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Evaluation of the Relationship between Simple Hemogram Indexes and Disease
Severity Scores in Pediatric Familial Mediterranean Fever
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Arasindaki Iliskinin Degerlendirilmesi

ABSTRACT

Aim: In recent years, it has been seen that simple complete blood count (CBC) parameters can
be used to show subclinical inflammation in patients with familial Mediterranean fever (FMF).
The aim of this study is to determine whether there is a difference in CBC parameters among
FMF patient groups divided according to disease severity scores.

Material and Methods: FMF patients followed up in our clinic between 2016 and 2019, were
reviewed for medical records. They were divided into three groups as those with mild,
moderate, and severe diseases according to the disease severity scoring systems by Pras et al.,
Mor etal., and International Severity Score of FMF (ISSF). Red cell distribution width (RDW),
platelet, neutrophil, lymphocyte, RDW-platelet ratio (RPR), platelet-lymphocyte ratio (PLR),
and neutrophil-lymphocyte ratio (NLR) of the patients were compared among the groups.
Results: According to the scoring system of Pras et al., lymphocyte value was found
significantly higher in the group with severe disease compared to the groups with mild and
moderate diseases (p=0.031). PLR was significantly lower in the group with severe disease
compared to moderate diseases according to the scoring system of Mor et al (p=0.008).
According to ISSF, there was no difference among the groups in terms of CBC parameters.
Conclusion: Different results were obtained according to all three scoring systems. Since the
ISSF is the most common and suitable system for use in FMF patients, we can conclude that
there is no relationship between disease severity and RDW, RPR, NLR and PLR.

Keywords: Complete blood count; disease severity index; familial Mediterranean fever.
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Amagc: Son yillarda, AAA hastalarinda subklinik inflamasyonu géstermek i¢in basit tam kan
sayimi (TKS) parametrelerinin kullanilabilecegi goriilmiistiir. Bu ¢alismanin amaci, hastalik
siddeti skorlarina gore ayrilan AAA hasta gruplar1 arasinda TKS parametrelerinde farklilik
olup olmadigini belirlemektir.

Gere¢ ve Yontemler: Klinigimizde 2016 ve 2019 yillann arasinda takip edilen AAA
hastalarmim tibbi kayitlar1 incelendi. Hastalar, Pras ve ark., Mor ve ark. ve AAA igin
uluslararas1 giddet skorlama sistemi (International Severity Score for FMF, ISSF) hastalik
siddeti skorlama sistemlerine gore hafif, orta ve agir hastaligi olanlar olmak iizere ii¢ gruba
ayrildi. Hastalarin eritrosit dagilim genisligi (red cell distribution width, RDW), trombosit,
notrofil, lenfosit, RDW-trombosit oran1 (RDW-platelet ratio, RPR), trombosit-lenfosit orani
(platelet-lymphocyte ratio, PLR) ve nétrofil-lenfosit orani (neutrophil-lymphocyte ratio, NLR)
gruplar arasinda karsilastirildi.

Bulgular: Pras ve ark.’nin skorlama sistemine gore, siddetli hastaligi olan grupta lenfosit
degerinin hafif ve orta derecede hastalig1 olan gruplara gore anlamli derecede yiiksek oldugu
bulundu (p=0,031). Mor ve ark.’nin skorlama sistemine gore PLR, siddetli hastaligi olan grupta
orta dereceli hastaliklara gére anlamli olarak daha diisiiktii (p=0,008). ISSF skorlamasina gore,
TKS parametreleri agisindan gruplar arasinda fark yoktu.

Sonug: Her ii¢ skorlama sistemine gore de farkli sonuglar elde edildi. ISSF, AAA hastalarinda
en yaygin ve kullanima uygun sistem oldugundan, hastalik siddeti ile RDW, RPR, NLR ve
PLR arasinda bir iliski olmadig1 sonucuna varabiliriz.

