doi.org/10.36721/PJPS.2026.39.1.REG.14162.1

Prognostic value of T-lymphocyte subsets, lymphocyte-to-high-density
lipoprotein ratio, interleukin 6, C-reactive protein and procalcitonin in
patients with septic shock and effects of vitamin C on patients with
septic shock
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Abstract: Background: Septic shock remains a critical condition with high mortality, necessitating reliable prognostic
biomarkers and effective adjunct therapies. Objectives: This study explored prognostic biomarkers and the effect of
vitamin C in septic shock. Methods: This study analyzed 110 patients (January 2023-March 2024), stratified by 28-day
outcome into survival (n=90) and death (n=20) groups. Compared to survivors, the death group exhibited significantly
lower lymphocyte-to-high-density lipoprotein ratio (LHR), CD3+, CD3+CD4+, CD4+/CD8+ and higher interleukin 6 (IL-
6), C-reactive protein (CRP), procalcitonin (PCT), CD3+CD8+. Results: The receiver operating characteristic analysis
showed the combination of LHR, IL-6, CRP, PCT and CD4+/CD8+ predicted death best [area under the receiver operating
characteristic curve (AUC) =0.960], outperforming single markers. Patients were randomized to control (hydrocortisone)
or observation (hydrocortisone with vitamin C) group. Post-treatment, both groups showed improved mean arterial
pressure (MAP), central venous pressure (CVP) (increased), heart rate (HR) (decreased) and reduced PCT, tumor necrosis
factor-a (TNF-a), IL-6 and Sequential Organ Failure Assessment (SOFA) score; however, improvements were significantly
greater in the vitamin C group. Conclusion: The combination of LHR, IL-6, CRP, PCT and CD4+/CD8+ has prognostic
value. Vitamin C adjunct therapy significantly enhances hemodynamic improvement, reduces inflammation, lowers SOFA

scores and improves prognosis in septic shock patients.
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INTRODUCTION

Infectious shock, also known as septic shock, is a common
disease in intensive care medicine (Srzi¢ et al., 2022).
Sepsis is defined as a systemic inflammatory response to
severe infection, when it evolves into septic shock,
circulatory failure and metabolic derangements ensue,
leading to a sharp rise in mortality (Ford et al., 2025).
National data indicate that septic shock claims over 19
million lives annually in China, with case-fatality
surpassing 40%; among survivors, persistent organ
dysfunction or cognitive deficits are common (Xie ef al.,
2020). Growing scholarly focus now targets early
intervention and prognostic markers for septic shock to
guide clinicians and curb mortality (Gu et al., 2020, Srzi¢
etal.,2022).

Emerging evidence indicates that the immune function of
septic shock patients is affected and the level of T
lymphocytes changes accordingly (Mouillaux et al., 2019).
Procalcitonin (PCT), the precursor peptide of calcitonin,
demonstrates rapid elevation during bacterial infections
due to systemic inflammatory responses (Wussler et al.,
2019). C-reactive protein (CRP), an acute-phase reactant,
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surges during bacterial invasion or tissue injury to
modulate cellular responses (Puthucheary et al., 2022).
Interleukin-6 (IL-6) is a pleiotropic cytokine that serves as
a key mediator in the human inflammatory cascade,
orchestrating  both  pro-inflammatory and  anti-
inflammatory responses (Li ef al., 2025). Current evidence
consistently links these biomarkers to septic-shock onset
and severity (Song et al., 2019). Lipopolysaccharide (LPS),
the predominant endotoxin released during sepsis, acts as a
pivotal trigger that initiates and amplifies the cascade
leading to septic shock (Gu et al., 2023). Evidence
indicates that, in septic shock, circulating lipoproteins
scavenge bacterial pathogens early in inflammation,
promote subsequent tissue repair and neutralize LPS,
collectively dampening the inflammatory response (Foster
and Kellum, 2023). Among plasma lipoproteins, high-
density lipoprotein (HDL) exhibits the strongest affinity
for LPS binding and detoxification (Han et a/., 2021). In
septic shock, circulating HDL drops markedly and this
decline mirrors both disease severity and prognosis
(Tanaka et al., 2019). Besides, the lymphocyte-to-high-
density lipoprotein ratio (LHR) has emerged as a novel
inflammatory indicator (Liu et al., 2023). Emerging
evidence identifies the LHR as a reliable prognostic
indicator for metabolic syndrome, reflecting its strong
association with systemic inflammation (Chen et al., 2019).
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The current therapeutic paradigm for septic shock
encompasses source control, antimicrobial therapy,
hemodynamic stabilization through fluid resuscitation and
vasopressor support, along with comprehensive organ
function maintenance (Garcia-de-Acilu et al., 2021).
Despite substantial advances in therapeutic interventions,
septic shock continues to demonstrate persistently high
mortality rates (Herndndez et al., 2019). Exploring
complementary therapeutic approaches to optimize septic
shock management has gained significant research
attention.

