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Abstract

- \u\:

Complete blood count (CBC)-derived parameters such as neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio \
(MLR), eosinophil-to-lymphocyte (ELR) ratio, and platelet-to-lymphocyte ratio (PLR) are sensitive markers of occult inflammation and
disease activity for systemic lupus erythematosus, rheumatoid arthritis, psoriasis, esophageal cancer, etc. We assessed NLR, PLR,
MLR, and ELR as indicators of inflammation in achalasia patients.

This cross-sectional study included 103 achalasia patients and 500 healthy blood donor volunteers (HD). Demographic, clinical
and laboratory information was collected. NLR, MLR, ELR and PLR were calculated. Peripheral Th22, Th17, Th2 and Th1 subsets
were determined by flow cytometry. Correlation between hematologic indices and clinical questionnaires scores, HRM parameters
and CD4+ T-cells were assessed. Hematologic parameters associated with the different achalasia subtypes were evaluated by
logistic regression analysis.

Hemoglobin, leukocytes, lymphocytes, monocytes, and platelets counts were significantly lower in achalasia patients vs controls.
NLR (P = .006) and ELR (P < .05) were higher in achalasia patients vs controls. NLR was significantly associated with achalasia in
multivariate analysis (P < .001). Compared to HD, the achalasia group was 1.804 times more likely to have higher NLR (95% ClI 1.287—
2.59; P<.001). GERD-HRQL score had statistically significant correlations with PLR (Pearson’s rho:0.318, P=.003), and ELR
(Pearson’s rh0:0.216; P=.044). No correlation between CD4+ T-cells and hematologic indices were determined. NLR with a cut-off
value of >2.20 and area under the curve of 0.581 yielded a specificity of 80% and sensitivity of 40%, for the diagnosis of achalasia.

NLR is increased in achalasia patients vs HD. Sensitivity and specificity achieved by NLR may contribute to a clinical and
manometric evaluation. We suggest these indices as potential indicators of silent inflammation and disease activity.

Abbreviations: 95% Cl = 95% confidence interval, ANA = antinuclear antibodies, AUC = area under the curve, CBC = complete
blood count, EAT-10 = eating assessment tool, EGJ = esophagogastric junction, ELR = eosinophil-to-lymphocyte ratio, GERD-
HRQL = gastroesophageal reflux disease-health related quality of life, Hb = hemoglobin, HRM = high resolution manometry, LES =
lower esophageal sphincter, MLR = monocyte-to-lymphocyte ratio, NLR = neutrophil-to-lymphocyte ratio, OR = odds ratio, PLR =

platelet-to-lymphocyte ratio, ROC = receiver-operator curve, WBC = white blood cells.
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Key points

e Hematologic indices such as neutrophil-to-lymphocyte
ratio have been shown to be markers of occult
inflammation. Whether these indices are elevated in
patients with achalasia has not been described.

e Neutrophil-to-lymphocyte and eosinophil-to-lymphocyte
ratio were higher in patients with achalasia compared to
healthy controls.

e Elevated hematologic indices support the pathophysio-
logical role of the immune system and inflammation in
achalasia. Some of these indices might be markers of
disease activity.

1. Introduction

Achalasia is a primary esophageal motility disorder characterized
by esophageal aperistalsis and an incomplete or absent relaxation
of the lower esophageal sphincter (LES).I'! There are three
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distinct subtypes of achalasia which are defined with high-
resolution manometry (HRM) parameters and are subclassified
according to the Chicago Classification of esophageal motility
disorders into: type I (classic achalasia with failed peristalsis),
type II (with panesophageal pressurization), and type III (with
premature spastic contractions).?! It has an annual reported
incidence of approximately 1/100,000 worldwide.”! The patho-
genesis of this motility disorder likely involves autoimmune and/
or inflammatory processes.'*! Compared to the general popula-
tion, patients with achalasia are three to four times more likely to
suffer from an autoimmune disease,’”® and have a higher
prevalence of serum autoantibodies against antigens present in
the myenteric plexus.”” "% Furthermore, there is a distinct pattern
of inflammatory cells and cytokines present in both the LES and
in peripheral blood samples./”~"" Until today, there are no simple
and clinically relevant biomarkers for patients with achalasia;
therefore, associations of clinical outcomes with biomarkers
obtained from routine tests, such as complete blood cell count
(CBC), are worth investigating.

