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Abstract

Background: Plasma adiponectin (APN) levels are might be affected by age. The present study aimed to
study the association between plasm APN levels and age, and the effects of APN levels on mortality in
different age-stratified septic patients.

Methods: The retrospective study that was performed with 173 patients with sepsis and 57 controls.
Physical and demographic characteristics were recorded, blood samples were collected to measure
plasma adiponectin levels. Using these data, we determined the association between plasma adiponectin
levels and age, and the effect of plasma adiponectin levels on mortality in different age-stratified septic
patients.

Results: Three age group were defined: middle-age patients range of <60years, the old group of 60-80
years, and the elderly group of =80years. Plasma adiponectin levels increased with increasing age both
in control group and sepsis group. Mortality increased with age: 12.3% in middle-aged patients, 24.6% in
old patients, and 36.2% in elderly patients (P<0.001). In middle-age patients and old patients, according to
the receiver operating characteristic curve, plasma APN levels had the comparable value in prediction of
28-day mortality. And adiponectin levels were an independent predictive factor for 28-day mortality for
patients <80 years. However, in elderly patients, the adiponectin levels showed no significant association
with 28-day mortality.

Conclusions: A significant positive association between plasma APN levels and age in septic patients
were found. Low circulating levels of APN were associated with 28-day mortality in septic patients aged
<80years. The association between APN and mortality in sepsis patients aged >80years were not
significantly found.

Introduction

In recent years, the growing proportion of older adults in general patient population, contributing to a rise
in intensive care unit admissions, and increased mortality among critically ill older adults[1-3]. Due to
demographic changes, older adults constitute a growing proportion among critically ill patients. The
clinical status of these patients is often burdened by multiple underlying comorbidities, making them
particularly vulnerable to more complications when in condition of infection. Many critical care studies
have focused on older adults.

Adiponectin (APN), a collagen-like peptide secreted exclusively by adipose tissue, and has several
biological activities, including enhancing insulin sensitivity and modulating lipid metabolism[4, 5].
Decreased adiponectin bioactivity has been implicated in condition of the “metabolic syndrome” such as
obesity, type 2 diabetes, and cardiovascular diseases[6, 7].In addition to its well-known metabolic
function, APN exerts anti-inflammatory effects[8, 9]. Recent studies in people have shown that APN is
negatively correlated with other pro-inflammatory cytokines and illness severity scores and is also a
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strong negative prognostic indicator for mortality in septic patients[10, 11]. We previously also found that
low APN-level were associated with 28-day mortality in sepsis patients[12].

There are also several reports that age is associated with elevated plasma APN levels in healthy adults,
despite the higher cardiovascular risk in elderly individuals[13-16]. The underlying mechanisms of age-
related increase in plasma APN levels are examined in several reports that might be associated with
visceral fat[15] and renal function[14, 16]. Furthermore, it has been reported the relationship between age
and plasma APN levels in some pathological conditions, such as type 2 diabetes[17]. However, in the
other pathological conditions, whether age is also associated with plasma APN levels is unknown, and
the age-related changes should be taken into account.

Therefore, the present study aimed to investigate the association between plasma APN levels and age,
and the mortality of sepsis in different age stratification in the pathological condition of sepsis.

Results
Clinical characteristics of patients

The present study included 173 patients with sepsis with a mean age of 67.58 + 14.07 years. All
participants in both the sepsis and control group were stratified into 3 age groups based on the age
ranges of < 60years (the middle-aged group), 60-80years (the old group) and > 80years (the elderly group).
The main sources of sepsis were gastrointestinal in 67 patients (38.7%), pulmonary in 55 patients
(31.8%), cholangitis in 28 patients (16.2%), genitourinary in 14 patients (8.1%), and bloodstream infection
in 9 patients (5.2%). Patients’ characteristics are shown in Table 1. Hypertension, diabetes mellitus,
coronary artery disease and chronic kidney disease were reported more frequently in elderly patients
compare with the other groups. Patients in the elderly patients had significantly higher APACHE Il scores,
serum creatinine, BNP, and CRP than the other groups. No differences were observed between the age
groups in terms of male gender, SOFA scores and the other laboratory parameters in Table 1.
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Table 1

Clinical characteristics of patients with sepsis at admission.

Age (years)

Male (n [%])

BMI (kg/m?)

Past illness

Hypertension (n
%)

Diabetes (n [%])

CAD (n [%])

CKD (n [%])
Severity of illness
APACHE Il score
SOFA score

Laboratory
parameters

Glucose (mmol/L)

Scr (umol/L)

ALT (IU/L)
BNP (pg/ml)

hsTnT (ng/ml)
PCT (ng/ml)
CRP (mg/L)

Lactic acid
(mmol/L)

Middle-aged patients (<

60 years)(n =57)
54 (45-56)

25 (43.9)
23.04 (20.96-24.54)

19 (33.3)
10 (17.5)
17(29.8)

11(19.3)

16 (11-24)
11 (7.5-15)

11.3 (9.4-14.3)
106.2 (75.7-173.3)

37 (19.5-76.5)
840.5 (302-1442)

0.122 (0.024-0.482)
6.86 (3.12-20.75)
24.24 (13.51-55.2)

3.2 (1.9-4.75)

Old patients
(60-79) (n=69)

70 (66-75.5)

39 (56.5)

23.43 (21.6-
25.18)

37 (53.6)
41 (59.4)

31(44.9)
29(42.0)

19 (14-23)
9 (6-13.5)

11.7 (9.4-15.4)

132.2 (75.3-
239.5)

31 (14-71)

1133 (545-
2066)

0.056 (0.012-
0.486)

11.96 (3.73-
24.85)
45 (15.8-96.13)

2.6 (1.6-3.9)

Page 4/21

atients (= 80

Elderl
f n=47)

years
84 (81-85)

26 (55.3)
22.89 (19.63-25.28)

32 (68.1)
36 (76.6)
26(55.3)

24(51.1)

23 (19-28)
10 (7-12)

10.7 (9.5-12.5)
174.4 (108-263.5)

21 (12-81)
1328 (661.9-5053)