Ascorbic acid (vitamin C) functions as an essential water-
soluble antioxidant and enzymatic cofactor, participating in
numerous critical biochemical pathway (Bottger et al.,
2021). In the pathophysiology of septic shock, vitamin C
demonstrates pleiotropic benefits encompassing oxidative
stress reduction, inflammatory modulation, hypothalamic-
pituitary-adrenal axis support, nitric oxide metabolism
regulation and catecholamine production potentiation
(Fujii et al., 2022). In recent years, clinical study has
reported that intravenous vitamin C administration
attenuates sepsis-induced organ dysfunction and is
associated with improved survival rates (Marik, 2018).

Herein, the objectives were twofold: first, to investigate the
prognostic value of T-lymphocyte subsets, LHR, IL-6, CRP
and PCT in septic shock patients; second, to quantify
vitamin C's impact in patients with septic shock.

MATERIALS AND METHODS

General data

From January 2023 to March 2024, 110 septic shock
patients admitted to the Affiliated Jiangning Hospital of
Nanjing Medical University were chosen to be the study
objects. Inclusion criteria: (1) patients meeting Third
International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) diagnostic criteria for septic shock
(Singer et al., 2016); (2) More than 18 years of age; (3) The
patient signed the consent form. Exclusion criteria: (1)
Shock caused by liver insufficiency, leukemia or other
causes; (2) Patients suffered from neurological disease and
was unable to cooperate with the study; (3) Combined
pneumothorax and severe arrhythmia. This study analyzed
110 septic shock patients categorized by 28-day outcomes
into survivors (n=90, 60 males and 30 females, mean age
68.21+15.60 years) and non-survivors (n=20, 12 males and
8 females, mean age 68.36+£15.41 years). The groups
showed comparable baseline characteristics (p>0.05),
including similar hospitalization durations (survivors:
17.27+4.67 days; non-survivors: 17.324+4.04 days). For
therapeutic evaluation, patients were randomized to control
(n=55, 40 males, mean age 68.25+15.64 years) and vitamin
C treatment groups (n=55, 32 males, mean age
68.32+15.43 years), with no significant demographic
differences (p>0.05) and equivalent hospitalization periods
(control: 17.30+4.68 days; treatment: 17.35+4.65 days).
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Detection methods

Within 24 hours of hospital admission, fasting venous
blood samples (5 mL) were collected, centrifuged for 10
min at 3000 r/min (centrifugation radius 10 cm) and stored
in a refrigerator at 4°C to be measured. Flow cytometry
(Becton, Dickinson and Company, USA) was used to
detect the proportion of CD*T cells (CD3*, CD3*CD4",
CD3"CD8", as well as CD4"/CD8") in lymphocytes. IL-6,
CRP, along with PCT levels were examined by enzyme-
linked immunosorbent assay (ELISA). Besides, all subjects
were asked to conduct lipid test and LHR was calculated
according to lymphocyte and HDL test results.

