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1. Introduction
Familial Mediterranean fever (FMF) is an autosomal 
recessive disorder character ized by recurrent febrile 
episodes and serosal inflammation lasting for 2 to 3 days 
and resolving spontaneously [1]. It is a common disease 
in the Mediterranean region and most prevalent among 
people of Jewish, Turkish, Armenian, and Arabic ancestry 
[2]. Painful symptoms of serositis accompanying fever are 
typical of FMF. Ninety-five percent of the patients have 
abdominal attacks, while approximately 50% to 75% have 
attacks of arthritis that mainly affect the large joints of the 
lower limb [1]. Pleural inflammation, which occurs in 
the form of unilateral chest pain, is experienced in some 
patients. Pericarditis is rare and occurs in less than 1% of 
the patients with FMF [3].

To date, many inflammatory markers have been studied 
in FMF. The fibrinogen, erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), serum amyloid A (SAA) 
protein, and white blood cell (WBC) levels are all used as 
markers of acute phase response (APR) in FMF [4]. These 

markers increase during the attacks and then usually 
return to normal in the attack-free period [5].

It is now known that subclinical inflammation may 
continue in attack-free periods of FMF patients [5–7]. 
This type of inflammation may lead to the development of 
amyloidosis, which is the most devastating complication 
of FMF. Amyloidosis is very fre quent despite colchicine 
treatment and is the most impor tant finding that 
determines the prognosis of FMF disease [8].

The neutrophil-to-lymphocyte ratio (NLR) is an 
index obtained from the proportion of neutrophils to 
lymphocytes. In recent studies, NLR has been a useful 
indicator of inflammation [5, 9].

Red cell distribution width (RDW) is included in a 
complete blood cell count panel and associated with the 
heterogeneity of red blood cells. Lippi et al. showed a 
strong association of RDW with CRP and ESR in their 
study [10]. Amyloidosis, an inflammatory disease, can 
cause RDW levels to increase.

Mean platelet volume (MPV) may also be an indicator 
of subclinical inflammation. However, contradictory 
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results between MPV and subclinical inflammation have 
been reported [11–14].

The MEFV gene encodes the protein pyrin, essential in 
the innate immune system and inflammasome. Mutations 
in the MEFV (MEditerranean FeVer) gene are useful 
for the diagnosis of FMF [15]. It has been demonstrated 
that patients with FMF may present with subclinical 
inflammation even during the attack-free periods [15].

A macromolecular complex, called inflammasome, 
plays a major role in the activation of interleukin-1 (IL-
1) and thus in the induction of inflammation, and when 
inflammasome activity is abnormally stimulated through 
a mutation, IL-1 may be involved in the pathogenesis of 
FMF [7,8]. Anti-interleukin-1 (anti-IL-1) therapy is used 
due to its efficacy in suppressing inflammation in FMF 
patients. Although the long-term efficacy and safety of 
anti-IL-1 therapy are not well known, it is used in the cases 
resistant to colchicine treatment due to its effectiveness in 
FMF complications [16]. Although the efficiency of these 
drugs is significant in the clinical picture, their effect in 
preventing subclinical inflammation has not been fully 
revealed yet.

In our study, we aimed to evaluate the clinical, 
biochemical, hematological, and genetic parameters that 
may be associated with subclinical inflammation in FMF 
patients (with amyloidosis and without amyloidosis) 
receiving IL-1 antagonist therapy.

2. Materials and methods
This study was planned as a case-control study. The study 
group consisted of patients diagnosed with FMF according 
to the Tel-Hashomer criteria [17] who were on follow-up 
at our clinic and were in the attack-free period. All patients 
had classical (Type 1) FMF, characterized by recurrent 
typical febrile attacks. IL-1 antagonist therapy was added 
to the colchicine treatment for patients who failed to give 
a sufficient response to colchicine treatment or who could 
not take efficient colchicine doses due to drug intolerance.

All patients in the study group were under either anti-
IL-1 therapy or anti-IL-1 therapy + colchicine treatment 
and were in an attack-free period. An attack-free period 
was described as at least two weeks from the end of an 
FMF attack, based on the symptoms. Patients with one of 
the following conditions were excluded: 1) being in the 
active phase of the disease, 2) concomitant infections and/
or inflammatory diseases such as ankylosing spondylitis, 
3) chronic diseases such as diabetes mellitus, thyroid 
dysfunction, liver disease, atherosclerotic disease, chronic 
obstructive pulmonary dis ease (COPD), cerebrovascular 
diseases, 4) malignancy, 5) age under 20 years or above 75 
years, 6) medications that could influence plate lets and/or 
the coagulation system, such as aspirin and oral antico-
agulants, 7) pregnancy, and 8) primary amyloidosis. 

The median colchicine dose was 1 mg/day (range: 0.5 
to 2 mg/day). Eleven patients subcutaneously received 
canakinumab (150 mg/month) while 35 patients took 
anakinra (100 mg/day). In three of the five patients who 
underwent hemodialysis, anakinra was administered three 
days a week. No dosage change was required for the two 
patients who took canakinumab.

For all patients, amyloidosis diagnosis was given by 
the histopathological examination of samples taken from 
the kidney, duodenum, rectum, bone marrow, or salivary 
gland. Amyloidosis was detected histologically with Congo 
red and immunohistochemically by AA staining.

