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Background: The aging population has advanced older patients (OPs) in intensive care units (ICUs). Critical illness and aging exacerbate
immune-inflammatory dysregulation, impairing immune interactions and worsening prognosis. However, knowledge regarding immune-
inflammatory profiles and prognostic implications for OPs, particularly in very old patients (VOPs), remains limited.

Methods: This single-center prospective study included patients aged >65 with hemodynamically confirmed shock, signifying severe
critical illness admitted between August 2023 and February 2025. Demographic, medication, and laboratory data were collected from
electronic medical records. The primary endpoint was in-hospital mortality; secondary endpoints included ICU and hospital stay
duration. Participants aged 65-74 were young old patients (YOPs), and those aged >75 as VOPs. Statistical analysis included y? for
categorical variables, Kolmogorov—Smirnov for non-normal continuous data, Principal component analysis (PCA) for inflammatory
states, while generalized additive mixed models for statistical interactions.

Results: A total of 537 OPs were admitted, with no significant differences in inflammatory markers between YOPs and VOPs, except
fibrinogen. Survivors had higher levels of hypersensitive C-reactive protein (hsCRP). Lymphocyte counts and subtypes were reduced
in OPs. VOPs showed higher natural killer cells, CD8+CD38+, and CD8+DR+ counts versus YOPs. The median CD8+DR+ count was
82 in survivors versus 59 in non-survivors. Among VOPs, hsCRP, interleukin-8, and immunoglobulin G showed significant
differences. B cell count was lower (median 104 vs 72), and CD8+ T cell activation declined in non-survivors. Mortality was higher
in the low inflammatory state group. As B and T cell counts increased, mortality decreased in high inflammatory states. Higher CD8
+DR+ counts reduced mortality.

Conclusion: OPs, especially VOPs, with hemodynamically confirmed shock and critical illness exhibit distinct immune-inflammatory
characteristics affecting prognosis. A weakened immune response in low inflammation links to poor outcomes. Enhancing B cell and
CD8+DR+ T cell responses may improve prognosis through precise immune regulation in ICU settings.
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Introduction

The global population is aging at an unprecedented rate, with an estimated increase of over 400 million individuals aged
>65 years between 2010 and 2030." This demographic shift has led to a substantial rise in the proportion of older
patients (OPs) admitted to intensive care units (ICUs). OPs with critical illnesses often present with multiple organ
dysfunction, chronic comorbidities, and immune system impairments, resulting in significantly poorer clinical outcomes
and prognosis compared to younger patients.” Consequently, a deeper investigation into the underlying pathological
mechanisms is urgently needed to improve treatment strategies for this vulnerable population.
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Critical illness is frequently characterized by a dynamic imbalance in immune and inflammatory responses. During
the acute phase, excessive inflammation can cause endothelial injury and multiple organ failure, while subsequent
compensatory immunosuppression may lead to lymphocyte exhaustion and an increased risk of secondary infections.*
Aging further intensifies these processes through two key mechanisms: immunosenescence and inflammaging.

Immunosenescence refers to age-related alterations in the immune system that compromise both innate and adaptive
immunity, resulting in weakened pro-inflammatory and autoimmune responses.® These changes affect nearly all lymphocyte
subsets, with T lymphocytes being particularly impacted.’ Previous research has shown that aging is associated with an inverted
CD4/CDS ratio and the loss of CD28 expression on T cells—markers of immunological aging and functional decline.®’

Furthermore, immunosenescence increases susceptibility to infections, cancer, neurodegenerative diseases, and

autoimmune disorders in the elderly population,'®"!

thereby elevating mortality risk and drawing significant clinical
attention. /nflammaging a phenomenon characterized by elevated baseline levels of pro-inflammatory cytokines such as
interleukin-6 (IL-6) and tumor necrosis factor-o. (TNF-a) leads to a chronic low-grade inflammatory state. This persistent
inflammation impairs tissue repair and exacerbates organ damage, further compromising recovery in older patients.'* As
a result, aging not only alters the immune and inflammatory profiles of OPs with critical illnesses but also contributes to
disease progression and poor prognosis.

Importantly, the immune and inflammatory systems do not operate independently but interact in complex and dynamic
ways."? For instance, IL-6 can amplify inflammation by activating specific T cell subsets while concurrently promoting
immunosuppression through the expansion of regulatory T cells.'* Similarly, interferon-y (IFN-y), secreted by natural killer
(NK) cells and T cells, plays a crucial role in antiviral defense but may induce tissue toxicity when excessively activated.'

In OPs with critical illnesses, the combination of immunosenescence and persistent low-grade inflammation results in
intricate immune-inflammatory interactions, contributing to varied and often unpredictable treatment responses.
However, most existing studies have focused on isolated immune or inflammatory markers, lacking a comprehensive
assessment of their dynamic interplay. This gap is particularly evident in research involving very old patients (VOPs, >75
years), where systematic evaluations of immune-inflammatory interactions in critical illness remain limited.

Lymphocyte subsets play an important role in maintaining the function of the immune system and are also core
indicators for evaluating immune function.'® Inflammatory markers such as hypersensitive C-reactive protein (hsCRP),
procalcitonin (PCT), IL-6, IL-8, and IL-10 can quantify the inflammatory status. The combined detection of these
indicators can effectively reflect the inflammatory and immune characteristics of OPs in the ICU, thereby laying
a theoretical foundation for exploring the pathological mechanisms involved in the occurrence and progression of critical
illnesses in this population and for identifying potential clinical treatment strategies. Furthermore, shock, a common
complication in critically ill patients, leads to marked hemodynamic instability and reduced tissue perfusion, resulting in
organ dysfunction. These physiological disturbances exacerbate immune-inflammatory dysregulation, reflecting the
severity of the studied cohort.'” This prospective study aimed to: compare age-stratified differences in lymphocyte
subsets and inflammatory markers between young old patients (YOPs, 65-74 years) and VOPs (=75 years) in the ICU;
screen the indicators that might be related to prognosis; and decipher immune-inflammatory interactions using principal

component analysis (PCA), with a focus on their combined impact on prognosis.

