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Background. Cardiometabolic disorders contribute significantly to global cardiovascular disease risk. COVID-19 can exacerbate
underlying vascular and metabolic disturbances through immune and inflammatory pathways. Lipoprotein abnormalities may influence
disease susceptibility and outcomes, as lipoproteins play key roles in viral entry, inflammation and immune regulation. These markers may
therefore serve as potential biomarkers for predicting outcomes, yet data from African populations remain limited.

Objective. To determine the association between admission lipid profiles and adverse clinical outcomes in hospitalised COVID-19 patients
within a resource-constrained setting, in a predominantly black African population.

Methods. This retrospective observational study was conducted at Charlotte Maxeke Johannesburg Academic Hospital between 6 March
and 31 August 2020. Adults aged >18 years with confirmed SARS-CoV-2 infection who had admission lipid profiles were included. The
association between lipid parameters and adverse clinical outcomes, including intensive care unit (ICU) admission, mechanical ventilation
and in-hospital mortality, were determined by multivariable logistic regression analysis. Correlation analyses examined associations
between lipids and inflammatory markers.

Results. Among 305 patients (mean (standard deviation) age 53 (13.8) years; 77% black ethnicity), non-survivors had significantly lower
low-density lipoprotein cholesterol (LDL-C) and total cholesterol (TC), and higher fasting plasma glucose and inflammatory markers. Both
LDL-C and TC were inversely correlated with procalcitonin (p=-0.44, 95% confidence interval (CI) -0.65 - -0.23, p=0.001; (p=-0.28, CI
-0.52 - -0.05), p=0.03, respectively). Triglyceride (TG) levels were higher in ICU patients (p=0.01), and significantly correlated with an
increasing white cell count (p=0.31, CI 0.09 - 0.53, p=0.01), neutrophil-to-lymphocyte ratio (p=0.27, CI 0.01 - 0.54, p=0.04) and fasting
plasma glucose (p=0.39, CI 0.14 - 0.64, p=0.03), but were not independently predictive of mortality. High-density lipoprotein cholesterol
was lower in ICU-admitted patients and inversely correlated with ferritin, but it was also not significantly associated with mortality. Lower
LDL-C was an independent predictor of ICU admission (odds ratio (OR) 0.69, CI 0.50 - 0.96, p=0.03 ), mechanical ventilation (OR 0.55,
CI 0.35 - 0.86, p=0.009 ) and mortality (OR 0.66, CI 0.48 - 0.91, p=0.01), with an LDL-C <2.2 mmol/L associated with increased mortality
(area under curve 0.62, CI 0.55 - 0.69), as shown in receiver operating characteristic analysis.

Conclusion. Non-survivors had significantly higher inflammatory markers compared with survivors, and low LDL-C and TC were
independently associated with adverse outcomes. LDL-C also predicted ICU admission, mechanical ventilation and mortality, highlighting
the link between lipid metabolism and immune response. These findings emphasise the need for further prospective studies to evaluate the
utility of these markers as accessible prognostic tools in low- and middle-income countries.
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The global burden of COVID-19 and its long-term complications,
including post-acute sequelae of SARS-CoV-2 infection (‘long-
COVID’), has placed significant strain on healthcare systems,
particularly in low- and middle-income countries (LMICs).
Understanding the biological effects of SARS-CoV-2 infection and
identifying cost-effective biomarkers that predict disease severity are
essential, not only for improving current care but also in preparation
for future viral outbreaks. Such markers could enhance triage, guide
resource allocation and inform therapeutic strategies, not only
for COVID-19 but also for other viral illnesses. Serum lipids and

lipoproteins, including low-density lipoprotein cholesterol (LDL-C)
and high-density lipoprotein cholesterol (HDL-C), play a central
role in viral entry, immune modulation and inflammation by serving
as structural components of cell membranes and mediating viral
fusion and immune signalling via lipid raft interactions. Serum
lipids and lipoproteins, including LDL-C and HDL-C, contribute
to cell membrane structure and stability, influencing membrane
fluidity, lipid raft formation and receptor-mediated viral fusion.!'*!
While lipoproteins do not directly mediate viral entry, membrane
lipid composition and integrity can affect host-virus interactions
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and downstream immune signalling.!
The acute phase response alters lipoprotein
metabolism, and therefore, changes in
lipid parameters may reflect underlying
immune and inflammatory activity. Hence,
abnormalities in lipid profiles in patients
with severe COVID-19 may have potential
prognostic utility as surrogate markers of
host inflammatory response.

