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INTRODUCTION

Familial Mediterranean fever (FMF) is a genetic,
autosomal recessive disease affecting primarily
non-Ashkenazi Jews, Turks, Arabs, and Armenians.!"!
This disease is characterized by acute, short episodes
of serosal membrane inflammation, and fever. The
FMF gene, called as Mediterranean fever (MEFV) gene
that encodes pyrin/marenostrin, is mapped to the
short arm of chromosome 16. Mutant form of pyrin
causes inflammation. Pyrin interacts with caspase-1 to
modulate interleukin-1p (IL-1() production. Therefore,
the inflammatory phenotypes of FMF patients are
induced by IL-1p activation. Although IL-13 plays
a fundamental role in pathogenesis of FMF, tumor
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necrosis factor-alpha (TNF-a), soluble IL-2 receptor,
IL-6, and IL-8 have also been shown to stimulate this
process.F! Attack periods of the disease last in 1-3 days.
Patients have an increased erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), serum amyloid
A (SAA), and fibrinogen levels during these attacks
and usually, this increase returns to normal values in
attack-free periods.*! However, it is now known that
subclinical inflammation may continue in attack-free
periods of FMF patients.5”# This type of inflammation
may lead to developing of amyloidosis, which is the
most devastating complication of FMF.P! Subclinical
inflammation may also induce development and
progression of atherosclerosis. Therefore, it seems
important to represent subclinical inflammation in FMF
patients.l'

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0
License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as the author is credited
and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Address for correspondence: Dr. Ozge Basaran, Department of Pediatric Rheumatology, Ankara Child Health Hematology, Oncology Education
and Research Hospital, Ankara, Turkey. E-mail: ozgesalor@yahoo.com
Received: 17-03-2016; Revised: 19-11-2016; Accepted: 28-12-2016

© 2017 Journal of Research in Medical Sciences | Published by Wolters Kluwer - Medknow

| 2017 |



Basaran, et al.: NLR and MPV in FMF

Neutrophil to lymphocyte ratio (NLR) and mean platelet
volume (MPV) were used to show the inflammation in both
cardiac and noncardiac disorders before.""¥INLR and MPV
may be the indicators of subclinical inflammation. However,
contradictory results for MPV have been reported.['*”!

In this study, we aimed to investigate whether NLR and
MPV could be used to indicate the subclinical inflammation
in pediatric FMF patients.

MATERIALS AND METHODS

Study design, participants, and variables assessment
Patients with the diagnosis of FMF in our Pediatric
Rheumatology Department were reviewed retrospectively.
The study included 160 pediatric patients diagnosed with
FMF and a 74 healthy group. Ninety of the patients were in
attack-free period, and seventy were in attack period. The
diagnosis of FMF was made according to the Yalcinkaya
et al. criteria.'® Attack-free period was described as at least
2 weeks from the end of an FMF attack according to the
symptoms and acute phase reactants levels. Control group
was selected from the patients who had no acute or chronic
disease that could cause inflammation and who were
attended to pediatric clinics of our hospital for other reasons.
Patients and controls having any other systemic disease
or infection and using medication other than colchicine
were excluded from the study. The clinical symptom:s,
laboratory values, and MEFV gene mutations were
recorded. Laboratory data such as ESR, CRP, hemoglobin
level, white blood cell count, platelet count, and MPV were
noted using the electronic patient database of the last visit.
Standard tubes containing ethylenediaminetetraacetic
acid were used to analyze the complete blood counts. The
analyses were performed with the same analyzer (Beckman
Coulter, LH 780) in our center. NLR was calculated as a
simple ratio between the absolute neutrophil count and
absolute lymphocyte count.

As this study represents a retrospective chart review,
the Local Ethical Committee permission was not sought.
However, all patients signed an informed consent that
allows our institution to use their clinical data.

