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Abstract: Familial Mediterranean fever (FMF) is characterized by recurrent episodes of fever and
serositis. Blood-based biomarkers determined in FMF patients during attack-free periods could
be used to predict the risk of amyloidosis and the severity of the disease. The recently defined
pan-immune-inflammation value (PIV) comprises four distinct subsets of blood cells and serves as an
easily accessible and cost-effective marker. The objective of this study was to assess the role of PIV
in predicting amyloidosis and moderate-to-severe disease. Clinical characteristics and laboratory
values during the attack-free period were retrospectively analyzed in 321 patients over 18 years of age
diagnosed with familial Mediterranean fever (FMF). In our tertiary adult rheumatology outpatient
clinic, disease severity and laboratory markers were evaluated during the first attack-free interval.
At baseline, patients with amyloidosis were excluded. Patients were categorized based on the
presence of amyloidosis and the severity of the disease. When focusing on amyloidosis in receiver
operating characteristic (ROC) analysis, optimal cut-off values for pan-immune-inflammation value
(PIV), neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio were determined as
≥518.1, ≥2.3, and ≥127.2, respectively. In multivariate analysis, PIV, C-reactive protein (CRP), and
the presence of the M694V homozygous mutation emerged as independent risk factors for both
amyloidosis and moderate-to-severe disease. Additionally, NLR was identified as an independent
risk factor for amyloidosis, while red blood cell distribution width was associated with moderate-to-
severe disease. In patients with FMF, especially in the presence of the M694V homozygous mutation,
CRP and PIV may be useful in predicting both amyloidosis and moderate-to-severe disease.

Keywords: pan-immune-inflammation value; familial Mediterranean fever; amyloidosis; moderate-
to-severe disease

1. Introduction

Familial Mediterranean fever (FMF) is the most common monogenic hereditary au-
toinflammatory disease characterized by recurrent episodes of serositis and fever [1]. It
is more common among Turks, Arabs, non-Ashkenazi Jews, and Armenians [2]. FMF is
caused by mutations in the Mediterranean fever gene (MEFV), which codes for the pyrin
protein, which plays an important role in the regulation of inflammatory processes [3].
Mutated pyrin activates caspase 1 and causes excessive secretion of interleukin-1 beta
(IL-1β). Elevated levels of IL-1, accompanied by high levels of cytokines such as IL-6 and
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tumor necrosis factor-alpha (TNF-α), lead to an increase in leukocytes and acute-phase
reactants as well as systemic inflammation [4].

Attacks usually last 1–3 days, and leukocytes and acute-phase tests normalize during
the attack-free period. Nevertheless, in some patients, leukocytes and acute-phase reactants
remain elevated even in the absence of an attack, which is considered subclinical inflamma-
tion [5]. FMF-related complications may increase the risk of morbidity and mortality [6].
Amyloidosis is the most serious complication of FMF [7]. Subclinical inflammation is
thought to be an important factor in the development of amyloidosis, and it is important to
recognize this condition in FMF patients [8]. In the attack-free period, acute-phase reac-
tants can be used to monitor subclinical inflammation and predict the risk of amyloidosis
and severe disease [9]. Complete blood count tests are inexpensive and easily accessible.
Parameters such as pan-immune-inflammation value (PIV), neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) determined by the complete blood count test
can be used as markers for systemic inflammation. There are few studies using hematologic
indices to predict amyloidosis and disease severity in adult FMF patients, and these studies
were performed using NLR and PLR [10–16].

Fuca et al. showed in 2020 that PIV was better than NLR in predicting the survival of
patients with advanced colorectal cancer [17]. PIV is a recently developed biomarker that is
calculated by multiplying the neutrophil count by the platelet and monocyte counts and
then dividing the result by the lymphocyte count [18]. In a study conducted in patients with
antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV), survival was
found to be lower in patients with high levels of PIV at the time of diagnosis [19]. To our
knowledge, there is no study evaluating the PIV biomarker in the prediction of amyloidosis
and disease severity. In our study, we aimed to evaluate the role of hematologic biomarkers
such as NLR and PLR, especially PIV, in addition to the known clinical and laboratory risk
factors in the prediction of amyloidosis and moderate-to-severe disease.

