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Background: The COVID-19 pandemic has raised concerns for worsening cardiometabolic health in
children.
Objective: This study evaluates the impact of the COVID-19 pandemic and subsequent social restrictions on pediatric cardiometabolic health factors.
Methods: Retrospective review of patients in a pediatric lipid clinic in the year prior to (3/18/20193/17/2020) and during (3/18/2020-3/17/2021) the COVID-19 pandemic was performed. Physical findings (body mass index [BMI], waist circumference [WC], and blood pressure), laboratory markers of
cardiometabolic health (lipid panel, insulin resistance, and liver transaminases), self-reported exercise
time, and lipid-lowering medications (metformin, statin, omega-3 fatty acids, fenofibrate) were compared.
Results: 297 subjects met inclusion criteria. Among subjects prescribed no medications or on stable medication doses (n=241), there were few changes in lipid panels. Among subjects with new or
increased medication doses between pre-pandemic and pandemic intervals (n=62), there were increases
in triglycerides (p= 0.019) and HgbA1c (p=0.046). There was no change in z-scores for both BMI and
WC for either group.
Conclusion: We observed concerning trends in markers of cardiovascular disease health (dyslipidemia, insulin resistance, and diabetes), independent of changes in weight, in at-risk children during the
recent COVID pandemic. Our findings suggest that this vulnerable population may benefit from more
frequent monitoring and intense management during such events.
© 2022 National Lipid Association. Published by Elsevier Inc. All rights reserved.
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Introduction
Cardiovascular disease secondary to atherosclerosis begins in youth and tracks over a lifetime1–5 . Atherosclerotic cardiovascular disease (ASCVD) risk factors (RFs),
such as dyslipidemia, elevated blood pressure (BP) and increased body mass index (BMI) in children correlate with
increased ASCVD risk in adulthood4–8 . Metabolic risk factors including increased insulin resistance and type 2 diabetes have also been associated with increased ASCVD
risk9–12 .
Early treatment of ASCVDRFs has been shown to reduce
risk of ASCVD events, such as stroke and myocardial infarction, in adulthood6 , 9 . Thus, early prevention, identification,
and treatment of ASCVDRFs in children is essential to promote cardiometabolic health7 , 9 , 10 . Most treatments for ASCVDRFs in children are centered around lifestyle changes
that encourage a diet with fruits and vegetables, limited sugared beverages and processed carbohydrates, regular physical activity, and maintenance of a healthy BMI9 , 10 , 13 .
Since the onset of the COVID-19 pandemic, subsequent
social restrictions and school closures have subjected children to significant stressors, including restrictions from attending school and participation in regular physical activities, as well as changes in dietary patterns14–16 . During the
COVID-19 pandemic, many have observed an increase in
lifestyle habits associated with risk of premature ASCVD,
such as decreased physical activity, increases in screen time
(both for school and leisure), increased and altered eating
habits, and deviations from normal sleep patterns14–16 . These
changes all have the potential to worsen cardiometabolic
health. Recent data have demonstrated an increased incidence and severity for new-onset type 2 diabetes17–19 , an increase in pediatric BMI20–22 , and worsening exercise capacity22 , 23 during the pandemic. Furthermore, decreased socioeconomic status from unemployment or underemployment of
parents may exacerbate existing disparities including food
insecurity and access to care24–26 . However, formal analysis of the impact the COVID-19 pandemic on pediatric cardiometabolic health has been limited.
The aim of this study was to investigate the impact of
the COVID-19 pandemic on cardiometabolic health markers of children seen at a pediatric lipid clinic. These markers included physical exam findings, laboratory studies, selfreported exercise time, and medication prescription rates. We
hypothesized that children with risk factors for premature
ASCVD had worsening markers of cardiometabolic health
during the COVID-19 pandemic compared to markers obtained in the year prior to the pandemic.

Methods
Study population
The institutional pediatric lipid clinic database was
queried for all clinical encounters during two time intervals:

1) the year prior to the COVID-19 pandemic (March 18, 2019
to March 17, 2020) and 2) the year during the COVID-19
pandemic (March 18, 2020- March 17, 2021). Early in the
pandemic, there were marked differences in the impact on
children based on geographic area. Therefore, for the purposes of our study, March 18, 2020 was chosen as the start
of the pandemic as this was the date schools in our state
were required to stop in-person instruction under a statewide
executive order27 . To qualify for inclusion, subjects needed
at least one clinical encounter in both timeframes. Both inperson and virtual visits were included. Exclusion criteria included diagnosis of a genetic dyslipidemia syndrome or use
of a medication which unpredictably alters the lipid panel (in
this study, atypical antipsychotics, PEG-asparaginase, and
isotretinoin). This study was deemed exempt by the institutional review board.