Treatment methods

Both groups were given resuscitation therapy such as fluid
resuscitation, anti-inflammatory and blood purification.
Patients in the control group were treated with
hydrocortisone (Hubei Tiansheng Pharmaceutical Co.,
LTD.), intravenous drip, 200mg continuous intravenous
infusion, once a day. Patients in the observation group were
treated with hydrocortisone and vitamin C. The treatment
of hydrocortisone was the same as the control group.
Besides, patients were treated with vitamin C (Sichuan
Meida Kanghuakang Pharmaceutical Co., Ltd.),
intravenous drip, 2.0 g/time, twice a day. Patients in both
groups were treated for 7 days.

Observation indicators

(1) LHR in 2 groups; (2) IL-6, CRP and PCT levels in 2
groups; (3) Levels T lymphocyte subsets in 2 groups; (4)
Prognostic value of LHR, IL-6, CRP, PCT and CD4*/CD8"
single and combined tests in septic shock patients; (5) The
hemodynamic indexes including mean arterial pressure
(MAP), heart rate (HR), central venous pressure (CVP)
were monitored by Mindray Electrocardiogram (ECG)
monitor; (6) 6 ml of fasting venous blood was collected
from the patients and the levels of tumor necrosis factor-o
(TNF-a) and interleukin (IL)-6 were measured by ELISA.
The level of PCT was determined by double-antibody
sandwich immunochemiluminescence assay; (7) The
sepsis-related organ failure assessment (SOFA) was used
to score the respiratory, blood clotting, liver, circulatory,
nervous and kidney systems of the patients, with 0 to 4
points for each item (Hagel et al., 2022). The higher the
score was, the more severe the organ failure and the worse
the prognosis.

Statistical analysis

All analyses were performed with Statistical Package for
the Social Sciences (SPSS) 21.0. Continuous variables
were presented as mean + SD and compared using the
independent-samples t-test. Categorical variables were
summarized as counts (percentages) and compared using
the y? test. Receiver operating characteristic (ROC) curves
were generated to evaluate the prognostic utility of LHR,
IL-6, CRP, PCT and T-lymphocyte subsets, with areas
under the curves (AUCs) compared non-parametrically;
significance was set at P < (0.05.
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RESULTS
LHR in 2 groups

In contrast to the survival group, the level of LHR was
declined in the death group (P<0.01, Fig. 1).

2.57

2.0+
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Fig. 1: Levels of LHR in survival and death groups.
*P<0.01; LHR: lymphocyte-to-high-density lipoprotein ratio.

IL-6, CRP and PCT levels in 2 groups

As shown in fig. 2, compared with survivors, non-survivors
exhibited significantly higher IL-6, CRP and PCT
concentrations (all P <0.01).

Levels T lymphocyte subsets in 2 groups

The fig. 3 indicated that in contrast to the survival group,
the levels of CD3", CD3"CD4" and CD4"/CD8" presented
reduction, while the level of CD3"CD8" presented
elevation in the death group (P<0.01).

Prognostic value of LHR, IL-6, CRP, PCT and
CD4*/CD8" single and combined tests in septic shock
patients

ROC curve showed that when LHR, IL-6, CRP, PCT, as
well as CD47/CD8" were combined, the AUC for
predicting death in septic shock patients was 0.960, better
than that of single detection (P<0.05, Fig. 4).

Hemodynamic indexes in 2 groups

Before therapy, no differences were seen in MAP, HR and
CVP values between 2 groups (P>0.05). Post-treatment,
both groups showed increased MAP and CVP alongside
reduced HR, with the observation group demonstrating
significantly greater improvements than the control group
(P <0.05) (Fig. 5).

Levels of inflammatory indicators in 2 groups

Prior to treatment, PCT, TNF-a and IL-6 levels were
comparable between the two groups (P > 0.05). After
therapy, all three markers fell in both groups, with

significantly lower values in the observation group than in
the control group (P < 0.05) (Fig. 6).

