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Introduction
Recent reports suggest that SARS-CoV-2 infection could be 
associated with an increased risk of dyslipidemia (1–5). A large 
observational study conducted by FAIR Health in people with 
COVID-19, with no control group, reported that approximately 
3% developed dyslipidemia after the first 30 days of infection 
(2). Similarly, Xu et al. (1) used the national health care data-
bases of the US Department of Veterans Affairs to build (a) a 
cohort of participants who had a positive COVID-19 test and 
survived the first 30 days of infection between March 2020 and 

January 2021, (b) a noninfected contemporary control group 
that included individuals enrolled between March 2020 and 
January 2021, and (c) a historical control group with individuals 
enrolled between March 2018 and January 2019 (1). Compared 
with the noninfected contemporary control group, those in the 
COVID-19 cohort had higher risks and burdens of dyslipidemia 
in the post-acute phase of the SARS-CoV-2 infection. However, 
these data do not clarify whether and to what extent such an 
increased risk could influence the global burden of cardiomet-
abolic disease and how it may affect health systems and health 
care costs. In fact, the data currently available in the literature 
merely refer to comparisons between groups of patients who 
had a clinically confirmed positive SARS-CoV-2 test versus indi-
viduals with similar demographic characteristics who did not 
have COVID-19 (6), thus assessing the effect of the long-term 
individual COVID-19 infection (post-acute sequelae) on the 
incidence of dyslipidemia. Yet, it should be emphasized that the 
attenuation of the severity of COVID-19 symptoms and the use 
of less sensitive self-tests have made the less reliable evaluation 
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2020–2022) and those satisfying our criteria for dyslipidemia on 
January 1, 2017 and January 1, 2020, we obtained data on a cohort 
of 26,366 participants between 2017 and 2022 encompassing 
2,201 individuals diagnosed with COVID-19.

The pre–COVID-19 group included 13,546 participants 
enrolled between January 1, 2017 and December 1, 2019, where-
as the COVID-19 time group included 12,820 individuals enrolled 
between January 1, 2020 and December 31, 2022. A total of 4,270 
and 2,599 individuals were excluded from the 2 groups, respec-
tively, due to missing data, so that we had data available for 9,276 
individuals in the pre–COVID-19 triennium and 10,221 in the 
COVID-19 period (Figure 1), with a follow-up time of at least 1,095 
days corresponding to 21,349,215 person-years. No difference in 
the frequency of lipid testing was detected in the 2 study periods. 
The demographic and clinical characteristics are presented in 
Table 1. As expected, the pre–COVID-19 population was younger; 
in addition, it had a larger percentage of smokers and a lower value 
of mean systolic and diastolic blood pressure (BP).

Figure 2 illustrates the monthly dyslipidemia incidence for the 
complete 6-year follow-up period; a regression of the observed data 
against the counterfactual line was performed. The coefficients 
estimated with the linear regression model revealed a significant 
effect of time on the incidence of dyslipidemia, with a significant 
change in its slope (coefficient b = 0.506, P = 0.01).

The pre–COVID-19 and COVID-19 groups were balanced using 
the propensity score method. The clinical and demographic charac-
teristics of these groups after weighting are shown in Table 2. Evalu-
ation of standardized mean differences of these characteristics after 
weighting revealed differences equal to zero, with a CI of 95% (i.e., 
all the CIs included the zero value), suggesting good balance.

We then compared the risks of prespecified dyslipidemia out-
comes between the COVID-19 and pre–COVID-19 groups. Among 
the total 3,038 patients with dyslipidemia, 1,694 belonged to the 
COVID-19 cohort, while 1,344 were in the pre–COVID-19 cohort. 

of this complex phenomenon and its consequences for public 
health organizations in different countries (7).

