L))

Check for
updat

Page 1 of 3

Neutrophil counts and their potential prognostic value in

cardiovascular diseases

Rainer Peter Woitas'?, Sebastian Schwab"?

lDepartment of Internal Medicine I, University of Bonn, Bonn, Germany; *KfH, Renal Center, Bonn, Germany; Institute of Experimental

Immunology, University of Bonn, Bonn, Germany

Correspondence to: Prof. Dr. med. Rainer P. Woitas. Division of Nephrology, University of Bonn, Bonn, Germany. Email: woitas@uni-bonn.de.
Comment on: Shah AD, Denaxas S, Nicholas O, et #/. Neutrophil Counts and Initial Presentation of 12 Cardiovascular Diseases: A CALIBER Cohort

Study. ] Am Coll Cardiol 2017;69:1160-9.

Received: 21 May 2017; Accepted: 10 June 2017; Published: 20 June 2017.

doi: 10.21037/jlpm.2017.06.03
View this article at: http://dx.doi.org/10.21037/jlpm.2017.06.03

The recently published article of Shah and colleagues (1)
focuses on the association of neutrophil counts and
presentation of distinct major cardiovascular diseases.

Indeed, neutrophils play a role in the formation
of atherosclerotic. Different studies independently
corroborated an important contribution of neutrophils
during the different phases of atherosclerosis. Neutrophils
are one of the most important cells in innate immunity and
provide a first line defense against bacterial challenges and
are thereby important for pathogen clearance. In order to
use these characteristics diagnostically, neutrophil counts
serve as an indicator for inflammation. Although the
pathophysiological role of inflammation and its association
to cardiovascular diseases has been investigated intensively
and extensive understanding could be achieved already, the
current study of Shah provides new evidence for the role of
neutrophils as an underrated prognostic biomarker.

The researchers examined the association of
neutrophil counts in more than 775,000 individuals
from the CALIBER (Clinical Research Using Linked
Bespoke Studies and Electronic Health Records)
registry and the initial presentation of more than twelve
distinct cardiovascular diseases. Individuals with former
cardiovascular diseases as well as pregnancy within a time
frame of six months before the start of the study were
excluded. The CALIBER registry includes approximately
4% of the population of England and thereby shows a
substantial strength in size. Importantly, the study registry
was shown to be representative with regard to age, sex,
ethnicity and mortality and its enormous size made it
possible to study even less common CVDs like abdominal
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aortic aneurysm or intracerebral hemorrhage (2,3).

Neutrophil counts of the individuals were grouped
into below (<2x10°/L), within (2x10°~7x10°/L), and above
normal limits (>7x10°/L). Based on the size of the cohort
they could record more than 55,000 cardiovascular events
during the study period of roughly 4 years.

The occurrence of higher neutrophil counts was
associated with comorbidities such as diabetes, asthma,
chronic obstructive pulmonary disease, connective tissue
diseases, and inflammatory bowel disease. As a matter of
fact, affected patients more often were smokers and lived in
socioeconomically deprived areas.

Comprehensively, comparing neutrophil counts of
individuals at the lower limit of the normal range and
individuals with neutrophil counts close to (and above)
the upper limit of the standard range revealed strong
correlation with heart failure, peripheral arterial disease,
unheralded coronary death, abdominal aortic aneurysm
and nonfatal myocardial infarction (MI). Importantly, these
associations have been confirmed by multivariable survival
models. Weaker associations were seen for ventricular
arrhythmia, transient ischemic attack and ischemic stroke.
However, no associations could be demonstrated with stable
and unstable angina, hemorrhagic stroke or subarachnoid
hemorrhage (1).

The observed associations were linear and demonstrated
an increased hazard already among individuals with high
normal versus low normal neutrophil counts (3—4x10’
vs. <3x10°/L). Interestingly, neutrophil counts displayed
a similar puissance of correlation with CVD as systolic
blood pressure, without cusp effect for higher neutrophil
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counts. The data confirm that neutrophils are convoluted
in the genesis of atherosclerosis, but suggest that they
may also foster the danger of arterial thrombosis. Putative
processes that drive these phenomena may be interactions
of neutrophils with the endothelium, and platelets, and
macrophages and smooth muscle cells as well as overactivity
of neutrophil-dependent proinflammation. First neutrophils
will be caught, then pore the endothelium where they
discern cytokines and chemokines and convey the activation
of cell adhesion molecules especially selectins and integrins
to enable a firm contact of the cell.

