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OBSERVATIONAL STUDY

Changes in Plasma Adiponectin Concentrations in Patients
With Hemorrhagic Fever With Renal Syndrome

An Observational Prospective Study

Hong Du, MD, Xuefan Bai, MD, Jianqgi Lian, MD, Jing Li, MS, Ying Zhang, MD,
Pingzhong Wang, MD, and Hong Jiang, MD

Abstract: The objective is to observe the changes in plasma adipo-
nectin (APN) and its predictive capacity for disease severity and
prognosis of hemorrhagic fever with renal syndrome (HFRS).

One hundred and five patients who were treated at our center
between October 2011 and December 2012 were randomly enrolled
in this study. The patients were divided into a mild-type group, a
moderate-type group, a severe-type group, and a critical-type group
according to the HFRS criteria for clinical classification. Ninety-three
plasma samples from the patients in the acute stage and 78 samples from
the patients in the convalescent stage were obtained, and 28 samples
from healthy subjects were obtained as controls. The concentrations of
APN were detected using the enzyme-linked immunosorbent assay. The
levels of white blood cells, platelets, hematocrit, albumin, blood urea
nitrogen, serum creatinine, and uric acid in the samples were routinely
tested. The levels of APN among the different types were compared; the
correlation between APN and the laboratory parameters was analyzed.
The predictive effectiveness for prognosis of APN and the laboratory
parameters as mentioned above were evaluated using the receiver
operating characteristic curve analysis.

The levels of APN in the mild- and moderate-type patients in the
acute stage were significantly higher than the severe-type and control
(P <0.05) and decreased with the severity of the disease, while there
were no obvious difference among severe-, critical-type and control
groups. The levels of APN in patients in the convalescent stage were
higher than the control group (P <0.05), and the APN levels of the
critical-type group were higher compared with the mild-type groups
(P <0.05). Adiponectin was negatively correlated with white blood
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cells and hematocrit and positively correlated with platelets, albumin,
and uric acid (P <0.001). Adiponectin showed no statistical signifi-
cance for predicting prognosis, with the area under the curve equal to
0.609 (95% CI: 0.237-0.745, P=0.215).

Adiponectin can be considered as a novel biomarker for disease
severity in patients with HFRS, while it seems to have no predictive
capacity for prognosis of HFRS.

(Medicine 95(6):€2700)

Abbreviations: AKI = acute kidney injury, ALB = albumin, APN =
adiponectin, AUC = area under the ROC curve, BMI = body mass
index, CI = confidence interval, DAA = drotrecogina (activated),
DIC = disseminated intravascular coagulation, HCT = hematocrit,
HFRS = hemorrhagic fever with renal syndrome, HV = Hantavirus,
ICU = intensive care unit, IgG = immunoglobulin G, IgM =
immunoglobulin M, PLT = platelets, WBC = white blood cells.

INTRODUCTION

emorrhagic fever with renal syndrome (HFRS) is a rodent-

borne disease that is caused by Hantavirus, with major
clinical characteristics of fever, hemorrhage, hypotension, and
renal damage.'”® The typical disease progresses through five
phases: febrile, hypotensive, oliguric, diuretic, and convales-
cent.>* China is the most severe endemic area of HFRS in the
world, with a high incidence rate in the last 10 years.’ Xi’an city
is the center of Shaanxi province and one of the most severely
affected regions in China.® The HFRS patients in this district
display more severe manifestations, usually accompanied with
refractory shock, acute respiratory distress syndrome, encepha-
lopathy, disseminated inravascular coagulation and multiple
organ dysfunction syndrome, which leads to a greatly increased
fatality rate.

Until now, there are nonspecific parameters routinely
tested clinically that can evaluate severity and predict the
outcome because of the complicated clinical courses and
pathophysiology of the disease. So, exploring novel biomarker
to determine the disease severity early and exactly is still very
important which would be beneficial for clinician to take timely
and systematic treatment. In this study, we observed the changes
in plasma adiponectin (APN) and explore its predictive capacity
for disease severity and prognosis of HFRS.

METHODS
Ethics Statement

The observational perspective study was approved by the
Institutional Review Board of Tangdu Hospital. Before
inclusion, the patients were informed about the objectives of
this study; they or their direct relatives agreed and signed the
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informed consent form so that blood samples and medical
records could be obtained.

