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Abstract: Cardiac surgery results in a multifactorial systemic
inflammatory response with inflammatory cytokines, such as
interleukin-10 and 6 (IL-10 and IL-6), shown to have potential in the
prediction of adverse outcomes including readmission or mortality.
This study sought tomeasure the association between IL-6 and IL-10
levels and 1-year hospital readmission or mortality following cardiac
surgery. Plasma biomarkers IL-6 and IL-10 were measured in 1,047
patients discharged alive after isolated coronary artery bypass graft
surgery from eightmedical centers participating in theNorthernNew
England Cardiovascular Disease Study Group between 2004 and
2007. Readmission status and mortality were ascertained using
Medicare, state all-payer claims, and the National Death Index. We
evaluated the association between preoperative and postoperative
cytokines and 1-year readmission or mortality using Kaplan–Meier
estimates and Cox’s proportional hazards modeling, adjusting for

covariates used in the Society of Thoracic Surgeons 30-day read-
mission model. The median follow-up time was 1 year. After ad-
justment, patients in the highest tertile of postoperative IL-6 values
had a significantly increased risk of readmission or death within 1
year (HR: 1.38; 95% CI: 1.03–1.85), and an increased risk of death
within 1 year of discharge (HR: 4.88; 95% CI: 1.26–18.85) compared
with patients in the lowest tertile. However, postoperative IL-10
levels, although increasing through tertiles, were not found to be
significantly associated independently with 1-year readmission or
mortality (HR: 1.25; 95% CI: .93–1.69). Pro-inflammatory cytokine
IL-6 and anti-inflammatory cytokine IL-10 may be postoperative
markers of cardiac injury, and IL-6, specifically, shows promise in
predicting readmission and mortality following cardiac surgery.
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A sustained rise in national health care expenditures
has led to increasing focus on hospital readmission rates
as a target for improving the overall quality and cost of
health care delivery in the United States. In a study of
Medicare fee-for-service beneficiaries discharged from
hospital in 2003 and 2004, researchers found that 19.6%
of the patients were readmitted within 30 days, 34.0%
within 90 days, and 56.1% within 365 days (1). Centers
for Medicare and Medicaid Services (CMS) presently
estimates that avoidable hospital readmissions account
for $17.4 billion of the $102.6 billion Medicare bud-
get (2).

Cardiac surgical revascularization using coronary
artery bypass grafting (CABG) is relevant as it is a
common surgical repair. Readmission rates following
CABG are high and represent one of the most expensive
procedural areas estimated at approximately $100,000
per case (3,4). Demographic changes including more
elderly and morbid patients presenting with multivessel
coronary disease necessitate in more complex inter-
ventional strategies (5,6).

Current readmission models using clinical factors from
registries and claim data poorly predict readmission
(7–10). Primary causes of 30-day readmission after
CABG include pleural effusions, infection, heart failure,
and angina (11). Many prediction models have identified
these clinical variables as risk factors for readmission,
but few have examined the association between novel
biomarkers and general adult hospital readmission to
improve model validity (12). However, recently pub-
lished readmission models for pediatric cohorts have
shown marked improvement in the last few years
(13,14). The potential for biomarkers to enhance pre-
dictive models has been noted by the cardiothoracic
community, specifically inflammatory biomarkers such
as IL-6 (15).

Increasing interest has focused on the role of cytokines
as mediators of metabolic, immunological, and endocrine
responses to cardiac surgery (16,17). However, little is
known about the cytokine response in patients who
develop postoperative complications after CABG. Pre-
vious research suggests that cytokines participate in
reperfusion injury and that reperfusion injury is a
common consequence of CABG repair. IL-6 is a major
pro-inflammatory mediator well characterized in the
inflammatory response following cardiac surgery, in-
cluding acute renal injury, and has been shown to be a
superior marker in patients with renal disease compared
with other markers (18,19). IL-10 has shown to be an
anti-inflammatory cytokine responsible for regulating
inflammation (20). As such, IL-6 has been suggested to
intensify renal injury, whereas IL-10 has been shown to
confer protective effect (21).

As patients readmitted after cardiac surgery are at a
significantly greater risk of death (8,22), the goal of this
study was to evaluate the relationship between in-
flammatory cytokines and 1-year hospital readmissions
or death among patients undergoing isolated CABG.