0.192 (0.04-0.643)
8.71 (1.08-33.4)
76.18 (45.26-145)

2.3 (1.9-4.4)

p

<
0.0001
0.319
0.588

0.002

<
0.0001
0.02
0.003

0.0001
0.362

0.249
0.003

0.488
0.005

0.067
0.185

<
0.0001
0.219




Middle-aged patients (< Old patients EIderIy atients (=80 p

60 years)(n = 57) (60-79) (n=69)  years) (n=47)
APN(pg/ml) 6.34 (3.35-8.49) 8.32 (;1.77— 9.87 (7.58-12.33) 0.0001
10.34

Clinical outcomes

Invasive 4(1-9) 5(2-19) 15 (7-27) 0.0003
ventilation
duration (d)

28-day mortality 7 (12.3) 17 (24.6) 17 (36.2) 0.013
(n [%])
In-hospital 9 (15.8) 19 (27.5) 18 (38.2) 0.034

mortality (n [%])

The data are expressed as median with IQRs or number (%) of patients. Comparison between groups
were performed using Kruskal-Wallis test for continuous variables and x2 tests for categorical data. BM|,
Body Mass Index; CAD, coronary artery disease; CKD, chronic kidney disease; APACHE II, Acute Physiology
and Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment; Scr, serum creatinine; ALT,
alanine transaminase; BNP, brain natriuretic; hsTnT, high-sensitivity troponin T; PCT, procalcitonin; CRPF, C
reactive protein; APN, adiponectin.

Variation in APN levels in sepsis patients

Plasma APN levels in each age group are shown in Table 1 and Fig. 1. Plasma APN levels were
significantly lower in patients with sepsis than those in patients without sepsis in all age groups, and
increased with age in both groups. The plasma APN level was negatively correlated with age in both
control group and sepsis group (r=0.690, p<0.0001 and r=0.412, p<0.0001; Fig. 2).

Comparison of clinical outcomes

The results of the comparison of clinical outcomes in all age stratified groups are shown in Table 1. In the
unadjusted analysis, the elderly patients had significantly 28-day mortality and in-hospital mortality
(36.2% vs. 24.6% vs. 12.3%, p = 0.013; 38.2% vs. 27.5% vs. 15.8%, p = 0.034), longer duration of
mechanical ventilator (15 (IQR: 7-27) vs. 5 (IQR: 2-19) vs. 4 (IQR: 1-9)) than the old patients and
middle-age patients. Results of subgroup analysis of 28-day mortality in patients with sepsis are
summarized in Fig. 3 and Table 2. Figure 3A shows the survival curve for the distinct age groups.
Compared with the middle-aged patients, cumulative survival was significantly lower in the other two
older age categories. In the subgroup of deceased patients, the elderly patients had higher plasma APN
levels than the other two groups, and the plasma APN level was negatively correlated with age in the
deceased patients (r=0.386, p = 0.007; Table 2, Fig. 3B).
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Table 2

Comparison of serum APN levels in sepsis patients of different ages according to the type of
patient survival.

Patients with sepsis ~ APN (ng/ml) p

<60 years 60—-80 years >80 years
Surviving patients 6.53 (4.4-8.54) 8.91(6.19-10.45) 9.9 (8.28-14.6) <0.0001
Deceased patients 498 (3.1-7.65) 5.34(2.73-9.33) 9.08 (6.45-11.53) 0.009

APN, Adipnectin.

Association between APN and mortality in different age stratification

As we found that both the in-hospital mortality and APN levels increased with age, different from our
previous studies that low APN levels are associated with mortality in sepsis [12]. We further investigated
the association between APN level and 28-day mortality in different age stratification.

We first performed univariate logistic regression analyses of all parameters in different age stratification
(Table 3), and found that low APN levels were associated with a high risk of death within 28 days for both
sepsis patients < 60 years and 60—-80 years of age (OR =0.389, 95%Cl=0.181-0.632, p<0.0001 and OR
=0.687,95%Cl = 0.540-0.840, p < 0.000, respectively). Other parameters, including APACHE Il scores and
SOFA scores both in < 60 years and 60-80years group, and serum creatinine, BNP and CRP only in 60—-80
years group, also significantly influenced 28-day mortality. However, in >80 years patients with sepsis,
excepting for the APACHE Il scores and BNP level, the other parameters showed no significant
relationship with 28-day mortality, including the plasma APN levels.
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Table 3

Univariate logistic regression analysis of factors associated with 28-day mortality in different age

stratification.

Varible

Sex

BMI

Hypertension

Diabetes

CAD

CKD

Glucose

APACHE II

SOFA

Scr

ALT

BNP

hsTnT

PCT

CRP

Lactic acid

APN

<60 years
OR 95%Cl
0.825 0.189-
3.274
1.032 0.791-
1.368
0.830 0.162-
3.442
0.756  0.148-
3.122
2917 0.702-
12.29
2.089 0.388-
9.389
0.889 0.709-
1.068
1122 1.109-
1.253
1.221  1.040-
1.480
1.012 1.004-
1.022
1.001 0.991-
1.008
0.649 0.236-
1.364
0.842 0.227-
1.931
0.983 0.927-
1.024
1.008 0.992-
1.022
1.014 0.841-
1.158
0.389 0.181-
0.632

p
0.787

0.819

0.289

0.711

0.134

0.366

0.224

0.018

0.023

0.006

0.840

0.282

0.731

0.454

0.285

0.851

0.000

60-80years

OR 95%Cl

0.805

1.024

1.269

2.800

2.063

2.593

0.984

1.234

1.158

1.007

0.998

1.780

1.305

0.998

1.013

0.985

0.687

0.276-
2.356

0.839-
1.254

0.439-
3.787

0.918-
9.743

0.712-
6.207

0.879-
7.843

0.862-
1.114

1.115-
1.414

1.023-
1.326

1.001-
1.013

0.991-
1.003

1.133-
2.950

0.809-
2.089

0.972-
1.020

1.004-
1.022

0.788-
1.178

0.540-
0.840

p
0.688

0.815

0.660

0.082

0.182

0.084

0.804

0.000

0.025

0.012

0.484

0.012

0.262

0.848

0.004

0.880

0.000

>80 years
OR 95%ClI
1.467 0.448-
5.003
0979 0.813-
1.176
1.368 0.388-
5.258
0.678 0.171-
2.763
1.467 0.448-
5.003
0.650 0.194-
2.115
1.030 0.842-
1.259
1.121  1.027-
1.242
1.219 1.047-
1.456
0.997 0.991-
1.001
1.001 0.999-
1.004
2165 1.359-
3.858
3.785 1.21-
18.38
1.000 0.975-
1.024
1.009 0.999-
1.019
1.113  0.886-
1.415
0.882 0.735-
1.036