Statistical analyses

Chi-square statistics was used for the comparisons of
categorical variables between independent groups. The
normal distributions of the numerical variables were
evaluated by the Shapiro-Wilk test. Kruskal-Wallis
nonparametric analysis of variances test was used for the
comparisons of numerical variables between more than
two independent groups, and Mann-Whitney U-test was
used for the comparisons between two groups. Results for
qualitative variables were presented as percentages, and
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quantitative variables were presented as mean and standard
deviation. When a statistically significant difference was
found by Kruskal-Wallis test, then, post hoc pairwise
comparisons were performed using Mann-Whitney U-test.
Bonferroni correction was also utilized for the modification
of statistical significance level. The associations between
the numerical variables of the study were evaluated using
Spearman nonparametric correlation analysis. The Type-I
error level was accepted as 5% in the study, and all statistical
analyses were performed as two-tailed. For the statistical
analysis of the data, the Statistical Package for the Social
Sciences 17.0 (SPSS Inc., Chicago, IL, USA) was used

RESULTS

There were 160 participants (68.4%) in the patient group
and 74 participants (31.6%) in the control group. Ninety of
patients (38.5%) were in attack-free period, and 70 (29.9%) were
in attack period. The male/female distribution in the groups was
29 (41.4%)/41 (58.6%) in FMF attack group, 35 (38.9%)/55 (61.1%)
in attack-free group, and 38 (51.4%)/36 (48.6%) in control group.
The statistical analyses revealed that the sex distribution
between groups was similar (P = 0.25). The mean age of the
entire participants was 11.78 +4.13 years. Ages according to the
groups were 11.56+4.3 years in attack period, 12.81 +3.88 years
in attack-free period, and 10.74 + 4.01 years in the control
group. The age differences between groups were statistically
significant (P = 0.005).

The levels of complete blood count parameters are
presented in Table 1. The general group comparisons
revealed that hemoglobin (P <0.001), leukocyte (P <0.001),
thrombocyte (P = 0.016), CRP (P < 0.001), MPV (P <0.001),
neutrophil (P < 0.001), and lymphocyte (P < 0.001) levels
were significantly differed between study groups. We
found that MPV values of attack patients and attack-free
patients had no significant difference (P = 0.07). MPV
values of attack patients were significantly higher than the
control group (P < 0.001), and MPV values of attack-free
patients were also significantly higher than the control
group (P < 0.001) [Table 1]. We also found a negative
correlation between MPV and thrombocyte count in all
groups and it was significant in attack and attack-free
periods (P =0.002 and P < 0.001, respectively).

The values of NLR in study groups are presented in Table 2.
According to this, general group comparisons revealed a
statistically significant difference between groups (P <0.001),
and post hoc pairwise comparisons showed that the highest
values of NLR were found in the patients at attack period. The
patients in attack-free period and the participants in control
group had similar levels of NLR (P = 0.45), and they had
lower ratios than the patients did at attack period (P <0.001
for both). Correlations between the neutrophil/lymphocyte
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ratio and the other parameters in the study groups are
summarized in Table 3. There were positive weak correlation
between CRP and NLR levels in attack (r = 0.049, P = 0.68)
and attack-free patients (r = 0.086, P = 0.07), but they were
not statistically significant.

The distribution of MEFV gene mutations are summarized
in Table 4. Patients carrying M694V (either homozygous or
heterozygous) were compared with patients carrying other
mutations. NLR and MPV values did not have significant
difference between different mutation groups (P = 0.30
and P =0.37). Only patients with M694V homozygous and
M694V/M6801 compound heterozygous mutations have
higher CRP levels (P < 0.001).

The colchicine usage was evaluated in attack and attack-free
periods. Accordingly, the patients in attack period used
colchicine with a mean dose of 1.03 + 0.34 mg/day, and the
patients in attack-free period used colchicine with a mean
dose of 1.09 £0.29 mg/day. The difference of colchicine usage
between groups was not statistically significant (P = 0.25).