Anahtar kelimeler: Tam kan sayimi; hastalik siddeti indeksi; ailesel Akdeniz atesi.
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INTRODUCTION

Familial Mediterranean fever (FMF) is the most common
and widely known autosomal recessively inherited
monogenic autoinflammatory disease characterized by
recurrent episodes of polyserositis and fever (1). FMF is
mostly seen in Mediterranean cultures such as Arabs,
Armenians, Jews, Greeks, Italians, and Turks (2,3). FMF
patients have a mutation in the Mediterranean fever
(MEFV) gene. This gene codes for a protein called pyrin.
When there is a 63 gain of function mutation in the MEFV
gene, pyrin protein becomes active and resulting in
continuous inflammatory stimulation (4).

Infection, stress, menses, exposure to cold, some drugs,
and fat-rich foods can trigger an FMF attack (5). The
attacks are self-limiting and usually last between 6 hours
and 3 days. (6,7). The patient's clinical condition returns to
normal between attacks. However, inflammation markers
do not always return to normal (7,8). Although the attacks
resolve spontaneously, if attacks and inflammation are not
prevented in FMF patients, amyloidosis develops and this
can cause serious organ damage, especially in the kidneys.
Therefore, it is vital to control inflammation in FMF
patients. Studies have shown that 30% of FMF patients
continue to have inflammation in the attack-free period (9).
Subclinical inflammation can be demonstrated by the
elevation of C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), fibrinogen, serum amyloid A,
and various cytokines in the blood. In recent studies, it has
been shown that subclinical inflammation can be measured
in many diseases with very simple hemogram markers and
various formulations (10-13). In particular, an increase in
neutrophil and platelet counts, while a decrease in
lymphocyte counts is observed. Platelets are rich in
proinflammatory agents and their release plays a role in
many inflammatory diseases. Circulating platelets can
interact with erythrocytes, neutrophils, and lymphocytes in
the vessel lumen at sites of vascular damage (14,15). Red
cell distribution width (RDW) is a blood parameter that
measures erythrocyte variability and size and reflects the
degree of inflammation and oxidative stress. Studies have
shown that there is a strong correlation between RDW and
frequently used inflammation markers, CRP, and ESR
(16). Simple blood parameters were investigated in terms
of disease severity for many diseases (17-21).

Especially in the last 20 years, various scoring systems
have been used to evaluate disease severity in many
diseases including FMF. For this purpose, the first
disease severity scoring system for FMF was developed
in 1997 by Pras et al. (22) and it is still one of the best
known scoring systems used for adult patients. In 2005,
Mor et al. (23) developed a new scoring system to correct
the deficiencies in the scoring system of Pras et al. (22),
such as the lack of a cause and effect relationship between
the severity markers and disease severity and the use of
arbitrary differential values for each parameter. However,
Kalkan et al. (24) showed that these two scoring systems
were not congruent with each other. Thereupon, the
international FMF expert group developed International
Severity Score for FMF (ISSF) in 2012. The newly
developed criteria are suitable for use in both clinical
practice as well as drug trials in adult and pediatric FMF
patents (25). These scores help clinicians to predict the
severity and prognosis of the disease.
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The aim of this study is to determine the relationship of
these simple complete blood count parameters that can be
measured in almost every laboratory, such as RDW,
platelet (PLT), RDW-PLT ratio (RPR), PLT-lymphocyte
ratio (PLR), and neutrophil-lymphocyte ratio (NLR), with
inflammation and disease severity scores of FMF patients.

MATERIAL AND METHODS

Patients

In this study, 165 FMF patients under 18 years of age in
the Pediatric Rheumatology Outpatient Clinic between
March 2016 and April 2019 were evaluated. Ethical
approval for the study was obtained from local ethics
committee on 27.07.2020 with the approval number
2020/311. Patients who did not follow up regularly and did
not use their treatment regularly were not included in the
study. Patients with comorbidities (eg., autoimmune
disease, acute/chronic infection, malignancy, end-stage
kidney disease, liver disease, hematological disease,
hypertension, diabetes mellitus, cerebrovascular disease),
patients with a BMI >30, smokers, and those who received
a blood transfusion within the last 4 months for any reason
were excluded from the study. For these reasons, a total of
106 patients were not included in the study.

The diagnosis of the patients was made according to the
Ankara 2008 pediatric FMF diagnostic criteria, where at
least 2 criteria were sufficient, including; fever >38
degrees (at least 3 attacks lasting between 6 hours and 72
hours), abdominal pain (at least 3 attacks lasting between
6 hours and 72 hours), chest pain (at least 3 attacks lasting
between 6 hours and 72 hours), arthritis (at least 3 attacks
lasting between 6 hours and 72 hours), family history of
FMF (26). Since the genetic disease carrier rate is very
high in Turkey, the use of these criteria, which only have
clinical criteria, has been deemed appropriate for
diagnosis.

