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Background: Alteration in blood triglyceride levels have been found in patients with coronavirus 
disease 2019 (COVID-19). However, the association between hypertriglyceridemia and mortality in 
COVID-19 patients is unknown. 

Objective: To investigate the association between alteration in triglyceride level and mortality in 
hospitalized COVID-19 patients. 

Methods: We conducted a retrospective study of 600 hospitalized patients with COVID-19 diagnosis 
(ICD10CM:U07.1) and/or SARS-CoV-2 positive testing results between March 1, 2020 and December 
21, 2020 at a tertiary academic medical center in Milwaukee, Wisconsin. De-identified data, including 
demographics, medical history, and blood triglyceride levels were collected and analyzed. Of the 600 
patients, 109 patients died. The triglyceride value on admission was considered the baseline and the 
peak was defined as the highest level reported during the entire period of hospitalization. Hypertriglyc- 
eridemia was defined as greater than 150 mg/dl. Logistic regression analyses were performed to evaluate 
the association between hypertriglyceridemia and mortality. 

Results: There was no significant difference in baseline triglyceride levels between non-survivors 
( n = 109) and survivors ( n = 491) [Median 127 vs. 113 mg/dl, p = 0.213]. However, the non-survivors 
had significantly higher peak triglyceride levels during hospitalization [Median 179 vs. 134 mg/dl, 
p < 0.001]. Importantly, hypertriglyceridemia independently associated with mortality [odds ratio = 2.3 
(95% CI: 1.4–3.7, p = 0.001)], after adjusting for age, gender, obesity, history of hypertension and dia- 
betes, high CRP, high leukocyte count and glucocorticoid treatment in a multivariable logistic regression 
model. 
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Conclusions: Hypertriglyceridemia during hospitalization is independently associated with 2.3 times 
higher mortality in COVID-19 patients. Prospective studies are needed to independently validate this 
retrospective analysis. 
© 2021 National Lipid Association. Published by Elsevier Inc. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

The pandemic of coronavirus disease 2019 (COVID-19)
has become a critical health threat since December 2019, af-
fecting millions of people worldwide. 1 Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is the pathogen
that causes COVID-19. 2 COVID-19 has a broad spectrum of
clinical characteristics, ranging from asymptomatic to life-
threatening conditions. In the early stages, most patients
show mild clinical symptoms, including fever, dry cough,
myalgia, and fatigue. However, around 20% rapidly progress
to severe illness characterized by acute respiratory distress
syndrome (ARDS) and multiorgan dysfunction 

3 and almost
10% of these critically ill patients do not survive. 3,4 Overall,
2.3% of people with COVID-19 die but the risk of death is
significantly influenced by age. 5 Systemic dysregulation of
the inflammatory response is a major contributor associated
with death in patients with COVID-19. 4 , 6 

Accumulating evidence has suggested a potential role
for triglyceride, a hydrophobic lipid molecule, in inflam-
mation. Triglyceride promotes leukocyte activation in hu-
mans 7 and triglyceride primes the aortic endothelium for an
enhanced inflammatory response to cytokine stimulation. 8 

Blood triglyceride levels are increased in obesity and di-
abetes. 9 , 10 Moreover, obesity and diabetes are risk factors
of disease severity and mortality in patients with COVID-
19. 11 , 12 However, whether triglyceride levels are indepen-
dently associated with either an exaggerated inflammation
activity and/or increased mortality in patients with COVID-
19 is unknown. 

In the current study, we performed a retrospective investi-
gation to examine the association between triglyceride levels
and mortality in hospitalized patients with COVID-19. 

Methods 

Study design and population. We retrospectively reviewed
hospitalized patients at a large urban tertiary care aca-
demic medical center in Milwaukee, Wisconsin. Subjects
with COVID-19 diagnosis (ICD10CM:U07.1) and/or SARS-
CoV-2 positive test between March 1, 2020 and Decem-
ber 21, 2020 were identified using Clinical Research Data
Warehouse query tools offered by the Clinical & Transla-
tional Science Institute at the Medical College of Wiscon-
sin (MCW). Positive SARS-CoV-2 testing results include
SARS-CoV-2 RNA presence in respiratory specimen by nu-
cleic acid amplification with probe detection, and/or SARS-
CoV-2 IgG Ab presence in serum or plasma by immunoassay.
600 inpatients with age, gender, BMI (body weight index),
medical history and laboratory tests, were included in the
study. 