Methods and Materials

Study Design and Research Population

This study is a single-center prospective study conducted at Peking Union Medical College Hospital, a top tertiary
hospital in China. Patients admitted to the ICU aged 65 years or older with confirmed shock were included between
August 2023 and February 2025. Patients without lymphocyte and subset analysis results or those who refused to provide
written informed consent (either personally or via their relatives) were excluded. A total of 537 OPs admitted to the ICU
were ultimately included in the study. Figure 1 shows the flowchart of the study procedure. All clinical data and
analytical methods are well preserved. The corresponding author will provide the materials upon reasonable request. The
study protocol was approved by the local ethics committee (Ethical Approval Number: 1-23PJ1278).
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Figure | Flowchart of patient enroliment and study design.
Abbreviations: ICU, intensive care unit; YOP, young old patient, 65-74 years; VOP, very old patients, 275 years; PCA, principal component analysis.

Data Collection
We obtained demographic, medication, and laboratory data from the electronic medical record system. Medication data
included past medical history, ICU parameters, and outcomes. Medical history encompassed information on surgery,
hypertension, coronary heart disease, diabetes mellitus, autoimmune diseases, immunotherapy, and tumors. ICU para-
meters mainly included the Acute Physiology and Chronic Health Evaluation (APACHE) II score, ventilation time, and
other relevant clinical indicators. Laboratory data included inflammatory biomarkers (IL-6, IL-8, IL-10, TNF-a,
complement 3, complement 4, fibrinogen, D-dimer, PCT, hsCRP, and erythrocyte sedimentation ratels), immunoglobu-
lins (immunoglobulin G [IgG], IgA, IgM), as well as lymphocyte counts and subset analysis results. The patient samples
were all stored and sourced from the Clinical Biobank (ISO 20387), Peking Union Medical College Hospital, Chinese
Academy of Medical Sciences. All the above parameters were recorded at the time of ICU admission.

The primary endpoint was in-hospital mortality, while the secondary endpoints included ICU stay duration and total
length of hospital stay.
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Statistical Analysis

All continuous data in this study were expressed using the minimum, 25th percentile, median, 75th percentile, and
maximum values after confirming a skewed distribution. The distributions of continuous variables were assessed for
normality using the Kolmogorov—Smirnov test. Categorical variables were presented as numbers (percentages).
Participants were divided into two groups based on age: young old patients (YOPs, 65—74 years) and very old patients
(VOPs, >75 years). The y’-test was used to compare categorical variables. Continuous variables with a non-normal
distribution were analyzed using the Kolmogorov—Smirnov test. Given the correlations among inflammatory markers, the
principal component analysis (PCA) method was employed to identify principal components and evaluate inflammatory
states. A generalized additive mixed model was used to construct smooth curves to quantify statistical interactions.
Interaction tests were also performed to assess significance. A two-tailed P < 0.05 was considered statistically significant
for all analyses. Statistical analyses were conducted using EmpowerStats (http://www.empowerstats.com) and

R software, version 4.2.0 (http://www.R-project.org/).

Results

Baseline Characteristics and Clinical Outcomes

A total of 537 OPs were admitted to the ICU during the study period (Figure 1). The baseline characteristics of the
participants are summarized in Table 1. The median age of the study population was 73 years, with 42.09% aged 75 years or
older. The proportion of male patients was significantly higher than that of females. Overall, 43.8% of the participants
underwent surgery; however, the proportion of surgical procedures was significantly lower among VOPs. The prevalence of
hypertension increased significantly with age, while the prevalence of other chronic diseases did not differ significantly

Table | Demographic Characteristics, Medical Data and Outcomes of the Study Population

Total YOP VOP P Value
Medium (25th, 75th) or N (%)
N 537 311 226
Age 73.0 (68.0-79.0) 69.0 (67.0-72.0) 81.0 (77.0-90.0) <0.001
APACHE I 20.0 (6.0-26.0) 19.0 (15.8-25.0) 21.0 (17.0-27.0) 0.018
LOS 25.2 (15.5-51.2) 23.8 (13.7-38.4) 30.0 (16.4-74.0) <0.001
ICU stays 14.0 (9.0-26.0) 13.0 (8.0-23.0) 17.0 (11.0-31.0) <0.001
vT 143.5 (69.2-301.2) 135.0 (69.0-286.5) 153.0 (74.5-320.5) | 0.364
Gender 0.537
Female 191 (35.6%) 114 (36.7%) 77 (34.1%)
Male 346 (64.4%) 197 (63.3%) 149 (65.9%)
Mortality <0.001
No 397 (73.9%) 249 (80.1%) 148 (65.5%)
Yes 140 (26.1%) 62 (19.9%) 78 (34.5%)
Operation <0.001
No 302 (56.2%) 148 (47.6%) 154 (68.1%)
Yes 235 (43.8%) 163 (52.4%) 72 (31.9%)
Hypertension <0.001
No 205 (39.73%) 153 (49.51%) 52 (25.12%)
Yes 311 (60.27%) 156 (50.49%) 155 (74.88%)
Diabetes 0.740
No 349 (67.50%) 211 (68.06%) 138 (66.67%)
Yes 168 (32.50%) 99 (31.94%) 69 (33.33%)
CHD 0.901
No 298 (57.64%) 178 (57.42%) 120 (57.97%)
Yes 219 (42.36%) 132 (42.58%) 87 (42.03)
(Continued)
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Table | (Continued).

Total YOP VOP P Value
Medium (25th, 75th) or N (%)
Cancer 0.716
No 389 (75.24%) 235 (75.81%) 154 (74.40%)
Yes 128 (24.76%) 75 (24.19%) 53 (25.60)
Immunocompromised 0.171
No 433 (83.75%) 254 (81.94%) 179 (86.47%)
Yes 84 (16.25%) 56 (18.06%) 28 (13.53%)

Note: Bold P values indicate statistical significance (p < 0.05).

Abbreviations: YOP, young old patient, 65-74 years; VOP, very old patients, 275 years; APACHE Il, Acute Physiology and
Chronic Health Evaluation IlI; LOS, length of in-hospital stays; ICU, intensive care unit; VT, ventilation time; CHD, coronary

heart disease; N, number; 25th, the 25th percentile; 75th, the 75th percentile.

between age groups. The proportion of patients receiving immunotherapy was lower in VOPs. APACHE II scores were

higher in VOPs, indicating more severe illness. The average length of hospital stay for all participants was 25.2 days, with

VOPs having a significantly longer stay (30.0 days). ICU stays were also significantly prolonged in this group. The overall

in-hospital mortality rate among OPs was 26.1%, with significantly higher mortality observed in VOPs, reaching 34.5%.