Albeit the presented data shed new light on the usefulness
of a routinely determined laboratory analyte, these data also
raise several questions. Due to the observational character
of the study, no causal relationships may be inferred.
Therefore, neutrophils may act as a causative factor or
conversely may be just simple markers of cardiovascular
disease. Moreover, it is possible that important and not
recorded confounders (e.g., adipositas, diabetes, smoking,
chronic kidney disease) may explain the findings better than
neutrophil counts thus limiting the conclusions of the study.
Additionally, the presented classification of the neutrophil
count is not uniform and thus differs depending on the
laboratory.

Irrespective of the major study limitations the presented
study suggests that the importance of neutrophil counts
and its impact on cardiovascular diseases might be
underestimated, particularly if neutrophils are within
the normal range. This point of view is supported by
previous smaller studies, in which neutrophils were
positively associated with incident heart failure and
stroke (4,5). Since the CALIBER registry is valid for a
representative population this unexpected observation is
highlighted. Conversely, we also have to consider possible
underestimation of effects as a result of the heterogeneity
of the applied analytical methods and further heterogeneity
among the study population itself that might have biased
the results.

"To better classify the results, it is worth to acknowledge
the pathophysiological role of neutrophils in cardiovascular
diseases more deeply. Neutrophils mirror the patient’s
condition of infection and inflammation, and consequently
is associated to cardiovascular risk. They are rapidly
recruited to the sites of inflammation, where their main
function is to fight effectively against pathogens by
phagocytosis, release of granzymes and perforins as well as
by the production of reactive oxygen species. These features
are clearly beneficial in order to ensure clearance of the
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pathogens. However, these destructive abilities accompany
the potential to damage healthy tissues (6).

Nevertheless, in terms of cardiovascular events
neutrophils are not only associated with bad outcome.
For neutrophils, it has been recognized that they not
only orchestrate the onset of inflammation but may also
control the resolution of inflammation and the return to
tissue functionality (7). Interestingly, both clinical data and
recent experimental evidence derived from mice suggest
that neutrophils also seem to have beneficial effects during
healing after MI (8). This would emphasize the importance
of neutrophils in terms of its risk for cardiovascular events
but also their role in tissue recovery.

Not only neutrophils, but also several established
markers like C-reactive protein and proinflammatory
cytokines are upregulated in cardiac insufficiency and
congestive heart failure (4,9,10). Consistently with the data
herein discussed, in population-based studies the above-
mentioned inflammatory markers proved to be predictive
for an elevated hazard of future heart failure (11-14). Taking
into account that leukocytes are one of the predominant
sources of cytokines, brings us back to the current study:
if the neutrophil count of each patient can be regarded
representative for the status of (chronic) inflammation, then
neutrophil counts would provide us with an inexpensive but
helpful commonly available marker that supplies important
prognostic information for distinct cardiovascular diseases
with an extremely good cost-efficacy-ratio.

Finally, these considerations propose a critical re-
thinking of the normal range of neutrophil counts and their
possible clinical impact. To scrutiny regular neutrophil
counts as potentially hazardous automatically brings up the
question of treatment and surveillance of patient cohorts to
reduce hazard and incidence of cardiovascular diseases.

From a more practical point of view, significant scientific
effort will be dedicated to the evaluation of potential
pathophysiological mechanisms and the development of
potentially diagnostic and therapeutic tools (e.g., GRACE
or Framingham Risk score) (15,16). Clearly, most of these
will not have direct clinical impact or immediate availability.
Therefore, studies like that of Shah and colleagues
punctuate the importance of simple and inexpensive but
commonly used diagnostic tools that provide important
prognostic risk assessment besides their clinical implication.

Acknowledgments

Funding: None.

jlpm.amegroups.com 7 Lab Precis Med 2017;2:30



Journal of Laboratory and Precision Medicine, 2017

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by Executive Editor Zhi-De Hu (Department
of Laboratory Medicine, General Hospital of Ji’'nan Military
Region, Ji’nan, China).