Case Definition

The disease severity scores of the patients were evaluated
according to the scoring systems of Pras et al. (22),
Mor et al. (23), and ISSF (Table 1).

Pras et al. (22)’s scoring included age at onset of the
disease (years), number of attacks per month, presence of
arthritis (acute or prolonged), presence of erysipelas-like
erythema, presence of amyloidosis, and colchicine dose
(mg/day) used. According to the scoring system of
Pras et al. (22), 3-5 points were classified as mild disease,
6-9 points as moderate disease, and >10 as severe disease.
Mor et al. (23)’s scoring system evaluated patients
according to the age of onset, the number of areas involved
in attacks and throughout the course of the disease, the
dose of colchicine, the number of pleural involvement, and
the number of attacks with erysipelas-like erythema.
According to the scoring system of Mor et al. (23),
presence of >3 points was considered as severe disease, 2
points as moderate disease, and <1 points as mild disease.
The ISSF included the presence of chronic sequelae, organ
dysfunction and failure, frequency of attacks, acute phase
reactants, the number of sites involved in a single attack,
attack types during the course of the disease, attack
duration, and exertional leg pain. According to ISSF,
<2 points was evaluated as mild disease, 3-5 points as
moderate disease, and >6 points as severe disease.
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Table 1. Disease severity scoring systems in Familial Mediterranean fever

Pras et al. Mor et al. ISSF
Criteria Score [Criteria Criteria Score
Age of onset (year) 1. >1 site in a single attack (In |1. Chronic sequela (including amyloidosis, growth
>31 0 |at least 25% of the attacks) retardation, anemia, splenomegaly) 1
21-31 1 2. Organ dysfunction (nephrotic range proteinuria, FMF related) 1
11-20 2 3. Organ failure (heart, renal, etc., FMF related) 1
6-10 3 |2.>2sites in the course of the |4. A. Frequency of attacks (average number of attacks
<6 4 |disease between 1 and 2 per month) 1
B. Frequency of attacks (average number of attacks
Number of attacks per month >2 per month) 2
<1 1 |3.>2 mg/day colchicine to 5. Increased acute-phase reactants (any of C-reactive
1-2 2 |achieve remission protein, serum amyloid A, erythrocyte sedimentation
>2 3 rate, fibrinogen) during the attack-free period, >2 weeks
after the last attack (at least two times 1 months apart) 1
Arthritis 4. >2 pleuritic attacks during |6. Involvement of more than two sites during an
Acute 2 [the course of the disease individual acute attack (pericarditis, pleuritis, peritonitis,
Persistant 3 synovitis, ELE, testis involvement, myalgia, and so on) 1
Erysipelas-like eritem 2 7. More than two different types of attack during the course of
Amyloidosis 3 |5. 22 Erysipelas-like erythema|the disease (isolated fever, pericarditis, pleuritis, peritonitis,
Colchicine dosage (mg/day) attacks during the courseof the [synovitis, ELE, testis involvement, myalgia, and so on) 1
1 1 |disease 8. Duration of attacks (more than 72 h in at least three
1,5 2 attacks in a year) 1
2 3 9. Exertional leg pain (pain following prolonged
>2%* 4 |6. Age of onset<10 years standings and/or exercising, excluding other causes) 1
**x H s s
2 mg/day unresponsive |23 points was considered as |, 1000 49/4b can give 0 or 1 or 2 points altogether
3-5 points were classified as mild |severe disease, 2 points as . i
. ; . according to the definition
disease, 6-9 points as moderate moderate disease, and <1 Severe disease >6, intermediate disease 3-5, mild disease <2
disease, and >10 as severe disease |points as mild disease = ’ =

Study Design

Information on patients was collected from computer data
systems and patient files. Clinical findings, family history,
drug responses, gene mutations, ESR, CRP, complete
blood count parameters, NLR, RPR, and PLR of all cases
were recorded. All FMF patients were evaluated during the
attack-free period and under colchicine treatment. In all
patients, blood parameters in the attack-free period of at
least 3 months were used for evaluation.

