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ABSTRACT

INTRODUCTION: Erythrocyte sedimentation rate (ESR)
and high-sensitivity C-reactive protein (hs-CRP) are screen-
ing tests for inflammation and are often ordered simulta-
neously. Our study investigated concordance between
ESR and hs-CRP to optimize patient diagnosis.

METHODS: A retrospective review was conducted on ESR
and hs-CRP tests performed simultaneously in the same
clinical encounter during a 10-month period at Alaska
Regional Hospital. Kappa statistics and correlation coeffi-
cients were calculated to evaluate the level of concord-
ance between ESR and hs-CRP tests. Logistic regression
models and receiver operator characteristic (ROC) curves
were constructed to evaluate the ability of each screening
test to predict the other screening test.

RESULTS: ESR andhs-CRPwere elevated in 54%and 76%of
the patient population (N = 860) respectively. Among
patients with abnormal ESR, 93% also had abnormal hs-
CRP, whereas among patients with abnormal hs-CRP,
66% also had abnormal ESR. ESR and hs-CRP tests agreed
in 70%of cases. Kappa statistics indicated a fair tomoderate
level of agreement between dichotomous ESR and hs-CRP
tests, with significant differences among patients with and
without noninfectious organ diseases, but no other demo-
graphic or clinical characteristics. The correlation coefficient
between continuous ESR and hs-CRP was nearly 0.40, with
no statistically significant correlation among patients with

connective tissue/musculoskeletal/autoimmune diseases
or diabetes. Finally, hs-CRP and ESR were predictive of each
other based on logistic regression and ROC analyses.

CONCLUSION: hs-CRP identified the majority of inflam-
matory conditions and should be included in the first line
of testing when the clinical indication clearly suggests an
inflammatory process.

ABBREVIATIONS: AUC - area under the curve, CI - confi-
dence interval, ESR - erythrocyte sedimentation rate, Hs-
CRP - high-sensitivity C- reactive protein, LIS - laboratory
information system, RA - rheumatoid arthritis, RBC - red
blood cell, ROC - receiver operator characteristic, SLE - sys-
temic lupus erythematosus.

INDEX TERMS: erythrocyte sedimentation rate, high-sensi-
tivity C-reactive protein, inflammation.
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INTRODUCTION

Acute phase reactants are proteins produced by the liver
when the body experiences inflammation due to infection,
injury, or trauma. Two laboratory tests often ordered simul-
taneously to detect these acute phase reactant proteins
are erythrocyte sedimentation rate (ESR) and high-
sensitivity C-reactive protein (hs-CRP). While the 2 tests
offer a multifunctional approach to detecting and moni-
toring the inflammatory reaction for patients with various
diseases and conditions, results are often contradictory,
causing confusion and frustration among physicians. By
combining results from ESR and hs-CRP in conjunction
with other laboratory data and diagnostic information,
physicians can gain insight into potential disease factors.1

A study conducted by Kainth and Gigliotti demonstrated
the CRP assay has a 95% sensitivity, while the combined
ESR and CRP testing only increased the sensitivity by
3%.2 There has been much debate surrounding the causes
of ESR and CRP discordance, but there is limited guidance
on the use and interpretation of these tests. Thus, clinically,
it is important to understand the role of these screening
tests in the detection of inflammation.
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ESR, an indirect measurement of the acute phase reac-
tants, is correlated with elevated levels of the coagulation
protein fibrinogen and, to a lesser extent, α2-, β-, and
γ-immunoglobulins because of the viscosity of these pro-
teins in the plasma affecting the rate at which the red
blood cells (RBCs) settle.3 These proteins decrease the
RBCs’ zeta potential to promote the formation of rouleaux,
which sediments more rapidly than single cells, yet
responds to inflammatory acute phase reactants very
slowly if not at all when the inflammation is minor.4 The
gradual 24–48-hour initial response and extensive eleva-
tion to an inflammatory reaction is the result of the “long
half-life of some plasma proteins and perhaps to a longer
amplified response time.”1 ESR is especially useful for diag-
nosis and monitoring of the autoimmune conditions poly-
myalgia rheumatica and temporal arteritis. Factors that
limit the ESR result interpretation in clinical practice
include increased anticoagulant to blood ratio; position,
placement, or vibration of sedimentation tube; and RBC
size (microcyte vs macrocyte) and shape (normal vs sickle
cells or spherocytes). Other factors that also limit these
results are cell number (anemia vs polycythemia) or bub-
bles in the RBCs, abnormal protein and immunoglobulins
levels, or systemic comorbidities such as autoimmune dis-
eases or renal insufficiency.3 These confounding factors
lead to difficulties in determining a reference interval for
patients. Although reference intervals vary amongmedical
facilities, currently, reference intervals are characterized by
the patient’s gender and age. Typically, the reference inter-
val for a male patient is calculated by dividing the age in
years by 2 while a female patient’s reference interval is cal-
culated by adding 10 to her age in years.1 Men typically
have a lower reference interval than women considering
the hormonal, weight, and metabolic changes experi-
enced by women with increased age, pregnancy, or
menses.1