MATERIALS AND METHODS

Northern New England (NNE) Biomarker Study
NNE Biomarker Study is an initiative designed to assess

the role of biomarkers in cardiac surgery (23–27). This
study uses a harmonized dataset from eight medical centers
in Vermont, New Hampshire, and Maine in the NNE
Cardiovascular Study Group. Patients undergoing CABG
and/or valve surgery at any of participating hospitals were
prospectively enrolled into the NNE Biomarker Study
from 2004 to 2007 (n 5 1,690). Our current study pop-
ulation was restricted to only those patients 1) for whom
isolated CABG was the primary procedure (n 5 1,690), 2)
who were discharged alive, 3) who were included if they did
have preoperative (n 5 1,393) and postoperative (n 5
1,047) IL-6 or IL-10 levels. The Committee for the Pro-
tection of Human Subjects at Dartmouth College approved
this study.

Biomarker Data Collection and Primary Exposure:
Inflammatory Biomarkers

Inflammatory cytokine biomarkers IL-6 and IL-10 were
the main exposures of interest in this study. We collected
biomarker samples preoperatively before incision at each
participating site, and the postoperative samples (10 mL)
were collected approximately 24 hours after patient
surgery. IL-6 and IL-10 were analyzed using MSD mul-
tiplex assays (Meso Scale Diagnostics, LLC. Rockville,
MD). See Supplemental Appendix for additional details.

Patient Follow-Up and Primary Outcomes
The primary endpoint of this study was 1-year

readmission status or mortality after isolated CABG. A
composite readmission/mortality outcome was used
because it has been shown that CABG patients with
elevated postoperative biomarker levels who are
readmitted to the hospital are also at significantly in-
creased risk of death (28,29). For a clearer un-
derstanding of risk, the outcomes were also modeled
separately. Readmission status and all-cause mortality
were obtained using Medicare in-patient claims; state
all-payer in-patient claims using name, gender, social
security number, date of birth, and zip code of resi-
dence at the time of surgery, and the National Death
Index.
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Statistical Analysis
Clinical and procedural characteristics were compared

by the composite outcome of 1-year readmission or
mortality status using descriptive statistics. Kaplan–
Meier time-to-event methods and log-rank tests were
conducted to compare the risk association between
1-year readmission (first readmission) and 1-year mor-
tality and tertile- and median-defined biomarker cate-
gories. Time zero was defined as the date of discharge
after CABG, and the follow-up period was predefined
as 1 year. Baseline, operative, and postoperative di-
chotomous outcomes were compared using Pearson’s
chi-square tests; continuous variables were compared
with two-sample t test or Wilcoxon rank-sum tests. Pa-
tients were stratified by preoperative and postoperative
biomarker levels with cubic splines, but as no biological
cut point was uncovered, we additionally split the data
above and below the population median and across
biomarker tertiles to examine distinctly separated bio-
marker levels. Distinct outcomes were measured with

competing risk regression. We elected to treat the bio-
marker levels as categorical rather than continuous
variables because of the graded relationship of median
and tertile categories and the incidence of readmission or
mortality.

Multivariate Cox proportional hazard models were
constructed to assess the relationship of biomarker levels
and 1-year readmission or mortality, using biomarker
median and tertile cut points. Adjustment was carried out
using the Society of Thoracic Surgeons (STS) 30-day
readmission model (30) with and without the STS long-
term ASCERT mortality model. The STS 30-day model
corrects for 21 different preoperative factors (30), and the
ASCERT model corrects for eight additional factors (31)
(Table S1 in Supplemental Appendix for all included risk
factors). Missing data were imputed to the most common
category of categorical variables and to the median or
subgroup-specific median of continuous variables (30,32).
All biomarker values less than the assay’s lower quanti-
tative limit were assigned the lower limit of detection. All

Table 1. Patient characteristics by readmission or death within 1 year from discharge.

Readmitted or Dead

No (n 5 642) Yes (n 5 405) p Value

Age (mean, SD) 63.9 6 9.9 67.8 6 10.0 <.001
Female 20.1% 28.9% <.001
BMI (mean, SD) 29.7 6 5.4 29.8 6 5.8 .636
BSA (mean, SD) 2.0 6 .2 2.0 6 .3 .534
Smoker 22.6% 23.0% .889
Atrial fibrillation 3.7% 9.1% <.001
CHF 7.7% 13.9% <.001
Last preoperative serum creatinine (mean, SD) 1.1 6 1.1 1.2 6 .8 .115
Diabetes 36.2% 40.5% .136
Ejection fraction <40% 9.8% 12.0% .221
Hypertension 80.2% 82.9% .242
IABP preoperative 3.9% 3.7% .900
Prior MI
No 57.9% 51.4% .132
<24 hours preoperative 1.5% 1.7%
>24 hours and <7 days preoperative 19.1% 19.3%
>7 days and <365 days preoperative 9.3% 12.4%
>365 days preoperative 12.2% 15.3%