p
0.528

0.825

0.630

0.579

0.528

0.474

0.767

0.009

0.017

0.182

0.113

0.003

0.015

0.988

0.078

0.351

0.129
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Odds ratios, 95% Cls, and p values were obtained by univariate logistic regression analysis. BMI, Body
Mass Index; CAD, coronary artery disease; CKD, chronic kidney disease; APACHE I, Acute Physiology and
Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; Scr, serum creatinine; ALT,
alanine transaminase; BNP, brain natriuretic; hsTnT, high-sensitivity troponin T; PCT, procalcitonin; CRPF, C
reactive protein; APN, adiponectin. OR, odds ratio.

We then performed multivariate regression analyses of these parameters that were significantly different.
Among them, only APN (OR =0.296, 95%CI = 0.079-0.599, p=0.011), and APACHE Il (OR = 1.24, 95%Cl =
1.072-1.508, p=0.010) in < 60 years group, APN (OR = 0.651, 95%CI =0.411-0.907, p = 0.027), APACHE I
(OR=1.24,95%Cl=1.072-1.508, p = 0.010) and BNP level (OR =3.69,95%Cl=1.656—-11.17, p=0.005) in
60-80 years group showed a significant association with 28-day mortality, independent of the other
parameters (Table 4).

Table 4

Multivariate logistic regression analysis of factors associated with 28-day mortality in different age
stratification.

Varible <60 years 60-80years >80 years
OR 95%Cl p OR 95%Cl p OR 95%Cl p
APACHE 1.24 1.072- 0.010 1.282 1.101- 0.006 1.186 1.048- 0.014
Il 1.508 1.585 1.383
SOFA 1.037 0.817- 0.758 1.200 0.993- 0.076
1.316 1.503
Scr 1.009 1.000- 0.069
1.021
BNP 3.690 1.656- 0.005 1957 1.167- 0.017
11.17 3.646
CRP 1.002 0.988- 0.748
1.016
APN 0.296 0.079- 0.011 0.651 0.411- 0.027
0.599 0.907

Odds ratios, 95% Cls, and p values were obtained by multivariate logistic regression analysis. BMI, Body
Mass Index; CAD, coronary artery disease; CKD, chronic kidney disease; APACHE I, Acute Physiology and
Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment; Scr, serum creatinine; ALT,
alanine transaminase; BNP, brain natriuretic; hsTnT, high-sensitivity troponin T; PCT, procalcitonin; CRP, C
reactive protein; APN, adiponectin. OR, odds ratio.

Finally, we performed ROC curve analyses of APN levels to assess the power of predicting 28-day
mortality in three group. The AUC values tended to decrease with increasing age, and the sensitivity and
specificity of APN for prediction of sepsis-related mortality tended to decrease with age. And in the elderly
patients, there was no significant prediction for the mortality. In middle-aged and old patients, APN had
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the great discriminative ability (AUC = 0.872 and AUC = 0.774), and an APN cutoff value of 3.355 and
7.985 pg/ml respectively predicted mortality with 88.89% and 83.33% sensitivity, 87.5% and 62.75%
specificity (Table 5, Fig. 4).

Table 5
ROC analysis of plasma APN levels for 28-day mortality prediction in septic patients of different ages.
Patients with sepsis  Cutoff value  AUC (95% ClI) Sensitivity  Specificity p
<60 years 3.355 0.872(0.759-0.983) 88.89 87.50 0.0004
60-80 years 7.985 0.774 (0.658-0.890) 83.33 62.75 0.0006

The cutoff value was obtained by ROC curve analysis. APN, adiponectin; AUC, area under the curve; Cl,
confidence interval; ROC, Receiver operating characteristic.

Discussion

In the present study, we demonstrated that plasma APN levels were significantly lower in patients with
sepsis compared with critically ill patients without sepsis. In both control and sepsis patients, plasma
APN levels are positively correlated with age. Mortality was considerably higher among patients aged =
60 years compared with middle-age patients (< 60 years). Patients aged = 80 years had significantly
higher mortality compared with younger patients. However, APN levels were associated with 28-day
mortality in patients aged < 80 years, reflected by the AUC. Lower APN levels were associated with a
higher mortality among the patients aged < 80 years, suggesting the potential role of APN in 28-day
mortality in sepsis patients younger than 80 years. And there were no significant findings of association
of APN and 28-day mortality among the elderly patients aged = 80 years.

APN exerts an anti-inflammatory effect, and recent observations point to a potential role of APN in acute
inflammatory diseases. Although the exact mechanism of how this anti-inflammatory protein functions
remains to be elucidated in the context of sepsis, several studies support a beneficial role for APN as in
the modulation of systemic inflammation in animal models[18—-21]. APN exerts this anti-inflammatory
effect by several mechanisms, including direct actions on inflammatory cells and interaction with tumor
necrosis factor-alpha (TNF-a)[22]. In septic patients, early data suggest that plasma levels of APN are
decreased. Whether this is a result of the disease process itself or whether patients with lower levels of
this hormone are more susceptible to develop a critical iliness has not yet been described[22]. Soares et
al. found that adipose cells are highly sensitive to oxidative stress, with subsequent decreased APN
secretion and increased lactate producing, which seen in septic patients[23]. Similar to these findings, our
previous studies also found that patients with sepsis showed significant lower plasma APN levels. The
same results were obtained in the present study.