SOFA score in 2 groups

Before therapy, no difference was seen in SOFA score
between 2 groups (P>0.05). After therapy, scores fell in
both groups, with the observation group showing a
significantly greater reduction than the control group
(P<0.05) (Fig. 7).

DISCUSSION

The monitoring of septic shock patients includes
hemodynamic monitoring and basic monitoring (Esposito
etal.,2017). The basic monitoring includes capillary filling
status, urine volume and blood pressure, etc (Yealy et al.,
2014). Septic shock often results in a series of clinical
manifestations of decreased tissue perfusion, such as
decreased urine volume, decreased mean arterial pressure,
decreased skin temperature, or decreased capillary refill
rate (Guo et al., 2024). These signs can be used as
observation indicators and diagnostic basis for septic shock
(Cecconi et al., 2018). Hemodynamic monitoring can
understand the status of tissue perfusion and oxygen
metabolism, volume resuscitation and circulation, which is
particularly important for early diagnosis, treatment and
prognosis of septic shock (Lipcsey et al., 2015). However,
some of the above clinical symptoms are non-specific,
which may lead to misdiagnosis and delay the best time for
treatment (Cecconi et al., 2014). Hence, beyond
standardized therapy, reliable prognostic biomarkers are
essential to curb septic-shock mortality.

Immune status and the magnitude of the inflammatory
response are central to septic-shock pathophysiology and
disease progression (Asehnoune et al., 2018). When the
body goes into septic shock, the level of inflammatory
factors increases significantly, causing a series of immune
responses and inflammatory reactions, resulting in changes
in host cell antigen structure and then causing immune
dysfunction (King et al., 2014).

Among them, T lymphocyte subsets are one of the most
important defense cells in the body against infection
(Crausaz et al., 2022). Based on surface antigen profiles, T
lymphocytes are parsed into CD3+CD4+ helper and
CD3+CD8+ cytotoxic subsets (Natalini et al., 2021).
Under normal circumstances, CD3*CD4* and CD3*CD8"
will feedback and adjust each other to be in a dynamic
balance, so the level of CD4"/CD8* is commonly used
clinically to reflect the abnormal immune function of the
body (Pant et al., 2014) . In our study, we discovered that
in contrast to the survival group, CD3*, CD3"CD4" as well
as CD4*/CD8" levels presented reduction, while the level
of CD3"CDS8" presented elevation in the death group,
which was consistent with previous literatures (Monserrat
etal., 2009, Chen et al., 2011).
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Fig. 2: Levels of IL-6, CRP, PCT in survival and death groups. (a) PCT levels in survival and death groups, (b) CRP
levels in survival and death groups and (c) IL-6 levels in survival and death groups.
**P<0.01; IL-6: interleukin 6; CRP: C-reactive protein; PCT: procalcitonin.
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Fig. 3: levels of T lymphocyte subsets in survival and death groups. (a) CD3+ levels in survival and death groups,
(b) CD3+CD4+ levels in survival and death groups, (c) CD3+CD8+ levels in survival and death groups and (d) CD4+/CD8+ ratio in
survival and death groups. **P<0.01.
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Fig. 4: Prognostic value of LHR, IL-6, CRP, PCT and CD4"/CD8" single and combined tests in septic shock patients.
ROC: receiver operating characteristic; LHR: lymphocyte-to-high-density lipoprotein ratio; IL-6: interleukin 6; CRP: C-reactive
protein; PCT: procalcitonin.
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Fig. 5: Hemodynamic indexes in 2 groups. (a) MAP levels in control and observation groups, (b) HR levels in control and

observation groups and (¢) CVP levels in control and observation groups.
#P<0.05, compared with before therapy; "P<0.05, compared with control group; control group: hydrocortisone; observation:

hydrocortisone with vitamin C; MAP: mean arterial pressure; HR: heart rate; CVP: central venous pressure.
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Fig. 6: Levels of inflammatory indicators in 2 groups. (a) PCT levels in control and observation groups, (b) TNF-a levels in

control and observation groups and (¢) IL-6 levels in control and observation groups.