Inflammatory Biomarkers, Complements, and Immunoglobulins
Table 2 presents a comparison of inflammatory biomarkers, complement levels, and immunoglobulins between the YOP

(65-74 years) and VOP (=75 years) groups. Overall, there were no statistically significant differences in most inflam-

matory markers between the two groups. The levels of procalcitonin (PCT), erythrocyte sedimentation rate (ESR),

hypersensitive C-reactive protein (hsCRP), D-dimer, IL-6, IL-8, IL-10, and TNF-a showed no significant intergroup

differences (all P > 0.05). Similarly, complement components (C3 and C4) and immunoglobulin levels (IgG, IgA, and

Table 2 Inflammatory Biomarkers, Complements and Immunoglobulins
Between YOP and VOP
Total YOP voP P Value
Medium (25th, 75th)
N 537 311 226
PCT 4.1 (1.3-15.2) 4.1 (1.4-14.6) 42 (1.1-16.9) 0.584
ESR 445 (212-738) | 47.0 25.0-81.5) | 43.5 (19.8-73.0) | 0.430
hsCRP | 106.1 (46.7-2065) | 108.3 (51.8-211.0) | 94.4 (42.0-188.8) | 0.102
FBG 3.3 (23-47) 3.0 (2.2-4.5) 3.7 (2.5-4.7) 0.026
D-dimer | 4.3 (2.0-9.2) 43 (2.0-9.1) 42 (1.8-94) 0.935
IL-6 79.9 (23.9-265.5) 78.6 (23.5-251.0) 86.6 (26.4-285.0) | 0.907
IL-8 102.0 (57.0-186.0) | 103.0 (57.0-205.0) | 98.5 (56.2-157.0) | 0.374
IL-10 7.8 (5.0-152) 7.9 (5.2-15.8) 7.6 (5.0-13.1) 0813
TNF-a | 159 (11.5-24.0) 15.4 (11.3-23.2) 16.5 (12.3-25.1) | 0.574
c3 0.7 (0.6-0.9) 0.7 (0.6-0.9) 0.8 (0.6-0.9) 0711
c4 0.2 (0.1-0.2) 02 (0.1-0.2) 0.1 (0.1-0.2) 0.791
IgG 9.3 (7.1-12.4) 9.2 (6.9-122) 9.6 (7.1-13.1) 0.456
IgA 2.2 (1.5-2.9) 2.2 (1.5-2.9) 2.3 (1.6-3.0) 0.589
1gM 0.6 (0.4-0.9) 0.6 (0.4-0.9) 0.6 (0.4-0.9) 0.349

Note: Bold P values indicate statistical significance (p < 0.05).
Abbreviations: YOP, young old patient, 65-74 years; VOP, very old patient, 275 years; PCT, procalci-
tonin; ESR, erythrocyte sedimentation rate; hsCRP, hypersensitive C-reactive protein; FBG, fibrinogen;
IL, interleukin; TNF-a, tumor necrosis factor-o; C, complement; Ig, immunoglobulin; N, number; 25th,

the 25th percentile; 75th, the 75th percentile.
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IgM) were also comparable between YOPs and VOPs. However, a statistically significant difference was observed in
fibrinogen (FBG) levels. VOPs had higher median FBG levels [3.7 (2.5-4.7) g/L] compared to YOPs [3.0 (2.24.5) g/L],
with a P value of 0.026, indicating a modest increase in fibrinogen levels with advancing age.

Lymphocyte Counts and Subsets
Among the OPs, both total lymphocyte counts and their subsets—including B cells, natural killer (NK) cells, and T cells
—were decreased (Table 3). The median lymphocyte count was 0.74 x 10°/L, slightly below the lower limit of the normal
reference range (0.8—4.0 x 10°/L). The proportion of lymphocytes also showed a marked decline, with a median of
7.25%, compared to the normal range of 20%—40%. This lymphopenia was more pronounced in YOPs.

Most lymphocyte subsets were within normal ranges, except for elevated proportions of CD4+CD28+ and CDS8+DR+
T cells. In VOPs, these immune characteristics were more notable Both the absolute count and the proportion of NK cells
were significantly higher in VOPs compared to YOPs. The activation subsets CD8+CD38+ and CD8+DR+ also showed
significantly increased counts in VOPs, although the proportional differences were not statistically significant. While
total lymphocyte counts were slightly higher in VOPs than in YOPs, B cell counts were reduced. NK cell counts were
marginally higher, but a more substantial increase was observed in T cell counts. Further analysis of T cell subsets
indicated that the rise in T cell counts was mainly driven by a significant increase in CD8+ T cells. Additionally, both
functional (CD8+CD28+) and activation (CD8+CD38+ and CD8+DR+) subsets of CD8+ T cells were elevated in VOPs.

