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Abstract

Background:  Hospital deaths after sepsis have decreased substantially and most young adult survivors rapidly recover (RAP). However, 
many older survivors develop chronic critical illness (CCI) with poor long-term outcomes. The etiology of CCI is multifactorial and the 
relative importance remains unclear. Sepsis is caused by a dysregulated immune response and biomarkers reflecting a persistent inflammation, 
immunosuppression, and catabolism syndrome (PICS) have been observed in CCI after sepsis. Therefore, the purpose of this study was to 
compare serial PICS biomarkers in (i) older (vs young) adults and (ii) older CCI (vs older RAP) patients to gain insight into underlying 
pathobiology of CCI in older adults.
Method:  Prospective longitudinal study with young (≤45 years) and older (≥65 years) septic adults, who were characterized by (i) baseline 
predisposition, (ii) hospital outcomes, (iii) serial Sequential Organ Failure Assessment (SOFA) organ dysfunction scores over 14 days, (iv) 
Zubrod Performance status at 3-, 6-, and 12-month follow-up, and (v) mortality over 12 months, was conducted. Serial blood samples over 
14 days were analyzed for selected biomarkers reflecting PICS.
Results:  Compared to the young, more older adults developed CCI (20% vs 42%) and had markedly worse serial SOFA scores, performance 
status, and mortality over 12 months. Additionally, older (vs young) and older CCI (vs older RAP) patients had more persistent aberrations 
in biomarkers reflecting inflammation, immunosuppression, stress metabolism, lack of anabolism, and antiangiogenesis over 14 days after 
sepsis.
Conclusion:  Older (vs young) and older CCI (vs older RAP) patient subgroups demonstrate early biomarker evidence of the underlying 
pathobiology of PICS.

Keywords:   Aging, Chronic critical illness, Critical illness, Infection

Sepsis is defined by a dysregulated systemic immune response that 
causes life-threatening organ dysfunctions and has been called the 
“quintessential disease of the elderly” (1). It has long been recog-
nized that the incidence of sepsis and in-hospital mortality increase 
exponentially beyond the age of 65 years (2,3). However, over the 

past decade with effective implementation of the Surviving Sepsis 
Campaign (SSC) evidence base guidelines (EBGs), in-hospital mor-
tality has decreased substantially (4,5). While most young survivors 
rapidly recover (RAP), many older sepsis survivors are, unfortu-
nately, now progressing into clinical trajectory of chronic critical 
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illness (CCI) characterized by prolonged intensive care unit (ICU) 
stays with low-grade organ dysfunctions and poor posthospital dis-
charge dispositions and dismal long-term outcomes (6,7). 

In our recently published prospective study on long-term out-
comes after sepsis in surgical ICU patients, 20% of patients were 
young (≤45 years), 40% were middle-aged (46–64 years), and 40% 
were older (≥65 years) adults (8). It was observed that significantly 
more older adults progressed into CCI (22% vs 34% vs 42%) and 
had notably higher 3-month (9% vs 8% vs 25%), 6-month (11% 
vs 11% vs 30%), and 12-month (11% vs 14 % vs 32%) mortality. 
Despite having similar good presepsis functional status, older sur-
vivors experienced significantly worse moderate functional dis-
abilities at 3 months after sepsis and did not recover at 12 months 
compared to middle-aged and young adults. In comparison, the 
young survivors experienced mild functional restrictions at 3 months 
and most recovered to baseline by 12  months. The middle-aged 
adults experienced greater degrees of mild functional restrictions at 
3 months but trended toward full recovery by 12 months (8).

The etiology of these poor long-term outcomes after sepsis in 
older adults is unclear and undoubtedly multifactorial (9). While 
baseline demographics, comorbidities, and site of infection play a 
role, the dysregulated systemic immune response that causes sepsis 
is clearly affected by age and likely plays a dominant role (9,10). It 
is well documented that older patients have a less robust immune 
response that renders them more susceptible to infectious challenges 
and also confounds early diagnosis of sepsis (11). However, recent 
studies have shown that the innate (proinflammation) and adaptive 
(immunosuppression) responses within a short time in older patients 
following sepsis become equally deranged as those seen in younger 
patients, but older patients have more difficulty returning to immune 
homeostasis (12,13). This is consistent with our proposed paradigm 
(based on extensive animal and human studies) that the underlying 
pathobiology of CCI after sepsis is a persistent inflammation, im-
munosuppression, and catabolism syndrome (PICS) with impaired 
angiogenesis that increase the risk of secondary infections, adverse 
cardiovascular events, poor recovery, and death (7,14–16).