Age- and sex-matched healthy subjects served as 
the control group. The control group was selected from 
the patients who were diagnosed with mechanical 
musculoskeletal pain in an outpatient clinic. The exclusion 
criteria applied to the patient group were also applied to 
the control group.

In the patient and control groups, laboratory features 
such as ESR, CRP, hemoglobin (Hb), WBC count, 
neutrophil, lymphocyte, platelet, MPV, and RDW levels 
were retrospectively retrieved from the hospital records. 
The NLR was calculated as a simple ratio between the 
absolute neutrophil count and absolute lymphocyte count. 
The FMF patient group was divided into two subgroups; 
those who had amyloidosis and those who did not. Their 
clinical and laboratory findings in addition to MEFV gene 
mutations were also recorded and compared.

The study protocol was approved by the Local Research 
Ethics Committee (no. E1/1543/2021) and conducted in 
accordance with the ethical principles described by the 
Declaration of Helsinki.
2.1.  Sample size calculations
Based on the case-control study of Ahsen et al. [9], where 
the authors aimed to investigate the relationship between 
FMF and inflammation using the NLR, the effect size was 
calculated as d = 0.71, alpha error as 0.05, and 1-beta error 
as 0.80 using the mean and standard deviation values of 
the NLR (2.21 ± 0.86 and 1.68 ± 0.59, respectively), and it 
was determined that a total of 50 people (at least 25 people 
per group) were sufficient to test the null hypothesis. The 
G*Power v.3.1.9.4 (Universität Düsseldorf, Düsseldorf, 
Germany) statistics software was used for the analyses 
[18].

The continuous variables were expressed as mean ± 
standard deviation while the categorical data were presented 
as numbers and percentages. In the analysis of continuous 
variables between the groups, normality analyses were 
done using the Kolmogorov-Smirnov goodness of fit 
test. The t-test was used for the comparisons between 
two groups when the data were normally distributed, 
whereas the Mann-Whitney U test was employed for the 
nonnormally distributed data. Pearson’s correlation test 
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was used in the correlation analysis and the chi-square test 
(Fisher’s exact test when appropriate) in the comparison of 
categorical data. The risk factors and estimated relative risk 
(odds ratio) values to determine the risk of amyloidosis in 
FMF patients were evaluated with the multivariate binary 
logistic regression, which was created by selecting the 
clinically significant variables in univariate analyses. The 
Hosmer-Lemeshow test was used for model fit. The cut-
off values for the parameters were determined using the 
screening tests (sensitivity, specificity, PPD, NPD) and by 
ROC curve analysis. The analyses were performed using 
the IBM SPSS v.24.0 software (IBM Corp., Armonk, NY, 
USA). The statistical significance level was considered as 
p < 0.05.

3. Results
While the ESR, CRP, and RDW values in the patient group 
(11 [3–106], 3.12 [0.5–57] and 15 [12–21.5], respectively) 
were found to be statistically significantly higher in 
comparison to the control group (8 [3–38], 1.28 [0.5–
8.6], and 13.3 [12.4–24], respectively) (p < 0.05), the Hb 
values were significantly lower in the patient group when 
compared to the control group (13.1 [8–17.3] vs. 14.5 [9–
17.3]; p = 0.003). No statistically significant difference was 

detected between the patient and control groups in terms 
of WBC, neutrophil, lymphocyte, NLR, platelet, and MPV 
levels (p > 0.05) (Table 1).

In FMF patients, a statistically significant, moderate/
strong positive correlation was detected between the mean 
CRP and RDW values (p < 0.001, r = 0.541) (Table 2, 
Figure 1).

A statistically significant, moderate positive correlation 
was detected between the mean CRP and fibrinogen means 
in FMF patients (p = 0.002, r = 0.439). (Table 2, Figure 2).

The duration of IL-1 antagonist therapy in FMF 
patients with amyloidosis was significantly higher than 
that in FMF patients without amyloidosis (69.5 months 
[range: 23 to 85 months] vs. 31 months [range: 5 to 84 
months]; p = 0.005). While 80.0% (n = 16) of the FMF 
patients with amyloidosis were males, 80.8% (n = 21) of 
the patients without amyloidosis were females (p < 0.001). 
There was arthralgia/arthritis in 30.0% (n = 6) of the 
patients with amyloidosis, whilst these conditions were 
detected in 61.5% of the patients without amyloidosis (p = 
0.042). No statistically significant difference was observed 
between the amyloidosis-positive and -negative patients in 
terms of age, BMI, age at the time of diagnosis, duration of 
the disease, family history, consanguinity history, genetic 

Table 1. Comparison of the FMF patient and control groups in terms of age, gender, and laboratory values.