The hs-CRP, a pentameric protein, is used to identify
foreign pathogens and damaged cellular debris resulting
in the activation of the complement pathway and phago-
cytosis.3 The levels of this nonspecific diagnostic inflam-
matory marker increase within 4–6 hours of tissue injury
with the release of signaling cytokines, “allowing for rapid
clearance after a source of inflammation is resolved.”5

The hs-CRP levels can double every 8 hours with peak lev-
els seen at 36–50 hours of inflammation, and subsequently
levels are expected to fall rapidly as inflammation sub-
sides, giving physicians a real-time assessment to the level
of inflammation.6 Utilizing the plasma or serum from a rou-
tine blood sample can yield results within 15–30 minutes,
depending on the laboratory analyzer. False test results are
only seen in patients with hepatic failure since the proteins
are produced in the liver. The hs-CRP test’s analytical sen-
sitivity can quantify amounts of CRP as small as 0.1 mg/L to
assess the risk of an inflammatory reaction process much
sooner than CRP.

The purpose of this study is to investigate the level of
agreement and correlation between the 2 markers of

systemic inflammation, namely ESR and hs-CRP, obtained
in a clinical setting. Furthermore, this study examined
underlying factors that may lead to concordant or dis-
cordant test results, allowing physicians better choices
for the patient without creating uncertainty or increasing
expenditure in the clinical environment.

METHODS

Study Design
A cross-sectional study was conducted at Alaska Regional
Hospital, a general medical and surgical facility in
Anchorage with 250 acute care beds. The hospital has a
modernized laboratory information system (LIS) with a
comprehensive list of test order sets, laboratory results,
hospital reports, and discharge diagnoses within the
patient’s electronic medical record, referenced by hospital
encounters and admission dates. A retrospective review of
medical records that included ESR and hs-CRP tests per-
formed simultaneously in 1 clinical encounter over a 10-
month period was conducted.

Participants
Medical records of patients admitted to the emergency
department, inpatients, and outpatients with at least 1
ESR and 1 hs-CRP result recorded on the same date
between November 2018 and September 2019 were
included. A patient may have had multiple ESR/hs-CRP
tests during 1 hospital stay or multiple hospital visits
within the time frame studied. Including the first or last
test results would bias the results of this analysis, leading
to inconsistent findings considering the ESR’s languid rise
and fall.7 Consequently, only 1 simultaneous ESR and hs-
CRP order per patient was selected at random using
Microsoft Excel, and those with duplicate orders or multi-
ple hospital encounters were excluded. Patient age, bio-
logical sex, and diagnoses results were recorded from
the LIS, and patient charts were reviewed for conditions
known to have an impact on ESR levels. Since fibrinogen
and globulin levels are already elevated in pregnant
women, resulting in elevated ESR levels during preg-
nancy, we excluded pregnant women from the study sam-
ple.6 Sickle cell or anemic patients were also excluded
from the study sample because ESR levels could be
artificially reduced due to slow settling of abnormally
shaped RBCs. Data obtained from patient diagnoses were
classified into 7 broadly defined disease states (malig-
nancy, connective tissue/musculoskeletal/autoimmune,
noninfectious organ diseases, colitis/enteritis/other in-
flammatory conditions, pericarditis/endocarditis, diabetes,
mixed comorbidities) to associate a single indication
for ESR/hs-CRP testing when multiple indications were
found.
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Procedures
Both ESR and hs-CRP measurements were performed in
the hospital clinical laboratory accredited by the College
of American Pathologists. ESR was measured using the
Wintrobe tubemethod. Approximately 1mL of well-mixed
EDTA venous whole blood was drawn up into the tube
using the pipette bulb until the cotton plug was entirely
saturated. The erythrocytes settled vertically out of the
venous plasma toward the bottom of the tube. Sample
results were read after 60 minutes at the plasma/red
cell interface on the 0–100 mm graduated tube. The
Siemens Healthcare Diagnostics Dimension EXL analyzer
was used to assay the hs-CRP levels by detecting the
agglutination of CRP from heparinized serum or plasm
and the CRP monoclonal antibody. Absorbance at 405
and 510 nmwas used to measure change in agglutination.
To maintain instrument accuracy, calibrations were per-
formed every 90 days for ensuring an analytical measure-
ment reference interval of 0.1–15.0 mg/L.