In this manuscript, we compare biomarkers of the host response 
relevant to PICS over 14 days after sepsis onset in (i) older (vs young) 
and (ii) older CCI (vs older RAP) study cohorts to gain insight into 
the early underlying pathobiology of dismal long-term outcomes in 
older adults after sepsis and hypothesize that the older and older 
CCI cohorts will have biomarker responses consistent with the PICS 
paradigm.

Method

Study Design and Population
This was a prospective, observational cohort study over 4 years 
ending December 31, 2018 that enrolled trauma and surgical ICU 
patients with new-onset sepsis who were followed for 12 months 
to document long-term outcomes. This study was conducted by 
the University of Florida (UF) Sepsis Critical Illness Research 
Center in collaboration with the UF Institute on Aging (IOA). 
Patients were recruited from the trauma and surgical ICUs (each 
with 24 beds) at the UF Health Shands Hospital (Gainesville, 
FL). Each ICU has a dedicated multidisciplinary ICU team that 
uses established clinical protocols that ensure consistent imple-
mentation of SCC EBGs (17). The study was approved by the UF 
Institutional Review Board and registered with clinicaltrials.gov 
(NCT02276417). The patient or legally authorized representative 

provided informed consent within 96 hours after the patient quali-
fied for study inclusion. If not obtained within 96 hours, all patient 
data and biological samples were destroyed. Details of the study 
design with inclusion and exclusion criteria as well as the clinical 
and laboratory standard operating procedure (SOP) utilized have 
been published (17). In brief, overall cohort inclusion criteria in-
cluded (i) age ≥18 years, (ii) clinical diagnosis of sepsis as defined 
by 2001 consensus guidelines, and (iii) entrance into an electronic 
medical record evidence-based sepsis SOPs. Exclusion criteria in-
cluded any of the following: (i) refractory shock (death <24 hours 
from sepsis protocol initiation) or inability to achieve source 
control (eg, total bowel ischemic necrosis); (ii) preadmission ex-
pected life span <3 months; (iii) patient/proxy not committed to 
aggressive management; (iv) severe chronic heart failure (New 
York Heart Association Class  IV); (v) Child-Pugh Class  C liver 
disease or pre-liver transplant; (vi) known HIV with CD4+ count 
<200 cells/mm3; (vii) patients receiving chronic corticosteroids or 
immunosuppressive agents, including organ transplant recipients; 
(viii) pregnancy; (ix) institutionalized patients; (x) inability to ob-
tain informed consent within 96 hours of enrollment; (xi) chemo-
therapy or radiotherapy within 30  days; (xii) severe traumatic 
brain injury; and (xiii) spinal cord injury resulting in permanent 
sensory and/or motor deficits. The clinical course of study patients 
was prospectively documented by experienced research nurses 
using an established sepsis database. The diagnosis of sepsis, site 
of infection and initial sepsis severity of each case was adjudicated 
weekly by a team of bedside clinicians. Predicted mortality was 
assessed by the acute physiology age chronic health evaluation 
(Acute Physiology + Age + Chronic Health Evaluation [APACHE]) 
II and Sequential Organ Failure Assessment (SOFA) scores at 24 
hours. Infections were defined using CDC definitions and sepsis 
was classified as “present on admission” if diagnosed within 48 
hours and “hospital acquired” if diagnosed after 48 hours hospital 
admission. Secondary infections were defined as any probable or 
microbiologically confirmed bacterial, yeast, fungal, or viral in-
fection requiring treatment and occurring at least 48 hours after 
sepsis protocol onset during the index hospitalization. Infections 
within 48 hours of sepsis onset were considered coexisting and 
therefore excluded. Secondary infections were presented as mean 
per patient and secondary infections per 100 hospital person days 
(to adjust for the time at risk). Organ dysfunction progression was 
assessed by serial SOFA scores. Multiple organ failure (MOF) de-
fined by the Denver MOF score and acute kidney injury (AKI) 
defined by KDIGO (Kidney Disease: Improving Global Outcomes) 
score. Patients were classified by 3 in-patient clinical trajectories: 
(i) early death, (ii) rapid recovery, and (iii) CCI. Early death was 
defined as death within 14 days of sepsis onset. CCI was defined 
as an ICU stay greater than or equal to 14  days with evidence 
of persistent organ dysfunction by SOFA (18). Rapid recovery 
patients were those not meeting criteria for early death or CCI. 
Discharge disposition was classified based on known associations 
with long-term outcomes as either “good” (home with or without 
health care services, or rehabilitation facility) or “poor” nonhome 
destinations (Long-Term Acute Care, Skilled Nursing Facility, an-
other acute care hospital, hospice or in-patient death). Performance 
status was measured by ECOG/WHO/Zubrod Performance 
Scale that ranges from 0 to 5, with increasing scores reflecting 
worse performance status: (0) Asymptomatic (fully active), (1) 
Symptomatic but completely ambulatory (restricted in physically 
strenuous activity), (2) Symptomatic, <50% in bed during the day 
(ambulatory and capable of all self-care but unable to perform any 
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work activities), (3) Symptomatic, >50% in bed, but not bedbound 
(capable of only limited self-care), (4) Bedbound (completely dis-
abled, incapable of any self-care), and (5) Death (17). Baseline (ie, 
prehospitalization) performance status was based upon patient/
proxy reported 4-week recall assessment as soon as possible after 
sepsis onset. Among survivors, follow-up assessments were per-
formed at 3, 6, and 12  months for mortality (with cross-check 
validation via the U.S. Social Security Death Index).