Data collection. Demographic characteristics, medical
histories, medication administered, and laboratory test data
of de-identified participants were extracted using Froedtert
Health System Honest Broker Data Extraction Tools. The
Clinical Research Data Warehouse has a waiver of informed
consent for fully de-identified data from the MCW Institu-
tional Review Board. Laboratory test results including blood
triglyceride, CRP and leukocyte counts were collected. The
first-documented clinical and laboratory test data at admis-
sion were considered baseline. Peak triglyceride, CRP and
leukocyte counts were defined as the highest levels of those
reached during the entire hospitalization period. Obesity was
defined as BMI ≥ 30 kg/m 

2 . 13 Hypertriglyceridemia was
defined as blood triglyceride ≥ 150 mg/dL. 14 , 15 High CRP
was defined as CRP ≥ 3 mg/L. 16 High leukocyte count was
defined as ≥ 10 × 10 

9 /L. 17 Information of glucocorticoids
treatment during hospitalization period was collected. Lo-
gistic regression analyses were performed to evaluate the as-
sociation between hypertriglyceridemia and mortality. Pear-
son correlation analyses were used to evaluate the relation
of CRP and leukocyte counts with triglyceride. Diabetes
(ICD10CM: E08-E13) and hypertension (ICD10CM: I10)
were defined based on documented clinical diagnosis. 

Statistical analysis. Numerical variables were expressed
as “median (interquartile range, IQR)”. Categorical variables
were expressed as “percentages ( n numbers)”. Differences
in numerical variables between groups were analyzed by the
Mann-Whitney U test, and categorical variables were ana-
lyzed by the chi-square test. The Pearson’s correlation and
the multiple linear regression analysis were used to evalu-
ate the association of CRP and leukocyte count with triglyc-
eride. Logistic regression models were used to perform asso-
ciation analyses and Concordance statistic (C-statistic) was
used to evaluate the accuracy of the logistic regression model.
All statistical analyses were carried out using SPSS software
(version 20.0; SPSS Inc., Cary, Chicago, USA). For all anal-
yses, two-tailed p values < 0.05 were considered statistically
significant. 

Results 

Baseline characteristics of study population 

The flow diagram of study population inclusion was
shown in Fig. 1 . A total of 600 inpatients with COVID-19,
consisting of 307 males (51.2%), were included in the study
( Fig. 1 ). Median age was 66 (IQR, 53–77) years and me-
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Fig. 1 The flowchart of study population inclusion. COVID-19, 
coronavirus disease 2019; BMI, body mass index; CRP, C-reactive 
protein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dian BMI was 30.1 (IQR, 25.0–35.7) kg/m 

2 ( Table 1 ). Base-
line characteristics of all participants were shown in Table 1 .
The 109 patients (18.2%) who died were older than those
who survived and were predominantly male. Non-survivors
had higher median leukocyte count yet remained in the nor-
mal range. Blood CRP levels were higher in non-survivors,
and total cholesterol levels were lower in non-survivors. All
p < 0.05. There was also a higher prevalence of hypertension
in non-survivors ( p < 0.01). 

Peak triglyceride level during hospitalization 

Non-survivors had higher median peak triglyceride lev-
els than survivors (179 vs. 134 mg/dL, p < 0.001; Table 2 ,
Table 1 Baseline characteristics of study population. 

Total( n = 600) Non-s

Clinical characteristics 
Age, years 66 (53–77) 75 (67
Male percentage,% (n) 51.2 (307) 60.6 (
BMI, kg/m 

2 30.1 (25.0–35.7) 28.8 (
Obesity percentage,% (n) 50.3 (302) 44.0 (
Hypertension,% (n) 61.0 (366) 72.5 (
Diabetes,% (n) 36.0 (216) 40.4 (

Biochemical parameters 
Platelet, x10 9 /L 211 (171–259) 208 (1
Leukocyte count, x10 9 /L 6.8 (5.2–9.5) 7.6 (5
Total cholesterol, mmol/L ∗ 154 (130–188) 144 (1
Triglyceride, mg/dl 114 (86–167) 127 (8
CRP, mg/L 4.8 (1.8–10.6) 9.6 (3

Data are shown as median (interquartile range), or percentages ( n ) as app
Chi-Square test between non-survivors and survivors. Two-tailed p < 0.05 was c
protein. ∗ Data of total cholesterol level was available for 248 subjects, includin
Fig. 2 ), while baseline levels were not statistically different
(127 vs. 113 mg/dL, p = 0.213; Table 1 ), suggesting a more
prominent increase in blood triglyceride in non-survivors
during their hospitalization. 