The present data indicated that patients with sepsis had lower APN levels compared with the control

group, and low APN levels were associated with a greater severity of sepsis. In contrast to our results,

however, previous studies of sepsis patients reported either increased or similar levels of APN compared
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with controls[24, 25]. These discrepancies may be attributable to differences in the studies' objectives, the
patients' sepsis stages, and other confounding factors. In Hillenbrand et al[26], patients were stratified
based on sepsis stage, and patient cohorts were significantly older and had a considerably higher
proportion of male subjects compared with controls. Moreover, in some studies, diabetic patients and
patients who received glucocorticoids were not excluded from the study. All of these factors may have an
impact on adipokine levels.

Several studies have described correlation between the survival of sepsis patients and APN levels. It was
reported that APN levels were more predictive than all other factors that were studied in predicting 28-day
survival, including APACHE Il score[12, 24]. Hillenbrand et al. found that plasma adipokine levels were
considerably altered in severe sepsis or septic shock, with higher proinflammatory adipokine levels and
lower anti-inflammatory factor levels[26]. In the present study, the multivariate regression analysis and
ROC curve analysis showed that 28-day mortality was significant correlated with APN levels in septic
patients aged < 80 years.

A large observational cohort of severely septic ICU and non-ICU patients in the Unites States reported
higher mortality among patients aged > 85 years compared with their general study population[27].
Bagshaw et al[1], concluded that age = 80 years, regardless of ICU admission diagnosis, was associated
with higher ICU and hospital mortality compared with younger patients. It was also reported that for ICU
patients with intra-abdominal infection, age > 60 years was associated with mortality, and patients aged
> 80 years had the worst prognosis[28]. Likewise, in the present study, we found that mortality in septic
patients increased with age, and septic patients aged = 80years had significantly higher mortality. The
limited studies reported that there are many factors contributing to the increase in mortality among the
elderly, such as physiological alterations in immunity, chronic underlying diseases, malnutrition, and
frailty[28].

As a protective factor of sepsis, the relationship between the APN levels and age in patients with sepsis
were further examined in our study. Previous studies have reported that plasma APN levels are increased
in elderly individuals[13-15, 29]. Obata et al. found that serum APN levels were significantly and
positively associated with age in healthy subjects and in patients with diabetes, and the association was
independent of renal function, body fat status, glucose metabolism and lipid profiles[17]. Recently,
Sebastiani et al[29]. assessed 38 age-related circulating biomarkers in approximately 5,000 healthy, older
adults of the long-life family study, APN and NT-proBNP showed similar positive correlation coefficients
with age. In the present study, plasma APN levels were positively correlating with age in patients with
sepsis. To the best of our knowledge, this is the first study to examine this association. The pathogenesis
of the age-related increase in plasma APN levels is unclear. Several studies have suggested that the age-
related increase in serum adiponectin levels is associated with deterioration in renal function[14], but
other studies have found no such association[16].

Several studies have been found that APN level increased in patients with chronic kidney disease[30, 31],
type 1 diabetes[32, 33], and congestive heart failure[34], however, hypoadiponectinemia is still an
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independent risk factor because these patients also show progression of arteriosclerosis. The age-related
increase in plasma APN levels also appears to be paradoxical that high plasma APN levels in the elderly
might not have numerous beneficial effects because atherosclerosis is advanced with age[35]. The
paradoxical phenomenon also found in our study that age-related mortality and APN levels. In order to
validate the protection of APN, we further examined the association between APN and mortality in three
age stratification respectively. Just as we expected, 28-day mortality was significant correlated with APN
levels in septic patients aged < 80 years, however, no significant relationship was found in the elderly
patients. Immense epidemiological evidence also supports the paradoxical relationship between high
APN levels and poor outcome in cardiovascular and geriatric conditions. Arai et al investigated the
association between a set of adipokines and all-cause mortality in a prospective cohort study of 252
centenarians, and plasma APN levels were not associated with mortality in the total sample or in the
lower-BMI group[36]. Furthermore, in a middle-aged/older cohort, increased levels of total APN were
significantly associated with higher all-cause mortality in age- and sex- adjusted analyses among
subjects with, but not without, prevalent cardiovascular diseases[37]. One of the interpretations for the
paradoxical phenomenon was that the high circulating APN levels in elderly patients are thought to be
due to APN resistance coupled with reduced APN receptor levels in skeletal muscle[38, 39]. APN
resistance appear to increase with the age and are known to be associated with increasing mortality.
Aging-associated weight loss and sarcopenia which are major determinants of mortality in older adults
and are associated with increased APN levels might be the other underlying factor[40]. Our present study
did not show the significant relationship between the high APN level and mortality in elderly patients.
Further research is necessary to define the role of APN on elderly patients in sepsis and the underlying
mechanisms.

A limitation of the present study is that the this was a single-center study with a relatively small sample
size, hence, it may be unclear if results could be generalized to other populations of critically ill septic
patients. Also, we do not have a complete longitudinal data with plasma determinations at multiple time
points. However, it is extremely difficult to obtain an adequately powered longitudinal study with no
missing data. Third, there may also have been a selection bias because there were some missing data,
especially the elderly patients due to different reasons. Fourth, the present study was not designed to
provide mechanistic insights into the role of APN in patients with sepsis. Lager multi-center trials are
needed to determine the role of APN in sepsis.

Materials And Methods
Population and protocol

The retrospective study was conducted in the intensive care unit (ICU) of China-Japan Friendship
Hospital between January 2016 and January 2019. The study protocol was approved by the ethic review
board of China-Japan Friendship Hospital. Informed consent was obtained from all the enrolled patients
or their family when some patients had been mechanically ventilated and/or had altered mental status.
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A total of 173 patients (> 18 years of age) with a preliminary diagnosis of sepsis who were admitted to
the ICU for longer than 48h were included in the present study. Sepsis was defined according to
consensus international guidelines as life-threatening organ dysfunction that is caused by dysregulation
of the host response to infection. Organ dysfunction was defined as an acute change in the total
Sequential Organ Failure Assessment (SOFA) score of = 2 points consequent to the infection[41]. The
exclusion criteria were: pregnancy, history of malignancy (solid organ or hematopoietic system),
immunosuppression from causes other than sepsis (e.g., post-organ transplant and ongoing
chemotherapy). The 57 postoperative patients without the diagnosis of sepsis were included in the
control group.