During acute illness, the acute phase
response triggers a co-ordinated alteration in
plasma proteins, characterised by an increase
in positive reactants such as C-reactive
protein (CRP), ferritin and fibrinogen, and
a reduction in negative reactants, including
albumin, transferrin and apolipoproteins.
Procalcitonin (PCT), while relatively more
specific for bacterial infection, may also
provide prognostic insight into disease
progression, and contrasts with nonspecific
inflammatory markers such as CRP and
ferritin, which are frequently elevated in
infections such as COVID-19.5%
Studies have consistently reported altered
lipid profiles in patients with severe
COVID-19, including reductions in total
cholesterol (TC), LDL-C and HDL-C, and
elevations in triglycerides (TG).*'? These
changes are thought to reflect a systemic
inflammatory response, compounded by
hepatic dysfunction and cytokine-mediated
suppression of lipid metabolism.!>14
Inflammatory markers such as neutrophil-
to-lymphocyte ratio (NLR), CRP and
pro-inflammatory cytokines, including
interleukin-6 (IL-6), have shown promise
as biomarkers for predicting COVID-
19 severity."'") However, their variability
and modulation by external factors such
as glucocorticoid use can affect reliability.
Importantly, systemic inflaimmation may
drive hypolipidaemia through suppressed
hepatic apolipoprotein synthesis and
capillary leakage of lipoproteins.'®! Liver
dysfunction may further contribute, given
the liver’s central role in lipid metabolism.
While aminotransferases are commonly
used to assess hepatic injury, they are also
elevated in systemic illness, and thus may
lack specificity in COVID-19.212171 These
overlapping mechanisms highlight the need
to interpret serum lipid alterations in the
broader context of inflammation and hepatic
involvement.

In particular, LDL-C and HDL-C have
been shown to decrease significantly in
patients with poor outcomes, while low
HDL-C has been linked to impaired anti-
inflammatory function and endothelial
injury.!™' Although lipids have been
evaluated in other infectious diseases such

viral

as HIV and tuberculosis, and in critically ill

patients with sepsis, the scale and severity of
abnormalities in lipid profiles in COVID-19
appear more pronounced, reinforcing their
potential prognostic value.[»>!>1%]

However, data from LMICs remain limited,
especially in African populations with high
cardiometabolic risk and limited access to
advanced diagnostics. In previous work at
our centre, we reported a high prevalence
of hyperglycaemia and undiagnosed diabetes
mellitus among patients admitted with
COVID-19, which was associated with poor
outcomes.'®’ Expanding on this, the current
study investigates the association of lipid
parameters, LDL-C, HDL-C, TC and TG
with severity outcomes, including intensive
care unit (ICU) admission, mechanical
ventilation and mortality. This study explores
whether such lipid alterations can be used
as a low-cost, independent predictor of
poor outcomes in hospitalised COVID-19
patients, while our ongoing longitudinal
study conducted during the Delta variant
wave further examines these associations
alongside detailed cytokine profiling (IL-6,
Th1, Th2 and Th17) and glycaemic indices.!"!
Conducted in a predominantly black African
cohort within a high-burden tertiary public
hospital, our findings offer valuable insights

into the prognostic relevance of lipid markers
in a real-world LMIC context. This work also
contributes to a growing body of evidence
supporting the utility of routine biochemical
markers in guiding clinical care and advancing
our understanding of immunometabolic
dysregulation during viral illness."!

Methods

Study design, setting and sample
population

A retrospective, single-centre observational
study was conducted to evaluate patients
hospitalised with moderate to severe COVID-
19 at Charlotte Maxeke Johannesburg
Academic Hospital between 6 March
and 31 August 2020. Data were captured
and analysed from an electronic registry.
Patients aged >18 years were included if
they had confirmed COVID-19 infection
via reverse-transcriptase polymerase chain
reaction, with an amplification run of 40
cycles. Pregnant patients and those with
incomplete records or missing lipid profiles
on admission were excluded from the
analysis. Lipid and glucose measurements
were obtained on admission as part of the
hospitals COVID-19 admission standard
operating procedure for metabolic and
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Fig. 1. Schematic representation of the study population. (ICU = intensive care unit.)
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inflammatory assessment, typically following 6 - 8 hours of fasting;
however, fasting status was not fully standardised, given the acute
care setting. A schematic representation of the patients included in
the study is shown in Fig. 1.

Outcome measures
The primary outcome measure was in-hospital mortality. Secondary
outcome measures included admission to ICU, need for respiratory
support using non-invasive measures (non-rebreather mask, high-
flow nasal cannula, or non-invasive ventilation) and need for invasive
mechanical ventilation.

Lipid profile determination

Lipid profiles, including TC, HDL-C, LDL-C and TG, were measured
as standard of care, using a colorimetric enzymatic assay on the Roche
Cobas automated analyser. Lipoprotein cholesterol concentrations
were reported in mmol/L. For reference, conversion to mg/dL can
be performed using the following factors: cholesterol values x 38.6;
triglyceride values x 88.4.

Glycated haemoglobin (HbA1c)

HbAlc was analysed using the Bio-Rad Variant II system, which
employs ion-exchange high-performance liquid chromatography.
This method is standardised according to both the National
Glycohemoglobin Standardization Program and the reference
protocols of the International Federation of Clinical Chemistry.