CBC-derived parameters such as neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR), among others, have
recently shown to be highly sensitive markers of occult inflammation
in autoimmune and inflammatory disorders.'>13! These hemato-
logic indices have also been widely used to determine the severity of
inflammation and as predictors of poor outcomes in cardiovascular
disease,!"*! oncologic disease,!'*'®! diabetes mellitus, hypertension,
and autoinflammatory diseases.!'”!

Nonetheless, these hematologic indices have not been analyzed
in achalasia patients. For this reason, NLR, PLR, monocyte-to-
lymphocyte ratio (MLR), and eosinophil-to-lymphocyte ratio
(ELR) were determined in a cohort of patients with achalasia to
evaluate the usefulness of these parameters as indicators and their
clinical significance in silent inflammation and determining
disease severity.

2. Methods
2.1. Design

This was an exploratory, observational, and cross-sectional study
conducted in a tertiary referral care center (Instituto Nacional de
Ciencias Médicas y Nutricion Salvador Zubiran), between
January 2011 to June 2018. It included 603 participants, 103
consecutive patients with idiopathic achalasia and 500 healthy
volunteers.

2.2. Patients

All patients were diagnosed by HRM, upper endoscopy and
esophagogram. Patients > 17 years old were enrolled in the study.
Exclusion criteria included Chagas disease, esophageal stricture,
esophageal scleroderma, gastric or esophageal cancer, peptic
stricture, other esophageal motility disorders, ASA score of 4,
hiatal hernia greater than 5 cm, contraindications to laparoscopic
approach, pregnant patients or those who had hematologic
disease, cancer, severe renal or liver disease, ongoing infection,
patients on aspirin or steroid treatment. Patients’ clinical records
were carefully reviewed according to a pre-established protocol.
The following data was collected retrospectively for each study
participant from the hospital’s medical records: demographic
features, type of achalasia, family history of autoimmunity, and
current diagnosis of organ or systemic autoimmunity. When a
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comorbid autoimmune diagnosis was found, all relevant data
(i.e., date of diagnosis, presenting symptoms, clinical and
laboratory confirmatory test results, and treatment administered)
were recorded. Finally, the presence of chronic inflammatory
conditions (i.e., asthma, allergic rhinitis, gout, and rosacea) was
recorded. CBC parameters used in the study were the latest
laboratory findings recorded prior to surgical intervention.

For comparison, 500 healthy controls who volunteered at the
blood bank were recruited for the study. All included controls
had no previously known cardiovascular, metabolic, inflamma-
tory or neoplastic disease. Demographic, clinical and laboratory
information were also collected.

2.3. Laboratory information

All CBC analyses were performed with an automatic hematologic
analyzer (Beckmancoulter DxH 800 Hematology Analyzer).
Hemoglobin (Hb), white blood cell (WBC), neutrophils,
lymphocytes, monocytes, eosinophils, and platelet counts were
obtained prior to surgical treatment. NLR was obtained dividing
neutrophil count by lymphocyte count; PLR was obtained by
dividing platelet count by lymphocyte count; MLR was obtained
by dividing monocyte count by lymphocyte count; and ELR was
obtained by dividing eosinophil count by lymphocyte count.
Blood samples were collected in dipotassium ethylenediaminete-
traacetic acid tubes.

2.4. Peripheral blood samples

A venous blood sample was drawn from each subject to perform
flow cytometry analysis and RNA isolation.

2.5. Flow Cytometry

Peripheral blood mononuclear cells (PBMCs) were obtained by
gradient centrifugation on Lymphoprep (Axis-Shield PoC AS,
Oslo, Norway). Cell pellet was resuspended in 1 mL RPMI at 1-2
x 10° cell/mL, and cells suspension was treated with 2 pL of a cell
activation cocktail of phorbol-12myristate 13-acetate (40.5 M)
and ionomycin (669.3 uM) in DMSO (500X) and brefeldin A
(BioLegend Inc., San Diego, CA) for 6hours at 37°C in CO,
incubator.