Data Collection

Baseline clinical and laboratory characteristics included age, sex, past iliness, and blood chemistry (e.g.,
brain natriuretic peptide [BNP], C-reactive protein [CRP], procalcitonin [PCT], serum creatinine [Scr], alanine
transaminase [ALT], high-sensitivity troponin T [hsTnT], and arterial blood gas) were measured using
standard clinical methods at China-Japan Friendship Hospital. The data were collected at the time of a
diagnosis of sepsis or upon admission. Disease severity was assessed by SOFA scores and Acute
Physiology and Chronic Health Evaluation Il (APACHE-II) scores on the day of diagnosis.

Plasma APN levels and biochemical assays

Blood samples were obtained on the day of admission or sepsis diagnosis and centrifuged at 1000xg for
15 min at 4°C within 30 min of collection. Plasma was withdrawn and stored at -80°C until analysis.
Plasma APN levels were measured using an enzyme-linked immunosorbent assay (ELISA) for human
APN (human APN ELISA kit; R&D Systems, Emeryville, CA, USA). Optical density was measured at 450nm.
The limit of APN detection was 0.891ng/ml according to the manufacturer's instructions.

Statistical analysis

The data were analyzed using SPSS 23.0 software (IBM, Armonk, NY, USA) and Prism 7.0 software
(Graphpad, San Diego, CA, USA). The distribution of variables was tested for normality with the using of
the Klomogorov-Smirnov (K-S) method. Descriptive data are presented at mean * standard deviation or
medians (25th-75th percentile) for continuous variables or as number of patients and percentage for
categorical variables. The distribution of variables was compared between control subjects and sepsis
patients, using unpaired ttests for normality distributed variables, or the Mann-Whitney (ftest for not-
normality distributed variables. Patients with sepsis were divided into three age groups (< 60, 60-80, = 80
years). Variables were compared between each age group using analysis of variance (AVONA) for
normality or Kruskal-Wallis H test for non-normality variables. Pearson or Spearman correlation
coefficients were calculated to test association between APN and individuals’ parameters, including age
for normality or non-normality variables. Survival curves for middle-aged, old and elderly sepsis patients
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were prepared by the Kaplan-Meier method. Univariate and multivariate logistic regression analyses were
performed to identify risk factors for sepsis-related mortality, and results were reported as odds ratios
(OR) and 95% confidence intervals (Cl). Receiver operating characteristic (ROC) curves were generated to
determine specificity and sensitivity for predicting the28-day mortality in sepsis. Two-tailed values of p <
0.05 were considered statistically significant.

Conclusions

In conclusion, we found a significant positive association between plasma APN levels and age in septic
patients. And low circulating levels of APN were associated with a higher risk of death in septic patients
aged < 80years. APN levels were an independent predictor of mortality in our model < 80years. The
association between APN and mortality in sepsis patients aged > 80years were not significantly found. On
the basis of these results, we consider that clinicians should take into account age-related changes in
plasma APN levels when interpreting a patient’s plasma APN level in clinical practice.

Declarations

Acknowledgement
None.
Author’s contributions

WH, WYN and DJ contributed to design the conception and design of the study. WH, MM and LC
participated in acquisition and analysis of data for the study. WH, MM and GYX drafted the work. ZSS
was responsible for statistics data management, analysis and interpretation and reviewed the
manuscript. All authors collaborated to interpret data and revise the work critically for important
intellectual consent. All authors read and approved the final manuscript.

Funding

This study was financially supported by in part by the Peking Union Medical College Teaching Reform
Project (10023201902301).

Availability of data and materials

The data that support the findings of this study are available from the corresponding author on the
reasonable request.

Ethical Approval

The research ethics committee of the China-Japan Friendship Hospital, Beijing, China approved the
studies, and all participants provided a written informed consent.

Page 13/21



Competing Interest

On behalf of all authors, the corresponding author states that there is no conflict of interest.

References

1.

Bagshaw, Sean M., Steve A. R. Webb, Anthony Delaney, Carol George, David Pilcher, Graeme K. Hart,
and Rinaldo Bellomo. "Very Old Patients Admitted to Intensive Care in Australia and New Zealand: A
Multi-Centre Cohort Analysis." Critical Care (London, England) 13, no. 2 (2009):
R45.https://doi.org/10.1186/cc7768

. Guidet, Bertrand, Guillaume Leblanc, Tabassome Simon, Maguy Woimant, Jean-Pierre Quenot, Olivier

Ganansia, Maxime Maignan, Youri Yordanov, Samuel Delerme, Benoit Doumenc, Muriel Fartoukh,
Pierre Charestan, Pauline Trognon, Bertrand Galichon, Nicolas Javaud, Anabela Patzak, Maité
Garrouste-Orgeas, Caroline Thomas, Sylvie Azerad, Dominique Pateron, and Ariane Boumendil.
"Effect of Systematic Intensive Care Unit Triage on Long-Term Mortality among Critically Ill Elderly
Patients in France: A Randomized Clinical Trial." JAMA 318, no. 15 (2017): 1450-
59.https://doi.org/10.1001/jama.2017.13889

. Flaatten, Hans, Dylan W. De Lange, Alessandro Morandi, Finn H. Andersen, Antonio Artigas, Guido

Bertolini, Ariane Boumendil, Maurizio Cecconi, Steffen Christensen, Loredana Faraldi, Jesper Fjglner,
Christian Jung, Brian Marsh, Rui Moreno, Sandra Oeyen, Christina Agwald Ohman, Bernardo Bollen
Pinto, Ivo W. Soliman, Wojciech Szczeklik, Andreas Valentin, Ximena Watson, Tilemachos Zaferidis,
and Bertrand Guidet. "The Impact of Frailty on Icu and 30-Day Mortality and the Level of Care in Very
Elderly Patients (= 80 years)." Intensive care medicine 43, no. 12 (2017): 1820-
28.https://doi.org/10.1007/s00134-017-4940-8