Fasting plasma glucose

Fasting plasma glucose (FPG) was measured using an enzymatic
hexokinase method on the Cobas c-702 analyser (Roche Diagnostics,
Germany), following the manufacturer’s protocol.

Statistical analysis

Statistical analysis was conducted using Stata (version 14.2,
StataCorp, USA). Continuous data were tested for normality using
the Shapiro-Wilks test, and reported as means (standard deviations
(SDs)) or medians (interquartile ranges (IQRs)), as appropriate,
while categorical data were presented as proportions. An unpaired
t-test (for normally distributed variables) or Mann-Whitney U
test (for non-normally distributed variables) was used to compare
continuous variables between two groups, and the Kruskal-Wallis
test was applied for comparisons among three groups. Chi-squared
analysis was used to analyse categorical data, with Fisher’s exact
test (two-tailed) applied when expected frequencies were <5.
Spearman’s correlation analysis was performed to evaluate the
relationship between lipid profiles, inflammatory markers and
glycaemic parameters in patients who did not survive. Associations
between demographic factors, lipid profiles and mortality were
assessed using univariate and multivariate logistic regression
analysis. Multivariate models were adjusted for age and gender.
The performance of LDL-C in predicting survival was evaluated
using receiver operating characteristic (ROC) curve analysis,
with optimal cut points determined by the maximum Youden
index method. The ROC curve was generated with survival as
the outcome rather than mortality, given the inverse correlation
between LDL-C and mortality in our cohort, which resulted in
an area under the curve (AUC) <0.5. P<0.05 was considered
statistically significant.

Ethical approval
Ethical clearance was obtained from the University of the
Witwatersrand Human Research Ethics Committee (ref. no.

M2008110) and the Charlotte Maxeke Johannesburg Academic
Hospital Ethics Committee.

Results

Baseline characteristics of the overall cohort based on
survival status

Of the 305 patients included, there was an equal distribution of men
and women, with a mean (SD) age of 53 years (13.8). More than 75%
of the cohort were of black African ancestry (Table 1). The median
(IQR) body mass index (BMI) of the overall cohort was in the obese
range at 32 (28.4 - 35.2) kg/m? however, BMI data were only available
for 110 patients, with >80% of BMI values missing among non-
survivors. There were no significant differences in blood pressure
between survivors and non-survivors (p>0.05).

Lipid and glycaemic parameters based on survival status
Patients who died had significantly lower concentrations of TC
and LDL-C (Table 2). Inflammatory markers, including NLR,
CRP, ferritin and lactate dehydrogenase (LDH), were significantly
increased in non-survivors. There was no significant difference in
IL-6 concentration between those who survived compared with
non-survivors. The overall cohort of COVID-19 patients exhibited
elevated FPG, with a median (IQR) of 10.1 (6.6 - 15.9) mmol/L, and
FPG was significantly higher among those who died (Table 2).

Correlation of lipid parameters with inflammatory
markers

In patients who died, a lower LDL-C concentration was associated
with higher PCT and aspartate transaminase (AST) concentrations
(Table 3). Similarly, a lower TC concentration was associated with
an increased procalcitonin and AST concentration. There was also
a weak positive correlation between TG and FPG, white cell count
(WCC) and NLR, although an inverse relationship was noted
with AST. No significant correlations were observed between IL-6
concentration and any of the lipid parameters (Table 3).

Lipid parameters stratified according to outcome status
Median lipid levels in relation to clinical outcomes are presented in
Table 4. TC and LDL-C were consistently lower across all adverse
outcome groups. Notably, LDL-C levels were significantly lower in
patients admitted to ICU, those requiring mechanical ventilation and
non-survivors. TC was also significantly reduced in patients who
died from COVID-19, while HDL-C was significantly lower in those
requiring ICU admission. In contrast, TG levels were higher across all
adverse outcome groups, with a significantly higher level observed in
ICU-admitted patients.

Outcome predictors and LDL-C performance in in-
hospital mortality

Univariate and multivariate logistic regression analyses for ICU
admission, respiratory support, mechanical ventilation and mortality
are presented in Appendix Table S1 and Table 5, respectively.
In univariate analysis, increasing age, particularly >70 years, was
associated with lower odds of ICU admission and mechanical
ventilation, but higher odds of requiring respiratory support and
mortality (Appendix Table S1). Female sex was associated with
a reduced likelihood of ICU admission and death. Elevated TG
levels were associated with increased odds of requiring mechanical
ventilation. In multivariate analysis, after adjusting for age and sex,
low LDL-C emerged as the only independent predictor significantly
associated with increased odds of ICU admission, mechanical
ventilation and mortality (Table 5). In those admitted with COVID-
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Table 1. Demographic and clinical characteristics of hospitalised COVID-19 patients, based on survival status (N=305)

Characteristic, n (%)* Total Survived, n=233 Did not survive, n=69 p-value'

Age, years, mean (SD) 52.5 (13.8) 51.1 (13.5) 57.1 (13.7) 0.001
<50 122 (40.1) 103 (44.4) 17 (24.6) 0.01
50 - 59 84 (27.6) 62 (26.7) 22 (31.9)