PBMCs were incubated with 5 wL of Human TruStain Fc
(BioLegend Inc.) per million cells in 100 mL PBS for 10 minutes
and then they were labeled with 5 pL of antihuman CD3-FITC-
labeled, antihuman CD4-PeCy5-labeled and antihuman CD161-
APC—conjugated monoclonal antibodies (BD Biosciences, San
Jose, CA); antihuman CD3-FITC-labeled, antihuman CD4-
PeCyS-labeled and antihuman CD25-APC—conjugated mono-
clonal antibodies (BD Biosciences) in separated tubes during 20
min at 37°C in the dark. Cells were permeabilized with 200 n.L of
cytofix/cytoperm solution (BD Biosciences) at 4°C for 30 minutes.
Intracellular staining was performed with an anti-human IL-22-
PE~, IL-17A-PE~, IL-4-PE~, IFN-y-PE-labeled mouse mono-
clonal antibodies (BD Biosciences) for 30 minutes at 4°C in the
dark. An electronic gate was made for CD3*/CD4*/CD161" cells,
CD3*/CD4*/CD161" cells, and CD3*/CD4*/CD25 cells (Fig. 1).
Results are expressed as the relative percentage of I1L-22%, IL-
17A%,1L-4", and IFN-y* expressing cells in each gate (Fig. 2). As
isotype control, IgG1-FITC/IgG1-PE/CD45-PeCy5 mouse IgG1
kappa (BD Tritest, BD Biosciences) was used to set the threshold
and gates in the cytometer. We ran an unstained (autofluor-
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Figure 1. Representative gating strategy of each cell population of CD4 effector T cells. (A) IgG1 FITC isotype control, (B) IgG1 PE isotype control, (C) IgG1 PECy5
isotype control, (D) IgG1 APC isotype control, (E) Lymphocytes, (F) Single cells, (G) CD3+ cells, H) CD3+/CD4+ cells, () CD3+/CD4+/CD161- cells, (J) CD3+/CD4
+/CD161-/IL-22+ cells, K) CD3+/CD4+/CD161+ cells, (L) CD3+/CD4+/CD161+/IL-17+ cells, (M) CD3+/CD4+/CD25- cells, (N) CD3+/CD4+/CD25-/IL-4+ cells,

(O) CD3+/CD4+/CD25- cells, and (P) CD3+/CD4+/CD25-/IFN-y+ cells.

escence control) and permeabilized PBMCs sample. Autofluor-
escence control was compared to single stained cell positive
controls to confirm that the stained cells were on scale for each
parameter. Besides, BD Calibrate 3 beads were used to adjust
instrument settings, set fluorescence compensation, and check
instrument sensitivity (BD calibrates, BD Biosciences). Fluores-
cence minus one (FMO) controls were stained in parallel using
the panel of antibodies with sequential omission of one antibody,
except for the anti-IL-22, anti-IL-17A, anti-IL-4, anti-IFN-y,
which was replaced by an isotype control rather than simply
omitted. Finally, T subsets were analyzed by flow cytometry with
an Accuri C6 (BD Biosciences). A total of 500,000 to 1,000,000
events were recorded for each sample and analyzed with the
Flow]Jo X software (Tree Star, Inc.).

2.6. Symptoms score evaluation

At the time of diagnosis, patients with achalasia were required to
complete 3 international questionnaires (Eckardt symptom score,
eating assessment tool (EAT-10) questionnaire, gastroesophageal
reflux disease-health related quality of life (GERD-HRQL)
questionnaire) aimed to assess the frequency and severity of
esophageal symptoms (i.e., higher scores represent higher
frequency/severity).!"®! Data obtained from these questionnaires,

as well as HRM-derived parameters, were used as surrogate
markers of disease severity.

2.7. Antinuclear antibodies (ANA) testing

Only those patients in the idiopathic achalasia group newly
diagnosed and without previous treatment donated a blood sample
that was used for ANA assessment by indirectimmunofluorescence
with HEp-2 cells IgG isotype (Inova Diagnostics Inc, San Diego,
CA). Positivity was assigned according to our local cut-off values
(i.e., speckled: >1:160; nucleolar: >1:40; cytoplasmic: >1:40;
mitochondrial: >1:160; and others: >1:40).!""!

2.8. Ethical considerations

The protocol was approved by the Ethical Medical Committee in
our institution and it was according to the principles expressed in
the Declaration of Helsinki, 1989. Only patients who gave a
written informed consent were recruited for this study.