. Maeda, K., K. Okubo, I. Shimomura, T. Funahashi, Y. Matsuzawa, and K. Matsubara. "Cdna Cloning

and Expression of a Novel Adipose Specific Collagen-Like Factor, Apm1 (Adipose Most Abundant
Gene Transcript 1)." Biochemical and Biophysical Research Communications 221, no. 2 (1996): 286-
89

. Diez, Juan J., and Pedro Iglesias. "The Role of the Novel Adipocyte-Derived Hormone Adiponectin in

Human Disease." European Journal of Endocrinology 148, no. 3 (2003): 293-300

. Sowers, James R. "Endocrine Functions of Adipose Tissue: Focus on Adiponectin." Clinical

Cornerstone 9, no. 1 (2008)

. Wozniak, Susan E., Laura L. Gee, Mitchell S. Wachtel, and Eldo E. Frezza. "Adipose Tissue: The New

Endocrine Organ? A Review Article." Digestive Diseases and Sciences 54, no. 9 (2009): 1847-
56.https://doi.org/10.1007/s10620-008-0585-3

. Ouchi, Noriyuki, and Kenneth Walsh. "Adiponectin as an Anti-Inflammatory Factor." Clinica Chimica

Acta; International Journal of Clinical Chemistry 380, no. 1-2 (2007): 24-30

. Choi, Hyung Muk, Hari Madhuri Doss, and Kyoung Soo Kim. "Multifaceted Physiological Roles of

Adiponectin in Inflammation and Diseases." International Journal of Molecular Sciences 21, no. 4

Page 14/21



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

(2020).https://doi.org/10.3390/ijms21041219

Karampela, Irene, Evangelia Kandri, Georgios Antonakos, Evangelos Vogiatzakis, Gerasimos Socrates
Christodoulatos, Athina Nikolaidou, George Dimopoulos, Apostolos Armaganidis, and Maria
Dalamaga. "Kinetics of Circulating Fetuin-a May Predict Mortality Independently from Adiponectin,
High Molecular Weight Adiponectin and Prognostic Factors in Critically Ill Patients with Sepsis: A
Prospective Study." Journal of Critical Care 41 (2017): 78-
85.https://doi.org/10.1016/j.jcrc.2017.05.004

Vassiliadi, Dimitra A., Marinella Tzanela, Anastasia Kotanidou, Stylianos E. Orfanos, Nikitas Nikitas,
Apostolos Armaganidis, Michalis Koutsilieris, Charis Roussos, Stylianos Tsagarakis, and loanna
Dimopoulou. "Serial Changes in Adiponectin and Resistin in Critically Ill Patients with Sepsis:
Associations with Sepsis Phase, Severity, and Circulating Cytokine Levels." Journal of Critical Care
27,n0. 4 (2012): 400-09.https://doi.org/10.1016/j.jcrc.2012.04.007

Wang, Hui, Yan-Xiang Gao, Yi-Na Wu, Chen Li, and Jun Duan. "Association between Plasma
Adiponectin Levels and Left Ventricular Systolic Dysfunction in Sepsis Patients." Journal of Critical
Care 60 (2020): 195-201.https://doi.org/10.1016/j.jcrc.2020.06.020

Adamczak, Marcin, Ewa Rzepka, Jerzy Chudek, and Andrzej Wiecek. "Ageing and Plasma Adiponectin
Concentration in Apparently Healthy Males and Females." Clinical Endocrinology 62, no. 1 (2005):
11418

Isobe, Takeshi, Shigeyuki Saitoh, Satoru Takagi, Hiroshi Takeuchi, Yu Chiba, Nobuo Katoh, and
Kazuaki Shimamoto. "Influence of Gender, Age and Renal Function on Plasma Adiponectin Level:
The Tanno and Sobetsu Study." European Journal of Endocrinology 153, no. 1 (2005): 91-98

Koh, Soo Jeong, Yae Jung Hyun, So Yeon Choi, Jey Sook Chae, Ji Young Kim, Sungha Park, Chul-Min
Ahn, Yangsoo Jang, and Jong Ho Lee. "Influence of Age and Visceral Fat Area on Plasma
Adiponectin Concentrations in Women with Normal Glucose Tolerance." Clinica Chimica Acta;
International Journal of Clinical Chemistry 389, no. 1-2 (2008): 45-50

Kruger, I. M., H. W. Huisman, and A. E. Schutte. "The Relationship between Adiponectin, Ageing and
Renal Function in a Bi-Ethnic Sample." Regulatory Peptides 169, no. 1-3 (2011): 58-
63.https://doi.org/10.1016/j.regpep.2011.04.003

Obata, Yoshinari, Yuya Yamada, Yasumitsu Takahi, Megu Y. Baden, Kenji Saisho, Sachiko Tamba,
Koji Yamamoto, Miyuki Umeda, Aiko Furubayashi, and Yuji Matsuzawa. "Relationship between
Serum Adiponectin Levels and Age in Healthy Subjects and Patients with Type 2 Diabetes." Clinical
Endocrinology 79, no. 2 (2013): 204-10.https://doi.org/10.1111/cen.12041

Vachharajani, Vidula, Christie Cunningham, Barbara Yoza, John Carson, Tushar J. Vachharajani, and
Charles McCall. "Adiponectin-Deficiency Exaggerates Sepsis-Induced Microvascular Dysfunction in
the Mouse Brain." Obesity (Silver Spring, Md.) 20, no. 3 (2012): 498-
504.https://doi.org/10.1038/0by.2011.316

Uji, Yoshitaka, Hiroshi Yamamoto, Kazuhisa Maeda, Hiroshi Tsuchihashi, Hiroya Akabori, Tomoharu
Shimizu, Yoshihiro Endo, lichiro Shimomura, and Tohru Tani. "Adiponectin Deficiency Promotes the

Page 15/21



20

21.

22.

23.

24.

25.

26.