Association between hypertriglyceridemia and 

mortality 

In a univariate logistic regression analysis, presence of
hypertriglyceridemia after hospital admission was associ-
ated with 2 times higher mortality [odds ratio (OR) = 2.0,
95% confidential interval (CI), 1.3–3.0, p = 0.001] ( Table 3 ).
Moreover, the co-morbidity of hypertension along with
high CRP and high leukocyte counts were associated with
higher mortality ( Table 3 ). Pre-existing obesity and dia-
betes are risk factors for severity/mortality in patients with
COVID-19, 11 , 12 and hypertriglyceridemia is often seen in
these conditions. 9 We therefore used multivariable logis-
tic regression analysis to test whether hypertriglyceridemia
associated with mortality independently of diabetes, obe-
sity, age, gender, hypertension, high CRP, high leukocyte
count and glucocorticoid treatment. We found thathyper-
triglyceridemia associated with 2.3 times higher mortality
after adjusting for those factors (OR = 2.3, 95% CI, 1.4–
3.7, p = 0.001, C-statistic = 0.796) ( Table 3 ). In sum-
mary, these data indicated that the association between hy-
pertriglyceridemia and mortality was independent of dia-
betes and obesity, the known contributing factors to hy-
pertriglyceridemia. Moreover, the association was indepen-
dent of other risk factors of mortality including hyperten-
sion, high CRP, and high leukocyte count ( Table 3 ). How-
ever, we found that the presence of hypertriglyceridemia
at baseline was not associated with mortality, suggest-
ing that increased triglyceride levels during hospitalization
may be useful in assessing mortality risk in patients with
COVID-19. 
urvivors( n = 109) Survivors( n = 491) p 

–84) 63 (51–75) < 0.001 
66) 49.1 (241) 0.034 
23.6–35.5) 30.3 (25.6–35.8) 0.104 
48) 51.7 (254) 0.034 
79) 58.5 (287) 0.007 
44) 35.0 (172) 0.321 

59–249) 212 (171–261) 0.239 
.5–10.4) 6.6 (5.1–9.1) 0.025 
19–162) 156 (131–190) 0.039 
5–189) 113 (87–164) 0.213 
.6–17.4) 4.4 (1.6–9.4) < 0.001 

ropriate. P values were from analyses of the Mann-Whitney U test, or 
onsidered statistically significant. BMI, body mass index; CRP, C-reactive 
g 231 survivors and 17 non-survivors. 



Dai et al 727 

Table 2 Peak values of triglyceride, C-reactive protein, and leukocyte count in COVID-19 patients during hospitalization. 

Total Non-survivors Survivors p 
( n = 600) ( n = 109) ( n = 491) 

Triglyceride, mg/dl 139 (100–216) 179 (108–381) 134 (99–199) < 0.001 
CRP, mg/L 8.9 (3.8–16.8) 17.5 (11.8–28.9) 7.3 (3.3–14.0) < 0.001 
Leukocyte count, x10 9 /L 11.4 (8.1–16.1) 17.2 (11.8–25.6) 10.6 (7.8–14.6) < 0.001 

Data are shown as median (interquartile range). P values were from analyses of the Mann-Whitney U test between non-survivors and survivors group. 
Two-tailed p < 0.05 was considered statistically significant. CRP, C-reactive protein. 
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Fig. 2 Blood levels of triglyceride in the study population 
( Table 2 ). The first-documented clinical and laboratory test data at 
admission were considered baseline. Peak triglyceride values were 
defined as the highest levels of those reached during the entire hos- 
pitalization period. Results are shown as median. Asterisks repre- 
sent statistical significance at ∗p < 0.05 or ∗∗∗p < 0.001; N.S., non- 
significant, using Mann-Whitney U test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No correlation between glucocorticoid use and 

mortality in COVID-19 patients during 

hospitalization 

SARS-CoV-2 infection-induced hyper-inflammatory re-
sponse is associated with disease severity and mortality
in COVID-19 patients. 18 As anti-inflammation agents, glu-
cocorticoids have been used to treat COVID-19 patients
Table 3 Logistic analysis of the association between hypertriglyceride

Univariable analysis 

OR (95% CI) 

Presence of hypertriglyceridemia 2.0 (1.3–3.0) 
Age 1.0 (1.0–1.1) 
Male gender 1.6 (1.0–2.4) 
Obesity 0.7 (0.5–1.1) 
Presence of hypertension 1.9 (1.2–3.0) 
Presence of diabetes 1.3 (0.8–1.9) 
Presence of high CRP 6.5 (2.6–16.3) 
Presence of high leukocyte count 5.0 (2.8–8.7) 
Glucocorticoid treatment 1.3 (0.8–1.9) 