Therefore, the present study was designed to examine the 
broader effects of the pandemic on dyslipidemia incidence in a 
real-world population residing in Naples, southern Italy. This anal-
ysis spans a period of 3 years during the pandemic (2020–2022), 
tracking individuals under the care of primary care physicians (8). 
We juxtaposed these findings with data from a pre–COVID-19 era 
population obtained from the same database, covering the period 
from 2017 to 2019.

Results
In this longitudinal cohort study, we harnessed data obtained 
from COMEGEN (COoperativa di MEdicina GENerale: Gener-
al Medicine Cooperative), an association of primary physicians 
in the Naples Local Health Authority of the Italian Ministry of 
Health (ASL Napoli 1 Centro) (9). Founded in 1997, COMEGEN 
today comprises 140 physicians who are linked in a network by 
using the same software, building a database that holds medical 
records of more than 200,000 adults (9). The territorial distri-
bution of the individuals assisted by these physicians is similar to 
that of the city population recorded by the Italian Institute of Sta-
tistics, with no major differences in terms of aggregation by age 
or geographic area (10). We collected data from January 1, 2017 to 
December 31, 2022 (see further details in Methods). Anonymized 
data from electronic records of 228,266 patients in the 2017–2022 
period were considered for the study and included 31,764 indi-
viduals with a confirmed diagnosis of COVID-19. Dyslipidemia 
outcomes consisted of either incident abnormal lipid laboratory 
results (i.e., total cholesterol above 200 mg/dL, HDL cholester-
ol below 40 mg/dL, or triglycerides above 150 mg/ dL) or inci-
dent lipid-lowering medication prescriptions (i.e., prescription of 
fibrates and/or statins). After excluding individuals with less than 
3 observation/year in each of the 2 study periods (2017–2019 and 

Figure 1. Flow chart of the study.
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To our knowledge, our research is the first to be conducted 
on a large sample of the general population rather than relying 
on hospital or outpatient clinic databases. In Italy, every citizen 
has a primary care physician (family doctor), who provides care 
even in the absence of specific health issues. Consequently, the 
database we used encompassed not only patients with diag-
nosed conditions but also individuals without known illnesses 
(or those unaware of any). This situation is particularly relevant 
to COVID-19, as the reduction in symptoms and the lack of thor-
ough infection tracking have led many people to contract the 
virus without realizing it or reporting it to health authorities.

While we believe that a history of COVID-19 infection 
influences the risk of dyslipidemia, we also recognize that the 
reported positivity rate in our sample is significantly underesti-
mated compared with the prevalence observed in Italy (approx-
imately 40%, varying by region). For instance, in Campania 
(the region in which Naples is located), there have been over 
2.4 million COVID-19 cases during the 3 years of the pandemic 
among a total population of 5.5–6 million. Given the significant 
underreporting of COVID-19 positivity in our dataset, we opted 
not to include this information in our model, as doing so could 
have introduced bias.

Having access to data on the population in the years before 
and during the COVID-19 pandemic constitutes a major strength 
of our study. In this manner, we successfully addressed the chal-
lenge of unawareness of the disease, which has been a significant 
limitation in prior studies because it is impossible to guarantee 
that the control groups are genuinely free of infection.

The analyses conducted by Xu and collaborators (1) had 
shown that patients with COVID-19 face a heightened risk of dys-
lipidemia and are more likely to be on lipid-lowering medications,  
which implies a greater susceptibility to developing cardiomet-
abolic disorders. However, these assessments did not elucidate 
the potential effect of this augmented risk on the overall burden 
of cardiometabolic diseases or its implications for health care 
systems and costs. Our observation that the risks of incident 
composite dyslipidemia outcomes were evident in subgroups 
on the basis of age, obesity, CVD, CKD, COPD, diabetes, and 

The risks associated with dyslipidemia outcome are illustrated in 
Figure 3. Compared with the pre–COVID-19 triennium, we detected 
a significantly increased risk of patients developing any dyslipidemia 
outcome during the COVID-19 period (OR = 1.29, 95% CI 1.19–1.39).