27.

28.

Production of Inflammatory Mediators While Severely Exacerbating Hepatic Injury in Mice with
Polymicrobial Sepsis." The Journal of Surgical Research 161, no. 2 (2010): 301-
11.https://doi.org/10.1016/j.jss.2008.12.021

. van Meurs, Matijs, Pedro Castro, Nathan I. Shapiro, Shulin Lu, Midori Yano, Norikazu Maeda, Tohru

Funahashi, Ichiro Shimomura, Jan G. Zijlstra, Grietje Molema, Samir M. Parikh, William C. Aird, and
Kiichiro Yano. "Adiponectin Diminishes Organ-Specific Microvascular Endothelial Cell Activation
Associated with Sepsis." Shock (Augusta, Ga.) 37, no. 4 (2012): 392-
98.https://doi.org/10.1097/SHK.0b013e318248225e

Wang, XianFeng, Nancy L. Buechler, Barbara K. Yoza, Charles E. McCall, and Vidula Vachharajani.
"Adiponectin Treatment Attenuates Inflammatory Response During Early Sepsis in Obese Mice."
Journal of Inflammation Research 9 (2016): 167-74

Robinson, Katherine, John Prins, and Bala Venkatesh. "Clinical Review: Adiponectin Biology and Its
Role in Inflammation and Critical lliness." Critical Care (London, England) 15, no. 2 (2011):
221 .https://doi.org/10.1186/cc10021

Soares, A. F., M. Guichardant, D. Cozzone, N. Bernoud-Hubac, N. Bouzaidi-Tiali, M. Lagarde, and A.
Géloén. "Effects of Oxidative Stress on Adiponectin Secretion and Lactate Production in 3t3-L1
Adipocytes." Free Radical Biology & Medicine 38, no. 7 (2005): 882-89

Walkey, Allan J., Todd W. Rice, Jason Konter, Noriyuki Ouchi, Rei Shibata, Kenneth Walsh, Bennett P.
deBoisblanc, and Ross Summer. "Plasma Adiponectin and Mortality in Critically Ill Subjects with
Acute Respiratory Failure." Critical care medicine 38, no. 12 (2010): 2329-
34.https://doi.org/10.1097/CCM.0b013e3181fa0561

Koch, Alexander, Edouard Sanson, Sebastian Voigt, Anita Helm, Christian Trautwein, and Frank
Tacke. "Serum Adiponectin Upon Admission to the Intensive Care Unit May Predict Mortality in
Critically Ill Patients." Journal of Critical Care 26, no. 2 (2011): 166-
74.https://doi.org/10.1016/j.jcrc.2010.07.015

Hillenbrand, Andreas, Uwe Knippschild, Manfred Weiss, Hubert Schrezenmeier, Doris Henne-Bruns,
Markus Huber-Lang, and Anna M. Wolf. "Sepsis Induced Changes of Adipokines and Cytokines -
Septic Patients Compared to Morbidly Obese Patients." BMC Surgery 10 (2010):
26.https://doi.org/10.1186/1471-2482-10-26

Angus, D. C., W. T. Linde-Zwirble, J. Lidicker, G. Clermont, J. Carcillo, and M. R. Pinsky. "Epidemiology
of Severe Sepsis in the United States: Analysis of Incidence, Outcome, and Associated Costs of Care."
Critical care medicine 29, no. 7 (2001): 1303-10

Arvaniti, Kostoula, George Dimopoulos, Massimo Antonelli, Koen Blot, Ben Creagh-Brown, Mieke
Deschepper, Dylan de Lange, Jan De Waele, Yalim Dikmen, Christian Eckmann, Sharon Einav, Guy
Francois, Hans Fjeldsoee-Nielsen, Massimo Girardis, Bojan Jovanovic, Matthias Lindner, Despoina
Koulenti, Sonia Labeau, Jeffrey Lipman, Fernando Lipovestky, Luis Daniel Umezawa Makikado,
Emilio Maseda, Adam Mikstacki, Philippe Montravers, José Artur Paiva, Cecilia Pereyra, Jordi Rello,
Jean-Francois Timsit, Dana Tomescu, Dirk Vogelaers, and Stijn Blot. "Epidemiology and Age-Related

Page 16/21



29.

30.

31.

32.

33.

34.

35.

36.

37.

Mortality in Critically Ill Patients with Intra-Abdominal Infection or Sepsis: An International Cohort
Study." International Journal of Antimicrobial Agents 60, no. 1 (2022):
106591.https://doi.org/10.1016/j.ijantimicag.2022.106591

Sebastiani, Paola, Bharat Thyagarajan, Fangui Sun, Lawrence S. Honig, Nicole Schupf, Stephanie
Cosentino, Mary F. Feitosa, Mary Wojczynski, Anne B. Newman, Monty Montano, and Thomas T.
Perls. "Age and Sex Distributions of Age-Related Biomarker Values in Healthy Older Adults from the
Long Life Family Study." Journal of the American Geriatrics Society 64, no. 11 (2016): e189-
€94.https://doi.org/10.1111/jgs.14522

Markaki, Anastasia, Emmanuel Psylinakis, and Aspasia Spyridaki. "Adiponectin and End-Stage Renal
Disease." Hormones (Athens, Greece) 15, no. 3 (2016): 345-
54.https://doi.org/10.14310/horm.2002.1698

Zoccali, Carmine, Francesca Mallamaci, Giovanni Tripepi, Francesco A. Benedetto, Sebastiano
Cutrupi, Saverio Parlongo, Lorenzo S. Malatino, Graziella Bonanno, Giuseppe Seminara, Francesco
Rapisarda, Pasquale Fatuzzo, Michele Buemi, Giacomo Nicocia, Sachiyo Tanaka, Noriyuki Ouchi,
Shinji Kihara, Tohru Funahashi, and Yuji Matsuzawa. "Adiponectin, Metabolic Risk Factors, and
Cardiovascular Events among Patients with End-Stage Renal Disease." Journal of the American
Society of Nephrology : JASN 13, no. 1 (2002): 134-41.https://doi.org/10.1681/ASN.V131134