#P<0.05, compared with before therapy; *P<0.05, compared with control group; control group: hydrocortisone; observation:
hydrocortisone with vitamin C; PCT: procalcitonin; TNF-a: tumor necrosis factor-a; IL-6: interleukin 6.
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#P<0.05, compared with before therapy; “P<0.05, compared with control group; SOFA: Sequential Organ Failure Assessment.
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Hepatic-derived CRP is an inflammatory biomarker whose
circulating concentration mirrors systemic inflammation
(Coventry et al., 2009). PCT belongs to a mediator of the
body’s inflammatory response and the level of expression
in the blood of the body will increase once the infection
occurs (Li et al., 2021). It has been reported that during
septic shock, the release of inflammatory factors will
increase and the serum PCT level will rise and the rising
level is related to the severity of infection (Liang and Yu,
2022). IL-6 is a pro-inflammatory factor with multiple
functions secreted mainly by mononuclear macrophages,
which plays a central role in inflammatory response and
can induce the production of CRP, PCT and other
inflammatory factors, which is one of the important
indicators reflecting the systemic inflammatory response
(Kang et al., 2020).

In our study, we discovered that in contrast to the survival
group, IL-6, CRP as well as PCT levels presented elevation
in the death group. Likewise, Thao et al. identified an
intensive care unit-admission IL-6 drop >86 % within 24 h
as a survival indicator in septic shock (Thao et al., 2018).
Cui et al. found serum PCT and CRP to be reliable
diagnostic and prognostic indicators in septic shock (Cui et
al., 2019).

HDL has the functions of regulating immune response,
neutralizing endotoxin, anti-oxidation and protecting
endothelial cells (Mo et al., 2016). HDL is the main source
of vitamin E in type II alveolar epithelial cells and the
lipoprotein with the highest binding energy with LPS, so it
has been widely concerned and studied in septic shock and
pulmonary anti-inflammatory reaction (Wang et al., 2021).
The more severe the condition of septic shock, the more the
combination of HDL and LPS leads to the decrease in HDL
level (Trinder ef al., 2021). Therefore, the decrease in HDL
levels is linked to poor prognosis of septic shock patients
(Prado et al., 2023). LHR, a recently introduced
inflammatory marker, has demonstrated efficacy in
predicting metabolic syndrome severity (Yu et al., 2021).
Herein, the results indicated that in contrast to the survival
group, the level of LHR presented lower in the death group.
Consistently, Liu et al., indicated that LHR predicts
mortality in sepsis patients (Liu et al., 2023). In addition,
ROC curve showed that when LHR, IL-6, CRP, PCT and
CD47/CD8" were combined, the AUC for predicting death
in septic shock patients was 0.960, better than that of single
detection. These results indicated that all five indices could
predict the prognosis of patients and the combination of the
three indices could predict the prognosis more accurately,
which had important clinical value.