Table 2 also shows the prevalence of comorbidities in the 
overall population in the pre–COVID-19 triennium and during the 
COVID-19 pandemic. In the latter period, there was an increased 
prevalence of all the considered pathologies, which achieved sta-
tistical significance except for chronic obstructive pulmonary 
disease (COPD). Hence, in order to rule out the possibility that 
the increased risk of dyslipidemia could be a mere clustering of 
cardiometabolic risk augmentation as opposed to an independent 
phenomenon, we adjusted this parameter for demographic factors 
as well as for comorbidities by a multivariate analysis. Specifically, 
the increased risk of an incident composite dyslipidemia outcome 
was evident in subgroups based on age class (OR = 1.54, 95% CI 
1.40–1.70), obesity (OR = 1.22, 95% CI 1.09–1.36), cardiovascular 
disease (CVD) (OR = 1.29, 95% CI 1.18–1.40), chronic kidney dis-
ease (CKD) (OR = 1.41, 95% CI 1.25–1.59), COPD (OR = 1.20, 95% 
CI 1.07–1.36), diabetes (OR = 2.07, 95% CI 1.90–2.25), and hyper-
tension (OR = 1.30, 95% CI 1.18–1.43).

In order to further highlight the role of the COVID-19 pan-
demic on the incidence of the key components of the definition 
of dyslipidemia and among individuals of different ages, sex, and 
comorbidities, we stratified the results obtained according to the 
pre–COVID-19 and COVID-19 periods. As shown in Figure 4, this 
analysis indicated that during the COVID-19 period, only the OR 
for total cholesterol levels above 200 mg/dL did, in fact, increase, 
whereas the risk of the composite outcome was reduced in patients 
with diabetes or CKD and in individuals older than 65 years of age, as 
shown in Supplemental Tables 1 and 2; supplemental material avail-
able online with this article; https://doi.org/10.1172/JCI183777DS1.

Discussion
The main finding of our study is the observation that the 
increased risk of dyslipidemia during the COVID-19 pandemic 
involved not only patients who had SARS-CoV-2 infection but 
the whole population.

Table 1. Baseline demographic and clinical characteristics before propensity score matching

Parameter
Overall 

n = 26,366
Pre–COVID-19 
n = 13,546

COVID-19 
n = 12,820 P

Age (years) 68.00 (25.00) 64.00 (29.00) 71.00 (21.00) <0.001
Sex

Male 11,044 (41.9%) 5,727 (42.3%) 5,317 (41.5%) 0.20
Female 15,322 (58.1%) 7,819 (57.7%) 7,503 (58.5%)

BMI, Kg/m2 27.92 (7.55) 26.58 (4.51) 29.34 (8.92) 0.24
Current smoker 5,044 (19.4%) 2,489 (18.4%) 2,555 (19.0%) <0.001
eGFR, mL/min/1.73 m2 77.80.(15.77) 81.33 (11.67) 76.55 (17.89) 0.02
Systolic BP, mmHg 126.54 (14.34) 125.13 (14.48) 127.97 (14.18) <0.001
Diastolic BP, mmHg 77.74 (14.89) 75.99 (15.35) 78.49 (14.37) <0.01
Total cholesterol, mg/dL 187.00 (47.00) 187.00 (47.00) 187.00 (49.00) 0.21
HDL cholesterol, mg/dL 51.00 (17.00) 51.00 (16.00) 51.00 (17.92) 0.31
Triglycerides, mg/dL 104.00 (57.00) 104.00 (55.00) 104.00 (57.00) 0.55