FMF group
(n = 46)

Control group
(n = 36) p

Age (years), mean ± SD 40.60 ± 11.13 41.50 ± 9.39 0.701*

Sex, n (%)
 Male 21 (45.7) 19 (52.8)

0.657‡a

 Female 25 (54.3) 17 (47.2)
 Total 46 (100.0) 36 (100.0)
ESR (mm/h), median (min–max) 11 (3–106) 8 (3–38) 0.024†

CRP (mg/L), median (min–max) 3.12 (0.5–57) 1.28 (0.5–8.6) <0.001†

WBC (× 1000/mL), mean ± SD 7.59 ± 2.84 6.73 ± 1.36 0.077*

Neutrophils (× 1000/mL), mean ± SD 4.52 ± 2.09 4.06 ± 0.98 0.194*

Lymphocytes (× 1000/mL), mean ± SD 2.22 ± 0.90 2.13 ± 0.53 0.587*

NLR, median (min–max) 1.91 (0.86–7.5) 1.84 (1–4.45) 0.688†

Platelets (× 1000/mL), mean ± SD 270.00 ± 75.60 279.08 ± 64.47 0.567*

Hemoglobin (g/dL), median (min–max) 13.1 (8–17.3) 14.5 (9–17.3) 0.003†

RDW, median (min–max) 15 (12-21.5) 13.3 (12.4-24) <0.001†

MPV, mean ± SD 8.30 ± 1.24 8.25 ± 0.86 0.816*

CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, FMF: Familial Mediterranean fever, MPV: 
Mean platelet volume, NLR: Neutrophil-to-lymphocyte ratio, RDW: Red cell distribution width, SD: 
Standard deviation, WBC: White blood cell.
*T-test, †Mann-Whitney U test, ‡Chi-square test (Fisher’s exact testa)
Significant p values are written in bold.
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Figure 1. Graph showing the correlation between the CRP and RDW levels in FMF 
patients.

Table 2. Correlation between the CRP, NLR, RDW, and MPV levels in FMF patients.

CRP NLR RDW MPV

NLR
Correlation coefficient (r) 0.371*

p 0.011
N 46

RDW
Correlation coefficient (r) 0.541† 0.307*

p <0.001 .038
N 46 46

MPV
Correlation coefficient (r) 0.124 0.064 0.169
p 0.412 0.671 0.261
N 46 46 46

Fibrinogen
Correlation coefficient (r) 0.439† 0.422† 0.362* 0.102
p 0.002 0.004 0.013 0.498
N 46 46 46 46

CRP: C-reactive protein, MPV: Mean platelet volume, NLR: Neutrophil-to-lymphocyte ratio, 
RDW: Red cell distribution width.
*Correlation is significant at the 0.05 level (two-tailed), †Correlation is significant at the 0.01 level 
(two-tailed)
Significant p values are written in bold.
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mutation (genetic test results of two patients could not be 
achieved), the frequency of fever, erysipelas, peritonitis, 
pleurisy, or myalgia, and the mean colchicine dose 
administered (p > 0.05) (Table 3). 

In FMF patients with amyloidosis, the mean/median 
values of fibrinogen, ESR, CRP, WBC, neutrophil, NLR, 
and RDW were significantly higher than those without 
amyloidosis (p < 0.05). No statistically significant 
differences were observed between the amyloidosis-
positive and -negative patients in terms of the mean/
median values of lymphocyte count, platelet count, Hb, 
and MPV (p > 0.05) (Table 4).

According to the multivariate binary logistic regression 
analysis performed to determine the factors that increase 
the risk of amyloidosis in FMF patients, age, gender, 
fibrinogen, ESR, CRP, NLR, RDW, and the presence of 
arthralgia/arthritis variables, which were found to be 
clinically and/or statistically significant, were included in 
the model, while the ESR, male gender, and the presence 
of arthralgia/arthritis variables remained significant in the 
model (Table 5).

The ROC curve analysis was done to see if fibrinogen, 
NLR, and RDW values could be used as a diagnostic marker 
for amyloidosis positivity in FMF patients. For fibrinogen, 
we found a cut-off value of ≥2.97, sensitivity of 75.00%, and 
specificity of 65.40%, while the positive predictive value was 
52.20% and the negative predictive value was 47.80%. The area 
under the curve was calculated as 0.705, with a standard error 
of 0.080 (p = 0.018). For NLR, we found a cut-off value of 
≥2.16, sensitivity of 70.00%, and specificity of 43.50%, while 
the positive predictive value was 77.00% and the negative 
predictive value was 56.50%. The area under the curve was 
calculated as 0.734, with a standard error of 0.075 (p = 0.007). 
For RDW, we found a cut-off value of ≥15.40, sensitivity 
of 75.00%, and specificity of 76.90%, while the positive 
predictive value was 45.70% and the negative predictive value 
was 54.30%. The area under the curve was calculated as 0.827, 
with a standard error of 0.060 (p < 0.001) (Table 6, Figure 3).

4. Discussion
Our results demonstrated, ESR, CRP and RDW levels were 
higher and hemoglobin levels were lower in FMF patients 

Figure 2. Graph showing the correlation between the CRP and fibrinogen levels in FMF 
patients.
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Table 3. Comparison of the FMF patients according to amyloidosis presence in terms of demographic and clinical data. 

