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Abstract

Objective: Synovitis is a joint disease that seriously affects patient quality of life, but there are

currently no diagnostic markers. The albumin to fibrinogen ratio (AFR) and monocyte to

lymphocyte ratio (MLR) are non-invasive and cost-effective markers for various systemic inflam-

matory diseases. However, these markers have not yet been investigated for synovitis. This cross-

sectional study evaluated the predictive ability of AFR and MLR in patients with non-specific knee

synovitis.

Methods: One hundred fifty-five patients with knee synovitis and 108 healthy control patients

were enrolled. Patient characteristics, blood parameters, AFRs, and MLRs were assessed, and the

diagnostic value of these factors was determined.

Results: Among 125 patients included, patients with synovitis had a lower AFR and higher MLR

than control subjects. The diagnostic values of AFR and MLR were 0.86 and 0.84,

respectively, and higher compared with other parameters by receiver operating characteristic

curve assessments. Additionally, MLR was negatively correlated with AFR. Late-stage patients

showed significantly lower AFRs and significantly higher MLRs than early-stage patients.

Binary logistic regression analyses indicated that AFR was an independent predictor for

synovitis severity.

Conclusions: The AFR and MLR had high diagnostic value for knee synovitis. The AFR was an

independent predictor for synovitis severity.
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Introduction

The synovium is an important component
of the joint system. It is a thin and soft layer
of loose connective tissue that lines the
inner side of the joint capsule. The edges
of the synovium are attached to the periph-
ery of articular cartilage and form a closed
capsule around the joint cavity.1,2 Synovitis
is a joint disease in which inflammation of
the synovium is stimulated by various fac-
tors, such as trauma, infection, hyperos-
teogeny, tuberculosis, joint degeneration,
rheumatism, pigmented villonodular, or
surgery, resulting in the impaired secretion
of synovial cells.3,4 The onset and progres-
sion of synovitis lead to the development of
symptoms characteristic of joint disease,
which negatively affect patient quality of
life.5 Currently, there are no specific diag-
nostic indicators for synovitis. Early screen-
ing, diagnosis, and treatment for this
disease are important to shorten the
course of therapy and reduce patient pain.
Therefore, identifying a rapid, simple, and
effective method to evaluate the degree of
inflammatory responses in synovitis is of
great clinical significance.

It has been reported that immune and
inflammatory systems are activated in
cases with knee synovitis.6,7 Several studies
examined inflammation and concluded that
albumin (ALB), fibrinogen (Fib), C-reac-
tive protein (CRP), and their ratio are
useful biomarkers.8,9 In patients with rheu-
matoid arthritis, the albumin to fibrinogen
ratio (AFR) and albumin to CRP ratio
(ACR) were highly correlated with disease

activity and thus proposed as novel inflam-

matory markers.10 In several types of

inflammatory and immune diseases, the

monocyte to lymphocyte ratio (MLR), neu-

trophil to lymphocyte ratio (NLR), and

platelet to lymphocyte ratio (PLR) have

been reported to be inexpensive and inde-

pendent disease predictors.11–14 Previous

research, which included the authors of

this article, examined severe cases of knee

osteoarthritis by receiver operating charac-

teristic (ROC) curve analysis and found

that the MLR showed a high diagnostic

value of 0.81, high sensitivity of 84%, and

a relatively high specificity of 66.7%, indi-

cating that it is a good predictor for knee

osteoarthritis.15

Similar assessments regarding the diag-

nostic value of AFR, ACR, MLR, NLR,

and PLR in patients with synovitis have

not been reported. In this study, we aimed

to evaluate the predictive ability of these

relatively novel inflammatory blood

markers in patients with knee synovitis.

Our findings provide valuable information

for the early diagnosis of synovitis.