Recent evidence has linked vitamin C to septic shock and
prompted its investigation as an adjunctive therapy (Marik
et al., 2017). There are several possible mechanisms for
vitamin C adjuvant treatment of septic shock: (1) Anti-
inflammatory effect: Vitamin C can inhibit tumor necrosis
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factor-a-induced nuclear transcription factor-kB activation
by inhibiting the phosphorylation of inhibitory protein-a of
nuclear factor-kB, thereby reducing the production of
inflammatory mediators and reducing circulating
histamine levels (Holford et al., 2020). (2) Direct
antibacterial activity: High concentration of vitamin C can
directly inhibit bacterial growth and show bactericidal
activity in vitro (Majtan et al., 2020). (3) Antioxidant effect:
Vitamin C is the most important antioxidant in the human
body and the only one in blood plasma that can protect
lipids from peroxidation damage. It reduces inflammation
by effectively removing the anti-lipid peroxidation of free
radicals (Dosedél ef al., 2021). (4) Regulate vascular
reactivity and improve microcirculatory blood flow: As a
coenzyme of dopamine [-hydroxylase, tyrosine
hydroxylase and peptidyl glycine a-amide-
monooxygenase during the synthesis of norepinephrine
and vasopressin, vitamin C can not only increase the
endogenous synthesis of norepinephrine and vasopressin,
but also enhance the activity of adrenergic receptors and
promote the recycling of enzyme cofactor BH4 and these
vasoactive substances can improve microcirculation and
maintain organ perfusion, thereby improving the body’s
shock state, reducing the incidence of multiple organ
failure and improving the prognosis of septic shock
(Biesalski and McGregor, 2007). (5) Immunomodulatory
effect: vitamin C can not only enhance the activity of
natural killer cells, but also promote the proliferation,
differentiation and maturation of immune cells, enhance
neutrophil phagocytosis, improve chemotaxis and inhibit
multiple organ failure (Juneja et al., 2022). (6) Involvement
in oxidative stress: Vitamin C is necessary for hypoxia
induced factor-1a (HIF-1a) to be hydroxylated by propyl,
lysyl hydroxylase and asparaginyl hydroxylase
(Kazmierczak-Baranska et al., 2020). HIF-1a is a protein
transcription factor that regulates hundreds of genes in
response to hypoxia and stress (Li et al., 2019) and various
pathophysiological mechanisms of septic shock are
significantly related to oxidative stress. Therefore, vitamin
C supplementation can regulate the oxidative stress
response in sepsis patients, thereby delaying the course of
the disease and improving the prognosis (Kashiouris et al.,
2020). (7) Protect endothelial barrier function and enhance
innate immunity: Vitamin C is a cofactor of propil 3-
hydroxylase, prolyl 4-hydroxylase and lysyl hydroxylase,
which can catalyze the biosynthesis of procollagen and
elastin, induce collagen gene expression in fibroblasts,
stimulate the production of new collagen, promote wound
healing, protect skin integrity, enhance endothelial barrier
function and enhance innate immunity (Carr and Maggini,
2017).

Following treatment, both groups exhibited higher MAP
and CVP and lower HR, yet these improvements were
significantly greater in the vitamin C-plus-hydrocortisone
arm. Concomitantly, PCT, TNF-a, IL-6 and SOFA scores
decreased in both cohorts, with the observation group
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showing markedly lower values, indicating enhanced anti-
inflammatory effects and better outcomes. These findings
corroborate Marik et al., who reported that intravenous
vitamin C combined with corticosteroids and thiamine
attenuates organ dysfunction and reduces mortality in
severe sepsis and septic shock. (Marik et al., 2017). Liang
et al. found that vitamin C administration markedly
enhances the delta SOFA score in patients with sepsis or
septic shock. (Liang et al., 2023).

The present investigation has several strengths. First, we
combined immunological (T-lymphocyte subsets and
LHR), inflammatory (IL-6, CRP, PCT, TNF-a) and
classical hemodynamic indices (MAP, CVP, HR), giving a
multidimensional picture of septic-shock pathophysiology.
Second, the use of ROC-derived AUCs with non-
parametric comparison allowed us to demonstrate that the
integrated panel markedly outperforms any single marker
for 28-day mortality prediction. Nevertheless, several
limitations should be acknowledged. The single-center
design and the modest sample size limit external validity.
We did not perform longitudinal sampling beyond day 7;
therefore, the kinetics of immune recovery or rebound
inflammation remain unknown. Additionally, vitamin C's
mechanisms were not explored at the molecular level (e.g.,
oxidative stress markers). Future multicenter studies with
larger cohorts and mechanistic assays are warranted to
confirm these findings.

CONCLUSION

The combination of LHR, IL-6, CRP, PCT and CD4*/CD8"
has a certain reference value for assessing the severity as
well as prognosis of septic shock patients. In clinical
practice, the above indices can be combined to make a
reasonable judgment of the patient’s condition and guide
clinical treatment. In addition, our study indicates that
vitamin C can improve hemodynamic indexes,
inflammatory response and prognosis of septic shock
patients.
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