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Can C-Reactive Protein-Lymphocyte Ratio
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Background: This study aimed to investigate whether periprosthetic joint infection (PJI) can be predicted by the C-reactive
protein-to-lymphocyte ratio (CLR), whether this ratio increases the accuracy of PJI diagnosis, and whether it is more sensitive than
other blood values and ratios.

Methods: The patients were divided into two groups: the septic revision (SR) group and the aseptic revision (AR) group. In cases
of septic revision, the diagnosis of PJI was made based on the criteria proposed by the European Bone and Joint Infection Society
(EBJIS). The groups were compared in terms of age, sex, body mass index, comorbidity, and preoperative laboratory results. The
sensitivity, specificity, and diagnostic performance of the values and ratios were analyzed and compared.

Results: The receiver operating characteristic (ROC) analysis for the CLR gave a diagnostic value of 15.52, which provided a sensi-
tivity of 91.1% and a specificity of 64.2% for PJI. The CLR gave lower specificity and higher sensitivity compared to the erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) values. The ROC analysis showed that the CLR had a similar area under the
curve (AUC) with the ESR and CRP (0.808). The CLR had a higher specificity than other ratios (platelet volume ratio, neutrophil-to-
lymphocyte ratio, platelet-to-lymphocyte ratio, and monocyte-to-lymphocyte ratio) and a higher value of the AUC. In the multivari-
ate analysis, the CLR (hazard ratio, 1.088; 95% confidence interval, 1.063—1.113; p < 0.001) was found to be a significant risk fac-
tor. As CLR increased by one unit, the risk of PJl increased by 1.088 times, and it was statistically significant (p < 0.001).
Conclusions: The findings of this study suggest that CLR can serve as a valuable screening tool for diagnosing PJI. CLR demon-
strated higher sensitivity in predicting PJI compared to ESR and CRP, and it exhibited greater specificity than other infection mark-
ers.
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diagnosing PJI can be challenging as there is no definitive
gold standard test, and the interpretation of serum inflam-
matory markers lacks standardization.

Diagnosis of PJI typically involves clinical evalua-
tion, physical examination, and laboratory results, includ-
ing synovial fluid analysis, serum inflammatory markers,
and culture data. Various criteria have been defined to
predict PJI, such as the 2021 European Bone and Joint
Infection Society (EBJIS) criteria,” the 2018 International
Consensus Meeting (ICM) criteria,” the 2013 ICM crite-
ria,” and the 2013 Infectious Diseases Society of America
and 2011 Musculoskeletal Infection Society (MSIS) cri-
teria.”” Recently, the EBJIS proposed a three-level diag-
nostic approach based on classic clinical, laboratory, and
radiographic findings.” This definition divides cases into
unlikely infection and confirmed infection and proposes
a novel third group as likely but not confirmed PJI. Diag-
nostic criteria developed by the MSIS and the Infectious
Diseases Society have helped surgeons improve the accu-
racy of PJI diagnosis.”” The EBJIS definition has been sug-
gested to have increased sensitivity compared to previously
proposed criteria without negatively impacting specificity.
It has also been shown to be better in preoperatively rul-
ing out PJI when serological and synovial biomarkers yield
negative results.”

Serum inflammatory markers, such as erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), D-
dimer, procalcitonin, and interleukin-6, can provide im-
portant information in cases where a definitive diagnosis
cannot be made.””"” However, these markers should be
interpreted with caution, especially in patients with other
chronic inflammatory diseases that may affect the results.
CRP, commonly used as a first-line screening test for late
PJI, can yield false-negative results in cases of late PJI,
low-virulence pathogens, and prior antibiotic use.*"” CRP
elevation may not always be evident in infections caused
by low-virulence bacteria, leading to potential misdiagno-
sis.*"” Therefore, alternative serum biomarkers like mono-
cyte-to-lymphocyte ratio (MLR), neutrophil-to-lympho-
cyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and
platelet count ratio-to-mean platelet volume (PVR) have
been investigated for their potential role in diagnosing PJI,
offering simple predictors of inflammation from complete
blood count data.""”

The C-reactive protein-to-lymphocyte ratio (CLR)
is one such marker that reflects the balance between sys-
temic inflammatory and immune responses. A high CLR
indicates an increased systemic inflammatory response
and a reduced immune response.”*” This study aimed to
investigate whether PJI can be predicted by CLR, whether

this ratio increases the accuracy of PJI diagnosis, and
whether it is more sensitive than other blood values and
ratios.