Study Participants

One hundred and five patients with HFRS that were treated
at our center between October 2011 and December 2012 were
randomly enrolled in this study. The demographic character-
istics of the patients were collected from medical records.
Patients who had other kidney diseases, diabetes, cardiovascular
disease, hematological disease, autoimmune disease, viral
hepatitis, and other liver diseases were excluded.

Specific IgM and IgG against Hantaan virus in serum
during acute phase were detected by enzyme-linked immuno-
sorbent assay for diagnosis of HFRS, which was same with our
previous clinical study.* The assay was analyzed by an auto-
analyzer (BIORAD-680, United States).”

According to the HFRS criteria of clinical classification,
which has been defined in our previous studies,*” the severity of
HFRS was classified into the following types: patients who had
kidney injury without obvious hypotension and oliguria were
defined as mild-type; patients who had hypotension, skin and
mucous membranes hemorrhage, bulbar conjunctiva, uremia,
acute kidney injury (AKI) with typical oliguria were defined
as moderate-type; patients who had severe uremia, hypotension,
skin and mucous membranes hemorrhage, bulbar conjunctiva and
either peritoneum or pleura, and AKI with urine output of 50—
500 mL/day for <5 days or urine output of <100 mL/day for <2
days were defined as severe-type; and patients who usually had
one or more of the following complications based upon the basic
clinical feature of the severe patients were defined as critical type:
visceral hemorrhage, pulmonary and brain edema, refractory
shock (>2 days), severe AKI with urine output of 50—500 mL/
day for >5 days or urine output of <100 mL/day for >2 days,
severe secondary infection and heart failure.

In this study, the acute stage was defined as the period that
included the febrile, hypotensive, and oliguric phases and the early
3 days of the diuretic phase, considering the clinical conditions
that a majority of the survival patients had been discharged
before the convalescent phase and the degree of AKI that was
still severe during the early stage of the diuretic phase. The
convalescent stage was defined as the diuretic and convalescent
phase except the early 3 days of the diuretic phase. Furthermore,
the prognosis (death) in this study was defined as patient death
during hospitalization or within the 28 days following discharge.

Blood Samples and Detection

Ninety-three venous blood samples were drawn randomly
from the patients during the acute stage, and 78 samples were drawn
randomly during the convalescent stage. Twenty-eight blood
samples from healthy subjects were obtained as controls. All of
the samples were stored in EDTA tubes and were centrifuged at
2000 rpm for 10min at 4 °C within 2 hours after drawing. The
plasma supernatant was pipetted carefully and transferred to poly-
propylene tubes and then stored at —80 °C prior to APN analysis.

Adiponectin levels were measured with commercially
available enzyme-linked immunosorbent assay kits (Quanti-
kine, XiTang, Inc, Shanghai, China) and were tested using a
multifunctional autoanalyzer (BIORAD-680, United States)
according to the manufacturer’s instructions. Each sample
was detected in duplicate and the sensitivity of the minimum
concentration of APN was below 61 pg/mL.

Seven laboratory parameters, including white blood cells
(WBC), platelets (PLT), hematocrit (HCT), albumin (ALB),
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blood urea nitrogen, serum creatinine, and uric acid were
routinely tested using autoanalyzers (Sysmex XT-4000i, Japan;
Hitachi 7600—100, Japan). All the laboratory parameters men-
tioned above and APN were measured in the same time frame.

Statistical Analysis

Statistical analysis was performed using SPSS 17.0 soft-
ware (SPSS Inc, Chicago, IL). Tables and figures were created
using Excel 2003 (Microsoft) and GraphPad Prism 5 (Graph-
Pad Software, San Diego, CA), respectively. The basic stat-
istical principle was same with our previous clinical studies on
critical HFRS patients.*” The frequencies and percentages are
given for qualitative variables, and the differences among the 4
types were tested using the Pearson x? test. The non-normally
distributed variables are presented as medians with interquar-
tile ranges (IQR) and were compared by the nonparametric
Kruskal—Wallis H test. The Nemenyi Rank test was used to
compare the differences among the 4 types. Continuous vari-
ables are presented as the mean = SD and were analyzed by
Kolmogorov—Smirnov test for normal distribution and by
Levene test (ANOVA) for the homogeneity of variance. The
variables among the 4 types were compared by SNK test for
normally distributed variables. Furthermore, the relationship
between APN and the laboratory parameters as mentioned
above was determined by Pearson correlation coefficient.
The predictor values of APN for disease prognosis were tested
using receiver operating characteristic (ROC) curves and
quantified by calculating the area under the ROC curve
(AUC) and the 95% confidence interval (CI). A 2-tailed
P <0.05 was considered statistically significant.