Healthy Controls
Age- (median [interquartile range]: 58 [49–64] years), sex- (n = 19, 
51% male), and race/ethnicity-matched (n = 31, 84% White; n = 33, 
89% non-Hispanic) healthy control subjects (n  =  37) were con-
sented, and single blood samples were collected for normal bio-
marker values. Limited clinical data were collected on these subjects, 
but any individual with known history of autoimmune disease, 
taking immunosuppressive medication, active cancer treatment, or 
active infection was excluded.

Blood Draws and Biomarker Analyses
Blood samples were collected from septic patients at 1, 4, 7, and 
14  days after sepsis protocol onset for subjects remaining in-
patient. Blood samples were analyzed for biomarkers relevant to 
the underlying pathobiology of PICS including (i) inflammation 
(interleukin-6 [IL-6], IL-8, C-reactive protein [CRP], monocyte 
chemoattractant protein 1 [MCP-1], and absolute neutrophil count 
[ANC]); (ii) immunosuppression (absolute lymphocyte count [ALC], 
soluble programmed death ligand 1 [sPDL-1], and IL-10); (iii) 
stress metabolism (glucagon-like peptide 1 [GLP-1] and albumin); 
(iv) anabolism (insulin-like growth factor [IGF-1] and insulin-like 
growth factor-binding protein 3 [IGFBP-3]); and (v) angiogenesis 
(vascular endothelial growth factor [VEGF], soluble vascular endo-
thelial growth factor receptor 1 [sFlt-1], angiopoietin 2 [Ang2], and 
interferon gamma-induced protein 10 [IP-10]). The summary of 
preselected biomarkers’ function, baseline values among sepsis pa-
tients, and values determined among healthy controls is reported in 
Supplementary Table 1. Serum levels of these biomarkers were meas-
ured using Luminex multiplex kits (MILLIPLEX multiplex assay, 
EMD Millipore Corp., Billerica, MA). Complete blood counts with 
leukocyte differentials, that is, absolute lymphocyte count (ALC) and 
albumin, were measured by the Clinical and Diagnostic Laboratories 
at UF Health. For all multiplex analyses, an identical internal control 
sample was used across all kits to normalize the data.

Study Enrollment and Cohort Selection
In a recently published manuscript, we reported study results 
describing the epidemiology, functional testing, and long-term out-
comes stratified by age based on 328 subjects (8). In this manuscript, 
we report study results describing the biomarker analyses based on 
the completed study group of 363 subjects. We have included up-
dated tables (to the previously published tables; see Supplementary 
Tables 2–4) of the 75 (21%) young (≤45 years), 143 (39%) middle-
aged (46–64 years), and 145 (40%) older (≥65 years) adult study 
cohorts and the CONSORT diagram (Supplementary Figure 1).