Table 3 Characteristics of Lymphocytes and the Subsets Between YOP and VOP

Total YOP VOP P Value

Medium (25th, 75th)
N 537 311 226
LY (0.8-4.0) 0.74 (0.49-1.22) 0.68 (0.45-1.19) 0.84 (0.56-1.24) 0.004
LY% (20-40) 7.25 (4.00-11.25) 6.60 (3.60-10.35) 8.00 (4.40-13.00) 0.003
B CDI19 (160-350) 93.00 (42.50-158.00) | 94.00 (45.00-168.00) | 88.50 (38.25-148.25) | 0.591
B CD19% (5.0-20.0) 13.50 (6.60-20.70) 14.70 (8.30-22.30) 11.05 (5.38-19.35) 0.015
NK (155-550) 64.50 (35.00-123.50) | 62.00 (29.00-116.00) | 68.00 (43.50-135.00) | 0.017
NK% (8.0-26.0) 10.20 (5.70-17.25) 9.45 (5.20-16.00) 11.85 (6.88-19.33) 0.016
CD3+ T (940-2140) 493 (306-754.5) 477 (292 —735.5) 517.5 (325.-793.75) 0.026
CD3+T% (61.0-85.0) 72.15 (62.25-79.40) 72.60 (62.90-79.38) 70.70 (60.77-79.40) 0.447
CD4+T (550-1200) 308 (191.5-464.5) 297 (176.5-473.5) 321.5 (205-454.75) 0.642
CD4+T% (28.0-58.0) 41.85 (31.90-51.48) | 44.35 (34.33-53.13) 38.55 (27.25-47.90) <0.001
CD4+CD28+ (520-1050) 275 (171.25-428.5) 273 (161-439) 288 (177-407) 0.583
CD4+CD28+/CD4+% (28.0-58.0) | 95.20 (88.60-98.50) 95.90 (90.80-98.90) | 93.50 (85.05-97.75) <0.001
45RA+CD4+T (200-530) 80.00 (37.00-139.00) | 85.00 (39.00-148.00) | 69.00 (31.25-122.00) | 0.069
45RA+CD4+T% (31-55) 72.50 (61.42-82.80) 70.70 (56.98-80.20) 75.00 (65.50-85.10) <0.001
CD8+T (380-790) 150 (85.19-276.98) 135.3 (72.7-240.9) 183.6 (103.7-311.9) <0.001
CD8+T% (19.0-48.0) 33.26 (22.57-44.52) 31.04 (21.70-39.23) 36.18 (25.89—48.25) 0.011
CD8+CD28+ (190-400) 70.00 (38.00-122.00) | 68.00 (34.00—114.00) | 74.00 (45.00-131.00) | 0.042
CD8+CD28+/CD8+% (35.0-61.0) | 48.80 (33.10-64.50) 52.00 (35.10-67.90) | 44.10 (29.17-57.08) <0.001
CD8+CD38+ (150-390) 71.50 (34.00-138.00) | 62.00 (30.00—130.00) | 83.00 (42.00-157.00) | 0.03
CD8+CD38+/CD8+% (32-58) 51.20 (34.20-70.70) 51.80 (35.20-72.20) | 49.25 (32.72-67.02) | 0.278
CD8+DR+ (20-180) 75.00 (36.00-145.00) | 66.00 (33.00-127.00) | 91.00 (43.00-157.00) | 0.004
CD8+DR+/CD8+% (6.0-24.0) 53.10 (37.50-70.00) 53.10 (39.30-69.30) 53.10 (34.03-71.48) | 0.366

Note: Bold P values indicate statistical significance (p < 0.05).
Abbreviations: YOP, young old patient, 65-74 years; VOP, very old patient, 275 years; LY, lymphocyte; LY% = lymphocyte percentage; NK,
natural killer; NK%, percentage of natural killer cells; CD, cluster of differentiation; DR, activation marker; N, number; 25th, the 25th percentile;

75th, the 75th percentile.
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Inflammatory Markers in Survivor and Non-Survivor Groups

Based on in-hospital outcomes, patients were divided into a survivor group and a non-survivor group. Further analysis
revealed notable differences in inflammatory markers between the two groups (Table 4). Survivors had significantly
higher hsCRP levels compared to non-survivors. The median hsCRP level in the survivor group was 109.1 mg/L
(interquartile range: 52.3-217.3), whereas the median level in the non-survivor group was 85.4 mg/L. Several other
inflammatory markers also showed statistically significant differences between the groups, including tumor necrosis
factor-o. (TNF-a)), D-dimer, immunoglobulin G (IgG), and immunoglobulin M (IgM). In contrast to hsCRP, the median
levels of TNF-a, D-dimer, IgG, and IgM were slightly higher in the non-survivor group than in the survivor group.

Lymphocyte Subsets in Survivors vs Non-Survivors

When comparing lymphocyte subsets between survivors and non-survivors, several significant differences were observed
(Table 5). The B cell count was notably higher in the survivor group, with a median of 101.00 compared to 75.50 in the
non-survivor group (P = 0.003). The B cell percentage also showed a statistically significant difference, with survivors
having a median of 14.10% versus 11.00% in non-survivors (P = 0.009). Similarly, both NK cell count and T cell count
were significantly reduced in non-survivors. The median NK cell count was 68.00 in survivors versus 50.00 in non-
survivors (P = 0.006). T cell (CD3+) count was also higher in survivors (median: 513.50) than in non-survivors (419.50;
P = 0.010). Further analysis of T cell subsets revealed no significant differences in the absolute counts of CD4+ and
CD8+ T cells between the two groups. However, differences emerged in functional and activation markers. The CD4+
T cell percentage was significantly higher in survivors (median: 42.70%) compared to non-survivors (39.20%; P =
0.002). CD8+CD28+/CD8+% was also higher in the survivor group (median: 50.05%) than in non-survivors (45.20%;
P = 0.033). Interestingly, while the absolute count of CD8+CD38+ cells was similar between groups, the proportion
(CD8+CD38+/CD8+%) was significantly higher in non-survivors (P = 0.003), suggesting overactivation of this subset in
poorer outcomes. The CD8+DR+ count was significantly greater in survivors (82.00) compared to non-survivors (59.00;
P =0.028), though the percentage difference was not statistically significant.

Table 4 Inflammatory Biomarkers, Complements and
Immunoglobulins Between Survivors and Non-Survivors

Survivors Non-Survivors P Value

Medium (25th, 75th)
N 397 140
PCT 3.9 (1.3-17.0) 4.3 (1.3-13.6) 0.275
ESR 41.0 (23.0-73.0) 48.0 (20.0-77.0) 0.998
hsCRP 109.1 (52.3-217.3) | 85.4 (33.1-156.1) 0.007
FBG 3.2 (2.3-4.7) 3.7 2.54.7) 0.223
D-dimer | 4.2 (1.7-8.8) 4.6 (2.9-10.3) 0.019
IL-6 84.4 (24.5-285.0) 43.0 (20.6—-178.0) 0.224
IL-8 100.5 (57.0-181.2) | 113.0 (52.0-204.0) | 0.501
IL-10 7.6 (5.0-13.2) 9.9 (5.0-20.4) 0.130
TNF-a 15.4 (11.4-23.0) 20.6 (13.5-26.7) 0.03
C3 0.8 (0.6-0.9) 0.7 (0.5-0.8) 0.051
C4 0.2 (0.1-0.2) 0.1 (0.1-0.2) 0418
1gG 9.2 (6.9-12.0) 10.7 (7.8-13.6) 0.014
IgA 2.2 (1.6-2.9) 2.3 (1.5-3.2) 0.128
1gM 0.6 (0.4-0.9) 0.7 (0.5-1.0) 0.034

Notes: Bold P values indicate statistical significance (p < 0.05).