Patients and methods

Patient characteristics

Patients with synovitis hospitalized in the

Department of Orthopedics, Shenzhen

Traditional Chinese Medicine Hospital

between 1 June 2017 and 31 June 2019

were recruited for this study. Healthy con-

trol subjects without evidence of illness who
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visited the hospital for routine physical
examinations during the same period were
enrolled. An orthopedic doctor with more
than 10 years of work and research experi-
enced selected the subjects. The study was
approved by the Ethics Committee of
Shenzhen Traditional Chinese Medicine
Hospital (No. 2018-67). All procedures
performed in studies involving human
participants were in accordance with the
1964 Helsinki declaration and its later
amendments or comparable ethical
standards. Written informed consent was
obtained from all individual participants
included in the study. The reporting of
this study conforms to the STROBE
statement.16

Inclusion and exclusion criteria

Patients who met the following inclusion
criteria were included in this study. (1) All
patients fulfilled the 2016 Expert Consensus
on Diagnosis and Clinical Efficacy
Evaluation of Knee Synovitis in Adults
published by the Chinese Society of
Traditional Chinese Medicine,17 including
a) young adults (18–29 years) with a history
of trauma (e.g., strain, ligament injury, or
soft tissue injury); b) middle-aged (30–59
years) and older individuals (60þ years),
especially those who are obese and over-
weight; c) swelling of a knee joint; d) knee
joint distended and painful; e) distended
causing discomfort or pain, obvious aggra-
vation when knee joint extended or fully
flexed; f) increased skin temperature by pal-
pation; g) tenderness point is uncertain and
may be tender at the primary injury; h) pos-
itive floating patella test or excessive effu-
sion of joint via B-ultrasound and magnetic
resonance imaging; i) atrophy of quadriceps
femoris; and j) yellow or light-yellow joint
puncture fluid and lacking fat on the sur-
face drop. To be diagnosed with non-
specific synovitis of the knee joint, patients
met both c) and d) and had at least one

other symptom (or multiple other symp-

toms). (2) All subjects were provided with

and signed informed consent forms.
Patients were excluded if they met the

any of following criteria: (1) patients who

had synovitis caused by rheumatoid arthri-

tis, infectious arthritis, gouty arthritis,

tuberculosis, pigmented villonodular arthri-

tis, hemophilic arthritis, synovial chondro-

sarcoma, or knee surgery; (2) patients with

hypertension, diabetes mellitus, malignan-

cy, renal and liver failure, or active infec-

tion; or (3) patients who used prescribed

medications up to one month prior to the

assessments for inclusion.

Laboratory and clinical assessments

Age, sex, weight, body mass index, and

other basic data were collected for all par-

ticipants. Baseline data were recorded for

the two groups. For all patients, ALB,

Fib, CRP, red blood cell distribution

widths, white blood cells (WBCs), erythro-

cyte sedimentation rate (ESR), red blood

cells (RBCs), and monocyte, neutrophil,

lymphocyte, and platelet counts were mea-

sured. The AFR, MLR, NLR, and PLR

were also calculated. Single-factor and

multi-factor logistic regression analyses

were performed to identify the most impor-

tant independent risk factors for patients

with synovitis. ROC curves were generated

to facilitate the analysis of predictive values

for AFR, MLR, NLR, and PLR in patients

with synovitis.

Clinical stage of synovitis

The clinical stage of synovitis was deter-

mined according to the 2016 Expert

Consensus on Diagnosis and Clinical

Efficacy Evaluation of Knee Synovitis in

Adults published by the Chinese Society

of Traditional Chinese Medicine.17
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Statistical analysis

Data analysis was performed using IBM
SPSS Statistics for Windows, Version 21.0
(IBM Corp., Armonk, NY, USA). Data for
measurements were expressed as the mean-
� standard deviation and compared by
t-tests. Count data were expressed by fre-
quency or percentage and compared by
the v2 test, and risk factors were analyzed
by logistic regression. Diagnostic values for
AFR, MLR, NLR, and PLR were analyzed
by ROC curves. Pearson correlation tests
were conducted to assess the relationships
between variables of interest. A P value
of< 0.050 was used as the level of statistical
significance, at which the null hypothesis of
no differences between the groups being
compared was rejected.