The patients were divided into three groups according to
the disease severity scores as mild, moderate, and severe,
and the relationship between complete blood count
parameters and disease severity scores was investigated.
Data Sources and Measurement

Complete blood count analysis was performed in a tube
with K3 EDTA and with the Sysmex XE-2100 hemogram
device, which was regularly controlled and maintained.
Among the mild, moderate, and severe disease groups,
differences in CRP (mg/L), ESR (mm/hour), RDW (%),
PLT (K/uL), neutrophil (K/uL), lymphocyte (K/uL), NLR,
RPR, and PLR were investigated.

The NLR was calculated by dividing the neutrophil count
by the lymphocyte count, RPR was calculated by dividing
RDW by PLT count, and PLR was calculated by dividing
the PLT count by the lymphocyte count.

Statistical Analysis

All data were analyzed in IBM SPSS Statistics v.21.0
package program. Mean, standard deviation, median,
interquartile range, and minimum -maximum values were
used for the descriptive statistics. Kolmogorov-Smirnov
and Shapiro-Wilk tests were used to evaluate the normality
distribution of variables. one-way ANOVA was used if the
normality assumption was met, and the Kruskal-Wallis test
was used if not. To examine the significant difference
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between groups after one-way ANOVA, the homogeneity
of the variances was checked first, then the Tukey test was
used in the post hoc analysis if the variances were
homogeneous, and the Tamhane’s T2 test was used if not.
A p value of <0.05 was considered statistically significant.

RESULTS

Demographics and Clinic Characteristics of Patients
Eighty-five (51.5%) patients were male and 80 (48.5%)
were female. The mean age of the patients at diagnosis was
7.4+2.2 years (median, 6; range, 10 months-17 years). The
mean time between the onset of complaints and the
diagnosis was calculated as 2.77+2.61 years (median, 2;
range, 5 months-4 years). The mean attack duration of the
patients was 2.6+1.1 (median, 0.5; range, 2-10) days. The
attack frequency was 4.9+5.7 (median, 4; range, 1-52)
weeks. Demographic features and laboratory parameters
of the patients are summarized in Table 2.

Evaluation of Patients According to Disease Severity
Scores

The distribution of patients into groups, such as mild,
moderate, and severe diseases, according to disease
severity scores is summarized in Table 3. While the
number of patients with moderate disease was higher
according to the scoring system of Pras et al. (22), the
number of patients with mild disease was higher according
to ISSF and the scoring system of Mor et al. (23).
Evaluation of Laboratory Parameters According to
Disease Severity Scores

ESR and CRP

According to the scoring system of Pras et al. (22), CRP
and ESR were different among the groups. When the
source of this difference is investigated by post hoc test,
CRP value was significantly lower in the group with
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Table 2. Laboratory parameters of the patients

MeantSD  Median (IQR) Min-Max
WBC (K/uL)  7193.5+2118.7 6800 (2500) 3800-15000
NEU (K/uL)  3816.3+1821.2 3210 (2050) 1500-11000
LYM (K/uL) 2597.7+68.1 2500 (880)  700-7000
PLT (x103K/uL)  295.6+70.5 293 (83.5) 136-486
RDW (%) 14.4+1 4 142 (1.6)  11.9-19.5
CRP (mg/L) 4.9+83 1.9 (3.95) 0.12-84
ESR (mm/h) 12.2+10.0 9(12.9) 2-49
PLR 123.1+43.2 115.7 (44.7) 49.2-347.5
RPR 0.05+0.01 0.05 (0.018) 0.01-0.10
NLR 1.66+1.17 1.42 (0.95) 0.39-8.58

SD: standard deviation, IQR: interquartile range, WBC: white blood cell, NEU:
neutrophil, LYM: lymphocyte, PLT: platelet, RDW: red cell distribution width,
CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, PLR: platelet-
lymphocyte ratio, RPR: RDW-platelet ratio, NLR: neutrophil-lymphocyte ratio

Table 3. Distribution of patients according to Familial
Mediterranean fever disease severity scores (n=165)