Data are expressed as the mean (SD) or numbers (percentage). Values in bold denote significance.
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reduce the antioxidative and antiinflammatory effects of HDL 
and eventually lead to pulmonary inflammation (11). Besides, lipo-
proteins containing oxidized phospholipids and fatty acids may 
contribute to virus-related organ injury by excessively activating 
innate immune scavenger receptors; restoring lipoprotein function 
using ApoA-I elevating agents or inhibiting these scavenger recep-
tors with neutralizing antibodies could, therefore, be beneficial 
in the treatment of COVID-19 (12). Second, the pandemic itself, 
but not necessarily the infection, might have raised plasma lipid 
levels via increased stress as a consequence of dramatic changes 
in health strategies, lifestyle, and economic status (13–21). The 
pandemic crisis has caused great unrest in society and unprece-
dented changes in lifestyle, work, and social interactions (22). The 
enforcement of measures like social distancing and the shutdown 
of gatherings and interaction spaces such as parks, schools, cafes, 

hypertension is in agreement with the results of Xu et al. (1), 
with the only difference being that in their study, males had a 
greater risk of developing dyslipidemia, while we failed to con-
firm this finding, most likely on account of the different female-
to-male ratios between the 2 studies.

Our study is not exempt from limitations. First, we recog-
nize that our findings do not permit any conjecture regarding the 
pathophysiological mechanisms contributing to the heightened 
incidence of dyslipidemia during the COVID-19 period. These 
mechanisms could encompass direct effects of SARS-CoV-2 infec-
tion, as well as indirect influences such as stress, alterations in diet 
and physical activity, modifications in cardiovascular prevention 
strategies, and limited access to health care during the pandemic. 
Sorokin and colleagues hypothesized that changes in the compo-
sition and/or quantity of HDL that occur with COVID-19 could 

Figure 2. Monthly incidence of dyslipidemia in our 
population during the 6-year observation period. 
Each bar indicates 1 month.

Table 2. Baseline demographic and clinical characteristics after propensity score matching

Parameter
Overall 
n = 16,328

Pre–COVID-19  
n = 8,164

COVID-19  
n = 8,164 Difference 95% CI P

Age (years) 69.23 (16.31) 69.43 (16.59) 69.02 (16.02) 0.41 –0.09, 0.91 0.110
Sex

Male 6,818 (41.8%) 3,457 (42.3%) 3,361 (41.2%) 0.02 –0.01, 0.05 0.766
Female 9,510 (58.2%) 4,707 (57.7%) 4,803 (58.8%)

BMI, Kg/m2 26.83 (4.53) 26.69 (4.52) 26.97 (4.54) –0.28 –0.41, 0.14 0.121
Current smoker 4,197 (25.7%) 2,174 (26.6%) 2,023 (24.8%) 0.04 –0.01, 0.07 0.866
eGFR, mL/min/1.73 m2 78.97 (32.09) 78.08 (29.61) 79.87 (44.45) –1.80 –5.80, 2.30 0.400
Systolic BP, mmHg 126.82 (14.39) 126.99 (14.76) 126.65 (14.01) 0.34 –0.10, 0.78 0.130
Diastolic BP, mmHg 77.34 (9.96) 77.54 (8.17) 77.14 (11.47) 0.41 –0.10, 0.71 0.971
Total cholesterol, mg/dL 190.50 (366.57) 190.26 (138.95) 190.73 (499.46) –0.47 –12.0, 11.0 0.933
HDL cholesterol, mg/dL 53.08 (15.14) 52.84 (15.65) 53.32 (14.61) –0.48 –0.94, 0.01 0.454
Triglycerides, mg/dL 118.30 (75.27) 117.20 (75.65) 119.41 (74.88) –2.20 –4.50, 0.10 0.091
Comorbidities

CVD 4,611.0 (28.2%) 2,188.0 (26.8%) 2,423.0 (29.7%) 0.06 –0.03, 0.09 <0.001
CKD 1,504.0 (9.2%) 657.0 (8.0%) 847.0 (10.4%) 0.08 –0.05, 0.11 <0.001
COPD 1,552.0 (9.5%) 743.0 (9.1%) 809.0 (9.9%) 0.03 0.00, 0.06 0.080
Diabetes 3,697.0 (22.6%) 1,541.0 (18.9%) 2,156.0 (26.4%) 0.18 –0.15, 0.21 <0.001
Hypertension 11,163.0 (68.4%) 5,408.0 (66.2%) 5,755.0 (70.5%) 0.09 –0.06, 0.12 <0.001