60 - 69 59 (19.4) 43 (18.5) 15 (21.7)
>70 39 (12.8) 24 (10.3) 15 (21.7)

Sex
Male 153 (50.2) 107 (45.9) 45 (65.2) 0.005
Female 152 (49.8) 126 (54.1) 24 (34.8)

Ethnicity
Black 231 (77.3) 177 (77.6) 53 (76.8) 0.73
Indian 24 (8.0) 17 (7.5) 6 (8.7)

Mixed race 10 (3.3) 9 (4.0) 1(1.5)
White 34 (11.4) 25 (11.0) 9 (13.0)

BMI, kg/m?, median (IQR) 32.0 (28.4 - 35.2) 31.3 (28.4 - 35.2) 32.8 (31.1 - 33.9) 0.72
Underweight 2 (1.8) 2(2.1) 0 0.25
Normal 13 (11.8) 11 (11.3) 2 (16.7)

Overweight 22 (20.0) 22 (22.7) 0
Obese 73 (66.4) 62 (63.9) 10 (83.3)

Blood pressure, mmHg
Systolic, median (IQR) 128 (116 - 141) 126 (116 - 139) 131.5 (118 - 150) 0.13
Diastolic, median (IQR) 77.5 (68 - 90) 77 (68 - 90) 77.5 (68 - 90) 0.94

BMI = body mass index; BP = blood pressure.

*Unless otherwise indicated.

p-value for differences between survivors and non-survivors. Statistically significant values are shown in bold.

Table 2. Serum lipid profiles, glycaemic parameters and inflammatory markers of hospitalised COVID-19 patients based on

survival status (N=305)

Characteristic, median (IQR) Overall Survived, n=233 Did not survive, n=69 p-value*
Lipid profile, mmol/L
Total cholesterol 3.80 (3.18 - 4.55) 3.87 (3.26 - 4.62) 3.52 (2.91 - 4.14) 0.008
Triglycerides 1.71 (1.26 - 2.23) 1.68 (1.25 - 2.21) 1.79 (1.30 - 2.32) 0.26
HDL-C 0.92 (0.72 - 1up.14) 0.92 (0.72 - 1.20) 0.91 (0.69 - 1.07) 0.22
LDL-C 2.15 (1.55 - 2.83) 2.24 (1.61 - 2.98) 1.91 (1.22 - 2.47) 0.003
Glycaemic parameters
HbAlc, % 7.0 (6.2 - 9.7) 6.9 (6.2 - 9.6) 7.0 (6.4 - 10.8) 0.42
FPG, mmol/L 10.1 (6.6 - 15.9) 9.0 (6.4 - 14.6) 12.4 (9.3 - 17.5) 0.001
Inflammatory markers
WCC, x 10°/L 8.12 (5.70 - 10.76) 7.62 (5.42 - 10.41) 9.23 (6.82 - 13.41) 0.004
NLR, x 10°/L 4.77 (2.93 - 8.12) 4.20 (2.75 - 6.97) 7.53 (4.99 - 12.36) <0.001
CRP, mg/L 90 (39 - 198) 77.5 (32 - 171) 135 (75 - 249) <0.001
PCT, pg/L 0.22 (0.10 - 0.74) 0.17 (0.08 - 0.44) 0.73 (0.27 - 3.57) <0.001
Ferritin, pg/L 575 (304 - 1377) 550 (269 - 1316) 959 (347 - 1934) 0.02
LDH, U/L 485 (341.5 - 662.5) 443 (325 - 645) 588.5 (472 - 757.5) 0.001
IL-6, pg/ml 97.4 (42.6 - 227.1) 90.8 (29.1 - 227.1) 112.1 (48 - 238.6) 0.65
Other
Creatinine, pmol/L 95 (73 - 132) 92 (71 130) 113 (80 - 155) 0.01
D-dimer, mg/L 0.74 (0.38 - 1.99) 0.69 (0.33 - 1.83) 1.45 (0.54 - 3.04) 0.001
Albumin, g/dL 37.5 (33.5 - 42) 38 (35 - 43) 35 (31 - 38) 0.001
ALT, U/L 28 (19 - 44) 27 (18 - 42) 31.5 (19 - 55) 0.12
AST, U/L 44 (29 - 61) 41 (28 - 57) 56 (37 - 90) <0.001

HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; HbAlc = glycated haemoglobin; FPG = fasting plasma glucose; WCC = white cell count; NLR =
neutrophil to lymphocyte ratio; CRP = C-reactive protein; PCT = procalcitonin; LDH = lactate dehydrogenase; IL-6 = interleukin-6; ALT = alanine transaminase; AST = aspartate transaminase.
*p-value for differences between survivors and non-survivors. Statistically significant values are shown in bold.
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Table 3. Associations of lipid parameters with glycaemic and inflammatory markers in COVID-19 patients who died