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/jlpm.2017.06.03). The authors have no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Shah AD, Denaxas S, Nicholas O, et al. Neutrophil
Counts and Initial Presentation of 12 Cardiovascular
Diseases: A CALIBER Cohort Study. ] Am Coll Cardiol
2017;69:1160-9.

2. Denaxas SC, George J, Herrett E, et al. Data resource
profile: cardiovascular disease research using linked
bespoke studies and electronic health records (CALIBER).
IntJ Epidemiol 2012;41:1625-38.

3. Herrett E, Shah AD, Boggon R, et al. Completeness
and diagnostic validity of recording acute myocardial
infarction events in primary care, hospital care, disease
registry, and national mortality records: cohort study. BM]
2013;346:£2350.

4. Pfister R, Sharp SJ, Luben R, et al. Differential white blood
cell count and incident heart failure in men and women in
the EPIC-Norfolk study. Eur Heart J 2012;33:523-30.

5. Zia E, Melander O, Bjorkbacka H, et al. Total and
differential leucocyte counts in relation to incidence of
stroke subtypes and mortality: a prospective cohort study. J

© Journal of Laboratory and Precision Medicine. All rights reserved.

Page 3 of 3

Intern Med 2012;272:298-304.

6. Summers C, Rankin SM, Condliffe AM, et al. Neutrophil
kinetics in health and disease. Trends Immunol
2010;31:318-24.

7. Soehnlein O, Lindbom L. Phagocyte partnership during
the onset and resolution of inflammation. Nat Rev
Immunol 2010;10:427-39.

8. Soehnlein O, Steffens S, Hidalgo A, et al. Neutrophils as
protagonists and targets in chronic inflammation. Nat Rev
Immunol 2017;17:248-61.

9. Levine B, Kalman J, Mayer L, et al. Elevated circulating
levels of tumor necrosis factor in severe chronic heart
failure. N Engl ] Med 1990;323:236-41.

10. Raymond RJ, Dehmer GJ, Theoharides TC, et
al. Elevated interleukin-6 levels in patients with
asymptomatic left ventricular systolic dysfunction. Am
Heart J 2001;141:435-8.

11. Aradjo JP, Lourenco P, Azevedo A, et al. Prognostic value
of high-sensitivity C-reactive protein in heart failure: a
systematic review. ] Card Fail 2009;15:256-66.

12. Ingelsson E, Arnlév ], Sundstrom J, et al. Inflammation,
as measured by the erythrocyte sedimentation rate, is
an independent predictor for the development of heart
failure. J Am Coll Cardiol 2005;45:1802-6.

13. Kalogeropoulos A, Georgiopoulou V, Psaty BM, et al.
Inflammatory markers and incident heart failure risk in
older adults: the Health ABC (Health, Aging, and Body
Composition) study. ] Am Coll Cardiol 2010;55:2129-37.

14. Vasan RS, Sullivan LM, Roubenoff R, et al. Inflammatory
markers and risk of heart failure in elderly subjects without
prior myocardial infarction: the Framingham Heart Study.
Circulation 2003;107:1486-91.

15. Zhao N, Mi L, Liu X, et al. Combined Value of Red Blood
Cell Distribution Width and Global Registry of Acute
Coronary Events Risk Score for Predicting Cardiovascular
Events in Patients with Acute Coronary Syndrome
Undergoing Percutaneous Coronary Intervention. PLoS
One 2015;10:0140532.

16. Wilson PW, D'Agostino RB, Levy D, et al. Prediction
of coronary heart disease using risk factor categories.
Circulation 1998;97:1837-47.

doi: 10.21037/jlpm.2017.06.03
Cite this article as: Woitas RP, Schwab S. Neutrophil counts

and their potential prognostic value in cardiovascular diseases. J
Lab Precis Med 2017;2:30.

jlpm.amegroups.com 7 Lab Precis Med 2017;2:30


http://dx.doi.org/10.21037/jlpm.2017.06.03
http://dx.doi.org/10.21037/jlpm.2017.06.03
https://creativecommons.org/licenses/by-nc-nd/4.0/