Measures
The following measures were analyzed: (1) physical exam
findings including BMI, waist circumference, systolic blood
pressure (SBP) and diastolic blood pressure (DBP); (2) laboratory measures of cardiometabolic health: lipid panel (total
cholesterol [TC], HDL-C, TG, LDL-C, non-HDL-C), markers of insulin resistance (fasting insulin, fasting glucose,
and HgbA1c), and a marker of fatty liver disease (ALT);
(3) self-reported hours of exercise; and (4) prescriptions of
lipid-lowering medications (LLMs): statins, off-label metformin, fenofibrate, and omega-3 fatty acids. Although the
effects of metformin on the lipid panel are indirect, it is commonly used to treat dyslipidemia due to insulin resistance
in pediatrics, and so is included as a lipid-lowering medication here. Subjects were instructed to fast for at least 10
hours prior to collection of insulin, glucose, and lipid panels. Demographic information including sex and age were
collected.

Statistical analysis
As dosing changes to LLMs is a significant confounder
to evaluation of lipids and insulin resistance, we divided the
subjects into two groups: those with (1) either no LLM prescriptions or with stable LLM dosages across both timeframes, and (2) those with LLM prescriptions which increased between the pre-pandemic and during-pandemic periods, or who were newly prescribed a LLM in the pandemic
interval.
BMI and WC data were converted to standardized zscores28 , 29 . Descriptive statistics were calculated, and average values for lab results, physical exam findings, and selfreported hours of exercise from each time period were compared between pre- and during-pandemic periods via paired
t-tests. If a measurement was missing from a subject’s paired
data, then that subject was excluded from that particular analysis (i.e., if there was no WC measurement from during the
pandemic, that subject was not used for a paired t-test for
WC). Cohen’s D was calculated to reflect effect size and a
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Physical exam, laboratory measures, and exercise

Fig. 1 illustrates the inclusion and exclusion criteria to select the
final study sample.

corrected form was used to adjust for sample size to eliminate bias30 . As suggested by Cohen, d= 0.2 is considered
a small effect size, d= 0.5 medium, and d= 0.8 large31 . A
value <0.05 was considered statistically significant. Analyses were performed with IBM SPSS Statistics for Windows,
version 27 (IBM Corp., Armonk, NY).

Results
Subjects
Of the 608 subjects evaluated for inclusion in the lipid
clinic between March 18, 2019 and March 17, 2021, 297 subjects met inclusion criteria (Fig. 1). Among excluded subjects, 299 were excluded because they did not have a visit
during the pandemic, 62 were excluded because of a diagnosis of a primary genetic dyslipidemia syndrome (most commonly familial hypercholesterolemia), and 16 were excluded
due to use of medications that unpredictably alter the lipid
panel. Six subjects were excluded due to stopping or decreasing the dosage of an LLM.
A total of 245 subjects were either prescribed no LLM or
had stable LLM dosages across both timeframes. In comparison, 52 subjects had increased LLM dosages or new LLM
prescriptions in the pandemic timeframe (Table 1).

Table 1

Table 2 shows the comparison of lab results and physical exam findings between the pre-pandemic and duringpandemic periods. Of all subjects, 98.5% reported fasting
prior to having laboratory tests performed.
Among the 245 subjects prescribed no LLM or with stable
LLM dose, there were no changes in z-scores for both BMI
and WC. Of this group, 14.3% were classified as diabetic (defined as HgbA1c >6.5% at any time during the study); one
subject had new-onset diabetes during the pandemic (Supplemental Figure 1b). There was no change in self-reported
hours of exercise.
Among the 52 subjects with increased LLM dosages or
new LLM prescriptions between the pre-pandemic and pandemic intervals, there were also no changes in z-scores for
both BMI and WC. These subjects had significant changes in
laboratory results including increases in TC (201.9 ± 38.95
vs 209.7 ± 38.95 mg/dL, p=0.05), non-HDL-C (157.7±
35.59 vs 165.4 ±36.92 mg/dL, p= 0,04), TG (171.2 ± 98.45
mg/dL vs 196.3 ± 103.15 mg/dL, p = 0.02), HgbA1c (6.9%
± 2.23 vs 7.35% ± 2.60, p = 0.02), and ALT (36.60 ±
38.92 vs 42.90 ±58.60, p = 0.05). There was also a trend
towards increased fasting insulin (Table 2). Of these subjects, 39.1% were classified as diabetic; no subjects in this
group were diagnosed with new-onset diabetes (Supplemental Figure 1b). There were no significant changes in LDL-C
or HDL-C. There was a statistically significant decrease in
hours of exercise (0.94± 0.94 hours vs. 0.58 ± 0.45 hours,
p = 0.05).