DISCUSSION

The main aim of our study is to determine the subclinical
inflammation in pediatric FMF patients using MPV and

NLR. FMF is an autoinflammatory disease caused by
abnormalities confined to the innate immune system and
the result of reduced or complete loss of pyrin function.!™!
Pyrin mutations and FMF link have been well established
before. Both pro- and anti-inflammatory roles have been
suggested for this protein. Pyrin is an important element of
inflammasome and mutations in pyrin result in increased
inflammation.”'**” When a signal is received, inflammasome
assembles. This activates caspase-1 and the processing and
release of active IL-1{3. IL-1 with other cytokines IL-6 and
TNEF-a results in high levels of acute phase reactants.®
ESR, CRP, fibrinogen, and SAA are all used as markers for
acute phase response in FMF.["I These acute phase proteins
increase during attack period and usually return to normal
in attack-free period.*** Subclinical inflammation continues
in up to 30% of the FMF patients during attack-free period.
At this point, persistent elevation of acute phase proteins
is important as it reflects the subclinical inflammation,
which has the key role in the development of amyloidosis
and other complications such as anemia, splenomegaly,
and osteopenia. As a result, several studies have aimed
to discover new markers to determine the subclinical
inflammation. [6114-17.21-23]

NLR can be calculated simply by dividing neutrophil count
to lymphocyte count. It has been reported as an indicator of

Table 1: Complete blood count parameters in study groups

Mean+SD P Pairwise comparisons

Af Afp Cc Ap-Afp Ap-C Afp-C
Hemoglobin (g/dl) 12.42+1.29 13.21+1.17 13.52+1.29 <0.001 <0.001 <0.001 0.176
Leukocyte (/mm?) 10,802.86+4378.7 7128.89+1816.05 8281.08+2339.93 <0.001 <0.001 <0.001 0.002
Thrombocyte (/mm?3) 313,328.57+£102,671.8  279,377.78+55,661.41  319,175.68+78,923.47  0.016 0.100 0.449 0.003
ESR (mm/h) 40.86+20 12.66%7.86 10.62+5.79 <0.001 <0.001 <0.001 0.150
CRP (mg/dl) 15.71+74.91 0.69+1.92 0.4+0.51 <0.001 <0.001 <0.001 0.918
MPV 8.35+4.91 8.43£1.15 7.99+0.81 <0.001 0.074 <0.001 <0.001
Neutrophil (%) 65.98+15.96 54.13+11.42 52.77+12.76 <0.001 <0.001 <0.001 0.236
Lymphocyte (%) 24.61x13.85 36.19£10.31 36.45+12.19 <0.001 <0.001 <0.001 0.687

Ap = Attack period; Afp = Attack-free period; C = Control group; ESR = Erythrocyte sedimentation rate; CRP = C-reactive protein; MPV = Mean platelet volume; SD = Standard deviation

Table 2: Neutrophil/lymphocyte ratios in study groups

Mean+SD P Pairwise comparisons
Ap Afp Cc Entire groups Ap-Afp Ap-C Afp-C
Neutrophil /lymphocyte ratio 4.10+3.11 1.71+£0.83 1.91+1.86 2.49+2.31 <0.001 <0.001 <0.001 0.457

Ap = Attack period; Afp = Attack-free period, C = Control group

Table 3: Correlations between neutrophil/lymphocyte ratio and the other parameters in study groups

p(P)
Age (years) Colchicine Hemoglobin Leukocyte Thrombocyte ESR (mm/h) CRP (mg/dl) MPV (mpv)
(mg/day) (g/dl) (/mm?3) (/mm3)

Neutrophil /
lymphocyte ratio
Ap 0.288 (0.016) 0.163 (0.178) 0.245 (0.041) 0.553 (<0.001) -0.058 (0.635) -0.152 (0.211) 0.049 (0.686) 0.136 (0.262)
Afp 0.370 (<0.001) 0.293 (0.005) 0.105 (0.323) 0.363 (<0.001) -0.097 (0.361) -0.025 (0.816) 0.186 (0.078) 0.114 (0.286)
C 0.250 (0.031) - 0.301(0.009) 0.450 (<0.001) 0.033(0.782)  0.075 (0.525) 0.293 (0.011) 0.207 (0.077)