In this manuscript, we excluded the middle-aged patients because 
like their outcomes, their biomarkers fall in between the young and 
the older cohorts. We chose to compare the young to the older co-
hort to better demonstrate the difference in biomarkers that reflect 
host response that are relevant to the PICS paradigm.

Statistical Analysis
Data are presented as frequency and percentage, mean and SD/SE, 
or median and quartiles. Fisher exact test and the Kruskal–Wallis 
test were used for comparison of categorical and continuous vari-
ables, respectively. SOFA score was imputed for living patients 
discharged prior to Day 14. For patients with a poor discharge dis-
position, the last available in-hospital component scores were car-
ried forward. Similarly, for patients with a good disposition, the last 
available in-hospital component scores were used for hepatic, coagu-
lation, and renal function, while respiratory and CNS component 
scores were assumed to be 0. Generalized estimating equations using 
an independent correlation structure were used to compare bio-
marker and SOFA trajectories between groups. Inverse probability 
weighting based on concurrent adjudicated Zubrod score was used 
to account for missing follow-up data, as well as absence due to 
death. The log-rank test was used to compare Kaplan–Meier product 
limit estimates of survival between groups. All significance tests were 
2-sided, with p value of less than or equal to .05 considered statis-
tically significant. Statistical analyses were performed with SAS (SAS 
Institute, Cary, NC).

Results

Table 1 summarizes baseline demographics, predisposing factors, 
characteristics of the inciting septic event, and hospital/postdischarge 
outcomes between the young and older patients. In comparison to 
young adults, older adults had lower body mass index, but higher 
Charlson Comorbidity Index and APACHE II scores. They experi-
enced more septic shock and stayed longer in the ICU on mechanical 
ventilation. They also experienced more MOF, AKI, and progression 
into CCI with much higher percentage of poor posthospital dis-
charge disposition. Table 1 also compares older RAP versus older 
CCI. Compared to older RAP, older CCI patients presented more 
frequently with hospital-acquired sepsis and septic shock. They had 
higher APACHE II scores with longer ICU stays on mechanical venti-
lation. They experienced more MOF, AKI, secondary infections, and 
a much higher percentage of poor posthospital discharge disposition.

Figure 1A depicts that the older (compared young) and older CCI 
(compared older RAP) patients had significantly worse serial SOFA 
scores over 14 days after sepsis onset. Similar comparisons in Figure 
1B show that the older and older CCI patients had notably worse 
Zubrod Performance status over 12 months and in Figure 1C had 
notably worse 1-year survival curves.

Figure 2 shows circulating proinflammation and immuno-
suppression biomarkers over 14  days after sepsis onset for study 
groups and normal controls. For proinflammation (Figure 2A–E), 
older adults had higher levels of IL-6, MCP-1, and CRP, and IL-8 
was not different compared to young patients over 14 days. Among 
older patients, CCI patients had higher levels of IL-6, IL-8, MCP-1, 
and CRP compared to RAP. ANC levels were not different in older 
adults compared to young adults, but older CCI patients (compared 
to older RAP) had higher ANC levels over 14 days. For immunosup-
pression (Figure 2F–H), sPDL-1 and IL-10 in older adults were not 
different from the young, but ALC levels were lower in older patients 
compared to the young over 14 days. Among older patients, CCI pa-
tients (compared to RAP) had higher sPDL-1 and IL-10 levels, but 
the ALC levels were not different.

Figure 3 depicts circulating stress metabolism and anabolic bio-
markers over 14 days after sepsis onset for study groups and normal 
controls. For stress metabolism (Figure 3A and B), older patients had 
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higher levels of GLP-1 compared to the young. Among older patients, 
CCI patients had higher levels of GLP-1 compared to RAP. Albumin 
levels were higher compared to older patients. Among the older pa-
tients, CCI patients had lower albumin levels than RAP. For anabolic 
biomarkers (Figure 3C and D), older patients had lower levels of 
IGF-1 and IGFBP-3 than the young. Among older patients, CCI and 
RAP had similar low levels of IGF-1 and IGFBP-3.