2.9. Statistical analysis

deviation (SD) and qualitative parameters as numbers and

Continuous parameters are described as mean =+ standard
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Figure 2. Percentages of circulating (A) CD4+/CD161-/IL-22+ cells, (B) CD4+/CD161+/IL-17A+ cells, (C) CD4+/CD25-/IL-4+ cells, and (D) CD4+/CD25-/IFN-y+
cells. The results are expressed as the mean (horizontal yellow line), median (horizontal black line), and 5th/95th percentiles. HD, healthy donors.

percentages. To determine differences between groups, Kruskal—
Wallis test, Student ¢ test, and Mann-Whitney U test were
performed for continuous variables. Gender differences between
groups were compared using x> test. Pearson correlation
coefficient was used for assessment of correlation between
hematologic indices and clinical questionnaires’ scores, as well as
HRM parameters. Hematologic parameters associated with the
different achalasia types were assessed by logistic regression
analysis. Receiver operating characteristic curves (ROC) were
plotted and areas under the curve (AUC) were calculated to assess
differentiating performance of NLR, PLR, MLR, and ELR
between achalasia patients and controls. One-way analysis of
variance on ranks Kruskal-Wallis, if the Kruskal-Wallis test was
significant, a post-hoc analysis (Dunn test) was performed for all
pairwise multiple comparison procedures regarding cytometric
analysis. A P value <.05 was considered statistically significant.
Statistical analyses were performed with SPSS version 25.0 (SPSS,
Chicago, IL).

3. Results

3.1. Demographic and clinical characteristics

Age, gender, and laboratory data for 103 achalasia patients and
500 healthy controls are shown in Table 1. There was no

significant difference in gender, with both groups having 63% of
females. Clinical manifestations in patients with achalasia
included dysphagia (99%), regurgitation (88%), and weight
loss (88%). Prevalence of autoimmune comorbidity was 21% in
achalasia patients, and 22% had a history of allergy or asthma.
The median duration of disease at the time of assessment was 12
(range: 1-240) months.

3.2. Percentage of circulating CD4" T cell subpopulations

To determine the effector CD4 T-cell subpopulations, PBMCs
were immunophenotyped and analyzed by flow cytometry.
Relative percentage of circulating Th22, Th17, Th2 and Th1 cells
from achalasia patients were conspicuously higher when
compared with healthy individuals (Fig. 2). Moreover, type I
achalasia patients had higher levels of Th22 and Th17 compared
to type II and type I achalasia (Fig. 2; P<.05), while they had
lower levels of Th2 vs type Il and type I achalasia (Fig. 2; P <.05).

3.3. Complete blood count, NLR, PLR, MLR, and ELR
levels in patients with achalasia

CBC results were within normal limits in both groups.
Hemoglobin, platelet count, leukocyte count, total lymphocytes,
and monocytes were significantly lower in achalasia patients
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Demographic, clinical and laboratory variables of achalasia cohort.

Healthy Donors Achalasia Type | Achalasia Type Il Achalasia Type Il Achalasia
(n=500) (n=103) (n=30) (n=67) (n=6)
Demographics

Age (years) mean + SD 36.3+11.7 42.6+15.0 421+145 42.3+15.1 48.6+17.7
Median 36.0 410 405 420 435
Range 18-63 17-77 21-76 17-77 26-77

Gender Female, n (%) 315 (63) 65 (63) 12 (40) 49 (73) 4 (67)

Disease evolution (mo), mean + SD NA 21.8+£29.8 194177 20.3+£224 49.6+93.5
Median NA 12.0 12.0 12.0 12.0
Range NA 1-240 1-72 1-96 4-240

Clinical Variables

Dysphagia, (n%) NA 102 (99) 29 (97) 67 (100) 6 (100)

Regurgitation, (n%) NA 91 (88) 26 (87) 61 (91) 4 (67)

Weight loss, (n%) NA 91 (88) 25 (83) 61 (91) 5 (83)

Heartburn, (n%) NA 58 (56) 14 (47) 43 (64) 1(17)

Autoimmune disease, (n%) NA 22 (21) 3 (10) 16 (24) 3 (50)

Allergy and asthma, (n%) NA 23 (22) 8 (26) 15 (22) 0 (0)

Laboratory variables (mean+SD)

Hemoglobin (g dL™ 15.3+1.08" 14.8+1.46" 15.5+1.10% 145+1.50"" 154412
Median 15.3 14.8 15.8 14.5 15.6
Range 13.3-18.6 10.1-18.0 13.4-17.8 10.1-18.0 13.9-16.8