Discussion
Pediatric patients in a subspecialty lipid clinic demonstrated no significant changes in z-scores for both BMI and
WC in the year of the COVID-19 pandemic compared to the
year prior. Among subjects with no changes in LLM, changes
in the lipid panel were statistically, but not clinically, significant. However, there was subset of subjects who did have statistically and clinically significant changes in their lipid panel
(including increased TC, non-HDL-C, and TG), In these sub-

Baseline Demographics of Study Population

Measure
Age, mean (SD)
Female sex, n (%)
Race, n (%)
White
Black/ African American
Asian
American Indian or Alaska
Native
Unavailable

No LLM or Stable LLM
(n=245)

New or increased LLM
(n=52)

Total
(n=297)

14.5 (3.0)
119 (48.6%)

16.3 (3.4)
26 (50%)

14.9 (3.12)
145 (48.8%)

140 (57.1%)
13 (5.3%)
7 (2.9%)
4 (1.6%)

34 (65.4%)
2 (3.8%)
1 (1.9%)
0 (0%)

174 (58.6%)
15 (5.1%)
8 (2.7%)
4 (1.3%)

81 (33.0%)

15 (28.8%)

96 (32.3%)
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Physical Exam, Laboratory, and Self-Reported Hours of Exercise Results
No LLM or Stable LLM (n=245)

New LLM or Increased LLM (n=52)

PrePandemic,
Mean (SD)

During
Pandemic,
Mean (SD)

Physical Exam
BMI z-score
1.54 (1.10)
Waist cir1.30 (1.05)
cumference
z-score
Systolic
63.8
blood
(29.70)
pressure
(mmHg)
Diastolic
52.4
blood
(18.49)
pressure
(mmHg)
Laboratory Markers
TC (mg/dL)
188.7
(36.21)
HDL-C
45.1
(mg/dL)
(13.07)
LDL-C
114.6
(mg/dL)
(31.05)
Non-HDL-C
143.28
(mg/dL)
(31.33)
Triglycerides 153.4
(mg/dL)
(117.54)
Insulin
35.02
(uIU/mL)
(21.35)
HgbA1c (%) 5.7 (1.18)
Glucose
93.55
(mg/dL)
(14.80)
ALT (U/L)
42.60
(41.21)
Exercise
Hours of
0.84 (0.64)
Exercise

During
Pandemic,
Mean (SD)

n

Cohen’s d

P

PrePandemic,
Mean (SD)

n

Cohen’s d
(Hedge’s
correction)

P

1.53 (1.12)
1.37 (1.10)

88
75

0.37
0.14

0.73
.23

1.33 (1.18)
0.99 (1.31)

1.31 (1.24)
1.15 (1.15)

18
15

0.09
0.416

0.70
0.11

69.2 (25.48)

27

0.16

0.43

79.6
(10.08)

86.2 (15.97)

5

0.43

0.3

60.9 (18.60)

27

0.38

0.06

61.5
(18.09)

71.0 (28.94)

5

0.23

0.56

184.6
(38.41)
45.3 (14.09)

213

0.16

0.024

0.28

0.05

0.03

0.66

209.7
(38.95)
44.3 (10.99)

50

215

50

0.09

0.53

109.0
(30.79)
139.2
(34.13)
158.10
(111.93)
37.75
(20.19)
5.7 (1.12)
92.91
(22.58)
41.21
(34.66)

210

0.24

0.13

0.34

0.17

50

0.29

0.04

214

0.07

0.34

50

0.35

0.02

78

0.14

0.23

12

0.56

0.06

84
99

0.02
0.05

0.85
0.60

23
21

0.49
0.28

0.02
0.19

99

0.05

0.60

129.2
(33.77)
165.4
(36.93)
196.3
(103.15)
36.06
(16.67)
7.35 (2.60)
108.02
(58.14)
42.90
(58.60)

49

213

<
0.001
0.016

201.9
(38.95)
43.7
(11.20)
126.0
(35.96)
157.7
(35.59)
171.2
(98.45)
28.35
(14.78)
6.9 (2.23)
98.14
(27.28)
36.70
(38.92)