Figure 4 demonstrates circulating angiogenesis biomarkers over 
14 days after sepsis onset for study groups and normal controls. For 
sFlt-1 and IP-10 (Figure 4A and B), older patients had higher levels 
than the young. Among the older patients, CCI had higher levels of 
IP-10, but sFlt-1 levels were similar compared to RAP. For VEGF 
(Figure 4C), young patients had more elevated levels than the older 
patients. Among the older patients, those with CCI and RAP had 
similar low elevations. For Ang2 (Figure 4D), older patients had 
similar levels compared to the young. Among older adults, CCI pa-
tients had higher levels compared to RAP.

Discussion

The major findings of this study were that older (compared to young) 
and older CCI (compared to older RAP) adults demonstrate persistent 
aberrations in host response biomarkers reflecting proinflammation, 
immunosuppression, stress metabolism, lack of anabolism, and 
antiangiogenesis over 14  days after the onset of sepsis. Additionally, 
these finding are consistent with the PICS paradigm, which we hypothe-
sized (based on extensive animal and human data) to represent the 
underlying pathobiology of CCI after sepsis (7). To our knowledge, this 
is the first study to prospectively characterize the differences in serial 
host biomarker levels reflecting PICS in older sepsis patients compared 
to the young counterparts over 14 days after sepsis onset.

Older sepsis patients demonstrated higher biomarker levels of 
proinflammation compared to young patients, with the highest 
levels being observed among older CCI patients. These results are in 
line with reports showing higher levels of biomarkers of inflamma-
tion from short hospital serial measures or long-term posthospital 

Table 1.  Summary of Baseline Demographics and Characteristics of the Inciting Septic Event and Predisposition by Age Groups

Age Groups Young, n = 75 Older, n = 145 Older RAP, n = 75 Older CCI, n = 61

Male, n (%) 39 (52) 81 (56) 39 (52) 38 (62)
Age (y), median (IQR 25th, 75th) 36 (28, 43)a 72 (69, 76) 72 (69, 77) 72 (69, 76)
Body mass index (kg/m2), median (25th, 75th) 30.3 (25.8, 40.2)a 28.3 (24.4, 33.9) 28.3 (24.9, 35.9) 28.2 (23.4, 32.2)
Charlson Comorbidity Index, median (25th, 75th) 0 (0, 0)a 4 (4, 6) 4 (3, 6) 5 (4, 7)
Race, n (%)     
  White 67 (89) 133 (91) 71 (95) 54 (89)
  African American  7 (10)  10 (7) 3 (4) 6 (10)
  American Indian  1 (1)  0 (0) 0 (0) 0 (0)
  Asian  0 (0)  1 (1) 1 (1) 0 (0)
  Unknown  0 (0)  1 (1) 0 (0) 1 (1)
Non-Hispanic ethnicity, n (%) 70 (93)a 144 (99) 74 (99) 61 (100)
Sepsis present on admission (≤48 h), n (%) 51 (68)  83 (57) 48 (64)b 27 (44)
Hospital-acquired sepsis (>48 h), n (%) 24 (32)  62 (43) 27 (36)b 34 (56)
Sepsis severity, n (%)a,b     
  Sepsis 37 (49)  34 (24) 25 (33) 8 (13)
  Severe sepsis 30 (40)  61 (42) 35 (47) 24 (39)
  Septic shock  8 (11)  50 (34) 15 (20) 29 (48)
Site of infection, n (%)a     
  Abdominal 29 (39)  71 (49) 31 (41) 33 (54)
  Pulmonary 12 (16)  26 (18) 12 (16) 14 (23)
  Skin/soft tissue 18 (24)  14 (10) 10 (13) 4 (7)
  Genitourinary 13 (17)  19 (13) 15 (20) 4 (7)
  Cardiovascular  3 (4)  16 (10) 7 (10) 7 (9)
APACHE II Score (24 h), median (IQR 25th, 75th) 12 (7, 17)a 20 (15, 26) 17 (14, 23)b 23 (18, 28)
Need for mechanical ventilation, n (%) 40 (53)a 111 (77) 47 (63)b 56 (92)
ICU length of stay, median (IQR 25th, 75th) 5 (3, 12)a 9 (4, 17) 6 (3, 9)b 20 (15, 25)
Secondary infections/patient, mean (SD) 0.41 (0.84) 0.57 (0.82) 0.3 (0.6)b 1 (1)
Secondary infections/100 hospital days, mean (SD) 2.36 (6.71) 2.6 (4.45) 1.5 (3.3)b 3.4 (3.6)
MOF frequency, n (%)—by Denver MOF 4 (5)a 31 (21) 4 (5)b 25 (41)
AKI, n (%)a,b     
  Stage 1 16 (21) 35 (24) 18 (24)b 17 (28)
  Stage 2 10 (13) 29 (20) 19 (25)b 6 (10)
  Stage 3 9 (12) 25 (17) 5 (7)b 15 (25)
Clinical trajectory, n (%)a,b     
  Early death 2 (3) 9 (6) 0 (0) 0 (0)
  Chronic critical illness 15 (20) 61 (42) 0 (0) 61 (100)
  Rapid recovery 58 (77) 75 (52) 75 (100) 0 (0)
Poor discharge disposition, n (%)c 12 (16)a 91 (63) 27 (36)b 55 (90)
Good discharge disposition, n (%)c 63 (84)a 54 (37) 48 (64)b 6 (10)