RESULTS

Clinical Typing and Demographic Characteristics
for Patients With Hemorrhagic Fever With Renal
Syndrome

Of the enrolled patients, 19 cases were classified as mild,
25 cases were classified as moderate, 27 cases were classified as
severe and 34 cases were classified as critical according to the
HFRS criteria of clinical classification. Twelve critical indi-
viduals died during the acute stage with a hospital mortality rate
of 11.42%. There was no significant difference in the sex or age
distribution among the groups (P > 0.05) (Table 1).

Levels of Adiponectin in Patients With
Hemorrhagic Fever With Renal Syndrome

The duration from disease onset to sample collection
among the groups was not significantly different (P > 0.05)
(Table 2). The levels of APN in the mild- and moderate-type
patients in the acute stage were significantly higher than the
severe-type and control (P <0.05) and decreased with the
severity of the disease, while there were no obvious difference
among severe-, critical-type, and control groups. The levels of
APN in patients in the convalescent stage were higher than the
control group (P < 0.05), and the APN levels of the critical-type
group were higher compared with the mild-type groups
(P <0.05) (Table 2; Figure 1).

Pearson Correlation Analysis and Receiver
Operating Characteristic Curves

Pearson correlation analysis revealed that APN was nega-
tively correlated with WBC and HCT and positively correlated
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Patients With Hemorrhagic Fever With Renal Syndrome

TABLE 1. Demographic Characteristics for Patients With Hemorrhagic Fever With Renal Syndrome

Mild Group Moderate Group Severe Group Critical Group Control group

n=19) (n=25) n=27) n=34) (n=28)

“Male, n (%) 14 (73.7) 20 (80.0) 24 (88.9) 27 (79.4) 22 (78.6)
TAge, y 36.58 +16.24 37.64 +12.98 44.00 +14.41 45.71+14.50 38.65+13.26

* Pearson X2 test: X2 =1.998, P=0.736.
TANOVA: F=2.275, P=0.085.

with PLT, ALB, and uric acid (P < 0.001) (Table 3; Figure 2).
Receiver operating characteristic analysis revealed that APN
showed no statistical significance for predicting prognosis, with
the AUC equal to 0.609 (95% CI: 0.237-0.745, P=0.215)
(Table 4).

DISCUSSION

Adiponection (APN) is an adipocyte-derived hormone,
which is closely associated with atherosclerosis, coronary artery
disease, diabetes mellitus, and obesity.® '® Apart from its
insulin-sensitizing and antiatherosclerotic effects, APN also
exerts anti-inflammatory activity in some diseases with acute
infection.!' ™! It has been proved that APN can suppress
inflammation cytokine production by macrophages and phago-
cytic activity stimulated by lipopolysaccharide.'* '® Adiponec-
tin-knockout mice could increase sepsis-related mortality and
promote endothelial activation.' Furthermore, recombinant
APN could effectively reduce the mortality of septic mice
and inhibit the production of some proinflammatory factors,
such as high mobility group box 1, tumor necrosis factor-c, and
interleukin-6."

In the past 10 years, more and more research focused on
observing the predictive role of APN on disease severity and
prognosis in animals and patients with sepsis. Asta etal'> found
that APN was decreased and behaved as a negative acute phase
protein after acute endotoxaemia in dogs, and the declining
degree of APN might reflect the severity of the disease.
Another animal study'® also suggested a protective role of
APN in diminishing microvascular organ-specific endothelial
cell activation during sepsis. Unlike the consistent result on

animal studies, there were three different conclusions focus on
the early prediction of severity and prognosis of sepsis in
patients. The first viewpoint is APN can be considered as a
novel biomarker on early prediction of severity and prognosis.
Behens et al'’ investigated APN expression in cultured human
adipocytes within an inflammatory model and in patients with
severe sepsis and evaluated the treatment of drotrecogin o
(activated, DAA). They found that stimulation of human
adipocytes with TNF-a over 6 and 24 hour resulted in a
significant decrease in APN mRNA transcripts; DAA patients
revealed significantly higher APN serum levels compared to
controls with moderate clinical course and better outcome. The
second viewpoint is APN can be used to predict prognosis,
whereas not disease severity. Alexander et al?® investigated the
potential of pathogenic role and prognostic value of circulating
APN levels in 170 critically ill patents (122 with sepsis and 48
without sepsis) and 60 healthy controls. The found that APN
concentrations did not differ between healthy controls and
critically ill patients, neither in patients with nor in patients
without sepsis, whereas low APN levels at intensive care unit
(ICU) admission were an independent positive predictor of
short term and overall survival. The third viewpoint is APN
cannot be used to predict severity and prognosis. Dimitra et al*'
observed the variation in APN levels in 41 mechanically
ventilated patients, diagnosed as having sepsis. The study
revealed that the patients had higher APN levels on admission
of ICU compared with the controls, and APN increased over
time in the entire cohort with no correlation with the Acute
Physiology and Chronic Health Evaluaton II and Sequential
Organ Failure Assessment scores.

