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Abstract

Objective: Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease character-

ized by inflammatory synovitis. We developed a new disease activity evaluation system using

important cytokines to help doctors better evaluate disease activity in patients with RA.

Methods: Flow cytometry was used to detect the levels of seven cytokines. Then, the results

were analyzed using an R language decision tree.

Results: The levels of six cytokines, namely interleukin (IL)-2, IL-4, IL-6, IL-10, tumor necro-

sis factor-a, and interferon-c, were significantly different between the active disease and

remission stages. Decision tree analysis of the six cytokines with statistical significance

identified two judgment rules for the remission stage and three judgment rules for the

active disease stage.

Conclusion: We proposed the use of the decision tree method to analyze cytokine levels in

patients with RA and obtain a more intuitive and objective RA disease activity scoring system.

This method revealed the relationships of IL-6 and TNF-a levels with inflammatory characteristics

in patients with RA, which can help predict disease activity.
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Introduction

Rheumatoid arthritis (RA) is a chronic
inflammatory autoimmune disease charac-
terized by inflammatory synovitis.1

Although the pathogenesis is unknown, its
close relationship with the overexpression
of pro-inflammatory factors is well estab-
lished. With disease progression, articular
cartilage and articular capsules are dam-
aged to varying degrees, eventually leading
to joint deformity and a loss of function.2

Studies illustrated that interleukin (IL)-6,
IL-17, and tumor necrosis factor (TNF)-a
play important roles in RA.3,4 The typical
histological characteristics of RA are local
inflammation and osteoclast maturation
and activation, which eventually lead to
the destruction of cartilage and bone.5

Inflammatory cytokines (e.g., TNF-a,
IL-6) released by joint cells because of the
excessive activation of Th17 cells are among
the main factors that destroy immune cells
in joints.6 These inflammatory cytokines
(e.g., TNF-a, IL-6, IL-17) induce osteoclast
formation by inducing the expression of
RANKL.7 In patients with RA, TNF-a is
the key pro-inflammatory factor.8

Meanwhile, IL-10, as the main anti-
inflammatory cytokine, plays an important
role in RA, and its influence mainly
depends on the release time, extent of
release, and cell location.9

At present, the methods used to evaluate
RA mainly include the 28-joint Disease
Activity Score (DAS28), Simplified
Disease Activity Index (SDAI), Clinical
Disease Activity Index (CDAI),
Rheumatoid Arthritis Disease Activity
Index, Patient Activity Scale (PAS), PAS
II, and Routine Assessment of Patient
Index Data. DAS28,10 combined with the

erythrocyte sedimentation rate (ESR) and

C-reactive protein (CRP) level,11 is present-

ly used to define RA in the clinic. There is

evidence that DAS28 may not provide a

reliable account of disease remission.12

Significant differences and heterogeneity

between patients and doctors in the assess-

ment of disease activity often arise, which

affects the formulation of treatment plans,

clinical expectations, remission, and the

doctor–patient relationship.13 These assess-

ment methods are based on doctors’ subjec-

tive or empirical judgment of the disease.

On the contrary, the judgment rules of dis-

ease activity based on the cytokine results

of decision tree analysis are relatively

simple and objective. Therefore, we aimed

to develop a new disease activity evaluation

system using important cytokines to reflect

the actual state of the body more intuitively

and objectively and potentially help doctors

better evaluate disease activity in patients

with RA. In this study, data on sex, age,

and disease activity in patients were collect-

ed and described to provide clues for the

judgment rules of disease activity based on

a decision tree analysis of cytokines.

Materials and methods

Human subjects

In this observational cross-sectional study,

patients with RA who were admitted to

the Department of Rheumatology and

Immunology of Zhejiang Provincial

People’s Hospital between March 2016

and June 2018 were enrolled. All patients

met the new RA classification standard

proposed by the American College of

Rheumatology (ACR) and European
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Alliance of Associations for Rheumatology

(EULAR) in 2009. This research was also

approved by the ethical review board of our

hospital. Patients with other diseases, such

as other connective tissue diseases, infec-

tious diseases, or tumors, were excluded.

Because our specimens were collected at

the time of admission, treatment after

admission had little effect on our results.

Treatment was performed according to

ACR/EULAR guidelines, with 67.5% of

patients receiving disease-modifying anti-

rheumatic drugs, 27.5% receiving biological

treatment, and 5% receiving

corticosteroids.
According to the DAS28 score, the inpa-

tients were divided into remission and

active disease groups. All samples were col-

lected in a manner consistent with Chinese

law. The requirement for informed consent

was waived because we used discarded

blood samples, and the study was approved

by the Ethics Committee of Zhejiang

Provincial People’s Hospital (approval no.

2019KY232).

Cytokine sample preparation

Two milliliters of fasting blood samples

were collected in the morning from the

elbow veins of subjects in a sitting position.

The samples were centrifuged at 500� g for

5 minutes in a separation gel accelerating

tube, and serum was collected for cytokine

detection.