Notes: AKI = acute kidney injury; APACHE II = Acute Physiology + Age + Chronic Health Evaluation II; CCI = chronic critical illness; ICU = intensive care unit; 
IQR = interquartile range; MOF = multiple organ failure; RAP = rapid recovery; SOFA = Sequential Organ Failure Assessment.

Statistical difference was labeled as ayoung vs older adults and bolder RAP vs older CCI, with statistical significance set at p <.05. cPoor discharge disposition is 
when patients go from hospital to another care facility and good discharge disposition is when patients go home from hospital.

Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. 77, No. 1� 191



discharge levels in sepsis patients (12,13). However, no studies have 
reported age comparisons. Ginde et al. reported that middle-aged 
and older adults had higher levels of proinflammatory biomarkers 
(including chemokine [CC-motif] ligand-23, CRP, IL-1 receptor an-
tagonist, neutrophil gelatinase-associated lipocalin, peptidoglycan 
recognition protein, and tumor necrosis factor receptor-1a) over 
72 hours in the ICU (13). Older adults have a unique response to 
infection as compared to their younger counterparts. A significant 
part of this phenomenon has been attributed to immune senes-
cence, “inflammaging” (chronic low-grade systemic inflammation), 
which may increase vulnerability to a septic event and to CCI or 
early death (19,20). Sepsis induces an initial systemic inflammatory 
“storm,” initiated upon host recognition of pathogen-associated 
molecular patterns (PAMPs) that leads to bone marrow leukocyte 
mobilization, host tissue leukocyte infiltration, and organ-specific 
inflammation. Biomarkers such as IL-6 and IL-8 are among the 
cytokines that are activated by PAMPs and contribute to suppres-
sion of adaptive immunity (21). Yende et al. have shown that CRP 
levels remain elevated over 12 months after discharge in 26% of 
mostly older sepsis patients indicating a persistent acute-phase re-
sponse induced by proinflammatory cytokines (12).

We also showed that older sepsis patients (compared to young) 
demonstrated higher levels of immunosuppression (lower ALC). 
Low levels of lymphocytes, known as lymphopenia, are associated 
with worse outcomes in sepsis patients (22). Low ALC may be even 
more important in predicting worse outcomes in older sepsis pa-
tients, especially that lymphopenia is common in a general older 

population (23). Higher levels of sPDL-1 and IL-10 were observed 
only among older CCI compared to older RAP patients (who ex-
perienced substantially more secondary infections/100 hospital days 
than the other subgroups), but not between the young and older 
adults. IL-10 demonstrates both pro and anti-inflammatory effects 
in sepsis and may not be indicative of higher immunosuppression 
in older sepsis patients, but rather be dependent on disease severity 
(24). This is also consistent with Yende et al. who reported that the 
levels of PDL-1 were elevated over 12  months in nearly 50% of 
mostly older septic patients indicating the long-term immunosup-
pression (12). Notably, the ALC levels between older CCI and older 
RAP patients were not different. Although the causality is unclear, 
this is consistent with our previous observations that sepsis induces 
persistent bone marrow emergency myelopoiesis to promote innate 
immunity (with production and release of immature neutrophils) 
with consequent suppression of lymphocyte production (with conse-
quent lymphopenia) and that older patients have a delayed return to 
immune homeostasis (16,25–27).