METHODS

The study plan was to conduct a single-center, retrospec-
tive cohort study in which research data obtained from
the patients who underwent revision total hip arthroplasty
(THA) or total knee arthroplasty (TKA) in our clinic from
July 2006 to November 2020 for any reason were retro-
spectively analyzed using the electronic medical record
system (ENLIL Hospital information management system,
version v2.19.46 20191118). Ethical approval was obtained
from the Clinical Research Ethics Committee of Tokat
Gaziosmanpasa Universty (No. 20-KAEK-095). As the
study was designed retrospectively, no written informed
consent form was obtained from patients.

The patients were assessed by two orthopedic sur-
geons who were not involved in the study (OB and SA).
The patients were then divided into two groups: those
who underwent surgery for septic revision (SR group) and
those who underwent surgery for aseptic revision (AR
group). In cases of septic revision, the diagnosis of PJI
was made according to the EBJIS criteria by McNally et
al.” All definitions classified the presence of a sinus tract
or two positive cultures as evidence of infection. Accord-
ing to the EBJIS definition, infection was also confirmed
when the total white blood cell count was > 3,000 cells/
uL, the percentage of polymorphonuclear neutrophils was
> 80%, there were more than > 50 CFU grown from any
organism, or histology was positive for infection. At our
hospital, patients scheduled for revision TKA and THA
undergo regular screenings for ESR and CRP. For patients
with a high suspicion of PJI or elevated serological mark-
ers, synovial fluid aspiration is performed. The samples
obtained through aspiration are sent to the laboratory for
culture and synovial fluid analysis, including cell count
and polymorphonuclear differentiation. Perioperative an-
tibiotics were not routinely used in this study. Moreover,
in all revision cases, 2 to 5 intraoperative cultures were
obtained. Preoperative complete blood counts were per-
formed in all patients who underwent revision TKA and
THA. Based on our clinical and laboratory results, patients
who met the EBJIS criteria under the category of “infec-
tion confirmed” were included in the SR group. Patients
with acute PJI occurring within 3 months from the index
surgery were excluded from the study due to the inherent
difficulty associated with confounding causes of inflam-
mation. Aseptic revisions were considered as cases revised
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in a single session due to a noninfectious diagnosis (loos-
ening, instability), which did not develop into PJI within 1
year after surgery and those that did not require reopera-
tion for any reason.

Following the evaluations, 102 patients who under-
went surgery for septic revision were designated as the
SR group, and 162 patients who underwent surgery for
aseptic revision were designated as the AR group. Patients
with inflammatory arthritis, hematological diseases, peri-
prosthetic fractures, antibiotic use within 2 weeks before

Table 1. Patient Characteristics According to Revision Surgery

the revision surgery, revision surgery performed within
4 weeks after the index procedure, preexisting infections
or malignant tumors in other areas, undergoing che-
motherapy, using steroids or immunosuppressants, and
patients with diseases affecting the production/modula-
tion of inflammatory markers were excluded from the
study. Blood samples were collected before the revision
surgery and within the month of the revision procedure.
Samples obtained within the last month were included in
the study. Blood samples taken 30 days before the revision

Revision surgery

Variable p-value*
Septic revision group Aseptic revision group

Group Knee 62 (60.8) 82 (50.6) 0.106
Hip 40(39.2) 80(49.4)

Sex Female 73(71.6) 126 (77.8) 0.254
Male 29(28.4) 36 (22.2)

Hypertension Absent 47 (46.1) 61(37.9) 0.188
Present 55 (53.9) 100 (62.1)

Coronary artery disease Absent 76 (74.5) 116 (71.6) 0.606
Present 26 (25.5) 46 (28.4)

Heart failure Absent 82 (80.4) 139 (85.8) 0.246
Present 20(19.6) 23(14.2)

Diabetes mellitus Absent 80 (78.4) 119(73.5) 0.361
Present 22 (21.6) 43 (26.5)

Chronic lung disease Absent 86 (84.3) 123(75.9) 0.102
Present 16 (15.7) 39(24.1)