Data are expressed as the mean (SD) or numbers (percentage), with standardized mean differences with a 95% CI shown.
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incidence rates, and the COMEGEN database facilitates a precise assess-
ment in this regard by recording when each individual was entered into 
the database and began contributing data to the cohort, as well as docu-
menting dates of death, end of follow-up, and end of observation. The 
COMEGEN database provided demographic and clinical data, along 
with laboratory measurements and medication information.

Study outcomes
We specified the composite of any dyslipidemia outcome as the first 
occurrence of any of the predefined dyslipidemia outcomes (prescrip-
tion of lipid-lowering medications and/or abnormal lipid laboratory 
results). Furthermore, we carried out subgroup analyses consisting of 
age (≤65 years or >65 years), sex (male or female), hypertension, dia-
betes, obesity (≥30 kg/m2), smoking, CVD, and CKD.

Study variables
Predefined covariates included a prescription record of antidyslip-
idemic agents, demographic characteristics, clinical characteristics, 
and comorbidities (28–31). Specifically, demographic characteristics 
included age, sex, BMI, and smoking status (never, former, or current). 
Clinical characteristics included systolic/diastolic BP readings and 
estimated glomerular filtration rate (eGFR). Comorbidities included 
CVD, CKD, COPD, diabetes, and hypertension.

CVD was defined as heart failure, coronary heart disease, myo-
cardial infarction, or stroke. CKD was defined according to the eGFR, 
which was calculated according to the 2021 race- and ethnicity-free 
CKD Epidemiology Collaboration creatinine equation (32, 33), and 
participants were classified into 4 CKD risk levels: low, moderate, high, 
and very high (34); moderate- or higher-risk levels of CKD were consid-
ered CKD in the current analysis (35–37). Diabetes was defined as the 
presence of type 2 diabetes, which was established by either diagnosed 
diabetes or antidiabetes therapy and also by a glycated hemoglobin lev-
el of at least 6.5% in the absence of a diagnosis (undiagnosed diabetes) 

and similar venues have led to nontrivial social effects (23, 24). 
Third, although defining the precise molecular mechanisms is 
beyond the scope of this epidemiologic study, we believe that the 
sharp increase in the risk of developing dyslipidemia recorded in 
patients with diabetes during the COVID-19 pandemic deserves 
further investigation. Finally, weaknesses also include the use of 
a cohort that was not population based, the potential misclassifi-
cation of incident versus  prevalent cases, and a possible selection 
bias due to exclusion of large numbers of people.

Methods
Sex as a biological variable. Both males and females were included in 
this study.

Study design and participants
The database included participants above the age of 18 years. Indi-
viduals with any history of abnormal lipid laboratory results or lipid- 
lowering medication prescriptions on January 1, 2017 were excluded. 
The COVID-19 diagnosis was established on the basis of  a documented 
positive PCR test, as we described previously (8, 25–27), or following a 
previous hospital admission with a confirmed COVID-19 diagnosis.