Statistical Analysis
Demographic, clinical and laboratory data were analyzed
using SAS version 9.4 (SAS Institute, Cary, NC). Demographic
data included biological sex (male, female) and age (years)
while clinical data included indicator variables to classify
patients according to presence or absence of comorbidities.
Laboratory data included ESR and hs-CRP results defined as
continuous variable (in mm/hour for ESR and in mg/L of hs-
CRP) and as a dichotomous variable (abnormal vs normal)
based on predefined reference intervals. Dichotomous ESR
and hs-CRP variables were cross-tabulated, and kappa sta-
tistics with their 95% confidence intervals (CIs) were calcu-
lated as estimates of agreement between these 2 laboratory
tests, before and after stratifying by demographic and clini-
cal characteristics. We used stratified kappa statistics and
examined overlap in their 95% CI to assess significant
differences in agreement between ESR andhs-CRP variables
according to demographic and clinical characteristics.
Similarly, Pearson’s correlation coefficients were calculated
for continuous ESR and hs-CRP tests, before and after strati-
fying by demographic and clinical characteristics. Logistic
regression models and receiver operator characteristic
(ROC) curves were constructed, whereas continuous hs-
CRP was included as a predictor of dichotomous ESR and
vice versa in order to estimate the area under the curve
(AUC) for a continuous laboratory test as a predictor of a
dichotomous laboratory test. Kappa statistics can be inter-
preted as follows: k ≤ 0 (no agreement), 0.01–0.20 (slight),
0.21–0.40 (fair), 0.41–0.60 (moderate), 0.61–0.80 (substan-
tial), and 0.81–1.00 (almost perfect) agreement. By contrast,
there are no prespecified cutoff points for Pearson’s corre-
lation coefficients, which can range between −1 and +1.
However, there is consensus that the closer the value of
the correlation coefficient to zero, theweaker the linear rela-
tionship between 2 continuous measures. Similarly, an ROC

AUC >0.50 suggests that the continuous measurement is
predictive of the dichotomous measurement.

RESULTS

A total of 860 patients (440 men and 420 women) from
patient records were identified as being study eligible,
with a mean (±standard deviation) age of 52.55 (±17.36)
years; 43.6% of patients were classified as having mixed
comorbidities, while 2.8% were classified as having a
malignancy, with prevalence rates of other health condi-
tions ranging between 3.3% and 32.8% (Table 1).

As seen in Table 2, the ESR and hs-CRP comparison
indicates a strong correlation between the 2 variables,

Table 1. Demographic and clinical characteristics of patient
population (N = 860)

Characteristic N (%)

Biological sex:

Men 440 (51.16)

Women 420 (48.84)

Age (years, mean ±SD): 52.55 ± 17.36

<50 340 (39.53)

≥50 520 (60.47)

Health conditions:

Malignancy 24 (2.79)

Connective tissue/musculoskeletal/
autoimmune

70 (8.14)

Noninfectious organ diseases 28 (3.26)

Colitis/enteritis/other inflammatory
conditions

45 (5.23)

Pericarditis/endocarditis 282 (32.79)

Diabetes 35 (4.07)

Mixed comorbidities 375 (43.60)

Table 2. Cross-tabulation of hs-CRP and ESR test results

hs-CRP ESR

Count
Row %
Column % Abnormal Normal Total (%)

Abnormal 430 222 652

(65.9%) (34.1%) (75.8%)

(92.6%) (56.1%)

Normal 34 174 208

(16.3%) (83.7%) (24.2%)

(7.4%) (43.9%)

Total (%) 464 396 860

(53.9%) (46.1%) (100%)
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indicating that abnormal results on one assay will lead
to abnormal results on the other assay. The normal
results for both assays are consistent as well.
Table 3 demonstrates that hs-CRP and ESR tests were
in fair to moderate agreement with an estimated
kappa statistic of 0.38 (95% CI: 0.32-0.43), with no sig-
nificant differences in kappa statistics based on

gender, age group, or comorbid conditions, except
for noninfections organ diseases.

According to Table 4, the estimated Pearson’s correla-
tion coefficient for the association between ESR and hs-
CRP, measured on a continuous scale, was estimated to
be 0.43 with minor differences according to gender.
Correlations among these laboratory measurements also
varied according to the health conditions listed in the
table and were statistically significant across all conditions
except for connective tissue/musculoskeletal/autoim-
mune diseases and diabetes. Based on results of logistic
regression and ROC curves, the AUC for ESR as a predictor
of hs-CRP was 0.810, suggesting hs-CRP can predict ESR
and vice versa (Figures 1 and 2).