Chronic renal failure Absent 89(87.3) 145 (89.5) 0.575
Present 13(12.7) 17 (10.5)

Presence of cerebrovascular event Absent 86 (84.3) 138(85.2) 0.848
Present 16 (15.7) 24.(14.8)

Arrhythmia Absent 92(90.2) 148 (91.4) 0.749
Present 10(9.8) 14 (8.6)

Thyroid dysfunction Absent 97 (95.1) 150 (92.6) 0.419
Present 5(4.9) 12(7.4)

Parkinson disease Absent 102 (100) 160 (98.8) 0.260
Present 0 2(1.2)

Values are presented as number (%).
*Pearson chi-square test.
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Table 2. Comparison of the Hematologic and Biochemical Parameters of Revision

Parameter Septic revision group Aseptic revision group p-value®
Age 66.84 +10.13 65.29 +10.87 0.247
Leukocyte 10.02 + 4.65 893+4.12 0.048
Neutrophil percentage 68.95 + 11.65 64.7+13.71 0.010
Lymphocyte percentage 21.19+9.29 25.38+11.98 0.003
Monocyte percentage 6.95+2.58 7.13+2.52 0.584
Eosinophil percentage 2.12+3.14 211+£2.14 0.986
Basophil percentage 0.56 +0.37 0.69+0.41 0.012
Neutrophil count 7.12+43 6.14+4.16 0.068
Lymphocyte count 1.88+0.77 1.96 +0.85 0.442
Monocyte count 0.65+0.31 06+03 0.255
Eosinophil count 0.17+0.28 0.15+0.15 0.589
Basophil count 0.05+0.03 0.05+0.03 0.540
Red blood cell 415+0.57 4.45+0.68 <0.001
Hemoglobin 11.01 +1.58 1219+ 1.94 <0.001
Hematocrit 33.94£4.62 37.13£5.66 <0.001
Mean red cell volume 82.19+£6.49 83.72 £5.39 0.038
Mean corpuscular hemoglobin 26.69 + 2.62 27.48 +2.23 0.009
Mean corpuscular hemoglobin concentration 32.45+1.35 328+1.12 0.022
Red blood cell distribution width 15.38 £ 2.06 14.88 +1.87 0.044
Platelet count 286.55 + 98.41 255.63 +£59.6 0.002
Mean platelet volume 9.14+£1.73 9.23+15 0.639
Erythrocyte sedimentation rate 62.82+71.26 12.49 + 30.88 <0.001
Serum C-reactive protein 61.21£28.17 25.62 +20.55 <0.001
C-reactive protein to lymphocyte ratio 40.29 + 33.35 17.24 +19.25 <0.001
Platelet count ratio-to-mean platelet volume 33.33+16.01 28.62 +8.64 0.002
Neutrophils to lymphocytes ratio 4.8 +4.66 422 +4.55 0.320
Platelet-to-lymphocyte ratio 179.74 £ 108.16 154.94 +76.33 0.030
Lymphocyte to monocyte ratio 3.43+2.08 407 +287 0.051
Charlson comorbidity index 1.44 £0.97 1.69+£1.25 0.094
Weight (kg) 73.31 £6.15 73.89 £6.24 0.464
Height (m) 1.67 £0.03 1.66 +0.03 0.312
Body mass index (kg/m’) 26.36 +2.37 26.68 £2.22 0.264

Values are presented as mean + standard deviation.
*Independent samples #-test; a p-value < 0.05 was considered significant.
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surgery and any blood samples taken more than a month
before the surgery were excluded from the study. All blood
samples were collected from the patients’ veins on the day
of hospital admission, stored in tubes containing ethylene-
diaminetetraacetic acid (EDTA), and later automatically
analyzed using internationally certified equipment.

A descriptive analysis was performed to obtain
information on the general characteristics of the study
population. Quantitative data were analyzed by arithmetic
mean and standard deviation. Independent-sample ¢-tests
or one-way analysis of variance were applied to compare
continuous data between/within groups. The receiver
operating characteristic (ROC) analysis was conducted to
determine the significance of the whole-blood picture in
predicting PJI. A p-value < 0.05 was considered significant.

In the multivariate analysis, we examined the independent
predictors of treatment outcomes using logistic regression
analysis. The SPSS ver. 22 (IBM Corp., Armonk, NY, USA)
was used for all statistical analyses.