Results

Basic patient characteristics

One hundred fifty-five patients with synovi-
tis were enrolled in this study. Based on the
inclusion and exclusion criteria, 125
patients with synovitis and 108 healthy con-
trols were analyzed. The clinical stages of
patients with synovitis were based on the
Visual Analog Scale score, degree of swell-
ing, and findings on B-ultrasound17 and are
shown in Table 1. Hematologic parameters
and clinical characteristics of the two
groups are shown in Table 2. In patients
with synovitis, the AFR was 10.69� 4.02,
which was significantly lower compared

with the healthy group (16.07� 3.42;
P< 0.050). The MLR (0.16� 0.07), NLR
(2.15� 0.86), and PLR (111.78� 45.27)
were significantly higher in patients with
synovitis compared with healthy controls
(P< 0.050).

Diagnostic value of AFR, NLR, MLR, and
PLR for synovitis

We assessed the diagnostic values of the
AFR, NLR, MLR, and PLR for synovitis
by ROC curve analysis. Using the optimal
cut-off value of 12.37, the area under the
curve (AUC) of AFR was 0.86 [95% confi-
dence interval (CI): 0.818–0.917], which was
higher than the AUCs of ALB and Fib,
resulting in a sensitivity of 78.2% and spe-
cificity of 88.3%. The AUC of MLR was
0.84 (95% CI: 0.745–0.872), which was
higher than the AUCs of NLR (0.76) and
PLR (0.62) (Figure 1).

Correlations between AFR, MLR, NLR,
PLR, and variables

Correlations between AFR, MLR, NLR,
PLR, and variables are shown in Table 3.
AFR was negatively correlated with mono-
cytes (r¼�0.186, P< 0.050) and MLR
(r¼�0.235, P< 0.050). MLR was positive-
ly correlated with ESR (r¼ 0.225,
P< 0.050), CRP (r¼ 0.336, P< 0.050),
WBCs (r¼ 0.256, P< 0.050), Fib
(r¼ 0.277, P< 0.050), NLR (r¼ 0.625,
P< 0.05), and PLR (r¼ 0.459, P< 0.050)
and negatively correlated with lymphocytes

Table 1. Clinical stage of synovitis.

Stage of synovitis I II III IV

Pain VAS � 3 3<VAS � 5 6<VAS � 8 8<VAS � 10

Swelling None Mild Moderate Severe

B-ultrasound Normal Mild synovium

thickening without

effusion

Moderate synovium

thickening with

minimal effusion

Severe synovium

thickening with

extensive effusion

VAS, visual analog scale.
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(r¼�0.432, P< 0.050) and AFR

(r¼�0.235, P< 0.050).

AFR, MLR, NLR, and PLR values in

patients with early-stage and late-stage

synovitis

We divided all patients with synovitis into

early-stage and late-stage groups according

to the 2016 Expert Consensus Guidelines

for Diagnosis and Clinical Evaluation of

Knee Synovitis in Adults published by the

Chinese Society of Traditional Chinese

Medicine. Late-stage patients had a signifi-

cantly lower AFR (8.59� 2.26) and higher

MLR (0.21� 0.06) than early-stage patients

(P< 0.001 for each comparison; Table 4).

Independent association of AFR with the

severity of synovitis

Using binary logistic regression, we

explored the associations of AFR, NLR,

MLR, and PLR with the severity of syno-

vitis. Our findings indicated that AFR

(odds ratio¼ 0.71, P< 0.050) was a signifi-

cant independent predictor for synovitis

severity (Table 5).

Discussion

In recent years, the incidence of synovitis

has increased. The identified causes are

diverse and complex, consisting of both

non-infectious and infectious mechanisms.

Table 2. Basic characteristics of patients with synovitis and controls.