We observed that older (compared to young) and older CCI 
(compared to older RAP) patients had persistent high levels of 
GLP-1 and low levels of albumin. Others have reported that 
higher GLP-1 levels are associated with sepsis severity, inflam-
mation, and higher mortality in both ICU and postdischarge 
(25,28). Proinflammatory IL-6 induces GLP-1 production and 
AKI (present in over 60% of older CCI patients) impairs renal 
clearance (29). Elevated GLP-1 levels in older sepsis patients, 
among other functions, may reflect failure to restore meta-
bolic homeostasis (25). This persistent stress metabolism in 
part explains the poor nutritional response observed in our CCI 
patients who received early evidence-based ICU nutritional sup-
port (25). In particular, stress metabolism refers to a persistence 
of the injury stress response where increased counterregulatory 
hormones (epinephrine, cortisol, and glucagon) combined with 
inflammatory mediators mobilize endogenous substrates to 
support ongoing hypermetabolism such as ongoing insulin re-
sistance (with hyperglycemia), protein catabolism (ongoing 
muscle breakdown), and an acute-phase response (increased 
CRP and decreased albumin) (30,31). Interestingly, in normal 
aging, GLP-1 agonists show promise in reducing anabolic re-
sistance and glucose metabolism (32). Furthermore, both older 
(compared to the young) and older CCI (compared to RAP) pa-
tients had lower albumin levels, which is in line with a persistent 
acute-phase response (induced by IL-6), where reprioritized hep-
atic protein synthesis results in decreased albumin production by 
the liver and this is associated with the increased disease severity 
and mortality (33,34).

Older sepsis survivors demonstrated lower levels of bio-
markers of anabolism, compared to young patients. IGF-1 has a 
role in the maintenance of cell survival and has anti-inflammatory, 
antioxidative, and antiapoptotic effects, and its binding protein 
(IGFBP-3) regulates it by decreasing IGF-1 levels (35). Levels of 
IGF-1 and IGFBP-3 remained lower in older sepsis survivors com-
pared to the young; however, the levels of these biomarkers were not 
different between the older CCI and RAP sepsis patients. These re-
sults are in line with other reports showing lower levels in the acute 
phase of sepsis and lower survival (35), but also that the anabolic 
capacity decreases continuously (decrease of IGF-1) after the age 60 
(36), which may explain the lack of differences between the older 
CCI and RAP patients. Additionally, lower IGF-1 and IGFBP-3 were 
present in the acute respiratory syndrome and predictive of disease 
severity and 60-day mortality (37).

Figure 1.  Clinical outcomes over 12 mo after sepsis onset between the 
older and young sepsis survivors. (A) A 14-d serial Sequential Organ Failure 
Assessment (SOFA), (B) 12-mo Zubrod score, and (C) 1-y survival estimates. 
Data presented as mean ± SE with statistical significance set at p <.05 and 
asterisk represents statistical significance.
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Disruption of the biomarker levels of angiogenesis during 
sepsis associates with hematological and renal dysfunction, vas-
cular permeability, and increased mortality (38). Sepsis patients 
have high prevalence of kidney and endothelial dysfunction, 
which leads to an antiangiogenic state via a reduction in circu-
lating endothelial progenitor cells due to lower levels of VEGF 

and higher levels of sFlt-1 and Ang2 (39). We noted substantial 
deregulation of the angiogenesis biomarkers in older adults com-
pared to the young patients. In line with our results, lower VEGF, 
and higher sFlt-1 and Ang2 were associated with higher mortality 
over 24 hours after septic shock onset in mostly older patients 
(40). Our results also demonstrated that the levels of IP-10, a 