ESR = Erythrocyte sedimentation rate; CRP = C-reactive protein; MPV = Mean platelet volume; Ap = Attack period; Afp = Attack-free period; C = Control group
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Table 4: Mediterranean fever gene mutation analysis

n (%)
M694V+/+ 53 (33.1)
M694V+/ - 17 (10.6)
M694V/M680 16 (10)
M694V/E148Q 8 (5)
M6801/V726A 7 (4.4)
M694V/V726A 7 (4.4)
E148Q+/- 6 (3.9)
V726A+/+ 5 (3.1)
M694V/R202Q 4 (2.5)
V726A+ /- 4 (2.5)
M6801/E148Q 2 (1.3)
M680I+/+ 2 (1.3)
M694V/R761H 2 (1.3)
A7455+/- 1(0.6)
E148Q+/+ 1(0.6)
K695R+/— 1(0.6)
M680I+/- 1(0.6)
M694V/E148Q/V726A 1(0.6)
M694V/P369S 1(0.6)
P369S+/- 1(0.6)
V726A/K695R 1(0.6)
V726A/P369S 1(0.6)
-/- 18 (11.3)
Total 160 (100)

systemic inflammation in various conditions.**! NLR was
shown as a useful indicator of clinical outcome and disease
severity in diseases having malign and inflammatory
components.?'*?1 There have also been some studies
discussing the usefulness of NLR in FMF patients. Uslu
et al. compared NLR in FMF patients and healthy controls.
They concluded that NLR is higher in FMF patients. They
also found that NLR was significantly higher in patients
with amyloidosis than in amyloidosis-free patients.[? Ahsen
et al. concluded that in FMF patients NLR can be used
as an acute phase response such as CRP.I'"! Both of these
studies did not include FMF patients during attack period.
Celikbilek et al. reported NLR of adult FMF patients during
attack and attack-free period. They found that NLR of FMF
patients during attack period was significantly higher than
those of attack-free patients and control group. There was
no significant difference between attack-free patients and
controls.”!I There have been two FMF studies with pediatric
age group comparing the NLR levels.!'"*'¢ Uluca et al. found
that NLR levels were higher in patients in attack-free
period and they concluded that NLR may be an indicator
for attack period but not attack-free period.'s! Ozer et al.
also reported NLR values of pediatric symptom-free FMF
patients and healthy controls. They found that NLR had the
strongest correlation with CRP. They concluded that NLR
could be a reliable marker for subclinical inflammation.
However, in this study, they did not compare the NLR
values of patients in attack period and attack-free period.!*
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Our results provide evidence which supports the thought
that NLR may be a parameter to show the inflammation in
attack period. However, it may not be useful to define the
subclinical inflammation according to our study groups
since there was no significant difference between attack-free
patients and control group. As it is cost-effective, available
and can be calculated easily, NLR could be used to predict
systemic inflammation in pediatric FMF patients during
attack period.

MPV hasbeen investigated many times before to show disease
activity, inflammatory load, and systemic inflammation
in diseases."! Large platelets are hemostatically more
active.l”?! Thrombocyte activation is associated with
increased atherosclerotic risk. MPV is an easily available
and cost-effective test that can show thrombocyte activation
and function.'®®3% There is limiting data discussing the
relationship between MPV and atherosclerosis in FMF
patients. Nevertheless, the results are not compatible to
each other. Most of them have found higher MPV levels
in FMF patients, while others have reported lower MPV
values."*72231 Uluca et al. published two studies discussing
the relationship between MPV and atherosclerosis in FMF
patients.l'01% In the first study, they found that MPV
values were similar in FMF patients and healthy controls.
They concluded that MPV did not predict atherosclerosis
risk in pediatric FMF patients.!' In the later study, they
compared the MPV values and epicardial adipose tissue
thickness in children with FMF. They found significantly
greater epicardial adipose tissue thickness and higher MPV
values in children with FMF. They concluded that MPV
values might indicate an increased risk of atherosclerosis
in FME.'In our study, both attack and attack-free patients
had significantly higher MPV values compared to control
group similar to most of the literature results. However,
there were no significant differences between MPV values
of attack and attack-free periods. Therefore, we concluded
that MPV is not useful to show the attack periods in FMF,
but it may be valuable to show the risk of atherosclerosis
and subclinical inflammation in pediatric FMF patients.

Many studies have reported that M694V mutation is related
with high disease activity and amyloidosis in FMF.['0!
Although we could not find any significant difference
of NLR and MPV values between FMF patients carrying
M694V mutation, patients with M694V homozygous and
heterozygous mutations had higher CRP values.