Control (n¼ 108) Synovitis (n¼ 125) P

Age (years) 44.08� 9.75 45.36� 10.38 0.335

Sex (male/female) (%) 51/57 (47.22%) 69/56 (55.20%) 0.760

WBC (10^9/L) 5.25� 1.02 6.05� 2.02 <0.001*

Lymphocyte (10^9/L) 2.42� 0.74 2.01� 0.62 <0.001*

ALB (g/L) 45.88� 4.40 39.01� 5.68 <0.001*

Fib (g/L) 2.96� 0.60 3.95� 0.94 <0.001*

Neutrophil (10^9/L) 3.23� 0.89 4.32� 1.75 <0.001*

Monocyte (10^9/L) 0.25� 0.08 0.32� 0.06 <0.001*

Platelet (10^9/L) 214.36� 59.35 224.68� 70.25 0.231

Hemoglobin (g/L) 136.65� 18.32 131.54� 20.38 0.046*

RBC (10^12/L) 4.67� 0.52 4.53� 0.68 0.083

RDW CV (%) 13.32� 1.92 13.23� 1.85 0.716

CRP (mg/L) undetected 60.48� 30.24 N/A

AFR (%) 16.07� 3.42 10.69� 4.02 <0.001*

ACR (%) – 0.65� 0.16 N/A

MLR (%) 0.10� 0.04 0.16� 0.07 <0.001*

NLR (%) 1.33� 0.52 2.15� 0.86 <0.001*

PLR (%) 88.58� 25.96 111.78� 45.27 <0.001*

ESR (mm/hour) undetected 26.57� 14.38 N/A

ALT (U/L) undetected 26.32� 4.48 N/A

AST (U/L) undetected 18.35� 4.24 N/A

CREA (mmol/L) undetected 75.65� 28.35 N/A

WBC, white blood cells; ALB, albumin; Fib, fibrinogen; RDW CV, red blood cell distribution width coefficient of variation;

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; RBC, red blood cells; AFR, albumin to fibrinogen ratio;

ACR, albumin to CRP ratio; MLR, monocyte to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; PLR, platelet to

lymphocyte ratio; ESR, erythrocyte sedimentation rate; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

CREA, creatinine; N/A, not applicable.
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Non-infectious causes include trauma,
gout, pseudogout, autoimmune disorders,

tumors, and other factors. Infectious syno-

vitis results from both common and rare
factors related to tuberculosis, bacterial

infection, and other types of infection.5

Thus, using the cross-sectional approach

in our study, we evaluated the potential
diagnostic values of AFR, MLR, NLR,

and PLR in knee synovitis without a spe-

cific etiology. Our findings indicated that
patients in the synovitis group had a signif-

icantly lower AFR and significantly higher
MLR, NLR, and PLR compared with

patients in the healthy control group. The
diagnostic value of AFR and MLR for use

as markers was higher than that observed

for NLR, PLR, and other parameters.
Correlation assessments revealed that

AFR was negatively associated with mono-
cytes and MLR. In addition, MLR was

positively correlated with ESR, CRP,
WBCs, and Fib. We further sub-divided

all patients with synovitis into two groups

Figure 1. ROC curve analysis of various markers
for diagnosing synovitis. One hundred twenty-five
patients with knee synovitis and 108 healthy con-
trol patients were analyzed. The diagnostic values
of AFR, MLR, NLR, and PLR for synovitis were
assessed by ROC curve analysis.
ROC, receiver operating characteristic; AFR, albu-
min to fibrinogen ratio; MLR, monocyte to lym-
phocyte ratio; NLR, neutrophil to lymphocyte
ratio; PLR, platelet to lymphocyte ratio.

Table 3. Analysis of the correlation between variables.

MLR NLR PLR AFR

r P r P r P r P

Age �0.152 0.021 �0.154 0.336 �0.121 0.350 �0.002 0.979

Sex �0.122 0.282 �0.125 0.235 �0.245 0.424 �0.073 0.433

ESR 0.225 0.012* 0.384 0.015* 0.211 0.032* �0.008 0.616

CRP 0.336 0.024* 0.475 <0.001* 0.230 0.024* �1.00 0.545

WBC 0.256 0.004* 0.518 <0.001* 0.025 0.785 �0.034 0.715

Lymphocyte �0.432 <0.001* �0.480 <0.001* �0.559 <0.001* 0.101 0.275

ALB �0.082 0.374 �0.079 0.392 �0.101 0.274 0.535 <0.001*

Fib 0.277 0.002* 0.109 0.238 0.109 0.236 �0.808 <0.001*

Neutrophil 0.373 <0.001* 0.720 <0.001* 0.201 0.028* �0.049 0.599

Monocyte 0.644 <0.001* 0.293 <0.001* 0.051 0.580 �0.186 0.043*

AFR �0.235 0.010* �0.081 0.379 �0.128 0.164 1 –

MLR 1 – 0.625 <0.001* 0.459 <0.001* �0.235 0.010*

WBC, white blood cells; ALB, albumin; Fib, fibrinogen; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;