RESULTS

A total of 264 patients who had undergone TKA and THA
revision surgery were evaluated. Based on the EBJIS cri-
teria, 102 patients were in the SR group (40 hips and 62
knees), and 162 patients were in the AR group (80 hips
and 82 knees). The demographic characteristics of the
patients are shown in Table 1. There were no statistically
significant differences between the two groups in terms of
age, comorbidity, body mass index, Charlson comorbidity

Table 3. Effect of Premorbid Condition on CLR

CLR
Variable p-value*
n Mean + SD

Hypertension Absent 108 23.92+25.10 0.264
Present 155 27.84 +29.76

Coronary artery disease Absent 192 25.50 +26.17 0.542
Present 72 27.86 + 32.33

Heart failure Absent 221 25.20+26.70 0.212
Present 43 31.02 + 33.54

Diabetes mellitus Absent 199 26.51 £29.57 0.713
Present 65 25.04 +22.40

Chronic lung disease Absent 209 28.01+£29.49 0.034
Present 55 19.06 + 19.68

Chronic renal failure Absent 234 26.05 + 26.65 0.881
Present 30 26.86 + 37.02

Presence of cerebrovascular event Absent 224 26.57 +29.10 0.563
Present 40 23.78 £ 20.37

Arrhythmia Absent 240 2529 +26.26 0.116
Present 24 34.71 +40.92

Thyroid dysfunction Absent 247 26.42 +28.11 0.540
Present 17 22.12+25.73

Parkinson disease Absent 262 26.15+27.97 0.980
Present 2 25.65 + 33.68

CLR: C-reactive protein-to-lymphocyte ratio, SD: standard deviation.

*Independent samples t-test; a p-value < 0.05 was considered significant.
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index, and sex (Table 2). The effect of premorbid condi-
tion on CLR is presented in Table 3.

While LY% (p = 0.003), red blood cells (p < 0.001),
hemoglobin (p < 0.001), and hematocrit (p = 0.001) were
significantly lower in the SR group, platelet count (p <
0.001), ESR (p < 0.001), CRP (p < 0.001), CLR (p < 0.001),
and platelet count (p = 0.002) values were statistically sig-
nificantly higher (Table 2).

The CLR and PVR values were significantly higher
in the SR group than in the AR group, whereas there were
no statistically significant differences in terms of the NLR,
PLR, and MLR values. The distribution of these values is
shown in Fig. 1. Table 4 shows the ROC analysis results.
The ROC analysis for the CLR showed a diagnostic value
of 15.52, which had a sensitivity of 91.1% and a specificity
of 64.2% for PJI. The CLR showed lower specificity and
higher sensitivity compared to the ESR and CRP values.
The ROC analysis indicated that the CLR had a similar
area under the curve (AUGC; 0.808) with ESR and CRP. The
CLR had a higher specificity than the other ratios (PVR,

NLR, PLR, and LMR) and a higher value under the curve.
The ROC curve is shown in Fig. 2. As a result of the ROC
analysis performed, hemoglobin, sedimentation, CRP,
CLR, and NLR were found to be significant parameters in
PJI diagnosis.

According to the results obtained in the ROC
analysis, there was a difference between hip and knee PJI
diagnostic CLR value for PJI in terms of the cutoft values,
sensitivity, and specificity (knee CLR: cutoff > 15.42, AUC
= 0.770, sensitivity = 90.32%, specificity 58.5%, p < 0.001;
hip CLR: cutoff > 13.82, AUC = 0.857, sensitivity 95.0%,
specificity 67.5%, p < 0.001) (Fig. 3)

Female sex was more prone to have infection; the
sex distribution was equal in both groups (p = 0.254). The
ROC analysis provided that the difference in the cutoff of
diagnostic CLR value was significant between men and
women (CLR in women: cutoff > 16.49, AUC = 0.789,
sensitivity = 87.6%, specificity = 62.7%, p < 0.001; CLR
in men: cutoff > 13.82, AUC = 0.866, sensitivity = 96.5%,
specificity = 77.7%, p < 0.001) (Fig. 4).
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Fig. 1. Boxplot of the distribution of C-reactive protein to lymphocyte ratio (CLR; A), platelet count ratio-to-mean platelet volume (PVR; B), neutrophil-to-
lymphocyte ratio (NLR; C), platelet-to-lymphocyte ratio (PLR; D), and lymphocyte-to-monocyte ratio (LMR) (E). PJI: periprosthetic joint infection.
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Table 4. Receiver Operating Characteristic Curve Analysis of Serum Biomarkers in the Diagnosis of Periprosthetic Joint Infection