Table 3. Kappa statistics with 95% CIs for dichotomous
ESR and hs-CRP

Kappa (95% CI) 95% CI

Overall: 0.379 (0.323, 0.436) 0.3230, 0.4357

Gender: 0.368 (0.311, 0.424) 0.3114, 0.4242

Men 0.377 (0.289, 0.464) 0.2899, 0.4642

Women 0.361 (0.287, 0.435) 0.2873, 0.4350

Age (years): 0.379 (0.322, 0.435) 0.3226, 0.4353

<50 0.391 (0.300, 0.482) 0.3002, 0.4819

≥50 0.371 (0.299, 0.443) 0.2996, 0.4433

Malignancy: 0.379 (0.323, 0.436) 0.3230, 0.4357

No 0.374 (0.317, 0.431) 0.3170, 0.4312

Yes 0.571 (0.225, 0.918) 0.2250, 0.9178

Connective
tissue/
musculoskeletal/
autoimmune:

0.3756 (0.319, 0.432) 0.3193, 0.4323

No 0.393 (0.333, 0.452) 0.3333, 0.4517

Yes 0.207 (0.019, 0.395) 0.0187, 0.3952

Noninfectious
organ
diseases:

0.378 (0.322, 0.434) 0.3218, 0.4341

No 0.391 (0.334, 0.448) 0.3337, 0.4481

Yes 0.045 (-0.245, 0.336) -0.2446, 0.3355

Colitis/enteritis/
other
inflammatory
conditions:

0.345 (0.278, 0.411) 0.2783, 0.4106

No 0.385 (0.327, 0.443) 0.3270, 0.4426

Yes 0.281 (0.029, 0.533) 0.0297, 0.5332

Pericarditis/
endocarditis:

0.346 (0.288, 0.403) 0.2876, 0.4035

No 0.345 (0.278, 0.410) 0.2783, 0.4106

Yes 0.349 (0.229, 0.469) 0.2288, 0.4690

Diabetes: 0.378 (0.322, 0.434) 0.3218, 0.4344

No 0.383 (0.325, 0.440) 0.3254, 0.4404

Yes 0.267 (-0.012, 0.545) -0.0120, 0.5453

Mixed
comorbidities:

0.354 (0.297, 0.412) 0.2969, 0.4118

No 0.338 (0.256, 0.419) 0.2564, 0.4188

Yes 0.371 (0.289, 0.452) 0.2898, 0.4524

Table 4. Correlation coefficients for continuous ESR
and hs-CRP

R P value

Overall 0.426 <.0001

Gender:

Men 0.421 <.0001

Women 0.444 <.0001

Age (years):

<50 0.464 <.0001

≥50 0.413 <.0001

Malignancy:

No 0.426 <.0001

Yes 0.531 .0075

Connective tissue/musculoskeletal/
autoimmune:

No 0.430 <.0001

Yes 0.189 .1201

Noninfectious organ diseases:

No 0.426 <.0001

Yes 0.471 .0114

Colitis/enteritis/other
inflammatory conditions:

No 0.429 <.0001

Yes 0.369 .0126

Pericarditis/endocarditis:

No 0.401 <.0001

Yes 0.390 <.0001

Diabetes:

No 0.443 <.0001

Yes 0.109 .5338

Mixed comorbidities:

No 0.390 <.0001

Yes 0.471 <.0001
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DISCUSSION

In this retrospective study, a fair to moderate level of
agreement was observed between dichotomous ESR
and hs-CRP laboratory tests, with significant differences
in kappa statistics among patients with and without “non-
infectious organ diseases,” but no other characteristics.
Similarly, Pearson’s correlation coefficient between con-
tinuous measures of ESR and hs-CRP was approximately

0.40, with slight variation according to subgroups defined
by demographic and clinical characteristics and no sta-
tistically significant correlations among patients with con-
nective tissue/musculoskeletal/autoimmune diseases or
diabetes. Finally, hs-CRP and ESR were predictive of each
other based on AUC derived from ROC curves.

Our results demonstrated that ESRwas elevated in 54%
of patients, whereas hs-CRPwas elevated in 76%of patients.
Both markers were elevated in 50% of all reviewed cases.
Amongpatientswith abnormal ESR, 93% also had abnormal
hs-CRP, whereas among patients with abnormal hs-CRP,
66% also had abnormal ESR. Accordingly, hs-CRP testing
is likely to identify the majority of patients with inflamma-
tory disease that would have been identified using ESR test-
ing but not vice versa, explaining the modest level of
agreement and correlation between these 2 laboratory
measurements. In addition, these results indicate that hs-
CRP can be used alone to identify most cases of inflamma-
tory disease.