Abbreviations: PCT, procalcitonin; ESR, erythrocyte sedimentation rate;
hsCRP, hypersensitive C-reactive protein; FBG, fibrinogen; IL, interleukin;
TNF-0, tumor necrosis factor-o; C, complement; Ig, immunoglobulin; N, num-
ber; 25th, the 25th percentile; 75th, the 75th percentile.
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Table 5 Characteristics of Lymphocytes and the Subsets Between Survivors and Non-

Survivors
Survivors Non-Survivors P Value
Medium (25th, 75th)

N 397 140

LY (0.8-4.0) 0.73 (0.49-1.22) 0.81 (0.50-1.19) 0.630
LY% (20-40) 7.50 (4.10-11.12) 6.55 (3.70-11.45) 0.470
B CD19 (160-350) 101.00 (47.00-172.00) 75.50 (31.00-125.50) 0.003
B CD19% (5.0-20.0) 14.10 (7.70-20.60) 11.00 (4.95-21.00) 0.009
NK (155-550) 68.00 (39.00-125.50) 50.00 (27.50-103.00) 0.006
NK% (8.0-26.0) 10.45 (5.70-17.05) 9.20 (5.68-19.12) 0.544
CD3+ T (940-2140) 513.50 (333.75-753.50) | 419.50 (231.75-750.00) | 0.010
CD3+ T% (61.0-85.0) 71.80 (62.15-79.35) 72.40 (63.35-79.45) 0.687
CD4+T (550-1200) 309.00 (201.00-474.00) | 304.00 (149.50—431.00) | 0.208
CD4+T% (28.0-58.0) 42.70 (32.70-52.15) 39.20 (26.05-48.95) 0.002
CD4+CD28+ (520-1050) 280.00 (175.00—439.00) | 273.00 (138.00-403.00) | 0.140
CD4+CD28+/CD4+% (28.0-58.0) | 95.35 (90.00-98.57) 93.60 (84.80-98.05) 0.088
45RA+CD4+T (200-530) 82.00 (37.75-146.00) 62.00 (26.00—-123.00) 0.174
45RA+CD4+T% (31-55) 71.95 (61.42-82.10) 74.20 (62.80-84.73) 0.390
CD8+T (380-790) 156.13 (88.79-274.59) 135.14 (77.34-278.33) 0.751
CD8+T% (19.0-48.0) 32.94 (22.53-44.51) 34.54 (24.43—44.51) 0.242
CD8+CD28+ (190-400) 73.00 (39.00-125.00) 62.00 (35.00-107.00) 0.123
CD8+CD28+/CD8+% (35.0-61.0) | 50.05 (34.18-65.38) 45.20 (27.85-60.90) 0.033
CD8+CD38+ (150-390) 72.00 (33.00-136.00) 71.00 (37.00-148.00) 0.285
CD8+CD38+/CD8+% (32-58) 48.90 (32.30-68.30) 56.60 (40.70-75.60) 0.003
CD8+DR+ (20-180) 82.00 (38.00-146.00) 59.00 (30.00-125.00) 0.028
CD8+DR+/CD8+% (6.0-24.0) 53.20 (37.90-71.62) 52.00 (33.60-67.40) 0.133

Note: Bold P values indicate statistical significance (p < 0.05).
Abbreviations: LY, lymphocyte; LY%, lymphocyte percentage; B CDI9, B lymphocytes expressing CD19; NK, natural
killer; NK%, percentage of natural killer cells; CD, cluster of differentiation; RA, CD45RA naive marker; DR, activation
marker; N, number; 25th, the 25th percentile; 75th, the 75th percentile.

These findings indicate that better immune cell preservation and specific functional T cell subset profiles, particularly

involving B cells and CD8+DR+ cells, are associated with improved in-hospital outcomes.

Inflammatory Markers in Survivors vs Non-Survivors Among VOPs
To further explore the influence of aging on critical illness, a subgroup analysis was conducted among VOPs (=75 years).

This analysis aimed to identify specific inflammatory and immune indicators associated with prognosis in this advanced

age group. As shown in Table 6, only three markers hsCRP, IL-8, and IgG demonstrated statistically significant

Table 6 Inflammatory Biomarkers,

Complements and

Immunoglobulins Between Survivors and Non-Survivors in

VOPs
Survivors Non-Survivors P Value
Medium (25th, 75th)
N 148 78
PCT 4.7 (1.2-21.0) 3.9 (0.9-11.0) 0.222
ESR 43.0 (23.0-67.0) 44.0 (19.0-75.0) 0.790
hsCRP 107.1 (52.5-210.1) | 73.2 (26.6—151.8) 0.039
(Continued)
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Table 6 (Continued).

Survivors Non-Survivors P Value

Medium (25th, 75th)
FBG 3.8 (2.54.7) 3.6 (2.5-4.5) 0.241
D-dimer | 4.3 (1.7-9.2) 4.2 (1.9-9.7) 0.477
IL-6 75.6 (25.6-261.5) 96.4 (33.4-860.0) 0.111
IL-8 89.0 (50.5-140.5) 165.0 (87.0-428.0) | 0.004
IL-10 7.0 (5.0-11.9) 9.9 (6.9-17.6) 0.089
TNF-a 16.2 (12.3-25.1) 19.8 (12.9-24.7) 0.204
Cc3 0.8 (0.6-0.9) 0.7 (0.5-0.8) 0.082
C4 0.2 (0.1-0.2) 0.1 (0.1-0.2) 0.076
1gG 9.3 (6.9-12.0) 12.1 (8.4-14.4) 0.001
IgA 2.2 (1.6-2.9) 2.6 (1.5-3.2) 0.077
1gsM 0.6 (0.4-0.9) 0.7 (0.4-0.9) 0.218

Notes: Bold P values indicate statistical significance (p < 0.05).
Abbreviations: PCT, procalcitonin; ESR, erythrocyte sedimentation rate;
hsCRP, hypersensitive C-reactive protein; FBG, fibrinogen; IL, interleukin;
TNF-a, tumor necrosis factor-a; C, complement; Ig, immunoglobulin; N, num-
ber; 25th, the 25th percentile; 75th, the 75th percentile.

differences between survivors and non-survivors. Non-survivor VOPs exhibited lower hsCRP levels compared to
survivors. The median hsCRP level in survivors was 107.1 mg/L, whereas it was reduced to 73.2 mg/L in non-
survivors (P = 0.039). In contrast, IL-8 and IgG levels were significantly elevated in the non-survivor group. IL-8 had
a median of 165.0 pg/mL in non-survivors versus 89.0 pg/mL in survivors (P = 0.004), while IgG levels were 12.1 g/L in
non-survivors compared to 9.3 g/L in survivors (P = 0.001). No significant differences were observed for other
inflammatory biomarkers, complements (C3, C4), or immunoglobulins (IgA, IgM) between the two groups. These
findings suggest that in VOPs, specific dysregulations in inflammatory response particularly involving hsCRP, IL-8,
and IgG may be closely associated with adverse outcomes.