TABLE 2. Levels of Adiponectin and Time Frame of Sample Collection in Patients With Hemorrhagic Fever With Renal Syndrome

Mild Group Moderate Group Severe Group Critical Group *Control Group
(n=19) (n=25) (n=27) (n=234) (n=28)

APN, ng/mL
TAcute stage 12.05+5.78 11.81+6.82 7.54+3.83 9.07+4.46 7.65+3.69
iConvalescent stage 13.40+6.83 15.44+7.46 14.33+9.07 22.09+9.05 7.65+3.69
Length of time (d)
SAcute stage 6 (2) 5(2) 503) 4(2) —
liConvalescent stage 13 (4) 14 (4) 17 (8) 15 (11) —

TfThe median level of the 28 control samples included.
TANOVA test: F=4.094, P=0.004.

¥ Kruskal—Wallis H test: x> =30.483, P <0.001.
$Kruskal-Wallis H test: x*>=6.363, P=0.095.
I'Kruskal—Wallis H test: x> =4.872, P=0.181.
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FIGURE 1. Levels of APN during the clinical course in patients with
hemorrhagic fever with renal syndrome. The concentrations of
APN were presented as medians with IQR and were compared by
the Nemenyi Rank test among the 5 groups (A and B). The
concentrations of APN were presented as medians with IQR
and were compared by a Mann-Whitney U test for the acute
stage and convalescent stage (C). APN = adiponectin. “P< 0.05;
*P<0.001.
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TABLE 3. Pearson Correlation Analysis in Patients With
Hemorrhagic Fever With Renal Syndrome

APN APN

Variables r P Value Variables r P Value

BUN 0.022
Scr 0.055
0.177

0.785
0.481
0.024

WBC —0.230
PLT 0.312
HCT —0.347
ALB 0.173

0.003
<0.001
<0.001 UA

0.027

ALB =albumin, APN =adiponectin, BUN =blood urea nitrogen,
HCT =hematocrit, PLT =nplatelets, r=-correlation coefficient,
Scr = serum creatinine, UA = uric acid, WBC = white blood cells.

It is believed that HFRS has the basic clinical character-
istics of sepsis, but it also has a unique pathophysiologic feature.
The hypotensive phase of HFRS (eg, low blood pressure and
circulation collapse) usually occurs between day 3 and day 7 of
the clinical course, and grave HFRS patients can manifest more
severe leukemoid reaction,”® plasma leakage, and coagulation
disorders®>** compared with septic patients, which would lead
to massive bleeding, profound shock, severe tissue hypoperfu-
sion and severe hypoxia, potentially rendering renal, cardiac,
cerebellar, and hepatic injury.?>*® Considering the undefinite
role of APN on sepsis and no study data obtained in patients of
HFRS, we observed the changes of APN in different clinical
phases of HFRS and explored its predictive value on disease
severity and prognosis. As far as we know, this is the first study
to observe the changes of APN and evaluate its predictive
capacity for the severity and prognosis of HFRS.

Unlike the results from the research in sepsis patients as
mentioned above,'® 2! our study demonstrated that APN could
reflect the disease severity in different clinical type patients
with HFRS, while it seems have no predictive capacity for
prognosis. This study demonstrated that the levels of APN in the
mild- and moderate-type patients in the acute stage were
significantly higher than the severe type and control
(P<0.05) and decreased with the severity of the disease, there
were no obvious difference among severe-, critical-type, and
control groups (Table 2, Figure 1), which indicated that APN
played an essential role in the pathogenesis of HFRS as an anti-
inflammatory marker. Adiponectin can be considered a novel
biomarker to evaluate disease severity in HFRS patients, especi-
ally during the acute stage, with potential for applications in
clinical practice. In our study, we also observed that the levels of
APN in patients in the convalescent stage were higher than the
control group (P < 0.05), and the APN levels of the critical-type
group were higher compared with the mild-type groups
(P <0.05) (Table 2, Figure 1), which also illustrated that lower
expression of APN during the acute phase in HFRS patients
usually is accompanied with more reactive and increasing
tendency to maintain its anti-inflammatory and protective
characteristics in the late clinical course. Our previous study’
analyzed the levels of 12 routinely tested laboratory parameters
in HFRS patients and demonstrated that WBC, PLT, and ALB
can be beneficial as early indicators of severity and prognosis in
HFRS patients. High WBC can reflect the degree of inflam-
matory reaction, destruction, or dysfunction of PLT (low
PLT)?’ and the loss of vascular integrity (low ALB) can