Vascular disease 22.6% 35.8% <.001
Unstable angina 55.4% 55.5% .975
COPD 10.4% 16.8% .001
Left main, $50% stenosis 32.4% 36.1% .189
Prior CABG 1.7% 2.8% .227
Prior PCI 18.9% 21.5% .276
Priority
Emergent 2.3% 1.2% .385
Urgent 66.3% 68.2%
Nonurgent 31.4% 30.6%
Received pRBC units 31.9% 45.9% <.001
Number of pRBC units given pre-op
0 99.0% 95.8% .001
1 * *
2 * *
$3 * *

BMI, bodymass index; BSA, body surface area; CHF, coronary heart failure; MI, myocardial infarction; PCI, percutaneous coronary intervention; PRBC,
packed red blood cells.
*Indicates a suppressed or counter-suppressed value because of CMS policy.
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analyses were performed using STATA 15.1.619 (Stata-
Corp LLC, College Station, TX).

RESULTS

Patient, clinical, and procedural characteristics by 1-year
readmission or mortality are presented in Table 1. Of the
1,047 patients included in the study, 39% (n 5 405) ex-
perienced 1-year readmission or mortality, whereas 61%
(n5 642) did not experience an event. CABG patients who
experienced 1-year readmission or mortality were signifi-
cantly older (67.8 vs. 63.9 years; p < .001) and were more
likely to have a history of atrial fibrillation, myocardial
infarction, congestive heart failure, renal failure, chronic
obstructive pulmonary disease (COPD), any vascular
disease, and cerebrovascular disease than patients without
an event. A significantly higher percentage of females
comprised the event group (28.9% vs. 20.1%; p < .001).

Additional patient characteristics by preoperative and
postoperative cytokine levels (continuous and categorical)
are summarized in Supplemental Tables 5–8. Patients in the
highest postoperative tertile of IL-6 (tertile 3: 37.6–1,548
pg/mL) and IL-10 (tertile 3: 1.26–140 pg/mL) were sig-
nificantly more likely to have a longer hospital stay (p <
.001). Patients in the lowest tertile of preoperative IL-6
(tertile 1: .19–1.06 pg/mL) and postoperative Il-10 (.1–.66
pg/mL) were the least likely to suffer from congestive heart
failure (p < .001).

Preoperative and Postoperative IL-6 and 1-Year
Readmission or Mortality

Biomarker summary statistics can be viewed in Table S2
in the Supplementary Appendix. Unadjusted and adjusted
IL-6 levels, when stratified by tertiles, correlated with risk of
readmission and mortality. Patients in the highest tertile
of postoperative IL-6 values had significantly higher risk of
readmission or death within 1 year of discharge than patients
in the lowest tertile (HR: 1.38; 95% CI: 1.03–1.85). Patients
in the highest tertile of postoperative IL-6 had significantly
higher risk of death within 1 year of discharge (HR: 4.88;
95% CI: 1.23–19.30) (Table 2 and Figure 1).

Preoperative and Postoperative IL-10 and 1-Year
Readmission or Mortality

Biomarker summary statistics can be viewed in Table
S2 in the Supplementary Appendix. Unadjusted post-
operative IL-10 levels suggest an association of higher risk
of readmission for patients in the highest tertile, compared
with patients in the lowest tertile (HR: 1.5; 95% CI:
1.14–2.04). After adjustment of the STS 30-day model and
the STS long-term ASCERT mortality model, patients in
the highest tertile had a significantly higher risk of
readmission within 1 year of discharge (HR: 1.40; 95% T
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CI: 1.03–1.91). Although nonsignificant, mortality and
combined readmission or mortality at 1 year did vary in the
positive direction, but because of the variability in the IL-10
sample, an association cannot be clearly interpreted across
postoperative IL-10 tertiles (Table 2 and Figure 2).

DISCUSSION

In our multicenter cohort of adults undergoing
CABG, we have demonstrated that elevated levels of
postoperative IL-6 are associated with a higher risk of
readmission and mortality. We found that patients in the
third tertile of postoperative IL-6 levels had 1.3 times the
adjusted odds of readmission than patients in the first

tertile. Patients in the third tertile of postoperative IL-6
also had 4.88 times the adjusted odds of mortality than the
first tertile. We did not find a strong association between
postoperative IL-10 and readmission or mortality after
cardiac surgery. Our findings suggest that postoperative
levels of IL-6 are associated with readmission and mor-
tality and could potentially be used to identify patients at
the highest risk of developing these outcomes after cardiac
surgery; therefore, at least IL-6 may facilitate strategies of
personalized medicine in patients undergoing cardiac
surgery. Personalized medicine is an emerging practice of
medicine and progress in biomarker technology, coupled
with the companion clinical diagnostic laboratory tests,
and continues to advance this field, where individualized
and customized treatment appropriate for each individual
patient defines the standard of care (33).