Lymphocyte Subsets and Activation Markers in VOPs by Survival Status

To further elucidate the immune profile of very old patients (VOPs), T and B lymphocyte subsets were analyzed in
relation to survival outcomes (Table 7). The results revealed important distinctions in immune status between survivors
and non-survivors. B cell counts were significantly lower in non-survivors compared to survivors, with median values of
72.00 and 104.00, respectively (P = 0.020). The B cell proportion also differed significantly between the groups (7.00%
vs 13.30%, P = 0.013), indicating a reduced humoral immune capacity in the non-survivor group.

Table 7 Characteristics of Lymphocytes and the Subsets Between Survivors and
Non-Survivors in VOPs

Survivors Non-Survivors P Value

Medium (25th, 75th)

N 397 140

LYy 0.77 (0.56-1.23) 0.95 (0.58-1.25) 0. 070
LY% 8.10 (4.30-11.10) 7.90 (5.03-14.97) 0.290
B CDI9 104.00 (48.00-157.00) 72.00 (30.00-127.00) 0.020
B CDI19% 13.30 (6.55-19.40) 7.00 (3.60-19.30) 0.013
NK 72.00 (46.00—-136.00) 54.50 (34.25-130.25) 0.677

(Continued)
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Table 7 (Continued).

Survivors Non-Survivors P Value

Medium (25th, 75th)
NK% 12.50 (7.08-18.88) 11.35 (6.58-19.85) 0.246
CD3+ T 533.00 (347.00-793.00) | 433.00 (221.00-815.00) | 0.020
CD3+T % 71.20 (61.10-79.05) 69.20 (58.30-79.80) 0.267
CD4+T 319.00 (216.50-444.50) | 331.50 (163.25-456.25) | 0.452
CD4+T% 40.10 (31.20-48.40) 33.40 (17.30—46.40) 0.002
CD4+CD28+ 296.00 (188.00—412.00) | 279.50 (141.75-390.25) | 0.324
CD4+CD28+/CD4+% | 94.40 (87.30-98.15) 91.90 (81.40-97.00) 0.188
45RA+CD4+T 70.50 (31.00-128.25) 61.50 (39.25-114.25) 0.774
45RA+CD4+T% 76.50 (66.25-86.22) 74.50 (64.57-83.65) 0.317
CD8+T 185.55 (114.33-304.58) | 158.89 (85.55-336.20) 0.838
CD8+T% 37.13 (25.66—48.66) 35.35 (26.05—47.01) 0.080
CD8+CD28+ 78.00 (48.00—136.00) 65.00 (42.75—111.25) 0.077
CD8+CD28+/CD8+% | 46.00 (32.75-59.05) 39.40 (24.70-53.00) 0.043
CD8+CD38+ 89.00 (42.00-156.00) 75.00 (42.25-162.75) 0.389
CD8+CD38+/CD8+% | 46.50 (30.35-67.25) 54.80 (40.00-66.50) 0.034
CD8+DR+ 104.00 (54.00-165.00) 53.00 (29.50-134.25) 0.002
CD8+DR+/CD8+% 54.90 (37.30-72.75) 47.30 (27.60-63.80) 0.013

Notes: Bold P values indicate statistical significance (p < 0.05).

Abbreviations: VOP, very old patient, 275 years; LY, lymphocyte; LY%, lymphocyte percentage; B CD19,
B lymphocytes expressing CD19; NK, natural killer; NK%, percentage of natural killer cells; CD, cluster of
differentiation; DR= activation markers; RA, CD45RA naive marker; RA, CD45RA naive marker; N,
number; 25th, the 25th percentile; 75th, the 75th percentile.

Although NK cell and total lymphocyte counts were not significantly different, T lymphocyte (CD3+) counts were
lower in non-survivors (median: 433.00) than in survivors (median: 533.00; P = 0.020). A marked reduction was
observed in CD4+ T cell percentages in non-survivors (33.40%) compared to survivors (40.10%; P = 0.002). In terms of
T cell function and activation, CD8+CD28+/CD8+% was significantly reduced in the non-survivor group (39.40%)
versus the survivor group (46.00%; P = 0.043), suggesting weakened cytotoxic T cell function. Conversely, the CD8
+CD38+/CD8+% was significantly higher in non-survivors (P = 0.034), indicating potential overactivation or exhaustion.

Importantly, CD8+DR+ T cell counts, an indicator of T cell activation, showed a dramatic decline in non-survivors (53.00)
compared to survivors (104.00; P = 0.002). The proportion of CD8+DR+/CD8+% was also significantly reduced in non-
survivors (P = 0.013), reinforcing the observation of impaired lymphocyte activation in poor prognosis. These findings
suggest that reduced B cell numbers and impaired CD8+ T cell activation especially the CD8+DR+ subset—may be critical
indicators of poor immune competence and are closely associated with higher in-hospital mortality in critically ill VOPs.

Immune-Inflammatory Sub-Phenotypes and Their Interaction in VOPs
To further investigate the sub-phenotypes of inflammatory and immune responses in VOPs with critical illness, we
performed a two-step analysis. First, we conducted a Spearman correlation analysis to preliminarily assess the relation-
ships among inflammatory biomarkers. As shown in Figure 2 and Table S1, the inflammatory markers demonstrated
complex and interconnected correlations. Next, we performed principal component analysis (PCA) to integrate those
inflammatory factors that showed significant correlations. This allowed us to categorize inflammatory status into high and
low inflammatory states based on the principal components. Since Principal Component 1 (PC1) explained 95.85% of the
total variance, it was selected to represent the overall inflammatory state. The equation for PC1 was as follows:
PC1=0.11 x PCT — 0.005 x ESR — 0.009 x hsCRP + 0.11 x IL-6 + 0.994 x IL-8 + 0.006 x IL-10 + 0.009 x TNF-a.
Using this composite index, we classified patients into high or low inflammatory states and evaluated the impact of
immune function particularly lymphocyte subsets on in-hospital mortality within each inflammatory category. Based on
earlier findings among VOPs, where B cells and CD8+ T cell activation subsets (CD8+CD28+, CD8+CD38+, CD8+DR+)
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Figure 2 Heat map of the Spearman correlation coefficient of inflammatory biomarkers.