RBC, red blood cells; AFR, albumin to fibrinogen ratio; MLR, monocyte to lymphocyte ratio; NLR, neutrophil to lym-

phocyte ratio; PLR, platelet to lymphocyte ratio.
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based on the disease stage and found that

late-stage patients had a lower AFR and

higher MLR compared with patients in

the early-stage group. Binary logistic

regression analyses indicated that AFR

was an important independent predictor

for synovitis severity. Therefore, we
conclude that AFR and MLR had the
highest potential for use as diagnostic
markers in synovitis, and AFR was an
important independent predictor for syno-
vitis severity.

Besides secretion, phagocytosis, and
lubrication, the synovium functions to
nourish the associated joint. Once the syno-
vium is negatively impacted by trauma or
other factors, associated changes may lead
to articular cartilage destruction and direct-
ly reduce the range and dynamics of move-
ment in the affected joint. These and other
related impacts ultimately result in patients
losing the ability to perform labor-intensive
tasks.1,18 Thus, potential approaches that
facilitate early detection, diagnosis, and
treatment for synovitis have received great

Table 4. Characteristics of early-stage and late-stage patients.

Late stage (n¼ 47) Early stage (n¼ 78) P

Age (years) 43.25� 6.72 44.35� 9.68 0.494

Sex (male/female) (%) 24/23 (51.06%) 35/43 (44.87%) 0.320

WBC (10^9/L) 8.28� 2.86 7.25� 1.05 0.005*

Lymphocyte (10^9/L) 1.65� 0.32 2.04� 0.65 <0.001*

ALB (g/L) 36.76� 4.42 39.86� 5.88 0.002*

Fib (g/L) 4.42� 0.95 3.77� 0.91 <0.001*

Neutrophil (10^9/L) 4.84� 2.02 4.23� 1.86 0.088

Monocyte (10^9/L) 0.45� 0.35 0.36� 0.15 0.048*

Platelets (10^9/L) 215.38� 50.25 224.58� 62.59 0.394

Hemoglobin (g/L) 132.21� 22.35 139.26� 33.78 0.206

RBC (10^12/L) 4.32� 0.85 5.08� 3.45 0.141

RDW CV (%) 14.03� 2.38 13.27� 2.15 0.068

AFR 8.59� 2.26 11.50� 4.23 <0.001*

MLR 0.21� 0.06 0.15� 0.07 <0.001*

NLR 2.93� 1.85 2.07� 1.52 0.005*

PLR 130.55� 40.51 112.18� 38.24 0.012

ESR (mm/hour) 27.28� 28.32 24.33� 20.12 0.498

CRP (mg/hour) 22.26� 28.25 25.25� 33.75 0.398

ALT (U/L) 18.53� 9.25 20.25� 10.32 0.350

AST (U/L) 22.24� 8.72 24.32� 9.25 0.216

CREA (mmol/hour) 74.12� 13.48 75.32� 32.18 0.809

WBC, white blood cells; ALB, albumin; Fib, fibrinogen; RDW CV, red blood cell distribution width coefficient of variation;

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; RBC, red blood cells; AFR, albumin to fibrinogen ratio;

MLR, monocyte to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; ESR,

erythrocyte sedimentation rate; CRP, C-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

CREA, creatinine.

Table 5. Factors independently associated with
disease activity by binary logistic regression.

Risk factors OR (95%CI) P

AFR 0.71 (0.564–0.887) 0.003*

MLR 48.60 (0.108–219.01) 0.213

NLR 0.97 (0.625–1.507) 0.894

PLR 1.00 (0.989–1.015) 0.757

OR, odds ratio; CI, confidence interval; AFR, albumin to

fibrinogen ratio; MLR, monocyte to lymphocyte ratio;