Severity Score  Prasetal. Mor et al. ISSF

Mild 43 (%26.1) 107 (%64.8) 99 (%60.0)
Moderate 85 (%51.5) 30 (%18.2) 54 (%32.7)
Severe 37 (%22.4) 28 (%17.0) 12 (%7.3)

ISSF: International Severity Score for Familial Mediterranean fever

moderate disease compared to the group with severe
disease (p=0.001). In addition, ESR value was
significantly different between the groups with mild and
severe diseases and the groups with moderate and severe
diseases. Accordingly, the ESR value in the group with
mild disease was significantly lower compared to the ESR
value in the group with moderate disease, and that value
was significantly lower compared to the group with severe
disease (both p vales were <0.001).

According to the scoring system of Mor et al. (23), there
was a difference among the groups in terms of CRP, and
ESR values. When the source of this difference is
investigated by post hoc test, CRP was significantly lower
in the group with mild disease compared to the group with
moderate disease (p=0.020). ESR was significantly lower
in the group with mild disease compared to the groups with
moderate and severe diseases (p=0.012, p=0.006,
respectively).

When the patients were evaluated according to ISSF, there
was a difference among the groups in terms of ESR and
CRP. When this difference is investigated by post hoc test,
CRP was significantly higher in the group with severe
disease compared to the groups with mild and moderate
diseases (p=0.011, p=0.017, respectively). Similarly, ESR
was significantly higher in the group with severe disease
compared to the groups with mild and moderate diseases
(both p vales were <0.001). ESR increased as the severity
of the disease increased.

Lymphocyte, Neutrophil, PLT, RDW, NPR, RPR and LPR
According to the scoring system of Pras et al. (22),
lymphocyte levels were different among the groups. When
the source of difference among the groups was
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investigated by post hoc test, the lymphocyte value in the
group with mild disease was significantly lower than the
lymphocyte value in the group with moderate disease
(p=0.050). There was no difference among the groups in
terms of RPR, PLR, NLR, neutrophil, PLT, and RDW
values (Table 4).

According to the scoring system of Mor et al. (23), there
was a difference among the groups only in terms of PLR.
In paired comparisons with post hoc test, PLR was found
to be significantly higher in the group with mild disease
compared to the group with severe disease (p=0.037). In
addition, it was significantly higher in the group with
moderate disease compared to the group with severe
disease (p=0.006).

According to ISSF, there was no difference between the
groups in terms of RPR, PLR, NLR, neutrophil, PLT, and
RDW values.

DISCUSSION

Familial Mediterranean fever is an autoinflammatory
disease common all over the world, and it is estimated that
there are approximately 120.000 patients in the world (27).
Therefore, the clinical forms of the disease, its genetics,
disease severity, pathogenesis, and indicators of
inflammation have been a matter of interest. Since it is an
autoinflammatory disease, the most important problem for
clinicians is to control inflammation and prevent
amyloidosis resulting from uncontrolled inflammation.
Measuring disease severity scores helps predict the
prognosis of the disease, provides an early and effective
approach to treatment, and thereby contributes to the
patient's quality of life. In addition, it provides objective
evaluations for various scientific research. In recent years,
many studies comparing complete blood count parameters
with healthy controls have shown that inexpensive and
practical markers, such as NLR and PLR, can be used to
evaluate disease activity and severity in autoimmune and
inflammatory diseases instead of expensive tests (28-30).
Uslu et al. (31) compared the NLR ratio with healthy controls
and found a significantly higher NLR in FMF patients. In
addition, they found a significant difference in NLR of
patients with and without amyloidosis. Uluca et al. (32)
measured NLR during the attack and attack-free periods
and found that it was significantly higher during the attack
period. Ozer et al. (30) compared the NLR of patients in
the attack-free period with healthy controls and suggested
that NLR could be a significant marker to show subclinical
inflammation in FMF patients. Yorulmaz et al. (28)
evaluated NLR during the attack period, attack-free
period, and in healthy controls. They found a significant
difference between the attack and attack-free periods;
however, they could not detect a difference between the
attack-free period and healthy controls, stating that NLR
was a good marker for demonstrating systemic
inflammation, but they could not find such significant
evidence for subclinical inflammation. In the present
study, NLR showed no difference among the groups
divided with respect to disease severity scores, according
to all three scoring systems. In terms of PLR, there was no
difference among the groups divided according to the
scoring system of Pras et al. (22) and ISSF, while there was
a significant difference between the groups with moderate
and severe diseases and mild and severe diseases in the
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scoring system of Mor et al. (23), and PLR was
significantly lower in the group with severe disease. This
result was quite different from studies in the literature in
which PLR in cancer and other inflammatory diseases
increased as the disease severity increased (18,33,34). We
can attribute this to the scarcity of studies on this subject,
and perhaps to the heterogeneous division of disease
severity in the scoring systems for FMF. We think that
more studies are needed on PLR and disease severity
scores of FMF. It should also be noted that the scoring
systems of Pras et al. (22) and Mor et al. (23) are not as
suitable for pediatric use as is ISSF.