Amyloidosis (+)
(mean ± SD) (n = 20)

Amyloidosis (-) 
(mean ± SD) (n = 26) p

Age (years), median (min–max) 40 (24–61) 41 (21–62) 0.807*

BMI (kg/m2), median (min–max) 23.9 (16.3–34.7) 27.1 (19.03–34.8) 0.099*

Age at diagnosis (years), median (min–max) 25 (5–50) 30 (6–52) 0.557*

Duration of disease (months), median (min–max) 10.5 (5–29) 10 (3–25) 0.721*

Colchicine dose administered, median (min–max) 1 (0.5–2) 1 (0.5–2) 0.185*

Duration of IL-1 antagonist therapy (months), median (min–max) 69.5 (23–85) 31 (5–84) 0.005*

Gender, n (%)
 Male 16 (80.0) 5 (19.2) <0.001†a

 Female 4 (20.0) 21 (80.8)

Family history, n (%)
 Absent 5 (25.0) 10 (38.5) 0.365†a

 Present 15 (75.0) 16 (61.5)

Consanguineous marriage, n (%)
 Absent
 Present 

12 (60.0)
8 (40.0)

21 (80.8)
5 (19.2)

0.187†a

Genetic mutation, n (%)
 Normal 1 (5.0) 3 (11.5)

0.307†
 M694V homozygous 12 (60.0) 10 (38.5)
 M694V heterozygous 2 (10.0) 2 (7.7)
 M694V/E148Q 0 (0.0) 4 (15.4)
 Other 5 (25.0) 7 (26.9)

Fever, n (%)
 Absent 5 (25.0) 5 (19.2) 0.726†a

 Present 15 (75.0) 21 (80.8)

Erysipelas-like erythema, n (%)
 Absent 15 (75.0) 18 (69.2) 0.749†a

 Present 5 (25.0) 8 (30.8)

Peritonitis, n (%)
 Absent 1 (5.0) 3 (11.5) 0.622†a

 Present 19 (95.0) 23 (88.5)

Pleurisy, n (%)
 Absent 17 (85.0) 18 (69.2) 0.302†a

 Present 3 (15.0) 8 (30.8)

Arthralgia/arthritis, n (%)
 Absent 14 (70.0) 10 (38.5) 0.042†a

 Present 6 (30.0) 16 (61.5)

Myalgia, n (%)
 Absent 15 (75.0) 13 (50.0) 0.129†a

 Present 5 (25.0) 13 (50.0)

BMI: Body mass index, SD: Standard deviation.
*Mann-Whitney U Test, †Chi-square test (Fisher’s exact testa)
Significant p values are written in bold.
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under anti IL 1 therapy when compared to healthy subjects. 
Within the FMF patient group, the ESR, CRP, fibrinogen, 
RDW, and NLR values were significantly higher in the 
subgroup with amyloidosis in comparison to the subgroup 
without amyloidosis.

Fibrinogen, ESR, CRP, SAA protein, and WBC values 
are used as laboratory parameters of APR in FMF. These 
laboratory parameters increase during the FMF attack and 
generally return to normal limits during the attack-free 
periods [4,5]. Some studies show that inflammation may 

continue during the attack-free periods in patients with 
FMF [5,19]. A permanent increase in acute-phase proteins 
during the attack-free periods is important because it 
reflects inflammation even in the absence of clinical 
findings. Persistent subclinical inflammation in FMF 
patients may increase the risk of amyloidosis, which can be 
fatal [5, 20]. Amyloidosis is the accumulation of proteins 
called amyloid protein in various tissues and organs in the 
body. There are different types of amyloidosis. Secondary 
(AA) amyloidosis is seen in FMF and it most frequently 

Table 4. Comparison of various laboratory values of FMF patients according to the presence of 
amyloidosis.

Amyloidosis (+),
median (min–max)
(n = 20)

Amyloidosis (-),
median (min–max) 
(n = 26)

p

Fibrinogen (g/L) 3.34 (1.14–18.6) 2.73 (1.67–5.09) 0.018*

ESR (mm/h) 19.5 (3–106) 8 (3–47) 0.039*

CRP (mg/L) 7.1 (1.03–57) 2.67 (0.5–26) 0.022†

WBC (× 1000/mL) 8.21 (4.13–17.2) 6.67 (2.67–10.7) 0.019*

Neutrophils (× 1000/mL) 4.76 (2.56–11.24) 3.89 (1.34–8.63) 0.008*

Lymphocytes (× 1000/mL) 2.1 (0.97–5.05) 2.23 (0.92–4.31) 0.938*

NLR 2.31 (1.45–5.97) 1.7 (0.86–7.5) 0.007*

Platelets (× 1000/mL) 255 (162–435) 292.5 (150–354) 0.618*

Hemoglobin (g/dL) 12.2 (8–17.2) 13.7 (8–17.3) 0.227*

RDW 16.45 (13.6–21.5) 13.9 (12–18.6) <0.001*

MPV 8 (7.1–11.3) 7.95 (6.1–11.4) 0.610*

CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, MPV: Mean platelet volume, NLR: 
Neutrophil-to-lymphocyte ratio, RDW: Red cell distribution width, WBC: White blood cell.
*Mann-Whitney U test, †Chi-square test
Significant p values are written in bold.

Table 5. Multivariate logistic regression analysis to identify the risk factors that increase the risk 
of amyloidosis in FMF patients.