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Correlation between adiponectin and white blood cells (A), albumin (B), platelets (C), and hematocrit (D) in patients with
hemorrhagic fever with renal syndrome. FRT =ferritin, BUN = blood urea nitrogen, UA = uric acid.

increase risk of hemorrhage and degree of vascular per-
meability.®*® In this study, the correlation analysis revealed
that APN was negatively correlated with WBC and positively
correlated with PLT and ALB (P < 0.001) (Table 3, Figure 2),
which further revealed that the dynamic changes of APN could
also reflect the disease severity to a degree.

Unlike WBC, PLT, ALB, and high mobility group box
1,>*7 in this study, the ROC analysis revealed that APN showed
no statistical significance for predicting prognosis
(AUC=0.609, P=0.215) (Table 4), which indicates APN
seems to have no predictive capacity for prognosis. There
are 2 possible reasons causing the finding: one is APN cannot
predict the prognosis of HFRS indeed; another is the small

number of nonsurvivors enrolled in this study relatively, which
may make the statistical power small. Enlargement of samples
and further illustrating detailed mechanism of APN on HFRS
are quite necessary to explore the value of predicting prognosis
in the future.

From this observational perspective study, we got a mean-
ingful conclusion that APN can be considered as a novel
biomarker for disease severity in HFRS patients and it seems
to have no predictive capacity for prognosis of HFRS, whereas
there were still some limitations. First, this study was conducted
at a single center for infectious diseases. The length of time
form collection of the blood samples from the patients was not
unified or precise, considering the different clinical conditions

TABLE 4. Predictive Values for Prognosis With Adiponectin and Laboratory Parameters in Patients With Hemorrhagic Fever With

Renal Syndrome

1959 Cl for AUC

Variables AUC “P Value Probability Value iSensitivity iSpecificity Lower Upper
WBC 0.831 <0.001 0.111 61.5 91.8 0.724 0.937
SPLT 0.839 <0.001 0.147 76.9 79.7 0.753 0.925
SALB 0.806 <0.001 0.082 76.9 79.1 0.690 0.922
BUN 0.619 0.154 — — — 0.484 0.754
Ser 0.552 0.532 — — — 0.429 0.675
SUA 0.661 0.054 — — — 0.502 0.820
APN 0.609 0.215 0.237 0.745

ALB =albumin, APN = adiponectin, AUC =area under the curve, BUN =blood urea nitrogen, CI = confidence interval, HCT = hematocrit,
PLT = platelets, Scr = serum creatinine, UA = uric acid, WBC = white blood cells.

>_kP value for calculated AUC in predicting death.
T Probability values were calculated by logistic regression.

¥ Sensitivity, specificity and 95% CI are all presented as percentages.

8 Test direction: lower test result indicates a more positive test.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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and phases on admission, and we can only define 2 periods, the
acute and convalescent stages. Although there was no signifi-
cant difference in the median collection time of the samples, the
dynamic change of the levels of APN can also be influenced by
this variation. Second, as we mentioned above, the relatively
small number of cases made the statistical power small rela-
tively. There were only 12 patients who died, which would
influence the result of the ROC curve analysis. Third, analysis
the correlation between the body mass index (BMI) of HFRS
patients and APN would provide additional useful information.
Body mass index is known to be associated with plasma APN
and it have be considered as an independent risk factor for
predicting prognosis of sepsis patients.?*** However, we cannot
be able to collect precise data of BMI because it is not routinely
measured or it is difficult to obtain in critical HFRS patients,
and we have to consider multiple factors, which may also
influence the changes of BMI, including body edema, volume
change of fluid resuscitation, energy expenditure, and acute
metabolic disequilibrium. Finally, the clinical outcomes and
classifications of the HFRS patients might be biased due to the
lack of a more standardized protocol for the management of
patients with HFRS until now.
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