Parameter, p

(95% CI) FPG WCC NLR CRP PCT Ferritin  LDH IL-6 AST ALT
TC -0.08 0.01 ( 0.16 (-0.09 0.03 -0.28 -0.06 -0.17 0.30 (-0.19 -0.35 -0.14
(<037 -0.24 - 0.41), (<020  (-052- (=036 (-0.50 - 0.80), (-0.57- (=039
-0.21), -0.26),  p=0.22 -0.26),  -0.05),  -0.24), - 0.16), p=0.25 -0.13), - 0.10),
p=0.55 p=0.92 p=0.79  p=0.03  p=0.66 p=0.29 p=0.004  p=025
LDL-C -0.04 -0.18 -0.07 -0.12 ~0.44 -0.16 -0.22 0.13 (-0.37 -0.32 -0.20
(-0.31 (-0.41 (-0.33; (<036 (-0.65-  (-0.43 (-0.54 - 0.63), (-0.55-  (-0.43
-022),  -005),  0.19), -0.11),  -0.23),  -0.12), - 0.10), p=0.63 -0.09), -0.03),
p=075  p=0.14  p=0.61 p=033  p=0.001 p=025 p=0.18 p=0.09  p=0.10
HDL-C -0.14 -0.18 ~0.03 -0.06 -0.19 -0.15 0.15(-0.17 —-0.29 -0.04 -0.03
(-0.39 (-0.41 (-0.28 (<032 (-0.44 (-0.43 - 0.48), (-0.85 (-0.29 (-0.28
-0.12),  -0.06), -0.22), -0.19),  -0.05), -0.13), p=0.34 -0.26), -021),  -022),
p=0.31 p=0.15 p=0.80 p=0.61  p=0.14  p=027 p=0.27 p=0.75  p=0.82
TG 039 (0.14 031 (0.09 0.27(0.01 0.19 0.11 0.07 (-0.21 023 (-0.11 -0.12 -0.24 -0.16
-0.64),  -0.53), - 0.54), (<007  (-0.14 -0.35),p= -0.56), (~0.64 (-0.49 (-0.42
p=0.003  p=0.01  p=0.04 -0.45), -035),  0.60 p=0.16 - 0.41), -0.01),  -0.10),
p=0.12  p=0.43 p=0.66 p=0.05  p=021

CI = confidence interval; FPG = fasting plasma glucose; WCC = white cell count; NLR = neutrophil-to-lymphocyte ratio; CRP = C-reactive protein; PCT = procalcitonin; LDH = lactate
dehydrogenase; IL-6 = interleukin-6; AST = alanine transaminase; AST = aspartate transaminase; TC = total cholesterol; LDL-C = low density lipoprotein cholesterol; HDL-C = high density
lipoprotein cholesterol; TG = triglyceride.

Statistically significant values are shown in bold.

Table 4. Differences in concentration of lipid parameters based on secondary outcome measures

Outcome, median Triglycerides, HDL-C,
(IQR) TC, mmol/L p-value mmol/L p-value mmol/L p-value LDL-C, mmol/L p-value
Overall 3.80 (3.18 - 4.55) 1.71 (1.26 - 2.23) 0.92 (0.72 - 1.14) 2.15 (1.55 - 2.83)
ICU or high care
Yes 3.59 (3.00 - 4.47) 0.15 1.96 (1.53 - 2.25)  0.01 0.80 (0.67 - 1.07) 0.03 1.86 (1.21 - 2.74) 0.01
No 3.83 (3.23 - 4.56) 1.66 (1.22 - 2.23) 0.93 (0.73 - 1.19) 2.21 (1.61 - 2.83)
Respiratory support
Yes 3.76 (3.17 - 4.50) 0.40 1.72 (1.27 - 2.25)  0.29 0.93 (0.70 - 1.13) 0.81 2.10 (1.54-2.75) 0.14
No 3.83 (3.20 - 4.65) 1.66 (1.21 - 2.14) 0.91 (0.72 - 1.20) 2.28 (1.71 - 3.06)
Type of respiratory
support
None 3.83 (3.20 - 4.65) 0.33 1.66 (1.21 - 2.14)  0.07 0.91 (0.72 - 1.20) 0.09 2.28 (1.71 - 3.06) 0.004
Non-invasive 3.83 (3.23 - 4.53) 1.67 (1.24 - 2.23) 0.94 (0.73 - 1.17) 2.21 (1.59 - 2.78)
Invasive 3.53 (3.02 - 4.38) 1.99 (1.53 - 2.39) 0.77 (0.66 - 1.02) 1.80 (1.12 - 2.10)
IQR = interquartile range; TC = total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ICU, intensive care unit.
Statistically significant values are shown in bold.
Table 5. Multivariate logistic regression analysis for outcome measures in COVID-19 categorised according to lipoprotein
concentration
ICU admission Respiratory support Mechanical ventilation Mortality
Measure, mmol/L  OR (95% CI)* p-value  OR (95% CI)* p-value  OR (95% CI)* p-value OR (95% CI)* p-value
TC 0.83 (0.65 - 1.06) 0.14 0.98 (0.83 - 1.15)  0.79 0.84 (0.61 - 1.15) 0.27 0.79 (0.61 - 1.03)  0.08
TG 1.10 (0.89 - 1.36)  0.38 1.04 (0.85-1.27)  0.70 1.24 (0.92-1.68) 0.16 1.08 (0.87 - 1.34)  0.51
HDL-C 0.53 (0.23 - 1.23) 0.14 0.85 (0.45 - 1.60)  0.62 0.45(0.16 - 1.29)  0.14 0.58 (0.26 - 1.31)  0.19
LDL-C 0.69 (0.50 - 0.96) 0.03 0.92 (0.76 - 1.12)  0.43 0.55 (0.35 - 0.86)  0.009 0.66 (0.48 - 0.91) 0.01