SE† OR† 95% CI† p

ESR 0.038 1.087 1.008–1.172 0.029*

Sex (male) 1.673 101.571 3.822–2699.087 0.006*

Arthralgia/arthritis (present) 1.958 51.131 1.101–2374.949 0.045*

RDW 0.392 2.374 1.102–5.113 0.027*

Constant 8.369 0.000 0.014

SE=Standard error, OR=Odds Ratio, CI: Confidence interval, ESR: Erythrocyte sedimentation 
rate, RDW: Red cell distribution width
*Multivariate binary logistic regression (Backward: LR), 
(Omnibus tests of model coefficients <0.001, Nagelkerke’s R-square = 0.732, Hosmer-Lemeshow 
test = 0.832)
Significant p values are written in bold.
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affects the kidney, heart, peripheral nerves, thyroid 
gland, and bone marrow. The most important predictors 
of survival in patients with FMF are heart and kidney 
involvement [20,21]. 

The role of the IL-1 cytokine is remarkable in 
autoimmune diseases such as FMF. The IL-1 cytokine refers 
to IL-1α and IL-1β cytokines [22]. This protein plays an 
important role in the production of acute-phase proteins 
and inflammation. The IL-1 receptor antagonist (IL-1Ra), 
naturally present in the body, controls the activity of 
IL-1 by competing with IL-1 to bind to the IL-1 receptor. 
Anakinra is a recombinant form of human IL-1 receptor 

antagonist that competitively inhibits the binding of IL-
1α and IL-1β to the endogenous IL-1 receptor [23]. The 
other drug used in therapy, canakinumab, is a monoclonal 
antibody that is created against IL-1β and neutralizes its 
bioactivity [24,25]. These drugs, which are costly and 
require high technology, are used in the treatment of 
autoinflammatory diseases. If there is no response to 
treatment with other drugs in FMF patients, it is necessary 
to use these drugs [26].

In our study, the ESR, CRP, and RDW values in FMF 
patients were found to be significantly higher compared to 
the healthy population. We believe that these findings are 

Table 6. ROC curve analysis and cut-off values for fibrinogen, RDW, and NLR as a diagnostic marker for amyloidosis positivity in FMF 
patients.

Diagnostic test ROC curve p

Cut-off Value Sensitivity Specificity PPD NPD AUC Standard
error 95% CI

Fibrinogen ≥2.97 75.00 65.40 52.20 47.80 0.705 0.080 0.548–0.862 0.018*

NLR ≥2.16 70.00 43.50 77.00 56.50 0.734 0.075 0.586–0.881 0.007*

RDW ≥15.40 75.00 76.90 45.70 54.30 0.827 0.060 0.710–0.944 <0.001*

AUC: Area under the curve, CI: Confidence interval, NLR: Neutrophil-to-lymphocyte ratio, NPD: Negative predictive value, PPD: 
Positive predictive value, ROC: Receiver operating characteristic. RDW: Red cell distribution width.
*ROC curve analysis
Significant p values are written in bold.

Figure 3. ROC curve analysis of RDW, fibrinogen, and NLR as a diagnostic marker 
for amyloidosis positivity in FMF patients.
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related to inflammation [10]. On the other hand, Hb values 
were low. We can argue that anti-IL-1 therapy did not 
display sufficient impact on suppressing these parameters 
that indicated an inflammation during the attack-free 
periods. However, because our study is a case-control 
study and we have not followed up these parameters 
before and after IL-1 antagonist therapy, we did not have 
the opportunity to assess the efficacy of the drugs on this 
subject objectively. 

Platelets are multifunctional blood cells and are 
considered to be effective in initiating inflammation and 
fibrosis, which are associated with a variety of prothrombotic 
and proinflammatory diseases [27]. Mean platelet volume 
is a marker of platelet function and activation [28]. A high 
level of MPV is considered a risk factor for myocardial 
infarction and ischemic cardiovascular disease [29,30]. 
The increased platelet count and function in inflammatory 
diseases can be explained by the stimulation of platelet 
release by proinflammatory cytokines, especially the 
IL-6. The course of the inflammatory response is also 
associated with the percentage of large platelets. The 
large platelets migrate to the inflamed area. Accordingly, 
MPV is expected to be low in ongoing inflammation 
[27]. Gasparyan et al. demonstrated that high-grade 
inflammatory diseases, such as attacks of FMF, present 
with low levels of MPV, which have increased due to the 
administration of antiinflammatory drugs [31,32]. On the 
contrary, according to Yazıcı et al., it has been asserted 
that high MPV values in rheumatoid arthritis patients are 
associated with disease activity [33]. In our study group, 
no difference could be found between the patients with 
FMF and healthy individuals in terms of platelet and MPV 
levels. Similarly, these two laboratory parameters were not 
different in FMF patients with amyloidosis and without 
amyloidosis.

Red cell distribution width is part of the hemogram 
and is accepted as the variability in the size of circulating 
erythrocytes [34]. Higher RDW values are accepted as a 
strong predictor of mortality in patients with heart failure 
and in adults 45 years or older [35,36]. Inflammation 
is considered to play a role in the etiopathogenesis 
of cardiovascular diseases [37,38]. According to the 
hypothesis of Tonelli et al., the relationship between 
high RDW and mortality in cardiovascular diseases may 
be related to the underlying inflammation [39]. In a 
cross-sectional study in which the authors examined the 
laboratory parameters of 3,845 adult patients, Lippi et al. 
showed that high RDW values were associated with ESR 
and high-sensitivity CRP, which are inflammatory markers 
[10]. In our study group, we found a correlation between 
the CRP and RDW values (Figure 1).