Variable Cutoff AUC Sensitivity  Specificity PPV NPV p-value*
C-reactive protein to lymphocyte ratio > 1552 0.808 0.912 0.642 0.616 0.920 <0.001
Platelet count ratio-to-mean platelet volume >35.75 0.574 0.382 0.803 0.549 0.674 0.044
Neutrophil-to-lymphocyte ratio >253 0.606 0.706 0.543 0.493 0.746 0.002
Platelet-to-lymphocyte ratio > 157.60 0.584 0.559 0.654 0.504 0.702 0.019
Lymphocyte-to-monocyte ratio <394 0.564 0.696 0.457 0.447 0.705 0.074
Erythrocyte sedimentation rate >139 0.821 0.735 0.821 0.721 0.831 <0.001
C-reactive protein >3] 0.850 0.853 0.704 0.644 0.884 <0.001
Hemoglobin <11.62 0.689 0.735 0.592 0.531 0.780 <0.001
Platelet >321 0.590 0.352 0.870 0.631 0.681 0.018
Mean platelet volume €95 0.518 0.617 0.481 0.428 0.666 0.617

AUC: area under the curve, PPV: positive predictive value, NPV: negative predictive value.
*A p-value < 0.05 was considered significant.
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Table 5. Results of Logistic Regression for Revision Variables

Univariate Multivariate
Model pvalue  Crude OR  95% Clfor OR ’jﬁ{l"aﬁfj"e" Adjusted OR  95% CI for OR
C-reactive protein to lymphocyte ratio <0.001 1.046 1.030-1.061 <0.001* 1.088 1.063-1.113
Platelet count ratio-to-mean platelet volume 0.004 1.033 1.011-1.056 <0.001* 1.093 1.054-1.134
Platelet-to-lymphocyte ratio 0.036 1.003 1.000-1.006 <0.001* 0.982 0.976-0.989
Lymphocyte-to-monocyte ratio 0.056 0.896 0.801-1.003 0.087 0.881 0.761-1.019
Hemoglobin <0.001 0.693 0.595-0.807 0.018 0.794 0.657-0.960
Platelet 0.002 1.005 1.002-1.009 0.704 0.999 0.995-1.004
Erythrocyte sedimentation rate <0.001 1.034 1.021-1.046 0.061 1.010 1.000-1.020
C-reactive protein <0.001 1.057 1.042-1.071 <0.001* 1.051 1.032-1.07

OR: odds ratio, Cl: confidence interval.
*Statistical significance.

P <0.001) in the univariate model and 1.088 (1.063-1.113;
p < 0.001) in the multivariate model. The PVR ratio was
significant in both the univariate and multivariate analyses
(p = 0.004 and p < 0.001, respectively). The PLR ratio was
not significant in the univariate analysis, but significant in
the multivariate analysis (p = 0.036 and p < 0.001, respec-
tively).

DISCUSSION

In summary, this study demonstrated that the CLR had
higher sensitivity compared to ESR, CRP, and other indi-
ces in diagnosing PJI. Additionally, the CLR showed high-
er specificity than other ratios such as PLR, NLR, PVR,
and LMR, resulting in a higher AUC value. The regression
analysis revealed that the CLR (hazard ratio, 1.088; 95%
CI, 1.063-1.113; p < 0.001) was a significant risk factor for
PIL

This study aimed to investigate the potential of
CLR as a novel biomarker for diagnosing PJI in patients
undergoing TKA and THA. While CLR is used as an
inflammatory marker in various fields of medicine,> *
there is a lack of literature evaluating its diagnostic value
in predicting PJI in orthopedic patients. Recently, CLR
has been introduced in some studies as a new parameter
for determining the prognosis of malignancy.” It is eas-
ily calculated based on the ratio of CRP-to-lymphocytes.
Both CRP elevation and lymphocyte reduction in periph-
eral blood have been associated with poor prognoses in
patients with malignancies. CLR elevation has also been
linked to inflammatory diseases, such as appendicitis.”