The COMEGEN database gathers diagnoses following the Interna-
tional Classification of Diseases 10 (ICD-X) (8). Pharmaceutical prescrip-
tions are documented in the COMEGEN database, which includes details 
such as the date, brand name, and active ingredients, along with the quan-
tities and methods of administration. Additionally, the database con-
tains information on vital signs, weight, height, BMI, chronic conditions, 
medical visits, hospitalizations, emergency department visits, medica-
tion dispensations, testing, and vaccinations (including for COVID-19). 
These comprehensive data enable real-time tracking of patient man-
agement concerning processes and outcomes, drug usage, diagnos-
tic evaluations, and the complexity and comorbidities of the patient 
population (9). Evaluation of person-time is essential for calculating  

Figure 3. ORs for dyslipidemia in the 
pre–COVID-19 and COVID-19 cohorts 
adjusted for demographic factors and 
comorbidities.
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(38, 39). Hypertension was defined as a record of systolic BP above 140 
mmHg and/or diastolic BP above 90 mmHg, or a previous diagnosis of 
hypertension as defined by the ICD-10 (10th revision of the Interna-
tional Classification of Diseases; code I-10), or a prescription record of 
antihypertensive medications for more than 30 days.

Statistics
Categorical variables are reported as absolute frequencies and per-
centages, whereas continuous variables are reported as means and SD. 
The Shapiro-Wilk normality test was used to assess the normal distri-
bution of the data. Differences between pre–COVID-19 (i.e., in the 
3-year period of 2017–2019) and COVID-19 (i.e., in the 3-year period 
of 2020–2022) groups in baseline characteristics were tested by Pear-
son χ2 or Fisher’s exact tests for categorical variables and by Welch’s t 
test for continuous variables.

To characterize the individuals affected by dyslipidemia, the follow-
ing criteria were considered (note that the patients who already had any 
of these conditions on January 1, 2017 and January 1, 2020, respectively, 
in the pre–COVID-19 and COVID-19 groups were excluded): total cho-
lesterol above 200 mg/dL, HDL cholesterol below 40 mg/dL, triglycer-
ide levels above 150 mg/dL, and on lipid-lowering therapy.

Given the difference between the pre–COVID-19 and COVID-19 
groups in terms of baseline characteristics, propensity scores were cal-
culated and used to match the 2 groups with respect to the baseline 
covariates (i.e., age, sex, BMI, smoking habit, creatinine, systolic BP, 
diastolic BP, total cholesterol, HDL cholesterol, and triglycerides). The 
propensity score is the conditional probability of having the treatment 
given a vector of measured covariates (40). Propensity score matching 
was performed as we previously described (40), according to the step-
by-step process outlined below.

Selection of covariates. The baseline covariates considered for 
the propensity score calculation were selected on the basis of their 
clinical relevance and potential to influence the outcomes of inter-
est. The selected covariates included: age, sex, BMI, smoking habit,  

creatinine levels, systolic BP, diastolic BP, total cholesterol, HDL 
cholesterol, and triglycerides.

Propensity score estimation. We used a multivariable logistic regres-
sion model to estimate the propensity score, which represents the con-
ditional probability of being in the COVID-19 group given the mea-
sured covariates. This logistic regression model included the selected 
covariates as predictors and the group assignment (pre–COVID-19 vs. 
COVID-19) as the outcome. The model was fitted using the MatchIt R 
package with a probit link function.

Matching algorithm. Once the propensity scores were estimated, 
we performed the matching using a nearest-neighbor approach (40). 
This method paired each individual in the COVID-19 group with an 
individual from the pre–COVID-19 group who had the closest propen-
sity score, within a defined tolerance (caliper). The key parameters 
for the matching process were (a) the caliper width, set at 0.2 of the 
SD of the logit of the propensity score, which restricts the maximum 
allowable difference in propensity scores between matched pairs to 
minimize bias and (b) the matching ratio, in this case, a 1:1 matching 
ratio, meaning each individual in the COVID-19 group was matched to 
1 individual from the pre–COVID-19 group.

Final matched dataset. After the matching process, the final 
matched dataset was obtained using the MatchIt R package. This data-
set included only the pairs of individuals whose propensity scores fell 
within the defined caliper. The balance of covariates between the 2 
groups was assessed by calculating the standardized mean differences 
(SMDs) for each covariate, along with their 95% CIs, both before and 
after matching. SMD values below 0.1 were considered indicative of a 
good balance between the 2 groups.