Figure 2.  Comparison of biomarkers of proinflammation and immunosuppression between older and young sepsis patients. Proinflammation: (A) interleukin-6 
(IL-6), (B) IL-8, (C) monocyte chemoattractant protein 1 (MCP-1), and (D) C-reactive protein (CRP) and (E) absolute neutrophil count (ANC). Immunosuppression: 
(F) soluble programmed death ligand 1 (sPDL-1), (G) IL-10, and (H) absolute lymphocyte count (ALC) biomarkers. Perforated line represents biomarker levels in 
matched control subjects. Shaded area represents published normal reference ranges. Data presented as median (25% and 75%) with statistical significance set 
at p <.05 and asterisk represents statistical significance of the older (vs young) and older chronic critical illness (CCI) (vs older rapidly recover [RAP]) cohorts.
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biomarker of inflammation and antiangiogenesis, were the highest 
in older CCI patients. In particular, IP-10 contributes to recruiting 
T lymphocytes and natural killer cells to the sites of infection (41), 

but it also disrupts angiogenesis by VEGF inhibition and limiting 
capillary tube formation accompanied by reduced endothelial cell 
motility, required for the capillary tube formation (42).

Figure 4.  Comparison of biomarkers of angiogenesis between older and young sepsis patients. Angiogenesis biomarkers: (A) soluble vascular endothelial 
growth factor receptor 1 (sFlt-1), (B) interferon gamma-induced protein 10 (IP-10), (C) vascular endothelial growth factor (VEGF), and (D) angiopoietin 2 (Ang2). 
Perforated line represents biomarker levels in matched control subjects. Data presented as median (25% and 75%) with statistical significance set at p <.05 and 
asterisk represents statistical significance of the older (vs young) and older chronic critical illness (CCI) (vs older rapidly recover [RAP]) cohorts.

Figure 3.  Comparison of stress and catabolism biomarkers between older and young sepsis patients. Stress metabolism: (A) glucagon-like peptide 1 (GLP-1) and 
(B) serum albumin level. Anabolism: (C) insulin-like growth factor (IGF-1) and (D) insulin-like growth factor-binding protein 3 (IGFBP-3) biomarkers. Perforated 
line represents biomarker levels in matched control subjects. Shaded area represents published normal reference ranges. Data presented as median (25% and 
75%) with statistical significance set at p <.05 and asterisk represents statistical significance of the older (vs young) and older chronic critical illness (CCI) (vs 
older rapidly recover [RAP]) cohorts.
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Strengths
First, this was a prospective longitudinal study of patients who 
were managed for new-onset sepsis using established clinical 
protocols that ensured high compliance with the SSC EBGs. 
Second, the diagnosis of sepsis, site of infection, and initial 
sepsis severity of each case was adjudicated weekly by a team 
of bedside clinicians. Third, the clinical course was prospectively 
documented by experienced research nurses using an established 
sepsis database. Fourth, the UF IOA designed and performed the 
posthospital discharge long-term outcome studies that were rele-
vant to older patient populations.

Limitations
First, this was an observational study, and thus it is difficult to draw 
causal mechanistic conclusions from the biomarker results. Second, this 
study was performed at a single tertiary regional medical center and in-
cluded only surgical and trauma patients admitted to a surgical ICU, 
which limits the generalizability of the observations. Trauma (type and 
severity) or type of planned surgery likely contributes to PICS and CCI 
but it is difficult to ascertain their role because of limited numbers of 
these patients in our cohort and variability of these presepsis insults. 
Third, comorbid disease plays an important role in the predisposition 
and outcomes of sepsis in aging patients. We obtained comorbidity data 
by concurrent chart review, but a more in-depth interview with the pa-
tient/family plus specific biomarkers (such as HbA1C for diabetes) 
would have allowed quantitation of poor control or severity. Fourth, 
biomarkers of PICS and organ dysfunction were measured during hos-
pitalization. As a future goal, it would be informative to obtain these 
biomarkers after hospital discharge to study long-term biomarker ab-
errations and their resolution to better understand the pathobiology of 
dismal long-term outcomes.

In conclusion, compared to young adults, older sepsis survivors 
demonstrate persistent aberrations in PICS biomarkers induced by 
the dysregulated immune response after sepsis. In older patients, 
these aberrations are similarly more deranged in those who develop 
CCI versus those who experience RAP.
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