A possible limitation of our study is that all of our study
groups were under colchicine treatment, which may reduce
inflammation. In addition, our study was performed
in one center, so our results do not reflect all pediatric
FMF population. The mean age of the patients differ
significantly between study groups; however, this should
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be accepted as a drawback rather than a positive finding as
we did not perform an age-matched analysis. In addition,
parameters were evaluated by cross-section, and no other
follow-uP values were measured.

CONCLUSIONS

NLR and MPV could be a useful predictor of inflammation
in FMF patients. However, our results did not support that
MPV might show attack and attack-free period. There were
conflicting results in the literature about the role of MPV and
NLR in inflammation and subclinical inflammation. Hence,
further investigations are needed to assess the validity of
those values.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

AUTHORS’ CONTRIBUTION

* OB contributed in the conception of the work, conducting
the study, revising the draft, approval of the final version
of the manuscript, and agreed for all aspects of the work.

* NU contributed in the conception of the work,
conducting the study, revising the draft, approval of
the final version of the manuscript, and agreed for all
aspects of the work.

* BAC contributed in the conception of the work, revising
the draft, approval of the final version of the manuscript,
and agreed for all aspects of the work.

¢ FA contributed in the conception of the work, conducting
the study, revising the draft, approval of the final version
of the manuscript, and agreed for all aspects of the work.

e NC contributed in the conception of the work,
conducting the study, revising the draft, approval of
the final version of the manuscript, and agreed for all
aspects of the work

REFERENCES

1. Sohar E, Gafni J, Pras M, Heller H. Familial Mediterranean fever.
A survey of 470 cases and review of the literature. Am | Med
1967;43:227-53.

2. Ben-Chetrit E, Levy M. Familial Mediterranean fever. Lancet
1998;351:659-64.

3. Meinzer U, Quartier P, Alexandra JF, Hentgen V, Retornaz F,
Koné-PautI. Interleukin-1 targeting drugs in familial Mediterranean
fever: A case series and a review of the literature. Semin Arthritis
Rheum 2011;41:265-71.

4. Taylan A, Yildiz Y, Sari I, Ozkok G. Vasculitis and long standing
ankylosing spondylitis in a patient with familial Mediterranean
fever. ] Res Med Sci 2014;19:1009-11.

5. Yildrim K, Uzkeser H, Keles M, Karatay S, Kiziltung A, Kaya MD,

5 Journal of Research in Medical Sciences

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

et al. Relationship between serum interleukin-1f levels and acute
phase response proteins in patients with familial Mediterranean
fever. Biochem Med 2012;22:109-13.

Uslu AU, Deveci K, Korkmaz S, Aydin B, Senel S, Sancakdar E,
et al. Is neutrophil/lymphocyte ratio associated with subclinical
inflammation and amyloidosis in patients with familial
Mediterranean fever? Biomed Res Int 2013;2013:185317.

Orbach H, Ben-Chetrit E. Familial Mediterranean fever — A review
and update. Minerva Med 2001;92:421-30.

Ben-Zvil, Livneh A. Chronic inflammation in FMF: Markers, risk
factors, outcomes and therapy. Nat Rev Rheumatol 2011;7:105-12.
Bilginer Y, Akpolat T, Ozen S. Renal amyloidosis in children.
Pediatr Nephrol 2011;26:1215-27.

Uluca U, Demir F, Ece A, Sen V, Giines A, Aktar F, et al. Assessment
of epicardial adipose tissue thickness and the mean platelet
volume in children with familial Mediterranean fever. Ital ] Pediatr
2015;41:15.

Ahsen A, Ulu MS, Yuksel S, Demir K, Uysal M, Erdogan M, et al.
As anew inflammatory marker for familial Mediterranean fever:
Neutrophil-to-lymphocyte ratio. Inflammation 2013;36:1357-62.
Tamhane UU, Aneja S, Montgomery D, Rogers EK, Eagle KA,
Gurm HS. Association between admission neutrophil tolymphocyte
ratio and outcomes in patients with acute coronary syndrome. Am
J Cardiol 2008;102:653-7.

Yamanaka T, Matsumoto S, Teramukai S, Ishiwata R, Nagai Y,
Fukushima M. The baseline ratio of neutrophils to lymphocytes
is associated with patient prognosis in advanced gastric cancer.
Oncology 2007;73:215-20.