Abbreviations: PCT, procalcitonin; ESR, erythrocyte sedimentation rate; hsCRP, hypersensitive C-reactive protein; FBG, fibrinogen; IL, interleukin; TNF-a, tumor necrosis
factor-a; C, complement; Ig, immunoglobulin.
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were significantly associated with prognosis, we specifically analyzed the interactions between these immune parameters
and the inflammatory state to better understand their combined effects on patient outcomes.

Interaction Between Inflammatory State and Immune Cell Subsets

Interaction analysis revealed that in-hospital mortality was significantly higher in the low inflammatory state group
compared to the high inflammatory state group. Moreover, as the counts of B cells and T cells increased, a significant
decrease in mortality was observed across both inflammatory states. Notably, in the low inflammatory state, there was no
clear association between activation subsets of CD8+ T cells and mortality. However, in the high inflammatory state,
a clear downward trend in mortality was seen with increasing counts of the CD8+DR+ subset (Figure 3A—C), suggesting
that CD8+DR+ T cell activity may be particularly protective under conditions of heightened inflammation.

Additional detailed results are available in Table S2.

Discussion

This prospective study systematically analyzed lymphocyte subsets and inflammatory markers in 537 older patients
(OPs) with critical illnesses, revealing, for the first time, distinct immune-inflammatory profiles between young old
patients (YOPs) and very old patients (VOPs) in the ICU, and their associations with prognosis. First, a decrease in
lymphocyte count was common among OPs, accompanied by elevated proportions of CD8+DR+ and CD8+CD28+
T cells. Compared with YOPs, VOPs showed increased lymphocyte counts, primarily due to higher NK cells, T cells, and
CD8+ T cell subsets, while B cells showed a decreasing trend. Second, compared to survivors, non-survivors had higher
levels of D-dimer, TNF-q, IgG, and IgM, and lower hsCRP. Immune cell counts including B cells, NK cells, and T cells
were reduced in non-survivors, although CD8+DR+ subset counts were elevated. Among VOPs, non-survivors had
increased IL-8 and IgG but decreased hsCRP, B cells, T cells, and CD8+DR+ subsets. Lastly, in-hospital mortality was
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Figure 3 Smooth curves illustrating the association between lymphocyte subset counts and in-hospital mortality, stratified by inflammatory state, based on a multivariable-
adjusted model. (A) Relationship between (B) cell count and mortality, (B) Relationship between T cell count and mortality and (C) Relationship between CD8+DR+ T cell
subset count and mortality.

Note: The model adjusts for age, gender and APACHE Il score.

Abbreviation: APACHE II, Acute Physiology and Chronic Health Evaluation II.

significantly higher in the low inflammation group. In contrast, among those with high inflammatory states, increased
counts of B cells, T cells, and CD8+DR+ cells were associated with a significant reduction in mortality, suggesting
protective immune roles under inflammatory stress.

This aligns with immunosenescence, the age-related decline in immune system structure and function, which affects
immune cell quantity, diversity, and activity.'” Lymphocytes play a central role in immune regulation, and flow cytometry
analysis of their subsets is considered the most accurate method to assess immunosenescence.”’ Aging causes impaired
lymphocyte development and function, resulting in reduced immune cell production.?' In our study, both the counts and
proportions of lymphocytes in OPs were significantly below normal, confirming immunosenescence. This finding aligns
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with previous research showing age-related reductions in lymphocyte subsets.”*>® Critical illnesses further aggravate
immune suppression. Conditions such as sepsis can accelerate lymphocyte apoptosis, contributing to lymphopenia.24
Adrie et al*® also found persistent lymphopenia in ICU shock patients, linked to increased infection risk and worse
outcomes. Aging-associated thymic degeneration limits T cell generation, making T cells especially CD8+ highly
susceptible to decline.?*?® Our results support this, as circulating T cell counts were generally reduced in OPs.
Interestingly, we observed elevated proportions of CD4+CD28+ and CD8+DR+ subsets. CD4+CD28+ cells drive
antigen-specific responses via inflammatory cytokines,>> while CD8+DR+ cells are activated cytotoxic T cells capable
of eliminating infected targets.>® These findings may reflect a compensatory immune response. Still, such increases do
not necessarily indicate functional enhancement; instead, they may signal functional exhaustion. Prior studies also show
inconsistent trends in subset proportions with aging some report CD4+ declines, others CD8+.2'*? Overall, while
immune cell proportions may shift, these changes do not always reflect preserved immune competence, especially in
critically ill older adults.

Compared with YOPs, VOPs with critical illnesses display a distinct immune profile, characterized by increased
lymphocyte counts, mainly driven by higher numbers of NK cells and CD8+ T cell subsets. While immunosenescence is
commonly associated with weakened adaptive immunity and enhanced innate immune activity, this pattern is not
absolute. NK cells, key components of innate immunity, have been shown in some studies to increase with age,
consistent with our ﬁndings.zz’31 However, other research, such as that by Valdiglesias et al,*? suggests that NK cell
proportions remain stable during aging.