ICU = intensive care unit; OR odds ratio = CI confidence interval; TC = total cholesterol; TG = triglycerides; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein
cholesterol.

*Association of a 1 standard deviation increase in variables with hospital outcomes in patients admitted with severe COVID-19.

Statistically significant values are shown in bold.

Multivariate regression models were adjusted for age and sex.
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19, an admission LDL-C <2.2 mmol/L was independently associated
with higher odds of ICU admission, mechanical ventilation and
in-hospital mortality. Given the inverse correlation between LDL-C
and mortality, ROC curve analysis using survival as the outcome
yielded an AUC of 0.62 (95% CI 0.55 - 0.69), with a sensitivity of
54%, specificity of 70%, negative predictive value of 0.31 and positive
predictive value of 0.86 (Fig. 2).

Discussion

This study highlights the prognostic value of lipid profiles in
hospitalised COVID-19 patients, demonstrating that specific lipid
abnormalities reflect both disease severity and inflammatory status.
Key findings are that lower LDL-C and TC levels were consistently
associated with adverse outcomes, including ICU admission, need
for mechanical ventilation and mortality. In contrast, elevated TG
levels were linked to more severe disease presentations. These lipid
abnormalities occurred in the context of increased inflammatory
responses, as evidenced by elevated CRP, NLR, ferritin and LDH
in non-survivors. Importantly, LDL-C emerged as an independent
predictor of poor outcomes, even after adjusting for confounders,
with an LDL-C <2.2 mmol/L significantly increasing the odds of
in-hospital mortality. Correlation analyses further revealed that
reductions in LDL-C and TC were significantly associated with PCT,
a marker of systemic inflammation, highlighting the potential role
of immune-driven hypolipidaemia in COVID-19 pathogenesis. The
findings of our study suggest that lipid profiles, particularly LDL-C,
may offer valuable prognostic insights and serve as cost-effective,
accessible markers for risk stratification in resource-limited settings.

When stratifying by age, race and access to intensive care, distinct
patterns of disease severity and lipid alteration emerged within
our cohort. In this cohort of predominantly black African patients
hospitalised with COVID-19, no racial differences were observed
in the outcome analysis. Interestingly, while older age is typically
associated with worse outcomes in COVID-19, our study found
that patients aged >70 years had a significantly lower likelihood of
ICU admission and mechanical ventilation. This counterintuitive
finding likely reflects predefined medical triage protocols in our
resource-limited public healthcare setting, where ICU access may be
prioritised for patients with a higher likelihood of benefit. However,
we observed a distinct lipid profile associated with adverse clinical
outcomes.

LDL-C showed the strongest and most consistent association
with adverse clinical outcomes, highlighting its role as a potential
prognostic biomarker. Low LDL-C and TC levels were significantly
associated with disease severity and in-hospital mortality, with
LDL-C consistently lower in patients admitted to ICU, those
requiring mechanical ventilation and non-survivors. The inverse
relationship between LDL-C and primary outcomes remained robust
in multivariate analysis, with a low LDL-C independently predicting
ICU admission, mechanical ventilation and death. Although modest,
this predictive capacity reinforces findings from other studies, which
demonstrated that the extent of LDL-C reduction strongly correlated
with COVID-19 severity and mortality."!"#2022] Several mechanisms
have been proposed for this association, including viral-induced
hepatic dysfunction that impairs lipid biosynthesis, as well as the
action of inflammatory cytokines and reactive oxygen species that
promote LDL oxidation and clearance, thereby contributing to
hypolipidaemia.*?32¢ Inflammatory-driven vascular permeability
may also lead to protein- and lipid-rich exudation, further depleting
circulating lipoproteins.' LDL-C’s known roles in neutralising
bacterial endotoxins and modulating immune responses suggest a
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Fig. 2. Low-density lipoprotein cholesterol (LDL-C) v. survival. Receiver
operating characteristic (ROC) curve for LDL-C. Curve generated with
survival as the outcome rather than mortality because LDL-C is inversely
correlated with mortality, and thus area under curve is <0.5. An optimal cut
point of LDL-C of 2.2 mmol/L was calculated using the maximum Youden
index method.

potentially protective function that is diminished at critically low
levels.'?*?7] These data are supportive of LDL-C as a prognostic
biomarker in COVID-19, and highlight the need for future studies
exploring its immunometabolic role in severe infections.