2. Materials and Methods
2.1. Study Population

Our retrospective study analyzed electronic records from 438 patients diagnosed with
FMF according to the Tel-Hashomer criteria [20]. These patients were followed up as
outpatients at Bursa Uludag University Faculty of Medicine, Department of Rheumatology,
between January 2010 and April 2022.

All patients included in this study were regularly treated with colchicine and were
over 18 years of age. At baseline, patients with solid organ malignancies and hemato-
logic diseases, acute and chronic infections, primary or secondary immunodeficiency, a
glomerular filtration rate <60 mL/min/1.73 m2 according to the Kidney Disease Improving
Global Outcome Group (KDIGO) criteria [21], additional rheumatologic diseases, patients
receiving biologic therapy, pregnant or breastfeeding patients, patients with amyloidosis,
and patients with missing data were excluded. Following these criteria, this study was
conducted on a total of 321 patients.

2.2. Study Design and Data Collection

Demographic characteristics such as age, sex, and comorbidities (diabetes mellitus,
hypertension, cardiovascular disease, cerebrovascular disease, hypothyroidism, hyperthy-
roidism, chronic obstructive pulmonary disease) were analyzed. The comorbidity index
was used to measure the comorbidity of the patients [22]. Patient age, history of appen-
dectomy, amyloidosis status, age at FMF diagnosis, family history of FMF, family history
of amyloidosis, clinical symptoms (fever, abdominal pain, chest pain, arthritis/arthralgia,
myalgia, erysipelas-like erythema), and the presence of hepatomegaly and splenomegaly
were assessed. All patients with FMF and nephrotic syndrome (proteinuria > 3.5 g/24 h)
underwent a kidney biopsy, while other patients with lower proteinuria values underwent
a biopsy of the rectum, gingiva, or duodenum. Disease severity was recorded. The severity
of FMF was assessed using the International Severity Scoring System (ISSF). The ISSF



Diagnostics 2024, 14, 634 3 of 12

ranges from 0 to 10 and classifies severity as severe disease ≥ 6, moderate disease (3–5),
and mild disease (≤2) [23].

Disease severity and laboratory parameters were assessed during the first attack-
free period at a visit to the adult rheumatology outpatient clinic. The attack-free period
was defined as at least 2 weeks after the end of the attack. We examined the erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), and a complete blood count, including
white blood cells (WBCs), neutrophils, lymphocytes, monocytes, eosinophils, basophils,
platelets, hemoglobin (Hb), hematocrit (Htc), red blood cell count, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), red blood cell distribution width (RDW), and mean platelet volume
(MPV). Additionally, MEFV mutations were investigated. NLR was calculated as the
ratio of neutrophil count (103/mL) to lymphocyte count (103/mL) and PLR as the ratio of
platelet count (103/mL) to lymphocyte count (103/mL) in the attack-free period. PIV was
calculated by multiplying the neutrophil count (103/mL) by the platelet count (103/mL)
and the monocyte count (103/mL) and then dividing the result by the lymphocyte count
(103/mL).

We initially divided the patients into two groups according to the presence of amyloi-
dosis to test our hypothesis. Then, we compared clinical and laboratory features between
the groups. Additionally, we classified patients as mild disease (ISSF score ≤ 2) and
moderate-to-severe disease (ISSF score > 3) [23]. Subsequently, we compared clinical and
laboratory features between patients with mild and moderate–severe disease. In addition
to indices such as NLR, PLR, and PIV, previously studied complete blood count parameters
associated with amyloidosis and disease severity, acute-phase tests such as ESR and CRP,
known risk factors for amyloidosis and severe disease such as the male sex, age at disease
diagnosis, family history of amyloidosis, Charlson comorbidity index, and positivity of the
homozygous mutation M694V, as well as the presence of a family history of amyloidosis as
an additional risk factor for amyloidosis, were included in further analysis [10,24–28].