T cells and their subsets are essential to adaptive immunity, and their development is largely dependent on thymic
function. Thymic degeneration typically reduces T cell production with age.*® Studies on healthy individuals confirm
age-related declines in total T cells and CD4+ and CD8+ subsets.>**> However, not all findings are consistent. For

example, Qin et al*

found that T cells and CD8+ subsets declined significantly with age, while CD4+ subsets remained
relatively unchanged. Importantly, the immune profiles of OPs with critical illnesses differ from those of healthy
individuals. Xue et al®® reported that in sepsis, OPs had significantly lower levels of T cells, CD4+ subsets, and NK
cells compared to younger patients, with a reduced CD4/CDS ratio also observed.>’ These differences may help explain
our observation that VOPs with critical illnesses had higher counts of lymphocytes, NK cells, and CD8+ subsets
compared to YOPs. This seemingly contradictory result may reflect the combined effects of aging and critical illness
on immune activation. For example, VOPs are more prone to latent infections such as cytomegalovirus, and periodic
reactivation may trigger expansion of CD8+ subsets, contributing to increased total lymphocyte counts.*®

In the non-survivor group, D-dimer and TNF-a levels were elevated, while hsCRP was significantly decreased. This
challenges the traditional view that higher hsCRP reflects more severe inflammation and worse prognosis. As an acute-
phase protein, hsCRP plays a key role in innate immunity by activating complement and promoting phagocytosis.*’
A higher hsCRP level may suggest a relatively intact immune response, while lower levels may reflect immune
suppression. This could explain why non-surviving VOPs had lower hsCRP—indicating weaker immunity and lower
disease tolerance. Additionally, the impact of treatment cannot be ruled out. Critically ill patients often receive
glucocorticoids, which inhibit hsCRP synthesis and may suppress inflammatory markers despite ongoing
inflammation.*® Moreover, since hsCRP production depends on IL-6-stimulated hepatocytes, liver dysfunction—a
common complication in critically ill VOPs—may further reduce hsCRP levels. Thus, low hsCRP may result from
both immune exhaustion and impaired hepatic function.*!

This study found that although total lymphocyte counts did not differ significantly between survivors and non-
survivors among OPs, the counts of B cells, NK cells, and CD8+DR+ T cell subsets were significantly reduced in non-
survivors. This suggests that these specific lymphocyte subsets may play a critical role in prognosis. B cells are central to
humoral immunity, producing antibodies that neutralize pathogens.**** A reduction in B cells leads to decreased IgG and
IgM levels, impairing neutralization and increasing susceptibility to secondary infections. Moreover, B cells present
antigens to CD4+ T cells, and their decline may indirectly impair T cell function.** Prior studies confirm this link:
Martin-Sanchez et al*® reported reduced B cells predicted mortality in COVID-19, while Wang et al*® found lower B cell
counts in non-survivors of severe pneumonia. NK cells, essential for innate immunity, eliminate infected cells and recruit
immune effectors.”’ A decrease in NK cells reduces perforin and granzyme secretion, impairing viral and bacterial
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4849 and is consistently linked to poor outcomes.*®** CD8+DR+ is a key activation subset of CD8+ T cells

clearance,
involved in cytotoxic responses and viral control.” "It is associated with viral replication control in HIV patients,’” and
Bobcakova et al’® found elevated CD8+DR+ counts in COVID-19 survivors. Thus, reduced CD8+DR+ counts in non-
survivors may indicate immune exhaustion, offering a possible explanation for our findings.

In non-survivor VOPs, hsCRP levels were reduced, while IL-8 levels were significantly elevated. IL-8, secreted by
monocytes, endothelial, and epithelial cells, is a strong chemokine that activates immune cells and recruits neutrophils,
promoting degranulation and tissue damage.’*>° Elevated IL-8 has been linked to poor outcomes in traumatic brain
injury, COVID-19, and sepsis.’®"->* Additionally, B cells, T cells, and CD8+DR+ subsets were significantly decreased in
non-survivors, reinforcing their prognostic value. These distinct immune-inflammatory profiles formed the basis for
further exploration of immune-inflammation interactions and their impact on prognosis in critically ill VOPs.

Interaction analysis showed that a low inflammatory state is often associated with worse prognosis, likely due to
a weakened immune response. In such states, decreased expression of human leukocyte antigen-DR on monocytes
impairs pathogen clearance, allowing infections to spread.’® Reduced B and T cell counts lead to diminished antibody
production and cytotoxic activity, increasing the risk of secondary infections, including fungi and drug-resistant
bacteria.®® In contrast, higher B and T cell counts are linked to lower in-hospital mortality, especially in high
inflammatory states. Notably, CD8+DR+ cells play a prominent protective role under high inflammation, likely due to
effective pathogen clearance.®’ However, in low inflammation, their prognostic impact weakens, possibly because
immune suppression limits their activation. These findings confirm that the prognostic value of lymphocyte subsets
varies with inflammatory status, supporting the concept of “precise immune regulation” through tailored immune
interventions based on the patient’s inflammatory profile. Collectively, these findings support the concept of precise
immune regulation and suggest that clinicians should adapt therapeutic strategies to the patient’s specific immune-
inflammatory profile. This approach can facilitate the development of targeted immunomodulation for older ICU
populations and guide the direction of future clinical research.

Firstly, this study is a single-center prospective study, which may limit the generalizability of the findings. Future
multi-center studies are needed to further clarify the immune and inflammatory profiles of OPs with critical illnesses,
particularly VOPs. Secondly, the single-center design results in a relatively limited sample size. It is essential to validate
the current findings and conclusions in studies with larger and more diverse populations. Furthermore, this study
measured lymphocyte subsets and inflammatory markers at only a single time point. Future research should incorporate
dynamic monitoring of immune-inflammatory changes over time, allowing for the inclusion of time as a variable. This
approach would provide a more comprehensive understanding of the immune response in critically ill OPs and help
refine and strengthen the study’s conclusions.

Conclusion

This study highlights that critically ill older patients (OPs), particularly very old patients (VOPs), exhibit distinct
immune-inflammatory profiles that significantly influence clinical outcomes. While aging and critical illness indepen-
dently contribute to immune dysfunction, their combined effects result in complex immune-inflammatory interactions.
Notably, lymphocyte counts and subsets, especially B cells and CD8+DR+ T cells, were found to be closely associated
with prognosis. A lower immune response, particularly under conditions of low inflammation, was linked to higher in-
hospital mortality. Conversely, increased counts of B cells and CD8+DR+ T cells were associated with improved
outcomes, especially in high inflammatory states. These findings suggest that immune suppression and immune exhaus-
tion play critical roles in the poor prognosis of this patient population. Precise immune regulation holds clinical value,
suggesting that patients with low inflammatory responses may benefit from immune-enhancing strategies, while those
exhibiting hyperinflammatory responses may achieve better outcomes with immunotherapeutic strategies. These findings
support the development tailored therapeutic decisions based on individual immune profiles.

Data Sharing Statement
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