Cardiac surgery with cardiopulmonary bypass (CPB) is a
complex pathophysiologic environment in which exposure to
nonphysiologic surfaces in the pump circuit, hemolysis, and
systemic, myocardial, and cerebral ischemia/reperfusion
combine to create oxidative stress, reactive oxygen species
formation, peroxynitrite formation, cytokine release, excito-
toxicity, complement cascade activation, matrix metal-
loproteinase activation, and macrophage activation (34,35).
IL-6 and IL-10 are widely recognized as playing a role in
mediating the systemic inflammatory response to cardiac sur-
gery and CPB (36). IL-6 is one of the main pro-inflammatory
cytokines, whereas IL-10 has anti-inflammatory and immuno-
modulatory functions regulating lymphocyte activity (21). The
functions of IL-6 and IL-10 may explain the differential out-
comes observed in this study, such that high pro-inflammatory
cytokine IL-6 was associated with all endpoints, whereas high
anti-inflammatory cytokine IL-10 was not associated with any
endpoints after adjustment.

The finding that the highest tertile of IL-6 is associated
with a greater risk of rehospitalization or mortality after
cardiac surgery is consistent with previous studies. IL-6
functions as a pro-inflammatory cytokine which increases
in response to trauma, such as surgery. Numerous studies
have demonstrated an association with elevated IL-6 levels
and cardiac events, including incidence of heart failure,
unstable angina, and functional status outcomes for pa-
tients after cardiac surgery (37–39). Whether IL-6 indicates
a specific response to surgery or overall chronic/systemic
inflammation is unknown, but evidence indicates that el-
evated IL-6 is a predictor of negative surgical outcomes.

As an anti-inflammatory cytokine, high IL-10 levels
could indicate several disparate underlying processes either
directly related or unrelated to the CABG procedure of
interest. Although reduced IL-10 measures are associated
with some chronic diseases, the role of IL-10 in infection at
the cellular level is not well understood (20,21,28,40–42).
For example, Anguera et al. (2014) showed that elevated
serum IL-10 reduced the risk of cardiovascular events in a

Figure 1. Kaplan–Meier curves for survival based on postoperative IL-6
tertiles. Patients with elevated postoperative IL-6 levels were more likely
to suffer readmission or mortality after cardiac surgery.

Figure 2. Kaplan–Meier curves for survival based on postoperative IL-10
tertiles. In our study, postoperative IL-10 was not associated with higher
risk of readmission or mortality after cardiac surgery.
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cohort (n5 127) of patients with unstable angina, although
serum IL-10 was not significantly elevated in a separate
study of angina patients compared with healthy patients
(43,44). Moreover, IL-10 had an anti-fibrotic effect in
mouse models of heart failure (45). On the other hand, IL-
10 is cleared by the kidneys, such that poor kidney function
is associated with elevated IL-10 concentrations (21).
Therefore, elevated IL-10 could indicate either strong
immune functioning or impaired renal functioning, which is
a well-established predictor of negative outcomes after
cardiovascular surgery. In our study, we found that post-
operative elevated IL-10 was positively associated with
readmission before adjustment. The positive relationship
observed between IL-10 and readmissions was not signif-
icant after adjustment for STS variables, which included
unstable angina, renal failure, and COPD, and therefore
the unadjusted risk association of IL-10 may be only in-
directly indicating readmission with renal function, un-
stable angina, or COPD as possible primary factors
Although this study adds information to the current lit-
erature base on IL-10 in translational sciences, more efforts
at the basic and epidemiological level are needed to better
characterize its role in the inflammatory response.

The relationship between cytokine IL-10 and cardiac surgery
outcomes is not well understood. To date, this is the first study
of postoperative IL-10 and risk of readmission or mortality for
adults following cardiac surgery. Previous research has shown
IL-10 has prognostic utility in adverse cardiac events including
acute myocarditis, early renal dysfunction, heart failure, and
unstable angina (43,46,47). We have not been able to dem-
onstrate the predictive utility of IL-10 for readmission or
mortality at 1 year after isolated CABG (28,41,43,44).