Ozer S, Yilmaz R, Sonmezgoz E, Karaaslan E, Taskin S, Biitiin I,
et al. Simple markers for subclinical inflammation in patients with
familial Mediterranean fever. Med Sci Monit 2015;21:298-303.
Sakalli H, Kal O. Mean platelet volume as a potential predictor of
proteinuria and amyloidosis in familial Mediterranean fever. Clin
Rheumatol 2013;32:1185-90.

Uluca U, Ece A, Sen V, Karabel D, Yel S, Giines A, et al. Usefulness
of mean platelet volume and neutrophil-to-lymphocyte ratio for
evaluation of children with familial Mediterranean fever. Med Sci
Monit 2014;20:1578-82.

Makay B, Tiirkyilmaz Z, Unsal E. Mean platelet volume in children
with familial Mediterranean fever. Clin Rheumatol 2009;28:975-8.
Yalcinkaya F, Ozen S, Ozcakar ZB, Aktay N, Cakar N,
Diizova A, et al. A new set of criteria for the diagnosis of familial
Mediterranean fever in childhood. Rheumatology (Oxford)
2009;48:395-8.

Savic S, Dickie LJ, Battellino M, McDermott MF.
Familial Mediterranean fever and related periodic fever
syndromes/autoinflammatory diseases. Curr Opin Rheumatol
2012;24:103-12.

Chae JJ, Cho YH, Lee GS, Cheng J, Liu PP,
Feigenbaum L, et al. Gain-of-function Pyrin mutations induce
NLRP3 protein-independent interleukin-1p activation and severe
autoinflammation in mice. Immunity 2011;34:755-68.
Celikbilek M, Dogan S, Akyol L, Borekci E, Zararsiz G,
Kozan M, et al. Neutrophil-lymphocyte ratio in patients with
familial Mediterranean fever. ] Clin Lab Anal 2015;29:80-3.
Arica S, Ozer C, Arica V, Karakus A, Celik T, Giinesacar R.
Evaluation of the mean platelet volume in children with familial
Mediterranean fever. Rheumatol Int 2012;32:3559-63.

Sahin S, Senel S, Ataseven H, Yalcin I. Does mean platelet volume
influence the attack or attack-free period in the patients with
Familial Mediterranean fever? Platelets 2013;24:320-3.

Zahorec R. Ratio of neutrophil to lymphocyte counts — Rapid and
simple parameter of systemic inflammation and stress in critically
ill. Bratisl Lek Listy 2001;102:5-14.

12017 |



25.

26.

27.

28.

| 2017 |

Basaran, et al.: NLR and MPV in FMF

Makay B, Glicenmez OA, Duman M, Unsal E. The relationship
of neutrophil-to-lymphocyte ratio with gastrointestinal
bleeding in Henoch-Schonlein purpura. Rheumatol Int
2014;34:1323-7.

Azab B, Jaglall N, Atallah JP, Lamet A, Raja-Surya V, Farah B, et al.
Neutrophil-lymphocyte ratio as a predictor of adverse outcomes
of acute pancreatitis. Pancreatology 2011;11:445-52.

O'Brien CE, Price ET. The blood neutrophil to lymphocyte ratio
correlates with clinical status in children with cystic fibrosis: A
retrospective study. PLoS One 2013;8:e77420.

Thompson CB, Eaton KA, Princiotta SM, Rushin CA, Valeri CR.

29.

30.

31.

Journal of Research in Medical Sciences

Size dependent platelet subpopulations: Relationship of platelet
volume to ultrastructure, enzymatic activity, and function. Br |
Haematol 1982;50:509-19.

Gasparyan AY, Ayvazyan L, Mikhailidis DP, Kitas GD. Mean
platelet volume: A link between thrombosis and inflammation?
Curr Pharm Des 2011;17:47-58.

Pant S, Deshmukh A, Gurumurthy GS, Pothineni NV, Watts TE,
Romeo F, et al. Inflammation and atherosclerosis — Revisited.
J Cardiovasc Pharmacol Ther 2014;19:170-8.

Coban E, Adanir H. Platelet activation in patients with familial
Mediterranean fever. Platelets 2008;19:405-8.