Prior studies have assessed the relevance of ESR/hs-
CRP measurement for the diagnosis or monitoring of
inflammatory diseases. Sbong and Feldman analyzed both
markers in 70 patients, indicating discrepancies between
the 2 markers could be explained by the delayed rise
and fall of the ESR.8 However, a strong correlation (0.6944)
between ESR and CRP test results was found in 200
patients with rheumatic diseases.9 In a United Kingdom
cohort study of 136 961 patients, CRP had higher sensitiv-
ity and specificity than ESR, though both tests had poor
diagnostic accuracies (AUC CRP 0.617 vs ESR 0.589,
P < .001).10

This study demonstrated that the ESR and hs-CRP test
results agreed in approximately 70% of cases reviewed,
suggesting that themore sensitive hs-CRP test is adequate
on its own for most clinical indications. However, it is
important to note that certain disease states are better
monitored with one inflammatory marker over the other.
Similar to other studies, this study indicates that hs-CRP is
the better prognostic marker for infections and sepsis
when the procalcitonin test is not available in the labora-
tory. Studies involving patients with infective endocarditis
and patients with sepsis and septic shock showed CRP was
prognostically superior to ESR.11 In contrast, patients with
autoimmune connective tissue disease exacerbations such
as systemic lupus erythematosus (SLE) or rheumatoid
arthritis (RA) did not benefit from hs-CRP test results unless
an active bacterial infection was present. It is hypothesized
that patients with active SLE flare-ups either have a
decreased production or increased clearance of CRP,
thereby making the hs-CRP results appear normal.12 While
RA patients have prolonged joint inflammation, the slow
rise and fall of the ESR test would be a better indicator
of inflammation to use for monitoring purposes.

Creative and innovative efforts to reduce healthcare
costs are at the forefront of economic debates. Hospitals
target laboratories to control expenditures whilemaintain-
ing patient safety and test quality. Meidani et al performed

Figure 1. ROC curve for hs-CRP as predictor of ESR.

Figure 2. ROC curve for ESR as predictor of hs-CRP.
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a pilot study of 50 randomly selected medical records to
assess laboratory test utilization’s appropriateness and
concluded that 26.4% of test requisitions with ESR were
inappropriate based upon the patient’s signs and symp-
toms.13 An ESR/CRP co-ordering study conducted by
Juskewitch et al concluded an annual savings of $320 000
when an electronic health record support rule was
installed in the LIS to recommend CRP testing over ESR
for undiagnosed patients suspected of inflammation.5

Similarly, the intervention aimed to reduce inappropriate
coutilization of hs-CRP and ESR yielded a monthly 33%
decrease in ESR utilization and 25% reduction in combined
hsCRP and ESR utilization.14 Therefore, themanagement of
discordant ESR and hs-CRP measurements can be simpli-
fied with test ordering culture change.

Strengths and Limitations
This study highlights the importance of national electronic
record guidelines that physicians need when screening
and monitoring patients for inflammation. Physicians
evaluate numerous patients on a daily basis, resulting in
difficulties in maintaining a subjective evaluation for each
patient, resulting in ordering a battery of unnecessary
tests. A limitation of this study is that the data were gath-
ered during the winter months in Alaska. Alaska is known
for its high prevalence of unhoused and drug-using pop-
ulation, potentially impacting acute phase reactants and
posing increased comorbidities. Two key confounding var-
iables are the older age of participants and the collection
of 1 hospital’s data in this study. It would have been desir-
able for other local hospitals to contribute data towards
this study.

CONCLUSION

ESR and hs-CRP tests are good markers for monitoring
inflammation in conjunction with more specific bio-
markers; however, this study suggests that a modest level
of concordance exists between these 2 markers of inflam-
mation and that hs-CRP can by itself identify the majority
of inflammatory disease cases. Thus, themore sensitive hs-
CRP test should be utilized as the first line of testing over
the ESR when the clinical indication clearly suggests an
inflammatory process. The potential pitfalls of an ESR test
due to confounding factors such as hemoglobinopathies,
systemic vs specific disease states, anticoagulant to blood
ratio, tube position and movement, and increased age
should be considered while prescribing the test.15 The
“Choosing Wisely” initiative promotes the use of the more
sensitive hs-CRP test for the screening of acute inflamma-
tion contributing to higher quality of care, cost-effective
implementation of diagnostic services, and effective use
of laboratory resources and personnel in order to stream-
line testing in lieu of tradition.16
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