Fibrinogen is also one of the acute phase reactants that 
increases during the FMF attacks and is expected to return 
to normal values during the attack-free periods [4,40]. 

Similarly, we detected a correlation between CRP and 
fibrinogen levels in FMF patients (Figure 2).

In the literature, there are studies showing that the 
NLR is important in determining the risk of developing 
amyloidosis and ongoing inflammation in patients with 
FMF during attack free-periods [5,9,41]. In our study, 
NLR was found to be the same in the healthy and FMF 
patient groups. However, NLR was higher in patients with 
amyloidosis than those without it.

When only the FMF patients with or without 
amyloidosis were considered, in patients who received 
anti-IL-1 therapy, the fibrinogen level, RDW, and NLR, 
as well as inflammatory parameters such as ESR and 
CRP, were higher in patients who had amyloidosis than 
those who had not. Besides, when we evaluated whether 
the fibrinogen, NLR, and RDW values could be used as a 
diagnostic marker for amyloidosis positivity, we found a 
cut-off value of ≥2.97, sensitivity of 75.00%, and specificity 
of 65.40% for fibrinogen, a cut-off value of ≥2.16, sensitivity 
of 70.00%, and specificity of 43% for NLR, and a cut-off 
value of for ≥15.40, sensitivity of 75.00%, and specificity 
of 76.90% for RDW (Table 6). These findings demonstrate 
that a fibrinogen value ≥2.97, an NLR value ≥2.16, and 
a RDW value ≥15.40 may be used in determining the 
amyloidosis risk in FMF patients.

Although there are studies in the literature that state 
that anti-IL-1 therapy controls the acute phase reactants 
in FMF patients with amyloidosis [17,42], we could not 
observe a similar effect in our study. 

It has been reported that the male gender is a risk factor 
in the development of amyloidosis [42,43]. In accordance 
with the literature, in the present study, we found that most 
FMF patients with amyloidosis were males and most FMF 
patients without amyloidosis were females.

Arthralgia/arthritis was more frequent in the 
nonamyloidosis group this may be related to the longer 
duration of anti-IL-1 therapy which may suppress joint 
findings in the amyloidosis-positive group.

Mutations in the MEFV gene, which encode a protein 
called pyrin which is essential in the innate immune 
system, may be associated with FMF [15,43]. A more 
severe course of the disease in patients with a homozygous 
gene mutation is well known [44]. In our study group, 
while the M694V homozygous gene mutation ratio was 
about 60% for the patients with amyloidosis, this ratio was 
decreased to about 40% in those without amyloidosis; a 
finding consistent with the literature.

The fact that our study was not a prospective, controlled 
study in which the drug effect was demonstrated is our 
main limitation. Another limitation is that we compared 
FMF patients receiving anti-IL-1 therapy with only healthy 
individuals; FMF patients who did not receive anti IL-1 
therapy were not included in the study.
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5. Conclusion
Among FMF patients who received anti-IL-1 therapy, 
fibrinogen, NLR, and RDW, as well as inflammatory 
parameters such as ESR and CRP levels, were higher in 
patients with amyloidosis than those without amyloidosis. 
Anti-interleukin-1 therapy may not sufficiently control the 
subclinical inflammation parameters in the amyloidosis 
group. Multicenter prospective controlled studies are 
needed to demonstrate the effects of these drugs on 

preventing the development of amyloidosis in FMF 
patients.

Acknowledgment/Disclaimers/Conflict of interest
There is no conflict of interest to be declared by the authors. 

Informed consent
The study protocol was approved by the Local Research 
Ethics Committee (no. E1/1543/2021).

References

1.  Sohar E, Gafni J, Pras M, Heller H. Familial Mediterranean 
fever. A survey of 470 cases and review of the literature. 
Am J Med 1967; 43(2): 227–253. doi.org/10.1016/0002-
9343(67)90167-2.

2.  Heller H, Sohar E, Pras M. Ethnic distribution and amyloidosis 
in familial Mediterranean fever (FMF). Pathol Microbiol 
(Basel) 1961; 24: 718–723. doi.org/10.1159/000161188.

3.  Kees S, Langevitz P, Zemer D, Padeh S, Pras M et al. Attacks 
of pericarditis as a manifestation of familial Mediterranean 
fever (FMF). QJM 1997; 90 (10): 643–647. doi.org/10.1093/
qjmed/90.10.643.

4.  Guzel S, Andican G, Seven A, Aslan M, Bolayirli M et al. 
Acute phase response and oxidative stress status in familial 
Mediterranean fever (FMF). Mod Rheumatol 2012; 22 (3): 
431–437. doi.org/10.1007/s10165-011-0517-5.

5.  Uslu AU, Deveci K, Korkmaz S, Aydin B, Senel S et al. Is 
neutrophil/lymphocyte ratio associated with subclinical 
inflammation and amyloidosis in patients with familial 
Mediterranean fever? Biomed Res Int 2013; 2013: 185317. doi.
org/10.1155/2013/185317.