Another measurement that has been popular in recent years
is RDW and its ratio to PLT count. RDW is a parameter
that reflects the variance of the sizes of circulating
erythrocytes in standard automatic complete blood count.
Although traditionally used in different types of anemia, it
has been found to increase during inflammation (10,30).
Many studies have revealed that RDW is also associated
with liver, kidney, and cardiovascular diseases. In
addition, RDW is known to be a recently used
inflammation marker in inflammatory diseases, such as
septic shock, inflammatory bowel disease, and acute
appendicitis (19,35-37). In addition, RPR has been shown
to be a new and rapid laboratory index for predicting
mortality in many diseases. Chen et al. (38) concluded that
RPR is an inexpensive and noninvasive marker for
predicting fibrosis and cirrhosis in chronic hepatitis B
compared to liver biopsy. Similarly, Cetinkaya et al. (21)
used RPR to determine the severity of acute pancreatitis. It
was also found that RDW and PLT count correlated with
disease activity in patients with rheumatoid arthritis (39).
In previous studies on adult and pediatric FMF patients,
markers such as RDW and PLR were used as
indicators of subclinical inflammation. In another study, it
was concluded that in the case of systemic lupus
erythematosus (SLE), which is one of the rheumatologic
diseases, RPR was positively correlated with the SLE
disease activity index and other inflammatory markers;
therefore, RPR was a very good prognostic indicator for
evaluating SLE patients (40). As far as we know, although
there are studies showing that complete blood count
parameters can be used as subclinical inflammation
markers in pediatric FMF patients, no study has been
conducted to date in which RPR is evaluated and the
relationship between complete blood count parameters
with disease severity scores is investigated. In the present
study, we could not detect a difference between RDW,
RPR, and disease severity scores. However, in the light of
other studies, we think that further studies with larger
cohorts are needed on this subject. This is because ESR
and CRP, which are standard acute phase reactants,
increased in correlation with disease severity according to
all three scoring systems. Although scoring systems are
heterogeneous in themselves, the increase in these
frequently used and well-known acute phase reactants in
correlation with disease severity still acknowledges the
reliability of the scoring systems.

In this study, we tried to make a judgment on the subject
by comparing three disease severity scores based on
clinical and laboratory values observed in patients during
the course of the disease and hemogram parameters that
can show subclinical inflammation of patients in the
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attack-free period. However, since disease severity scores
were developed to assess the state of the disease
throughout the course of the disease and none of them were
sufficient to measure disease activity, we did not have a
separate group for patients who had severe disease
according to some of the scores but were in remission with
treatment. In addition, the number of patients was limited
since only patients who followed their follow-up regularly
were included in the study.

CONCLUSION

In conclusion, we evaluated the complete blood count
parameters that can be easily accessed and calculated in
FMF according to the three disease severity scoring
systems used in FMF, which are actually different from
each other in content. However, we obtained different
results between disease severity scores and complete blood
count parameters for all three scoring systems. Since ISSF
is the most common and appropriate system used in
pediatric FMF patients, it can be concluded that there is no
relationship between disease severity and RDW, RPR,
NLR, and PLR. However, we believe that there is a need
for studies with larger series by examining the current
clinical status (active disease, in remission, in partial
remission) and disease severity scores, which include the
entire disease course, in FMF patients. There is no study in
the literature comparing RPR, PLR, and NLR after
dividing patients into groups according to their disease
severity scores. We think that this study is valuable in this
respect.
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