2.3. Statistical Analysis

Statistical analysis was conducted using SPSS (Statistical Package for Social Sci-
ences) version 26.0. The normality of variables was assessed using the Shapiro–Wilk
and Kolmogorov–Smirnov tests. Quantitative data are expressed as mean ± standard
deviation for normal distribution and as median (interquartile range, IQR) for non-normal
distribution. The Mann–Whitney U test and independent sample t-test were employed
for quantitative variables, while the chi-square test was used for qualitative variables.
The optimal cut-off points for NLR, PLR, and PIV were determined by receiver operating
characteristic (ROC) analysis with amyloidosis as the point of interest. Univariate and mul-
tivariate logistic regression analyses were performed to identify predictors of amyloidosis
and moderate-to-severe disease. Multivariate logistic regression analysis (forward LR) was
used for variables with a p-value below 0.25 in the univariate analysis. p-value < 0.05 was
considered statistically significant. The net reclassification improvement (NRI) and the
integrated discrimination index (IDI) were calculated to evaluate the improvement of the
discrimination ability of the baseline model by adding NLR and PIV for amyloidosis.

3. Results

This study included a total of 321 patients, and their general characteristics are sum-
marized in Table 1. Of the patients, 196 (61.0) were female. The patients’ median age was
26.2 years (18.0–62.3). The most common symptom associated with FMF was abdominal
pain, in 303 (94.3%) patients. The most frequently observed mutation type was M694V
homozygous, present in 82 patients (25.5%).
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Table 1. Demographic and disease-related characteristics of FMF patients (n: 321).

Age (year) median (min., max.) 26.2 (18.0–62.3)

FMF diagnosis age (year) median (min., max.) 24.2 (1.8–61.7)

Amyloidosis diagnosis age median (min., max.) 29.2(18.4–55.9)

Sex (female/male) n (%) 196 (61.0)/125 (38.9)

Family history of FMF n (%) 150 (46.7)

Family history of amyloidosis due to FMF n (%) 4 (1.2)

Comorbidity score median (min., max.) 0 (0–2)

Fever n (%) 271 (84.4)

Abdominal pain n (%) 303 (94.3)

Chest pain n (%) 36 (11.2)

Arthralgia/Arthritis n (%) 159 (49.5)

Myalgia n (%) 34 (10.6)

Prolonged febrile myalgia n (%) 4 (1.2)

Erysipelas-like erythema n (%) 32 (10.0)

Hepatomegaly n (%) 24 (7.5)

Splenomegaly n (%) 23 (7.2)

ISSF score median (min., max.) 5 (2–6)

Amyloidosis n (%) 27 (8.4)

MEFV mutations type n (%)

M694V homozygous n (%) 82 (25.5)

M694V heterozygous n (%) 54 (16.8)

M680I homozygous n (%) 10 (3.1)

M680I heterozygous n (%) 4 (1.3)

V726A homozygous n (%) 1 (0.3)

V726A heterozygous n (%) 5 (1.6)

E148Q homozygous n (%) 21 (6.5)

E148Q heterozygous n (%) 18 (5.6)

R202Q homozygous n (%) 15 (4.7)

R202Q heterozygous n (%) 11 (3.4)

P369S homozygous n (%) 3 (0.9)

P369S heterozygous n (%) 7 (2.2)

M694V/M680I n (%) 13 (4)

M694V/V726A n (%) 8 (2.5)

M680I/V726A n (%) 6 (1.9)

M680I/E148Q n (%) 1 (0.3)

M694V/R202Q n (%) 7 (2.2)

E148Q/M694V n (%) 3 (0.9)