6.  Yüksel S, Ayvazyan L, Gasparyan AY. Familial mediterranean 
Fever as an emerging clinical model of atherogenesis associated 
with low-grade inflammation. Open Cardiovasc Med J 2010; 
Feb 23 (4): 51–56. doi.org/10.2174/1874192401004020051.

7.  Fonnesu C, Cerquaglia C, Giovinale M, Curigliano V, 
Verrecchia E et al. Familial Mediterranean Fever: a review for 
clinical management. Joint Bone Spine 2009; 76 (3): 227–233. 
doi.org/10.1016/j.jbspin.2008.08.004.

8.  Manna R, Cerquaglia C, Curigliano V, Fonnesu C, Giovinale 
M et al. Clinical features of familial Mediterranean fever: an 
Italian overview. Eur Rev Med Pharmacol Sci 2009; 13 Suppl 
1:51–53.

9.  Ahsen A, Ulu MS, Yuksel S, Demir K, Uysal M et al. As a 
new inflammatory marker for familial Mediterranean fever: 
neutrophil-to-lymphocyte ratio. Inflammation 2013; 36 (6): 
1357–1362. doi.org/10.1007/s10753-013-9675-2.

10.  Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini 
G et al. Relation between red blood cell distribution width 
and inflammatory biomarkers in a large cohort of unselected 
outpatients. Arch Pathol Lab Med 2009; 133 (4): 628–632. doi.
org/10.1043/1543-2165-133.4.628.

11.  Özer S, Yılmaz R, Sönmezgöz E, Karaaslan E, Taşkın S et al. 
Simple markers for subclinical inflammation in patients with 
Familial Mediterranean Fever. Med Sci Monit 2015; 21: 298–
303. doi.org/10.12659/MSM.892289.

12.  Sakallı H, Kal O. Mean platelet volume as a potential predictor 
of proteinuria and amyloidosis in familial Mediterranean fever. 
Clin Rheumatol 2013; 32 (8) :1185–1190. doi.org/10.1007/
s10067-013-2257-8.

13.  Uluca Ü, Ece A, Şen V, Karabel D, Yel S 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. doi: 10.12659/MSM.892139. 

14.  Makay B, Türkyilmaz Z, Unsal E. Mean platelet volume in 
children with familial Mediterranean fever. Clin Rheumatol 
2009; 28 (8): 975–978. doi.org/10.1007/s10067-009-1148-5.

15.  Lachmann HJ. Clinical immunology review series: An 
approach to the patient with a periodic fever syndrome. Clin 
Exp Immunol 2011; 165 (3): 301–309. doi.org/10.1111/j.1365-
2249.2011.04438.x.

16.  Tufan A, Lachmann HJ. Familial Mediterranean fever, from 
pathogenesis to treatment: a contemporary review. Turk J Med 
Sci 2020;50 (SI-2): 1591-1610. doi: 10.3906/sag-2008-11.

17.  Samli H, Dogru O, Bukulmez A, Yuksel E, Ovali F et al. 
Relationship of Tel Hashomer criteria and Mediterranean fever 
gene mutations in a cohort of Turkish familial Mediterranean 
fever patients. Saudi Med J 2006; 27 (12): 1822–1826.

18. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible 
statistical power analysis program for the social, behavioral, 
and biomedical sciences. Behav Res Methods 2007;39 (2): 175-
91. doi: 10.3758/bf03193146.

19.  Lachmann HJ, Sengül B, Yavuzşen TU, Booth DR, Booth SE 
et al. Clinical and subclinical inflammation in patients with 
familial Mediterranean fever and in heterozygous carriers of 
MEFV mutations. Rheumatology (Oxford) 2006; 45 (6): 746–
750. doi.org/10.1093/rheumatology/kei279.

20.  Bilginer Y, Akpolat T, Ozen S. Renal amyloidosis in children. 
Pediatr Nephrol 2011; 26 (8): 1215–1227. doi.org/10.1007/
s00467-011-1797-x.

21.  Pepys MB. Amyloidosis. Annu Rev Med 2006; 57: 223–241. 
doi.org/10.1146/annurev.med.57.121304.131243.



ATALAR et al. / Turk J Med Sci

504

22.  Gabay C, Lamacchia C, Palmer G. IL-1 pathways in 
inflammation and human diseases. Nat Rev Rheumatol 2010; 6 
(4): 232–241. doi.org/10.1038/nrrheum.2010.4.

23.  Dinarello CA. An expanding role for interleukin-1 blockade 
from gout to cancer. Mol Med 20 Suppl 2014;  1:S43-58. doi.
org/10.2119/molmed.2014.00232.

24.  Church LD, McDermott MF. Canakinumab, a fully-
human mAb against IL-1beta for the potential treatment of 
inflammatory disorders. Curr Opin Mol Ther 2009; 11 (1): 
81–89.

25.  Aday AW, Ridker PM. Antiinflammatory Therapy in Clinical 
Care: The CANTOS Trial and Beyond. Front Cardiovasc Med 
2018; Jun 5 (5): 62. doi.org/10.3389/fcvm.2018.00062.

26.  Dinarello CA, van der Meer JWM. Treating inflammation by 
blocking interleukin-1 in humans. Semin Immunol 2013; 25 
(6): 469–484. doi.org/10.1016/j.smim.2013.10.008.