Recently, other biomarkers have been assessed for their
ability to predict readmission and mortality, both in-
dividually and collectively, and to enhance current pre-
diction models. Urinary biomarkers were shown to be
unable to predicting readmission after kidney injury, and
the author suggested that the outcomes may have been
associated with cardiovascular or hemodynamic processes
and not directly related to the kidneys (12). A 2018 study by
Brown et al. (48) revealed that a panel of combined uri-
nary, inflammatory, and cardiac biomarkers showed low
generalizability for readmission and mortality prediction,
with an Area Under the Receiver Operating Character-
istics (AUROC) curve of .74 in the derivation cohort, but
only a .48 in the validation cohort. Jacobs and colleagues
did display biomarker predictive ability when they looked
at a multivariate response of biomarkers in the same
population of patients as our cohort. They found that
postoperative levels of galectin-3 and n-terminal pro-
hormone of brain natriuretic peptide actually were sig-
nificantly associated with readmission after CABG surgery,
with hazard ratios at 1.40 and 1.42, respectively, greater
than the median (49). IL-10, although seemingly relatedT
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to the outcomes, does not show the same significant
clinical power in predicting risk outcome as either of the
cardiac biomarkers. By contrast, our analysis shows a
stronger association between the third tertile of IL-6 and all
outcome measures including readmission, mortality, and
the combined outcome, in unadjusted and adjusted models,
suggesting that IL-6 could enhance the prediction of out-
comes beyond comorbidities and other markers.

Strengths and Limitations
The NNE Biomarker Study was a large, multicenter,

regional investigation that prospectively enrolled patients
across multiple hospitals, ensuring the generalizability of its
subsequent findings. Furthermore, we conducted sensitiv-
ity analyses to account for competing risks and missing
values to judge the accuracy of our main findings. Our data
are from 2004 to 2007, when the prevalence of heart disease
was slightly higher than that in current data (221.6 vs. 168.5

age-adjusted deaths per 100,000 people). Although age-
adjustedmortality rates have declined in recent years, heart
disease remains the leading cause of death in the United
States (50); therefore, updated cardiac biorepositories are
needed to address the current patient demographics as well
as recently discovered biomarkers. We did not focus on
preoperative biomarker measurements in our study. Bio-
markers IL-6 and IL-10 are present at very low concen-
trations preoperatively, and their levels increase by several
folds in patients who experience adverse cardiac events
after surgery. It is possible that some of these patients have
underlying pathology and chronically elevated biomarker
levels, and that this underlying pathology is related to their
higher rate of 1-year readmission or death. In addition to
this, more statistical power is needed to uncover any
possible nonlinear association between postoperative IL-6
and IL-10 with the primary outcomes as there is seemingly
a nonlinear decrease in the risk of readmission in the

Figure 3. Kaplan–Meier curves for survival based on median levels of postoperative IL-6 and IL-10. We also evaluated the association with readmission
or mortality, adjusting for the STS 30-day readmission model and the STS long-term ASCERT mortality model and left censored the cohort at 30 days.
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second tertile of IL-6 and a drop in mortality risk, although
nonsignificant, for IL-10.

In our study, risk adjustment was performed using the
STS 30-day readmission model (32), which likely reflects
perioperative problems and complications. By contrast,
readmissions at 1 year are more likely a reflection of un-
derlying chronic disease processes. Regardless, the finding
of increased risk for mortality or readmission at 1 year is
important whether the increased risk is related to peri-
operative problems or underlying chronic disease.

Given our combined readmission and mortality endpoint,
we performed additional analyses using a harmonized dataset
of the STS 30-day readmission model and the STS
ASCERT long-term mortality model (Model 2; Table 2)
(32). The ASCERT model is less parsimonious than the
STS 30-day readmission model, but it does consider all
potential confounders. We were unable to include eight
covariates that are included in the ASCERT model be-
cause of the lack of available data in the NNE dataset
(Supplementary Table S4).

To evaluate the early vs. long-term effect of the bio-
markers on readmission, we repeated our analyses only
evaluating the biomarkers on readmission and mortality
from 30 to 365 days, adjusted by the combined STS
readmission and long-term mortality models. In the left
censored analyses, we observed a significant association
with postoperative IL-6 measurements after adjustment
(Table 3 and Figure 3). We did not observe a change with
hazard of readmission or mortality with IL-10. This brings
us to conclude that elevated postoperative measurements
of IL-6 provide important risk information for readmission
or mortality at 1 year, whereas IL-10 does not.

Conclusions and Future Directions
We find that patients in the highest tertile of post-

operative IL-6 were significantly more likely to suffer
readmission and/or mortality after cardiac surgery. How-
ever, we did not find sufficient evidence that postoperative
IL-10 was associated with readmission and/or mortality
after cardiac surgery. Future research may investigate
molecular and clinical explanations for these findings, ei-
ther with single time-point or multiple time-point measures.
Additional research should aim to create and target new
cardiac biorepositories for updated analysis.
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