Reagents and methods

The BDTM Cytometric Bead Array Human

Th1/Th2/Th17 Cytokine Kit was purchased

from BD (Franklin Lakes, NJ, USA) and

used as per the manufacturer’s instructions.
Cytokines were detected using a Navios

flow cytometer (Beckman Coulter, Brea,

CA, USA). According to the EULAR rec-

ommendations, DAS28 was calculated as

follows:

DAS28¼ 0.56� the number of tender
joints among 28 joints assessedþ 0.28� the
number of swollen joints among 28 jointsþ
0.7� ln (ESR)þ 0.014� visual analog scare.
DAS28< 2.6 was defined as remission, and
DAS28� 2.6 indicated active disease.

Statistical analysis

SPSS Statistics 21.0 (IBM Corp., Armonk,
NY, USA) was used to calculate and ana-
lyze the data. Because the data did not con-
form to a normal distribution, the Mann–
Whitney U test was used for statistical anal-
ysis. The measurement data were expressed
as the mean� standard deviation and ana-
lyzed by a nonparametric test. P< 0.05
denoted statistical significance. Cytokines
with significantly different levels between
the remission and active disease groups
were analyzed using a decision tree to cal-
culate their sensitivity and specificity.
Recursive PARTitioning (rpart, https:
//cran.r-project.org/web/packages/rpart/
rpart.pdf) was used to build classification
or regression models of an extremely gener-
al structure using a two-stage procedure,
and the resulting models can be represented
as binary trees.

According to the result of the Mann–
Whitney U test, our code for constructing
the decision tree was as follows:

fit<-rpart(State� IL.2þ IL.4þ IL.6þ
IL.10þTNF.aþ IFN.c, method¼ “class”,
data¼ d)rpart.plot(fit, extra¼ 106, type¼3)

Results

Differences in cytokine levels between the
active disease and remission groups

In total, 263 patients with RA who
were admitted to the Department
of Rheumatology and Immunology of
Zhejiang Provincial People’s Hospital
from March 2016 to June 2018 were
enrolled. The patients included 60 men
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and 203 women with an average age of

56� 13 years. The mean duration of disease

was 8.47� 33 years. The remission group

included 77 patients, including 8 men and

69 women with an average age of 54� 13

years. Meanwhile, the active disease group

included 186 patients (52 men and 134

women) with an average age of 56� 13

years. There was no significant difference

in the age between the two groups.

Cytokine levels did not differ between men

and women (Table 1). First, we compared

the serum levels of IL-2, IL-4, IL-6, IL-10,

IL-17A, TNF-a, and IFN-c between

patients with RA and a cohort of healthy

controls (34 men and 66 women; mean age,
39� 12 years). The levels of all seven cyto-
kines were significantly higher in patients
with RA (P< 0.05, Table 2). Meanwhile,
the levels of all cytokines except IL-17A
were significantly higher in the active dis-
ease group than in the remission group
(all P< 0.05, Table 3).

Decision tree analysis

The enrolled patients with RA were ana-
lyzed via decision tree analysis. In total,
80% of patients (210 patients) were ran-
domly assigned to the training group, and
the remaining 20% of patients (53 patients)
comprised the test group. The training
group included 60 patients in remission
and 150 patients with active disease, where-
as the test group included 17 patients in
remission and 36 patients with active dis-
ease. Decision tree analysis was performed
using cytokines with significantly different
levels between the active disease and remis-
sion groups (IL-2, IL-4, IL-6, IL-10,
TNF-a, and IFN-c) using the rpart package
of R language (www.r-package.org) based
on the data of patients in the training
group. The decision tree is presented in
Figure 1.

Two rules were used for judging the
remission phase:

Table 1. Cytokine expression in men and women
with rheumatoid arthritis.

Cytokine

(n¼ 263)

Women

(n¼ 203) Men (n¼ 263) P

IL-2 11.45� 19.26 16.20� 57.03 0.751

IL-4 7.52� 19.13 14.35� 59.13 0.395

IL-6 45.60� 91.94 53.93� 62.75 0.078

IL-10 8.22� 12.77 11.52� 38.84 0.098

IL-17A 6.00� 20.45 22.73� 146.63 0.328

TNF-a 23.64� 40.90 34.44� 86.48 0.107

IFN-c 5.71� 16.53 12.86� 73.29 0.131

Data are presented as ng/L.

IL, interleukin; TNF, tumor necrosis factor; IFN,

interferon.

Table 2. Cytokine expression in patients with RA
and normal controls.

Cytokine

(n¼ 363)

Normal

(n¼ 100) RA (n¼ 263) P

IL-2 1.31� 0.90 12.53� 31.97 <0.001

IL-4 1.36� 0.87 9.08� 32.83 <0.001

IL-6 2.20� 1.46 47.50� 86.11 <0.001

IL-10 2.34� 2.75 8.97� 21.62 <0.001

IL-17A 1.87� 1.76 9.82� 72.21 0.040

TNF-a 1.86� 1.39 26.10� 54.72 <0.001

IFN-c 2.13� 2.24 7.34� 37.81 0.003

Data are presented as ng/L.

RA, rheumatoid arthritis; IL, interleukin; TNF, tumor

necrosis factor; IFN, interferon.