HDL-C exhibits dynamic changes during acute infection, reflecting
its dual anti-inflammatory and endothelial protective roles. In our
study, significantly lower HDL-C levels and elevated TGs were
observed in patients requiring ICU admission. TG levels showed
weak but positive correlations with FPG and inflammatory markers,
suggesting a shared pathophysiological axis involving metabolic
stress and inflammation, potentially reflective of underlying insulin
resistance, cytokine-driven hepatic TG synthesis, or direct viral
effects on lipid metabolism.?! However, these lipid parameters did
not emerge as independent predictors of ICU admission, mortality,
or the need for mechanical ventilation. Studies have associated low
HDL-C with impaired anti-inflammatory and antioxidant functions,
potentially exacerbating endothelial injury during severe infections.'82¢!
HDL-C has been shown to scavenge pro-inflammatory mediators,
and its depletion may reduce immune modulation during acute
illness."™ Lipoprotein levels, particularly low HDL-C, have been
shown to be predictive of poor sepsis outcomes, and to help identify a
hypolipoprotein phenotype associated with endothelial dysfunction,
organ failure and increased mortality.””! While our study did not find
these associations to be statistically significant, evidence from a large
retrospective study suggests that higher antecedent HDL-C levels are
linked to a lower risk of SARS-CoV-2 infection, whereas low HDL-C
is associated with higher morbidity and mortality."!

Similarly, triglyceride elevations appeared to track systemic
inflammation and metabolic stress. An increase in TGs was
associated with elevated WCC and NLR, while low HDL-C levels
inversely correlated with ferritin. This is consistent with other studies
demonstrating that both pre-infection and in-hospital low HDL-C
and high TG levels are associated with severe COVID-19 outcomes
and inflammatory markers such as ferritin.?® Mechanistically, these
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lipid abnormalities may result from decreased lipoprotein lipase
activity, inhibition of apolipoprotein A1 synthesis, altered cholesteryl
ester transfer protein activity, and increased HDL clearance through
inflammatory mediators such as serum amyloid A.!'"2%3! Collectively,
these findings support the potential utility of HDL-C and TG as
markers of systemic inflammation and disease severity, although
they did not emerge as independent predictors in our multivariate
analysis.

Observational data suggest a U-shaped relationship between
LDL-C levels and COVID-19 outcomes, where very low LDL-C
may impair host defense, while markedly elevated LDL-C increases
cardiovascular risk.?*?”! Despite this, statins remain beneficial due
to their anti-inflammatory, antithrombotic and antioxidant effects,
and continuation of lipid-lowering therapy during acute infection is
recommended to reduce morbidity and mortality.?” With recovery,
lipoprotein levels tend to normalise; however, post-acute phase
studies demonstrate an increased risk of dyslipidaemia and greater
reliance on lipid-lowering therapy, particularly among those with
severe disease.'® These patterns emphasise the importance of lipid
follow-up and secondary prevention strategies after COVID-19.
Further prospective longitudinal research in our centre is focused
on evaluating pre-existing and post-COVID-19 dyslipidaemias and
their association with adverse cardiometabolic outcomes.

The observed correlations between inflammatory markers and
lipid parameters provide mechanistic insight into the immune-
metabolic interplay in COVID-19. Our study also demonstrated a
weak inverse correlation between AST and lipid parameters, and a
moderate inverse correlation between PCT and both LDL-C and
TC. These findings may reflect hepatic dysfunction and systemic
inflammation associated with COVID-19. SARS-CoV-2 can infect
hepatocytes and cholangiocytes, disrupting lipid metabolism, given
the liver’s central role in lipoprotein synthesis and clearance.?!
Elevated AST may indicate nonspecific systemic injury rather
than isolated hepatic damage.”’ Furthermore, inflammation-
driven suppression of lipoproteins and changes in lipid-modifying
enzymes contribute to altered lipid profiles in COVID-19. PCT,
an acute-phase reactant and marker of systemic inflammation,
has been shown to predict poor outcomes in COVID-19, with
elevated levels associated with disease severity and mortality
even in the absence of bacterial co-infection, with concentrations
>0.5 pg/L typically suggestive of bacterial infection.****! Studies
have shown that patients with severe COVID-19 and higher PCT
levels exhibit increased tumour necrosis factor-alpha (TNF-a) and
prolonged ICU stays, despite no differences in CRP or confirmed
bacterial superinfection.® In our study, PCT was measured at
admission, with most values below the sepsis threshold, indicating
that its elevation likely reflected cytokine-mediated inflammation
rather than bacterial co-infection. Mild PCT elevations reflect
cytokine-driven inflammation, and have been associated with
early clinical deterioration.® In our cohort, the moderate inverse
correlation between PCT and LDL-C supports a model in which
cytokine-mediated inflammation exacerbates hypolipidaemia,
highlighting the value of combining PCT with lipid markers such
as LDL-C for early risk stratification in COVID-19. Additionally,
we observed no significant differences in IL-6 levels when stratitied
by survival status. This could be explained by the routine use of
corticosteroids in patients with hypoxaemia, which may have
attenuated IL-6 expression. These findings emphasise the need
for further prospective evaluation of IL-6 and other inflammatory
markers at the time of admission, before the influence of therapeutic
interventions.