While various inflammatory markers can be used to
confirm the diagnosis of PJI, the optimal combination of
inflammatory factors remains uncertain.”**” Recently, new
inflammatory markers such as NLR, PLR, and MLR have
been recognized as useful indicators for the diagnosis and
prognosis of various infectious diseases.”” However, their
use in orthopedic studies is still limited.”® This study dem-
onstrated that CLR is more effective than other markers in
diagnosing PJI in TKA and THA patients. CLR levels were
significantly higher in PJI patients, and it showed higher
accuracy in detecting PJI cases compared to other indices.
Therefore, CLR is considered a cost-effective and readily
available biomarker for diagnosing PJI. Further research
is needed to confirm the effectiveness of this new marker
and assess its clinical applicability in PJI diagnosis. Com-
bining these markers with existing standard indicators
may lead to more accurate and reliable results in diagnos-
ing PJI. Early and accurate diagnosis is of great importance
for patient treatment and outcomes.

Increased peripheral leukocytes, ESR, and CRP are
neither sensitive nor specific to PJI. After surgery, the ESR
and CRP levels may remain elevated for weeks. Therefore,
serial postoperative measurements are more informative
than single values. In addition, CRP and ESR may be ele-
vated due to other inflammatory conditions or, conversely,
false negative in the context of suppressive antimicrobial
therapy or organisms with low virulence. However, a nor-
mal ESR combined with a normal CRP level indicates a
very low probability of infection. The role of new markers,
including interleukin-6, procalcitonin, and tumor necrosis
factor-a, remains to be defined.”
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Serum ESR and CRP are markers that are routinely
collected and analyzed in the evaluation of patients with
PJL In our study, serum CRP showed a sensitivity of 85%
and a specificity of 70%. These results are similar to the
data reported in the literature, where sensitivity ranges
from 68% to 90% and specificity ranges from 71% to
88%."*"*? In our study, serum ESR vyielded a sensitivity of
73% and a specificity of 82%. Although both ESR and CRP
have shown limited prognostic values for predicting PJI,
recent studies have shown that ESR has the potential to
diagnose infections in non-orthopedic specialties.””

Both serum and synovial biomarkers have dem-
onstrated encouraging results in the diagnosis of PJI and
can be used as diagnostic tools to support bacteriologi-
cal culture and perioperative and intraoperative clinical
findings. Several new tests and markers, such as synovial
leukocyte esterase, D-dimer, synovial alpha-defensin, and
synovial CRP, have recently been reviewed in the literature
for their accuracy in diagnosing PJ1.**** However, a single
gold standard stepwise approach for the detection of PJI
remains unclear. Many of these tests and markers men-
tioned above are expensive or time-consuming to obtain.
In addition, some diagnostic tests, such as synovial alpha-
defensin, require equipment and expertise that may not
be readily available or accessible at all facilities. Therefore,
more studies are needed to investigate readily available
and inexpensive serum and synovial fluid markers to be
used for the diagnosis of PJ1.*"

This study has limitations due to its retrospective
design and data from a single center. Therefore, the results
need to be confirmed by prospective multicenter studies.
Another important shortcoming was the lack of syno-
vial fluid results of the same laboratory markers. Since
the study was retrospective, indirect measurements, that
is, blood values, were used. Besides, the fact that certain
pathogen species might affect CLR can be regarded as a
limitation of the study. This study may indicate higher
sensitivity of CLR over ESR and CRP or other ratios; how-
ever, there is not a direct association established because
the data were obtained from blood samples and not from
synovial fluid of the knee joint. Synovial fluid analysis/
culture is considered the gold standard in the evaluation
of patients with suspected PJI. A prospective study evalu-
ating joint fluid can be planned in the future. A study in-
cluding more patients in which synovial fluid is efficiently
and elaborately investigated in patients with inflammation
post-replacement can be recommended to be conducted.

This study demonstrates that CLR is a valuable tool
for confirming the diagnosis in patients with PJI. It has
been found to have higher sensitivity than ESR and CRP

and higher specificity than other infection markers such as
PVR, NLR, PLR, and MLR. CLR is a useful diagnostic tool
for confirming PJI in patients with suspected peripros-
thetic infection, especially those with high ESR and CRP
levels.
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