Platelets (x10° cells mcL~") 27474524714 225.7+58.3" 214.7+40.8" 235.1+63.3" 175.8+45.8"
Median 271 222 218 226 163
Range 144-460 128-427 145-287 135-427 128-258

Leukocytes (x10° cells mcL ™) 7.01+1.45% 6.44+1.82" 6.74+1.92 6.36+1.80° 5.80+1.55
Median 6.9 6.0 6.3 6.0 5.5
Range 3.6-11.2 3.1-126 3.1-126 35-11.2 4.0-79

Lymphocytes (x10° cells meL ™) 2.31+0.58" 1914057 1.97+0.55" 1.87+0.56 1.96+0.88
Median 2.25 1.84 2.09 1.80 1.56
Range 0.97-4.64 0.56-3.48 0.56-3.03 0.66-3.48 1.10-3.35

Monocytes (x10° cells mcL™") 0.51+0.14* 0444013 0.47+0.10" 0.43+0.14 0.39+0.13
Median 0.49 0.43 0.47 0.41 0.37
Range 0.23-1.26 0.17-0.92 0.25-0.66 0.17-0.92 0.24-0.60

Neutrophils (x10° cells mcL™") 3.96+1.12 3.9+1.65 41+1.68 3.86+1.70 3.3+0.67
Median 3.83 3.47 3.81 3.39 3.34
Range 1.59-8.09 1.08-10.34 1.58-9.39 1.08-10.34 2.52-4.08

Eosinophils (x10° cells mcL™") 0.15+0.13 0.14+0.11 0.14+0.08 0.15+0.12 0.09+0.04
Median 0.12 0.10 0.12 0.11 0.07
Range 0.00-1.42 0.00-0.73 0.04-0.28 0.00-0.73 0.06-0.18

Ratios, (mean+SD)

NLR 1.80+0.65"* 231+1.80" 2.28+1.33" 2.36+2.04 1.87+0.59
Median 1.70 1.95 1.81 2.0 1.81
Range 0.61-4.84 0.60-15.66 1.15-7.19 0.60-15.66 1.10-2.77

MLR 0.23+0.07 0.24+0.10 0.26+0.13 0.24+0.09 0.21+0.04
Median 0.21 0.22 0.24 0.22 0.20
Range 0.07-0.58 0.11-0.88 0.12-0.88 0.11-0.77 0.17-0.27

ELR 0.070+0.061 0.087+0.11" 0.081+0.052 0.094+0.13 0.049+0.013
Median 0.055 0.061 0.068 0.059 0.049
Range 0.00-0.788 0.00-1.06 0.022-0.233 0.00-1.06 0.031-0.068

PLR 125.4+36.3 132.4+67.2 117.6+39.9 14154766 104.8+46.8
Median 120.1 115.6 108.8 1295 104.3
Range 54.5-252.8 38.1-435.8 68.5-255.8 54,0~435.8 38.1-157.6

NA=not available, SD=standard deviation.
" P< .05 vs control.

" P<.05 vs Type | achalasia.

#P<.05 vs Type Il achalasia.

§P<.05 vs Type Ill achalasia.

compared to controls (P=.003, P<.001, P=.003, P<.001, and
P <.001; respectively).

NLR (2.31+1.80 vs 1.80+0.65; P=.006), and ELR (0.087 +
0.11 vs 0.070+0.061; P=.031) were significantly increased in
achalasia patients compared with controls (Table 1). Moreover,
NLR showed statistically significant difference between type I

and type Il achalasia versus control group (2.28 +1.3 and 2.36 +
2.04 vs 1.80+0.65; P=.038, P<.001, respectively), while PLR
among type Il achalasia and control group (141.5 +76.6 vs 125.4
+36.3; P=.021). Nonetheless, there was no significant statistical
difference when comparing MLR (0.26 +0.13 vs 0.24 +0.09 vs
0.21+0.04; P=.52), and ELR (0.081+0.052 vs 0.094+0.13 vs
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Logistic regression analysis between achalasia and controls.

Variable OR 95% ClI P value
NLR 1.804 1.287-2.529 <.001
MLR 0.065 0.002-2.516 143
ELR 9.823 0.693-139.221 .091

0.049+0.013; P=.61) between type I, type II, and type III
achalasia, respectively.

