-
cemic control and lower socioeconomic status, our study 
failed to demonstrate that disease severity among patients 
with diabetes mellitus was dependent on socioeconomic 
status [26, 27]. This data emphasizes the importance of 
identifying and applying interventions that help children 
and young adults with diabetes mellitus reduce their risk 
for severe COVID-19 disease.

There is a paucity of data related to the association of 
underlying hypothyroidism with COVID-19 disease se-
verity. Two prior studies in adults concluded that hypo-
thyroidism does not predispose patients to a higher risk 
of hospitalization, ICU admission, or death [28, 29]. 
However, this has not previously been evaluated in CO-
VID-19 pediatric cohort studies to date. This study 
showed that youth with hypothyroidism and COVID-19 
were 6.9 times more likely to be admitted to a hospital and 
11 times more likely to require intensive care than the 
general population. This data suggests that preexisting 
thyroid disease will likely make patients more vulnerable 
to a more severe COVID-19 clinical presentation. The 
multivariate model in this study accounted for the coex-
istence of hypothyroidism among patients with diabetes 
mellitus. Therefore, this data suggests that hypothyroid-
ism is an independent risk factor for disease severity 
among pediatric patients. The increased risk of inpatient 
and PICU admission was independent of age, sex, BMI, 
or SES. Because thyroid hormone regulates multiple or-
gan systems, different mechanisms have been speculated 
to be involved in the relationship between SARS-CoV-2 
and thyroid illness [30]. Though the results from this 
study suggest that pediatric patients with hypothyroidism 

are at an increased risk of developing a more severe CO-
VID-19 clinical presentation, it is unclear if preexisting 
thyroid disease increases their susceptibility to CO-
VID-19 infection.

Patients with adrenal suppression may be at higher 
risk of presenting with an adrenal crisis during an acute 
illness, such as COVID-19 [31]. However, there is cur-
rently no clear evidence that adrenal insufficiency pa-
tients are more likely to develop a severe course of disease. 
A study of adult COVID-19 patients early in the pandem-
ic did not demonstrate an association between severe dis-
ease and adrenal insufficiency [32]. An abstract presented 
at the Endocrine Society suggested that youth with adre-
nal insufficiency and COVID-19 had higher rates of mor-
tality and a more severe clinical presentation [33]. Though 
our study did not support that claim, prompt stress dos-
ing (as used by the patients in this study) is key to prevent 
adrenal crises during COVID-19 illness. Further studies 
with larger sample size are needed to better understand 
the potential association between history of adrenal in-
sufficiency and COVID-19 disease severity.

Lower socioeconomic status is often associated with lim-
ited healthcare access, higher rates of diabetes mellitus and 
cardiovascular disease, increased utilization of health ser-
vices, and early death [34]. Likewise, lower socioeconomic 
status may also lead to increased exposure to COVID-19, 
placing much of the burden of the pandemic on the most 
disadvantaged communities [26]. In this study, we used 
ADI scores as a measure of socioeconomic status. ADI is 
based on census data that has been validated, allowing for 
an objective ranking of residence by degree of social depri-
vation. Patients in this study resided in neighborhoods that 
were more disadvantaged than the national average. Though 
ADI percentiles were higher in patients that were hospital-
ized or required intensive care, ADI was not a predictor of 
disease severity. This suggests that severe disease presenta-
tion is driven by BMI, diabetes mellitus, and hypothyroid-
ism and not by socioeconomic status. Given the lower SES 
of the entire study population, findings from this study 
highlight the critical need for improved healthcare delivery 
and disease prevention strategies.

The findings in this study are subject to several limita-
tions. As shown in Figure 1, 150 patients from the original 
sample were excluded from analysis for missing BMI data, 
admissions primarily for reasons other than COVID-19, 
and missing ADI scores. Though the exclusion of these 
patients may have limited the sample size, it prevented the 
overestimation of COVID-19 hospitalization rates. Endo-
crine disorders were present in a small number of patients, 
leading to wide 95% confidence intervals in multivariable 
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analysis. However, the lower 95% confidence intervals for 
diabetes mellitus, hypothyroidism, and obesity were well 
above 1, suggesting that our conclusions may be generaliz-
able and that those patients are still at elevated risk for a 
more severe clinical COVID-19 presentation. Despite the 
small number of patients with endocrinopathies, diabetes 
mellitus, adrenal insufficiency, and hypothyroidism had 
slightly higher prevalence in our study than reported rates 
in the general population [17–19]. This may be because 
SLCH is a tertiary medical center, where many patients 
with a higher prevalence of comorbidities are transferred 
from regional hospitals to receive a higher level of care. In 
this study, few patients had coexisting multiple endocrine 
disorders. While the binary logistic regression analysis ac-
counts for these co-diagnoses, further statistical analyses 
in this study are limited due to the small sample size of this 
cohort. Thus, additional studies of this subset of patients 
are necessary. Endocrine conditions in this study were not 
subclassified by etiology; therefore, specific associations 
between the etiology of endocrinopathies (type 1 DM vs. 
type 2, or central vs. primary hypothyroidism, primary vs. 
secondary adrenal insufficiency, etc.) and COVID-19 dis-
ease severity may have been missed. Finally, data present-
ed in this study predates COVID-19 vaccinations in youth; 
therefore, associations between endocrine disorders and 
COVID-19 severity presented in this study may not ex-
trapolate to a vaccinated population.

This study highlights that presence of preexisting di-
agnosis of hypothyroidism, diabetes mellitus, and obesity 
predisposes unvaccinated children and adolescents to a 
more severe clinical presentation of COVID-19. Data 
from this study suggest that practitioners should consider 
patients with these endocrinopathies for available thera-
peutic and preventive strategies that decrease disease pro-
gression. Further studies are needed to analyze these re-
lationships in the vaccinated population.
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