Table 3. Cytokine expression in patients with
active disease and those in remission.

Cytokine

(n¼ 263)

Active disease

group (n¼ 186)

Remission

group (n¼ 77) P

IL-2 16.87� 37.15 2.02� 2.63 <0.001

IL-4 12.11� 38.62 1.75� 2.64 <0.001

IL-6 61.50� 97.06 13.67� 31.59 <0.001

IL-10 11.53� 25.23 2.78� 2.67 <0.001

IL-17A 13.10� 85.71 1.87� 1.59 0.252

TNF-a 35.10� 62.71 4.38� 8.61 <0.001

IFN-c 9.42� 44.80 2.33� 2.53 0.033

Data are presented as ng/L.

IL, interleukin; TNF, tumor necrosis factor; IFN,

interferon.
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1. 4.63 � IL-6 ˂ 8.19 and TNF-a ˂ 10.8
2. IL-6 ˂ 4.63 and TNF-a ˂ 5.93

Remission was judged if patients met
either of these rules.

The three rules were used for judging the
active phase:

1. IL-6� 8.19
2. IL-6� 4.63 and TNF-a� 10.8
3. IL-6 ˂ 4.63 and TNF-a� 5.93

Active disease was judged if patients met
any of these rules.

According to these rules, the test group
data were predicted, and the accuracy rate
was 86.79%. In the test group, the predic-
tive value of the decision rules was con-
firmed. The sensitivity, specificity, positive
predictive value (PPV), and negative
predictive value (NPV) were 94.44%,
70.59%, 87.18%, and 85.71%, respectively
(Table 4).

Figure 1. Through R language decision tree analysis, five judgment rules were identified, including two rules
for judging remission and three rules for judging active disease. Satisfaction of any single rule was sufficient
for identifying active disease or remission.

Table 4. Error matrix depicting accuracy of the developed decision tree for discriminating patients with
active disease from those in remission.

Predicted

Actual

Active phase Remission phase

Active phase 34 5 PPV: 87.18%

Remission phase 2 12 NPV: 85.71%

Sensitivity: 94.44% Specificity: 70.59%

PPV, positive predictive value; NPV, negative predictive value.
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Discussion

Several studies have been conducted glob-
ally to understand RA, but the etiology of
RA remains unclear. It has been demon-
strated that abnormal cytokine expression
plays an important role in RA.14,15

Currently, the most widely used method
for the clinical evaluation of RA disease
activity is DAS28. Other RA assessments
include CDAI, SDAI, and PAS.
These scores reflect patient’s own assess-
ment of the disease. Correct evaluation of
the disease by patients is affected by many
factors, such as the extent of their under-
standing of the disease and their concerns
about health. The assessment is also influ-
enced by the existence of anxiety, depres-
sion, and other emotional factors, as well
as the presence of individual differences
with certain subjectivity. This study used
the decision tree method to analyze the
cytokine levels of patients with RA and
identify some rules to judge disease activity
with the exclusion of subjective factors.

Decision tree analysis is a popular super-
vised learning method based on simple and
easy logic that consists of a prediction
model, generating corresponding rules to
classify the samples.16 Decision tree analysis
avoids the inaccurate assessment of disease
activity caused by subjective factors.

The body can produce a variety of cyto-
kines during the inflammatory process.
According to our findings (Table 3), there
were significant differences in IL-2, IL-4,
IL-6, IL-10, TNF-a, and IFN-c levels
between patients with active disease and
those in remission, whereas IL-17A levels
did not differ between the groups. For our
study, we randomly divided patients into
the training (80%) and test groups (20%)
and then selected IL-2, IL-4, IL-6, IL-10,
TNF-a, and IFN-c for the cytokine dataset.
According to the weight of the variables,
IL-6 and TNF-a, which had the strongest
discriminative ability, were selected as

decision variables to construct a decision

tree with three-level nodes. According to

these two decision variables, five rules for

evaluating RA disease activity were estab-

lished. We then predicted disease activity in

the test group using these five rules and

achieved good accuracy (86.79%), sensitiv-

ity (94.44%), and specificity (70.59%), and

PPV and NPV both exceeded 85%. In addi-

tion, the F1 score was as high as 90.67%.

For our study, decision tree analysis was

used to judge disease activity only using a

common detection index of cytokines in the

laboratory. The strategy can both objective-

ly evaluate disease activity in each patient

and avoid subjectivity. At the same time, it

can help improve the diagnosis and treat-

ment of RA and reduce the economic

expenditures of patients.
For the first time, we used the decision

tree method to analyze cytokine levels in

patients with RA and developed a more

intuitive and objective RA disease activity

scoring system. This method revealed rela-

tionships of IL-6 and TNF-a levels with

inflammatory characteristics in patients

with RA. This method can thus be used to

predict disease activity in patients with RA.

For future studies, we are planning to fur-

ther verify the rules by increasing the

sample size. To date, a variety of TNF-a
antagonists17–19 and IL-6 inhibitors20,21

have been widely used in the clinical treat-

ment of RA, and we would like to combine

our method with clinical drug efficacy mon-

itoring for use in drug efficacy analysis.
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