3.4. Multivariate analysis of NLR, PLR, MLR, and ELR with
achalasia

In univariate analysis, these hematologic indices were associated
with achalasia at the 10% level of significance, except for PLR
(P=.137), which was excluded from multivariate analysis. The
multivariate analysis with binary logistic regression showed a
significant association between NLR and achalasia. NLR was a
predictor of the presence of achalasia (odds ratio [OR]=1.804,
95% CI [CI]=1.287-2.529, P<.001). These associations
remained statistically significant after adjusting for age and
gender (Table 2).

3.5. Predictive value of NLR and ELR for diagnosing
achalasia

ROC was created to determine the cut-off and usefulness of NLR
as a diagnostic tool to predict the presence of achalasia. In the
ROC analysis of NLR, the AUC was 0.581 (95% CI=0.515-
0.646, P=.01). ROC analysis suggested that the optimal cutoff
value for predicting the presence of achalasia was >2.20 for NLR,
which maximized the Youden’s index, yielding 40% sensitivity
and 80% specificity (Fig. 3). The AUC for the ROC analysis of
ELR was not statistically significant.

ROC Curve

Sensitivity

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Diagonal segments are produced by ties

Figure 3. Receiver-operator curve to determine NLR cut-off value for
predicting the presence of achalasia. NLR = Neutrophil-to-lymphocyte ratio.
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3.6. Correlation of NLR with circulating CD4+ T Cell
subpopulations

After performing a bivariate (Pearson) correlation analysis, there
was no statistically significant correlation between NLR and
Th22 (P=.989), Th17 (P=.165), Th2 (P=.980), or Thl
(P=.988) cells in patients with achalasia.

3.7. Correlation of antinuclear antibodies with NLR, PLR,
MLR, and ELR

There was no significant difference in any hematologic index
when comparing ANA-positive and ANA-negative achalasia
patients (Table 3).

3.8. Correlation of NLR, PLR, MLR, and ELR with
achalasia/atopic disorders and achalasia/autoimmune
disease

Achalasia patients with history of asthma or atopic disorders had
significantly higher PLR (135.8 vs 112.2, P=.05) compared to
patients without inflammatory diseases (Table 3).

There was no significant difference in any hematologic index
when comparing patients with autoimmune comorbidity and
patients without an autoimmune disorder. Neither there was
difference when comparing those with thyroid versus without
thyroid involvement (Table 3).

3.9. Correlation of NLR, PLR, MLR, and ELR with disease
severity

GERD-HRQL score had statistically significant correlations with
both PLR (Pearson rho: 0.318, P=.003), and ELR (Pearson rho:
0.216; P=.044). In addition, MLR correlated weakly with EG]J
resting pressure (Pearson rho: —0.225, P=.038). There were no
other statistically significant correlations between hematologic
indices and disease severity markers, such as questionnaires’
scores and HRM parameters (Table 4).

4. Discussion

Chronic inflammation is triggered by overproduction of acute-
phase reactants, reactive nitrogen and oxygen intermediates,
inflammatory cytokines, autoantibodies, and immune complex
deposition. The inflammation leads to changes on one or more
cellular lineages of the hematopoietic system. Thus, CBC-derived
parameters and their relation to certain diseases have recently
received attention from researchers. One of these CBC
parameters is the NLR, where neutrophils are a critical
component of the innate immune response, while lymphocytes
of the adaptive system. It has been described that neutrophils
participate in the process of inflammation and antigen presenta-
tion, regulating the activity of other cell types and destroying
tissue in inflammatory bowel disease?® and autoimmune
disorders.!*"*?!The increased in NLR during inflammation can
be due to a drop in lymphocyte count, an increase in neutrophil
count or both.[?3! This theoretical evidence justifies the use of
NLR in quantifying inflammation. Therefore, NLR is considered
to be a marker of inflammation and, due to its simplicity,
reproducibility and low cost, has been studied in many medical
conditions. An elevated NLR is an indicator of poor prognosis
in multiple myeloma, where a relative lymphocytopenia and
neutrophil leukocytosis is in favor of pro-tumor inflammatory
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Subgroup comparisons of hematologic indices.