27.  Korniluk A, Koper-Lenkiewicz OM, Kamińska J, Kemona H, 
Dymicka-Piekarska V. Mean Platelet Volume (MPV): New 
Perspectives for an Old Marker in the Course and Prognosis 
of Inflammatory Conditions. Mediators Inflamm 2019; 2019: 
9213074. doi.org/10.1155/2019/9213074.

28.  Bath PM, Butterworth RJ. Platelet size: measurement, 
physiology and vascular disease. Blood Coagul fibrinolysis an 
Int J Haemost Thromb 1996; 7 (2): 157–161.

29.  Murat SN, Duran M, Kalay N, Gunebakmaz O, Akpek 
M et al. Relation between mean platelet volume and 
severity of atherosclerosis in patients with acute coronary 
syndromes. Angiology 2013; 64 (2): 131–136. doi.
org/10.1177/0003319711436247

30.  Yilmaz MB, Cihan G, Guray Y, Guray U, Kisacik HL et al. 
Role of mean platelet volume in triagging acute coronary 
syndromes. J Thromb Thrombolysis 2008; 26 (1): 49–54. doi.
org/10.1007/s11239-007-0078-9.

31.  Gasparyan AY, Ayvazyan L, Mikhailidis DP, Kitas GD. 
Mean platelet volume: a link between thrombosis and 
inflammation? Curr Pharm Des 2011; 17 (1): 47–58. doi.
org/10.2174/138161211795049804.

32.  Gasparyan AY, Sandoo A, Stavropoulos-Kalinoglou A, Kitas 
GD. Mean platelet volume in patients with rheumatoid 
arthritis: the effect of anti-TNF-α therapy. Rheumatol Int 2010; 
30 (8): 1125–1129. doi.org/10.1007/s00296-009-1345-1.

33.  Yazici S, Yazici M, Erer B, Erer B, Calik Y et al. The platelet 
indices in patients with rheumatoid arthritis: mean platelet 
volume reflects disease activity. Platelets 2010; 21 (2): 122–125. 
doi.org/10.3109/09537100903474373.

34.  Ozsu S, Abul Y, Gulsoy A, Bulbul Y, Yaman S, et al. Red cell 
distribution width in patients with obstructive sleep apnea 
syndrome. Lung 2012; 190 (3): 319–326. doi.org/10.1007/
s00408-012-9376-x.

35.  Felker GM, Allen LA, Pocock SJ, Shaw LK, McMurray JJ et 
al. Red cell distribution width as a novel prognostic marker 
in heart failure: data from the CHARM Program and the 
Duke Databank. J Am Coll Cardiol 2007; 50 (1): 40–47. doi.
org/10.1016/j.jacc.2007.02.067.

36.  Patel K V, Ferrucci L, Ershler WB, Longo DL, Guralnik JM. Red 
blood cell distribution width and the risk of death in middle-
aged and older adults. Arch Intern Med 2009; 169 (5): 515–523. 
doi.org/10.1001/archinternmed.2009.11.

37.  Koenig W, Khuseyinova N, Baumert J, Meisinger C. Prospective 
study of high-sensitivity C-reactive protein as a determinant 
of mortality: results from the MONICA/KORA Augsburg 
Cohort Study, 1984-1998. Clin Chem 2008; 54 (2): 335–342. 
doi.org/10.1373/clinchem.2007.100271

38.  Packard RRS, Libby P. Inflammation in atherosclerosis: 
from vascular biology to biomarker discovery and risk 
prediction. Clin Chem 2008; 54 (1): 24–38. doi.org/10.1373/
clinchem.2007.097360.

39.  Tonelli M, Sacks F, Arnold M, Moye L, Davis B et al. 
Relation Between Red Blood Cell Distribution Width 
and Cardiovascular Event Rate in People With Coronary 
Disease. Circulation 2008; 117 (2): 163–168. doi.org/10.1161/
CIRCULATIONAHA.107.727545.

40.  Tunca M, Kirkali G, Soytürk M, Akar S, Pepys MB et al. Acute 
phase response and evolution of familial Mediterranean 
fever. Lancet (London, England) 1999; 353 (9162): 1415. doi: 
10.1016/S0140-6736(99)00990-3.

41.  Ben-Zvi I, Livneh A. Chronic inflammation in FMF: markers, 
risk factors, outcomes and therapy. Nat Rev Rheumatol 2011; 7 
(2): 105–112. doi.org/10.1038/nrrheum.2010.181.

42.  Onen F. Familial Mediterranean fever. Rheumatol Int 2006; 26 
(6): 489–496. doi.org/10.1007/s00296-005-0074-3.

43.  Sari A, Bodakci E, Armagan B, Satis H, Atas N et al. Phenotypic 
characterisation of Familial Mediterranean Fever patients 
harboring variants of uncertain significance. Turk J Med Sci 
2021; 51 (4): 1695-1701. doi: 10.3906/sag-2011-273.

44. Ben-Chetrit E. Familial Mediterranean fever (FMF) and renal 
AA amyloidosis-  -phenotype-genotype correlation, treatment 
and prognosis. J Nephrol 2003; 16 (3): 431–434.