P values from analysis of the logistic regression analysis. Two-tailed p < 0
C-reactive protein; OR, odds ratio; CI, confidence interval. Obesity was defined 
eride ≥ 150 mg/dL. High CRP was defined as CRP ≥ 3 mg/L. High leukocyte cou
with hyper-inflammatory phenotype. 19–22 Increased blood
triglyceride is a side effect associated with glucocorticoid
treatment. 23–25 In order to investigate whether glucocorti-
coid treatment affected the association between hypertriglyc-
eridemia and mortality in our study, we collected information
on glucocorticoid treatment during hospitalization period, in-
cluding the use of betamethasone, dexamethasone, hydro-
cortisone, methylprednisolone, prednisone and budesonide.
In our study population, 47.7% (286/600) of COVID-19 pa-
tients received glucocorticoid therapy ( Table 4 ). However,
there was no significant difference in the percentage of gluco-
corticoid usage between non-survivors (52.3%, 57/109) and
survivors (46.6%, 229/491) ( p = 0.291) ( Table 4 ). Further-
more, no association was found between the use of gluco-
corticoids and mortality in both the univariable and multi-
variable logistic regression analyses ( Table 3 ). Moreover, the
association between hypertriglyceridemia and mortality re-
mained significant after adjusting the glucocorticoid usage
in the logistic regression analysis ( Table 3 ), indicating the
association between hypertriglyceridemia and morality was
not dependent on the glucocorticoid use in our study popu-
lation. 

Correlation of CRP and leukocyte count with 

triglyceride 

To evaluate whether increased blood triglyceride was as-
sociated with enhanced inflammatory activity, we first ana-
mia during hospitalization and mortality. 

Multivariable analysis 

p OR (95% CI) p 

0.001 2.3 (1.4–3.7) 0.001 
< 0.001 1.0 (1.0–1.1) < 0.001 
0.031 1.6 (1.0–2.6) 0.050 
0.147 1.0 (0.6–1.7) 0.854 
0.007 1.5 (0.9–2.5) 0.166 
0.294 0.8 (0.5–1.3) 0.342 
< 0.001 4.1 (1.5–10.6) 0.005 
< 0.001 4.2 (2.3–7.7) < 0.001 
0.286 1.0 (0.6–1.5) 0.889 

.05 was considered statistically significant. BMI, body mass index; CRP, 
as BMI ≥ 30 kg/m 

2 . Hypertriglyceridemia was defined as blood triglyc- 
nt was referred to leukocyte counts ≥ 10 × 10 9 /L. 
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Table 4 Medications of glucocorticoid in COVID-19 patients during hospitalization. 

Total Non-survivors Survivors p 
( n = 600) ( n = 109) !( n = 491) 

Glucocorticoid, percentage,% (n) 47.7 (286) 52.3 (57) 46.6 (229) 0.291 

Data are shown as percentages ( n ). P values were from analyses of the Chi-Square test between non-survivors and survivors group. Two-tailed p < 0.05 
was considered statistically significant. 

Fig. 3 Correlation of peak leukocyte counts ( A ) and peak C-reactive protein ( B ) with peak triglyceride during hospitalization. Peak triglyc- 
eride, C-reactive protein and leukocyte counts were defined as the highest levels of those reached during the entire hospitalization period. 
Pearson’s correlation analysis was used to evaluate the association of peak C-reactive protein and peak leukocyte count with peak triglyceride 
levels. 

Table 5 Multiple linear regression analysis of the correlation of blood CRP and leukocyte count with triglyceride adjusting glucocorti- 
coids use. 

Variables Standardized coefficients, β p 

CRP 0.273 < 0.001 
Leukocyte count 0.255 < 0.001 

P values from analysis of the multiple linear regression analysis. Two-tailed p < 0.05 was considered statistically significant. CRP, C-reactive protein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

lyzed the correlation of the peak values of CRP and leuko-
cyte count with the peak value of triglyceride using Pearson’s
correlation analysis and found both peak CRP ( R = 0.353,
p < 0.001) and peak leukocyte count ( R = 0.338, p < 0.001)
positively correlated with peak triglyceride ( Fig. 3 ), suggest-
ing the close relation between blood triglyceride and inflam-
mation. Moreover, after adjusting glucocorticoid use, the as-
sociation of CRP or leukocyte count and triglyceride level
remained significant in a multiple linear regression model
( β = 0.273 for CRP, β = 0.255 for leukocyte count, both
p < 0.001), indicating the correlation of CRP or leukocyte
count with triglyceride is independent on glucocorticoid use
in our study population ( Table 5 ). 