Outcome of interest. It is important to note that the propensity score 
model was designed to balance baseline covariates across the groups 
rather than to predict the outcome of interest

Diagnostics and assessment of matching quality. To verify the effec-
tiveness of the matching, we plotted the distribution of propensity 
scores in both groups before and after matching. Additionally, we 

Figure 4. ORs for dyslipidemia with respect to the 3 principal components (i.e., abnormal lipid laboratory results, shown in italics) and to the compos-
ite outcome for individuals with different demographic factors (sex and age) and comorbidities (namely hypertension, diabetes, COPD, CKD, obesity) 
stratified according to the pre–COVID-19 and COVID-19 periods. See also Supplemental Tables 1 and 2.



The Journal of Clinical Investigation   C L I N I C A L  M E D I C I N E

7J Clin Invest. 2024;134(21):e183777  https://doi.org/10.1172/JCI183777

Author contributions
G Santulli and BT were responsible for designing research stud-
ies, acquiring data, analyzing data, and writing the manuscript. 
VT, RI, SSJ, MF, G Signoriello, MVM, ML, FR, PM, and FV were 
responsible for data collection and analyses. PG, GE, RP, CM, 
and GP contributed to data curation and critical revision of the 
manuscript. All authors agreed on the content of the manuscript, 
reviewed drafts, and approved the final version. All authors had 
full responsibility for the decision to submit for publication. The 
order of co–first authors’ names was determined by drawing lots.

Acknowledgments
The Santulli Laboratory is currently supported in part by the 

National Heart, Lung, and Blood Institute (NHLBI), NIH (R01-
HL164772, R01-HL159062, R01-HL146691, T32- HL144456, 
T32-HL172255); the National Institute of Diabetes and Diges-
tive and Kidney Diseases (NIDDK), NIH (R01-DK123259, R01-
DK033823); the National Center for Advancing Translational Sci-
ences (NCATS), NIH (UL1-TR002556-06, UM1-TR004400); and 
the Monique Weill-Caulier and Irma T. Hirschl Trusts (to GS). The 
laboratory is also supported in part by the American Heart Associ-
ation (AHA) (24IPA1268813, to GS; AHA-21POST836407, to SSJ; 
AHA-22POST915561 and AHA 24POST1195524, to FV). RI is sup-
ported by PNRR-POC-2022-12376833, financed by the European 
Union (EU), NextGenerationEU – CUP: C63C22001310007.

Address correspondence to: Gaetano Santulli, 1300 Mor-
ris Park Avenue, 10461 New York City, New York, USA. Phone: 
1.718.430.3370; Email: gsantulli001@gmail.com.

compared the baseline covariates between the groups using SMDs. 
The matching process was deemed successful if the SMD for each 
covariate was statistically significant at 5% (i.e., CIs at a 95% of confi-
dence degree include the zero value).

A multivariable logistic regression model was performed to esti-
mate the effect of the potential group risk factor of dyslipidemia. In par-
ticular, ORs estimated by logistic regression measured the probability 
of developing dyslipidemia in the COVID-19 group on the probability 
of developing dyslipidemia in the pre–COVID-19. The OR estimates 
were adjusted for demographic and clinical factors. The same approach 
was used to estimate the effect of the 3 principal components (i.e., the 
3 abnormal lipid laboratory results except the lipid-lowering therapy 
because it had a strong association with these 3 factors) on developing 
dyslipidemia within the pre–COVID-19 and COVID-19 cohorts. The 
OR estimates were adjusted for demographic and clinical factors.

Statistical analyses were performed using R (version 4.4.1, R 
Foundation for Statistical Computing), SPSS (Statistical Product and 
Service Solutions, version 29), or GraphPad Prism (version 10.1.2, 
Dotmatics). A P value of less than 0.05 was considered significant.
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available upon reasonable request to the corresponding author, sub-
ject to institutional review and approval.
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