Hematologic index ANA-positive patients (n=42) ANA-negative patients (n=61) P value
Hb, median 145 15.1 .073
(IGR) 13.7-15.4 14.1-16.2
NLR, median 2.05 1.89 448
(IGR) 1.39-2.79 1.36-2.36
PLR, median 130.7 110.3 .235
(IGR) 95.3-158.2 88.6-147.7
MLR, median 0.23 0.22 .830
(IGR) 0.19-0.26 0.18-0.28
ELR, median 0.063 0.059 .555
(IGR) 0.041-0.079 0.031-0.108

Patients with asthma or Patients without asthma or
Hematologic index atopic disorder (n=23) atopic disorder (n=80) P value
Hb, median 14.6 149 774
(IGR) 14.0-15.9 13.8-15.9
NLR, median 2.08 1.87 .325
(IGR) 1.36-3.00 1.36-2.38
PLR, median 135.8 1122 .050
(IGR) 102.7-178.4 88.0-143.7
MLR, median 0.25 0.22 128
(IGR) 0.18-0.35 0.18-0.26
ELR, median 0.060 0.061 777
(IGR) 0.038-0.110 0.036-0.104

Patients with autoimmune Patients without autoimmune
Hematologic index comorbidity (n=22) comorbidity (n=81) P value
Hb, median 14.2 149 263
(IGR) 13.7-15.2 13.9-16.0
NLR, median 1.62 2.01 .067
(IGR) 1.17-2.06 1.40-2.59
PLR, median 128.9 113.3 .321
(IGR) 105.3-156.9 89.5-149.7
MLR, median 0.21 0.22 178
(IGR) 0.17-0.24 0.18-0.28
ELR, median 0.065 0.061 .560
(IGR) 0.040-0.114 0.034-0.104

Patients with autoimmune Patients without autoimmune
Hematologic index thyroid disease (n=9) thyroid disease (n=94) P value
Hb, median 14.2 149 232
(IGR) 13.6-15.2 13.9-15.9
NLR, median 1.50 2.00 .086
(IGR) 1.12-2.00 1.41-2.55
PLR, median 129.5 113.7 182
(IGR) 107.8-219.3 89.5-151.4
MLR, median 0.19 0.22 175
(IGR) 0.17-0.25 0.18-0.27
ELR, median 0.073 0.060 .286
(IGR) 0.039-0.134 0.035-0.101
IQR = interquartile range.
Correlation between disease severity markers and NLR, MLR, BLR, and PLR.

Correlation coefficient, rho (P value)

NLR MLR ELR PLR
GERD-HRQL 0.138 (0.198) 0.125 (0.246) 0.216 (0.044) 0.318 (0.003)
EAT-10 —0.005 (0.965) 0.030 (0.783) 0.107 (0.321) 0.099 (0.359)
Eckardt 0.111 (0.302) —0.040 (0.712) 0.070 (0.517) 0.073 (0.497)
IRP 0.028 (0.796) —-0.062 (0.571) -0.067 (0.537) 0.107 (0.326)
EGJ resting pressure 0.032 (0.770) —0.225 (0.038) -0.199 (0.068) 0.010 (0.930)

EGJ = esophagogastric junction, IRP=integrated relaxation pressure.
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response.2**%! Increased NLR is also, a predictive parameter of
an inflammatory situation, an indicator associated with occult
inflammation in certain conditions?*=#! or an indicator of
disease activity in some autoimmune diseases.****%! In fact,
some studies have reported an increased NLR and ELR levels in
patients with psoriasis, systemic lupus erythematosus, esophageal
cancer, euthyroid chronic autoimmune thyroiditis, rheumatoid
arthritis, etc., 5212328321 which are in line with our study where
we demonstrated that NLR and ELR were significantly increased
in patients with achalasia. This finding suggests that NLR could
be a indicator of underlying silent inflammation in patients with
achalasia. Additionally, this indicates that an increased propor-
tion of neutrophil count may play a role in achalasia. Moreover,
NLR was a predictor of the presence of achalasia (OR=1.804,
95% CI=1.287-2.529, P <.001). Despite this, the full extent to
which NLR contributes to the clinical manifestations remains to
be elucidated, since NLR values did not correlate with disease
symptom severity. ROC analysis of our data suggested that a cut-
off value of 2.20 for NLR would maximize specificity (80%) and
sensitivity (40%) of the test. This cut-off value is within the
described range in the meta-analysis reported by Yodying.!**!