Discussion 

In the current study, we found that hypertriglyceridemia
was independently associated with mortality in hospitalized
COVID-19 patients. Furthermore, CRP and leukocyte counts
were positively correlated with blood triglyceride levels. Our
findings provided new evidence about the potential effects
of hypertriglyceridemia in the assessment mortality risk in
COVID-19 patients. 

The positive correlation of CRP and leukocyte count with
triglyceride levels suggests that the hypertriglyceridemia in
COVID-19 might be due to the immune-inflammatory re-
sponse caused by SARS-CoV-2 infection. In fact, infection
and inflammation have been shown to induce hypertriglyc-
eridemia via inhibiting blood triglyceride clearance. 26–28 The
decrease in clearance of triglyceride is mostly due to low-
ered amount and/or activity of lipoprotein lipase (LPL),
the key enzyme that catabolizes triglyceride in the circula-
tion. 26 , 29 LPL is attached to the luminal surface of endothe-
lial cells in capillaries mostly by heparan sulfated peptido-
glycans (HSPG) to facilitate its effect on triglyceride hydrol-
ysis. 30 During severe infections, HSPGs, such as syndecan,
are removed from the endothelium leading to the dysfunc-
tion of LPL and subsequent hypertriglyceridemia. 31 , 32 A re-
cent clinical case report showed changes in serum syndecan-
1 level closely reflected the change in disease conditions in
a patient with COVID-19. 33 Moreover, recent studies have
also shown decreased LPL caused by the inflammatory re-
sponse. 28 , 34 , 35 
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Interestingly, recent studies also suggested an effect
of triglyceride on promoting inflammation. Fat-loading-
induced hypertriglyceridemia in healthy human subjects
leads to activation of leukocytes with the greatest effects
on neutrophils and monocytes. 7 Another study demonstrated
that hypertriglyceridemia promoted extravasation of mono-
cytes and facilitated accumulation of tissue macrophages. 36 

Moreover, triglyceride has been shown to prime aortic en-
dothelium for an enhanced inflammatory response to cy-
tokine stimulation. 8 These findings suggest the possibil-
ity that hypertriglyceridemia may have a more direct detri-
mental effect on COVID-19 patients due to leukocyte
activation. 

CRP and leukocyte counts are widely used as systemic in-
flammatory mark ers. 16 , 17 We found higher peak CRP level
and leukocyte count during hospitalization compared to
baseline in patients with COVID-19, suggesting enhanced
inflammatory response during hospitalization. Systemic in-
flammatory response and multiple organ failure are believed
to be the main cause of death in patients with COVID-19. 4 , 6

We found that CRP and leukocyte counts significantly asso-
ciated with mortality in the current study. Importantly, after
adjusting CRP and leukocyte counts, the association between
hypertriglyceridemia and mortality remained significant sug-
gesting an incremental value of hypertriglyceridemia in as-
sessing mortality risk in COVID-19 patients. 

Glucocorticoids are potent anti-inflammatory and
immune-suppressive agents, 37–39 and therefore have been
used to treat hyper-inflammatory disorders, such as autoim-
mune diseases 40 , 41 and virus infection. 42–44 However, the
effect of glucocorticoids on clinical outcome in COVID-
19 patients remain controversial, which requires further
investigation. 19–22 , 45 In our study, we found that glucocor-
ticoid treatment during hospitalization did not associate
with mortality in patients with COVID-19. Moreover,
hypertriglyceridemia associated with mortality after ad-
justing glucocorticoid usage, indicating the association
between hypertriglyceridemia and mortality is independent
of glucocorticoid treatment. 

Limitations of this study. Our findings that hypertriglyc-
eridemia is independently associated with 2.3 times higher
mortality rate raises new questions about disease pathogene-
sis in COVID-19. This single-center retrospective study was
conducted in hospitalized patients from Milwaukee, Wis-
consin that experienced higher rates of hospitalization in
Blacks/African American patients with COVID-19. 46 Al-
though we still were able to include a good sample size of 600
hospitalized COVID-19 patients fitting the inclusion criteria,
735 hospitalized patients with COVID-19 from the MCW
Clinical Research Data Warehouse were excluded because of
the limited data availability of BMI, age, blood triglyceride
and CRP levels ( Fig. 1 ). Accordingly, prospective studies are
needed to independently validate our retrospective analysis
and further investigate the impact of race and ethnicity on
disease severity and mortality. 

In conclusion, hypertriglyceridemia during hospitaliza-
tion is associated with 2.3 times higher mortality in patients
with COVID-19, independent of pre-existing conditions in-
cluding diabetes, obesity, and hypertension. 
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