NLR, neutrophil to lymphocyte ratio; PLR, platelet to

lymphocyte ratio.
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interest. ALB and globulin have been dem-
onstrated to play important roles in system-
ic inflammatory responses, and decreases in
serum ALB indicate a poor nutritional
status and chronic inflammatory response
in corresponding patients.19 Research has
indicated that an increased serum Fib level
is an independent prognostic marker for
both non-small cell lung cancer and colon
cancer.20,21 In addition, low ALB has been
identified as an independent prognostic
factor for multiple types of malignant
tumors.22 Blood Fib is an important facili-
tator of coagulation and platelet aggrega-
tion and promotes the synthesis of
inflammatory cytokines in inflamed micro-
environments as an acute phase molecule of
the inflammatory response. Blood levels of
Fib also reflect the state of the inflammato-
ry response.23,24 However, the expression
levels of these factors are influenced by met-
abolic processes, associated physiological
states, and various types of diseases, includ-
ing dehydration, cachexia, and sodium
retention.25 Therefore, the accuracy of
prognosis prediction is higher when using
both ALB and Fib compared with only a
single inflammatory factor.25

The AFR has been proposed as a new
predictive marker in cancer and systemic
inflammatory disease. Yang et al. reported
that the AFR was a novel inflammatory
marker for monitoring disease activity in
patients with rheumatoid arthritis, with a
lower ratio detected compared with the con-
trol group.10 We found that AFR values
were significantly lower in patients with
synovitis than healthy controls, indicating
the high diagnostic value of this factor.
These findings were similar to those from
Yang et al. Furthermore, several studies
have reported that lymphocyte, neutrophil,
monocyte, and platelet levels changed sig-
nificantly in cases of systemic inflammation
compared with unaffected cases.11,12,26 Our
findings indicated that the MLR, NLR, and
PLR were all significantly higher in patients

with synovitis compared with healthy con-

trols. These findings are similar to previous

research that examined the dynamics of

these factors in patients with arthritis,

which was carried out by the authors of

this article.15

Based on ROC curve analyses, AFR and

MLR had higher diagnostic values than

NLR and PLR. In addition, correlation

analyses indicated that AFR was negatively

correlated with monocytes and MLR.

Furthermore, MLR, NLR, and PLR were

highly correlated with ESR and CRP but

not patient age or sex. According to the

guidelines from the 2016 Expert

Consensus on Diagnosis and Clinical

Efficacy Evaluation of Knee Synovitis in

Adults published by the Chinese Society

of Traditional Chinese Medicine,17 we

divided all patients with synovitis into two

groups based on the stage of disease as fol-

lows: 1) early stage (I and II) and 2) later

stage (III and IV). The results indicated that

AFR was significantly lower in the late-

stage group compared with the early-stage

group, whereas MLR and NLR were signif-

icantly higher in the late-stage group.

Furthermore, binary logistic regression

analyses indicated that only AFR was a sig-

nificant independent predictor for synovitis

severity. Therefore, our findings support

the use of AFR as a potential marker for

disease severity predictions in patients with

synovitis.
Despite our findings, the mechanisms

and dynamics underlying the decreased

AFR and elevated MLR remain unclear.

Previously, it has been reported that pro-

inflammatory cytokines, including interleu-

kin (IL)-1, IL-6, and tumor necrosis factor

alpha, inhibit hepatocyte synthesis, leading

to decreased ALB levels. In addition, the

inflammation-mediated overproduction of

inflammatory cytokines, such as IL-6, has

been shown to increase Fib levels.27,28

Therefore, these factors may also contribute

8 Journal of International Medical Research



to the reduced AFR in patients with
synovitis.

There were some limitations in our
study. First, our sampling was carried out
at a single center. Furthermore, we only
sampled a relatively small number of
patients. Thus, the findings from our
study need to be expanded upon and fur-
ther verified by a multi-center study with a
larger number of samples. Second, we did
not examine the mechanisms or perform a
comprehensive analysis of potential factors
that may have affected our results, particu-
larly with respect to AFR and MLR.
Therefore, further study of the underlying
mechanisms of these factors is needed.

In conclusion, we found a lower AFR
and higher MLR, NLR, and PLR in
patients with synovitis compared with the
healthy group. AFR and MLR had higher
diagnostic values for synovitis than the
other factors we assessed. AFR was the
most important and was identified as an
independent predictor for the severity of
synovitis. To our knowledge, our study is
the first to show the potential of AFR and
MLR as novel and accurate predictors for
assessing the state of synovitis.
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