Ljubic, Spomenka, Anamarija Jazbec, Martina Tomic, Ante Piljac, Dubravka Jurisic Erzen, Branko
Novak, Snjezana Kastelan, Marijana Vucic Lovrencic, and Neva Brkljacic. "Inverse Levels of
Adiponectin in Type 1 and Type 2 Diabetes Are in Accordance with the State of Albuminuria."
International Journal of Endocrinology 2015 (2015): 372796.https://doi.org/10.1155/2015/372796

Imagawa, Akihisa, Tohru Funahashi, Tadashi Nakamura, Makoto Moriwaki, Sachiyo Tanaka, Hitoshi
Nishizawa, Kouichi Sayama, Sae Uno, Hiromi Iwahashi, Kazuya Yamagata, Jun-lchiro Miyagawa,
and Yuji Matsuzawa. "Elevated Serum Concentration of Adipose-Derived Factor, Adiponectin, in
Patients with Type 1 Diabetes." Diabetes Care 25, no. 9 (2002): 1665-66

George, J., S. Patal, D. Wexler, Y. Sharabi, E. Peleg, Y. Kamari, E. Grossman, D. Sheps, G. Keren, and A.
Roth. "Circulating Adiponectin Concentrations in Patients with Congestive Heart Failure." Heart
(British Cardiac Society) 92, no. 10 (2006): 1420-24

Hazzard, William R., and Walter H. Ettinger. "Aging and Atherosclerosis: Changing Considerations in
Cardiovascular Disease Prevention as the Barrier to Immortality Is Approached in Old Age." The
American Journal of Geriatric Cardiology 4, no. 4 (1995): 16-36

Arai, Yasumichi, Michiyo Takayama, Yasuyuki Gondo, Hiroki Inagaki, Ken Yamamura, Susumu
Nakazawa, Toshio Kojima, Yoshinori Ebihara, Kenichirou Shimizu, Yukie Masui, Koji Kitagawa, Toru
Takebayashi, and Nobuyoshi Hirose. "Adipose Endocrine Function, Insulin-Like Growth Factor-1 Axis,
and Exceptional Survival Beyond 100 Years of Age." The Journals of Gerontology. Series A, Biological
Sciences and Medical Sciences 63, no. 11 (2008): 1209-18

Dekker, Jacqueline M., Tohru Funahashi, Giel Nijpels, Stefan Pilz, Coen D. A. Stehouwer, Marieke B.
Snijder, Lex M. Bouter, Yuji Matsuzawa, lichiro Shimomura, and Robert J. Heine. "Prognostic Value of

Page 17/21



Adiponectin for Cardiovascular Disease and Mortality." The Journal of Clinical Endocrinology and
Metabolism 93, no. 4 (2008): 1489-96.https://doi.org/10.1210/jc.2007-1436

38. Haugen, Espen, Yutaka Furukawa, Azra Isic, and Michael Fu. "Increased Adiponectin Level in Parallel
with Increased Nt-Pro Bnp in Patients with Severe Heart Failure in the Elderly: A Hospital Cohort
Study." International Journal of Cardiology 125, no. 2 (2008): 216-
19.https://doi.org/10.1016/j.ijjcard.2007.12.002

39. Van Berendoncks, An M., Anne Garnier, Paul Beckers, Vicky Y. Hoymans, Nadine Possemiers,
Dominique Fortin, Wim Martinet, Viviane Van Hoof, Christiaan J. Vrints, Renée Ventura-Clapier, and
Viviane M. Conraads. "Functional Adiponectin Resistance at the Level of the Skeletal Muscle in Mild
to Moderate Chronic Heart Failure." Circulation. Heart Failure 3, no. 2 (2010): 185-
94.https://doi.org/10.1161/CIRCHEARTFAILURE.109.885525

40. Kizer, Jorge R, Joshua |. Barzilay, Lewis H. Kuller, and John S. Gottdiener. "Adiponectin and Risk of
Coronary Heart Disease in Older Men and Women." The Journal of Clinical Endocrinology and
Metabolism 93, no. 9 (2008): 3357-64.https://doi.org/10.1210/jc.2008-0640

41. Singer, Mervyn, Clifford S. Deutschman, Christopher Warren Seymour, Manu Shankar-Hari, Djillali
Annane, Michael Bauer, Rinaldo Bellomo, Gordon R. Bernard, Jean-Daniel Chiche, Craig M.
Coopersmith, Richard S. Hotchkiss, Mitchell M. Levy, John C. Marshall, Greg S. Martin, Steven M.
Opal, Gordon D. Rubenfeld, Tom van der Poll, Jean-Louis Vincent, and Derek C. Angus. "The Third
International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)." JAMA 315, no. 8
(2016): 801-10.https://doi.org/10.1001/jama.2016.0287

Figures

Page 18/21



(ug/ml)

25 —1 Control
" H Sepsis
S 20 IK;
<
= + ¥
9 15 T * #
5 4
9 B 1
= 10 *
m B
£ Bjis
g 5
N

0

<60 60-80 >80 (years)
(Age group)

Figure 1

The plasma adiponectin levels in each age group in control and sepsis group. * p<0.05 versus control
group in each age group. # p<0.05 versus <60 group in sepsis patients, T p<0.05 versus <60 group in
controls, $ p<0.05 versus 60-80 group both in control and sepsis patients.
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Figure 2

The positive association between age and adiponectin level in control group (A) and sepsis group (B).
Correlation between the plasma APN level and age was confirmed by values of r=0.690, p<0.0001 and
r=0.396, p<0.0001 in control and sepsis group respectively.
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Figure 3

A. Survival curves for middle-aged, old and elderly patients with sepsis. Survival curves were generated by
Kaplan-Meier method. B. The positive association between age and adiponectin level in deceased
patients. Correlation between the plasma APN level and age was confirmed by values of r=0.386 and
p<0.0001.
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Figure 4

Receiver operating characteristic curve analysis of the ability of adiponectin to predict 28-day mortality in
septic patients at the age <60 years, 60-80 years, and >80 years.
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