There was no statistically significant correlation between NLR
and the different CD4+ T cell subpopulations. This data suggests
an independent implication of the innate and adaptive immune
system in the pathophysiology of achalasia.[*”~"! It is important
to highlight that type II achalasia had an increment of Th17
(potentially pro-inflammatory cell subset) and a decrease of Th2
cell percentage (potentially anti-inflammatory cell subset) when
compared with type I achalasia. This supports that type II
achalasia is an active pathologic process in an earlier stage of the
disease. NLR being an indicator of occult inflammation, whose
evaluation is simple, inexpensive and rapid, and its value can be
easily calculated. In contrast, the application of more sophisti-
cated and expensive laboratory techniques (i.e., flow cytometry)
allow to further characterize the specific subsets of inflammatory
cells belonging adaptive immune response in achalasia patients
and in the future probably to design specific therapies address to
modulate a particular subset. It is important to highlight that in
healthy populations, NLR is increased in the elderly.l?!
However, in the multivariate analysis, NLR remained a risk
factor for achalasia independent of age and gender.

There were not statistically significant differences on the
hematological indices when comparing ANAs positive with
ANAs negative patients. Moreover, there were not statistically
significant differences on hematological indices when comparing
achalasia patients without autoimmune comorbidities with a
subgroup of patients with achalasia and another autoimmune
comorbidity. The above can be attributed to the inflammatory
autoimmune etiopathogenesis of the disease. However, a
subgroup of patients with achalasia who had a history of
asthma or atopic disorders had higher PLR values than patients
who did not have such comorbidities.

Platelets also have a critical role in inflammation. They
facilitate the secretion of chemokines and inflammatory cytokines
and interact with both the classical and alternative pathways of
complement. Platelets play an active integral role in innate and
adaptive immunity.**! In disease state or sterile inflammation,
platelet microparticles released from thrombosis sites activate
adaptive immune cells leading to antibody synthesis and alter
lymphocytes activities, therefore, an immune response is
stimulated. PLR is also an inflammatory index in some diseases,
for example, it is increased in patients with rheumatoid arthritis

Medicine

and systemic lupus erythematosus.*!! Moreover, achalasia

patients have shown a correlation among GERD-HRQL score
PLR and ELR, and MLR with EG]J resting pressure.

Eosinophils have been traditionally associated with allergic
inflammation.’®®! However, eosinophils have recently been
shown to play a role in regulating innate and adaptive immunity
through production of cytokines.*®! More importantly, eosin-
ophils might contribute to the initiation of immune responses in
the gastrointestinal tract. Specifically, eosinophils appear to
target Th1 cells,®”! and might interact with neighboring dendritic
cells within the tissue.*®! Whether this local activity is reflected
systemically in eosinophil counts has not been described.
Nonetheless, ELR might be useful in predicting patients at risk
of recurrence in nasal polyposis and polyp intensity***" and in
assessing the severity of allergic rhinitis in pediatric patients.'*!!
This hematologic index has been reported to be elevated in some
systemic autoimmune diseases.'*”! Our findings reflect this, since
ELR values were higher among achalasia patients. Furthermore,
it may also be a marker of disease activity, since it had a positive
correlation with the esophageal symptom’s questionnaire GERD-
HRQL.

The current study has some limitations. First, this was a cross-
sectional study. Thus, we could not assess if there was any change
in the hematological indices through the course of the disease.
Second, our study was limited by its retrospective design, which
could lead to selection bias. Third, the patients in our study were
recruited from a single center.

Certainly, we acknowledge all the aforementioned factors as
limitations of our study. However, we consider our manuscript of
relevance particularly for the scant information regarding
achalasia and its hematological indices that certainly deserve
to be studied.

To our knowledge, this is the first study to evaluate the
usefulness of NLR, PLR, MLR, and ELR in differentiating
between achalasia patients and healthy controls.

In conclusion, NLR is definitely increased in patients with
achalasia compared to healthy controls, and other indices such as
ELR and PLR might be indicators of disease activity as measured
by the GERD-HRQL questionnaire. We proposed NLR as a
potential indicator of silent inflammation. The sensitivity and
specificity achieved are not enough to replace a well conducted
clinical evaluation and HRM, which remains the gold standard
for diagnosing this entity. Notwithstanding the above, these
findings contribute to the growing evidence that supports the
pathophysiological role of the innate and adaptive immune
responses and inflammation in achalasia. The utility of these
hematologic indices to discriminate different diseases with
esophageal manifestations (i.e., dysphagia) or whether these
indices resemble the local inflammatory phenotype seen under
histological analysis remains to be elucidated.
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