30

0.37

0.05

0.85 (1.04)

127

-0.07

0.14

0.94 (0.94)

0.58 (0.45)

29

0.37

0.05

ALT= Alanine aminotransferase; BMI= body mass index; HDL-C= high-density lipoprotein cholesterol; HgbA1c=hemoglobin A1c; LDL-C= low-density
lipoprotein cholesterol; LLM= lipid-lowering medication; Non-HDL-C= non- high-density lipoprotein cholesterol; TG = triglycerides.

jects, increases in HgbA1c, fasting insulin, TC, TG, and
ALT were indicative of worsening insulin resistance, dyslipidemia, and hepatic steatosis, respectively. These markers,
particularly those indicating worsening insulin resistance (increased fasting insulin and HgbA1c), are consistent with reports of higher rates of pediatric type 2 diabetes during the
pandemic17–19 .
Notably, there was no increase in z-scores for both BMI
and WC in the year of the COVID pandemic compared to the
year prior in either group. As these scores are standardized
and control for age and gender, in the group with no changes
in LLM this may be a further indicator of minimal changes
during this period. However, in the group of subjects with
changes in LLM who demonstrated worsening insulin resistance and increasing TGs (as described above), we speculate

that the lack of change may indicate an increase in adiposity
with corresponding decrease in lean muscle mass, or maintenance of a stable caloric intake with deterioration in diet
quality. This is particularly noteworthy, as a clinician may be
tempted to focus their monitoring efforts towards children
and adolescents who have had significant increases in their
BMI over the pandemic period. Our data would suggest that
these children, who are already at high cardiometabolic risk,
worsened their cardiometabolic parameters without significantly increasing their BMI. An approach that focuses solely
on children with significant BMI increase may miss many
children with worsening cardiometabolic health.
This study shows a decrease in hours of exercise only in
subjects requiring a new or increased dose in LLM, suggesting that this change may have contributed to the worsening
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of laboratory measures seen in this group. This is consistent
with other reports of decreased physical activity in children
during the pandemic14–16 .
There were 299 subjects who failed to seek care in the
year of the pandemic. We speculate that some of these subjects may represent lower-risk or well-controlled patients,
for whom missing a follow-up would not be detrimental to
their care. In this light, our study population, subjects who
sought care during the pandemic, may represent a higherrisk subgroup than initially thought. However, it is equally
possible that some of these subjects may be at higher risk,
as financial hardships, lack of access or desire to participate in a telemedicine encounter, parental illness or increased
parental responsibilities could all be reasons for missing
follow-up.
Limitations to this study include its observational and retrospective nature; while other studies have also reported unhealthy lifestyle changes in association with the pandemic,
we cannot establish causality. Our study may have limited
generalizability as this is a report from a single center. Furthermore, our study population included children previously
diagnosed with dyslipidemia, and therefore had already been
identified as a population at high risk for ASCVD. In our
study, the population that continued to seek care during the
pandemic year had higher TG and HgbAlc compared to the
subjects that were excluded (Supplemental Table 1). Our
study included both in-person and virtual visits. We were unable to collect all physical exam data during virtual visits,
which decreased sample number for those results and may
have made them less robust than desired. In addition, our
measure of exercise was self-reported, which is a less reliable measure of physical activity.
Interestingly, our data suggest that there is a subset of children (i.e., the group with new or increased LLMs) who are
particularly vulnerable from a cardiometabolic standpoint,
as they experienced significant changes in laboratory markers, whereas most children in our study did not have significant changes in their laboratory markers. Future research to
better characterize which children are particularly at risk for
abrupt worsening of laboratory markers would help identify
these children who could benefit from more frequent monitoring or earlier pharmacotherapy. Furthermore, future studies to investigate long-term impact of these changes via longitudinal follow-up would help to determine if the changes
demonstrated in this study resolve or persist over time. Finally, previous studies suggested that social restrictions due
to the pandemic had a greater impact on already vulnerable
populations, such as families with lower socioeconomic status or children with pre-existing health conditions20 , 26 . Our
data set did not include measures of socioeconomic status,
making this a potential area for future investigation.

Conclusion
Our study shows concerning trends in markers of ASCVD
health (dyslipidemia, insulin resistance, and diabetes), inde-
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pendent of changes in weight, in at-risk children during the
COVID-19 pandemic. The findings suggest that this vulnerable population may benefit from more frequent monitoring
and intense management during such events.
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