Study strengths and limitations

This study offers locally relevant data from an LMIC context, but
acknowledges several methodological and contextual limitations
that inform future research. A key strength of the study lies in its
exploration of lipid abnormalities in the context of COVID-19
within a resource-constrained LMIC setting. The use of LDL-C as a
low-cost lipid marker for risk stratification in a high-burden tertiary
centre highlights its potential utility in settings with limited access to
advanced diagnostics.

However, the study’s retrospective design, modest sample size,
absence of pre-infection lipid data and lack of information on
antecedent statin use limit the ability to draw causal inferences.
Additionally, the lack of adjustment for potential confounders,
including glucocorticoid use in the acute setting and antecedent
statin therapy, further limits the interpretability of the observed
lipid-outcome associations. Glucocorticoid treatment can attenuate
the sepsis- and inflammation-induced decline in LDL-C, leading
to comparatively higher levels among treated, severely ill patients,
while chronic statin therapy may have lowered baseline LDL-C
values prior to admission. In addition to glucocorticoid effects,
catecholamine surges during acute stress may further alter lipid and
glucose metabolism, contributing to transient hyperglycaemia.l>*!"!
However, HbAlc concentrations are unlikely to change over the
short course of acute illness, as they reflect long-term glycaemic
control rather than acute metabolic shifts.l! As lipid profiles were
measured only at admission, without serial assessments or follow-
up, the temporal evolution of lipoprotein changes during the course
of illness could not be evaluated. While LDL-C emerged as an
independent predictor of mortality, the ROC AUC of 0.62 indicates
modest discriminative ability. This finding highlights that LDL-C
alone has limited prognostic accuracy, and should rather be viewed
as one component of a broader metabolic and inflammatory profile.
Its potential additive role alongside glycaemic and immune variables
warrants further exploration in predictive models of COVID-19
severity and outcomes.

A further limitation was the large proportion of missing BMI data,
available for only 36% of participants. As international studies have
shown a positive correlation between higher BMI and severe COVID-
19 outcomes, this limited data availability prevented inclusion of BMI
in the multivariate logistic regression model, and may have influenced
the interpretation of metabolic risk relationships in this cohort. The
absence of longitudinal follow-up and the exclusion of mild or
asymptomatic cases may further restrict generalisability. Additionally,
as the study predates widespread COVID-19 vaccination, it does not
account for vaccine-related effects on lipid and inflammatory profiles.
Another limitation is the absence of apolipoprotein measurements,
such as ApoB and ApoAl, which are important in characterising
lipoprotein-related risk and immune-lipid interactions. To address
these gaps, our ongoing prospective study, conducted during the
third wave dominated by the Delta variant, includes a comprehensive
assessment of glycaemic, lipid and metabolic parameters, including
BMI, waist circumference and lipoprotein(a), and is currently
completed and pending publication. Importantly, that study also
includes participants who were glucocorticoid-naive on admission,
enabling a clearer understanding of the intrinsic metabolic alterations
associated with severe COVID-19. Furthermore, correlations of lipids
with Th1, Th2 and Th17 cytokine profiles were evaluated.

Future research should be aimed at developing multivariable
biomarker-driven clinical models to predict the severity of viral
pneumonias, incorporating long-term follow-up to assess post-
infection metabolic trajectories. Emerging evidence from long-
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COVID suggests a sustained hyperlipidaemic and pro-inflammatory
phenotype, associated with increased cardiovascular risk, which
warrants continued monitoring in COVID-19 survivors.?%
Importantly, while lower LDL-C and HDL-C levels in the acute
phase reflect inflammatory responses, long-term lipid-lowering
therapy remains safe and cardioprotective, and should not be viewed
as detrimental to infectious outcomes. Individuals with untreated
severe dyslipidaemia may be particularly vulnerable, highlighting
the importance of baseline lipid profiling in healthy adults to enable
accurate interpretation of lipid changes during acute illness, and to
guide equitable clinical management.

Conclusion

This study highlights the association between lipid abnormalities,
particularly low LDL-C and TC, and poor outcomes in hospitalised
COVID-19 patients, suggesting their potential as accessible prognostic
markers in resource-limited settings. While TG and HDL-C were
associated with inflammatory markers, they did not independently
predict outcomes. Ongoing studies in our unit are exploring lipid-
immune interactions and the integration of metabolic markers into
clinical risk models for viral infections.
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