M694V/R761H n (%) 1 (0.3)

E148Q/P369S n (%) 4 (1.3)

R202Q/J339F n (%) 4 (1.3)

R761H n (%) 6 (1.9)

No mutation 37 (11.5)

FMF = familial Mediterranean fever, ISSF = International Severity Score for FMF, MEFV = Mediterranean
fever gene.
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3.1. Association between Amyloidosis and Clinical and Laboratory Features

Amyloidosis detected by tissue biopsy was diagnosed in 27 (8.4%) patients. Amy-
loidosis was diagnosed in 22 patients through kidney biopsy, in 3 through rectal biopsy,
in 1 through duodenal biopsy, and in 1 through gingival biopsy. The relationship be-
tween amyloidosis and clinical and laboratory features is shown in Table 2. The male
sex ratio, creatinine, WBC, neutrophils, monocytes, RDW, platelets, NLR, PLR, PIV, sed-
imentation, CRP, and the rate of positivity for the homozygous mutation M694V were
significantly higher in the group with amyloidosis (p < 0.001, p < 0.001, p < 0.001, p < 0.001,
p < 0.001, p < 0.001, p < 0.001, p = 0.033, p < 0.001, p < 0.001, p < 0.001, p < 0.001, p < 0.001,
p < 0.001, respectively). Conversely, lymphocyte count, hemoglobin (Hb), and hematocrit
(Htc) values were significantly lower in patients with amyloidosis (p = 0.043, 0.035, 0.017,
respectively). The values for the area under the curve, sensitivity, and specificity of the ROC
analysis for amyloidosis are shown in Table 3. The cut-off values for PIV, NLR, and PLR
were set at ≥518.1, ≥2.3, and ≥127.2 respectively. In the multivariate logistic regression
analysis (Table 4), PIV (odds ratio [OR] 20.184; 95% confidence interval [CI], 4.267–95.467;
p < 0.001), CRP (OR, 1.155; 95% CI, 1.048–1.272; p = 0.004), M694V homozygous mutation
(OR, 4.314; 95% CI, 1.250–14.892; p = 0.021), and NLR (OR 12.549; 95% CI, 1.182–133.255;
p = 0.036) were identified as independent risk factors. The improvement in predictive
ability was further assessed using NRI and IDI. The analysis significantly improved using
PIV (model-II) over NLR (model-I). The NRI was 0.263 with a 95% CI of [−0.078:0.575] and
a p = 0.498, while the IDI was 0.055 with a 95% CI of [−0.022:0.135] and a p = 0.499. These
results indicate that the statistical significance of these improvements was not established.

Table 2. Clinical and laboratory characteristics of FMF patients classified in terms of amyloidosis.

Amyloidosis (−) n = 294 Amyloidosis (+) n = 27 p

FMF diagnosis age (year) 24.45 (1.80–61.70) 23.20 (4.30–53.70) 0.425 m

Sex (male/female) 106/188 19/8 <0.001 x2

Family history of amyloidosis
(present/absent) 3/291 1/26 0.298 fe

Creatinine (mg/dL) 0.70 (0.38–1.41) 1.04 (0.53–1.50) <0.001 m

WBC (103/mL) 7.00 (4.11–16.6) 11.2 (6.7–17.6) <0.001 m

Neutrophil (103/mL) 3.91 (1.67–14.80) 8.43 (4.54–14.1) <0.001 m

Lymphocyte (103/mL) 2.24 (0.95–5.22) 1.90 (0.90–4.38) 0.043 m

Monocyte (103/mL) 0.51 (0.08–1.43) 0.71 (0.44–1.40) <0.001 m

Eosinophil (103/mL) 0.13 (0.00–1.15) 0.10 (0.00–0.90) 0.449 m

Basophil (103/mL) 0.05 (0.00–0.40) 0.05 (0.00–0.23) 0.579 m

RBC (%) 4.80 (0.36–6.05) 4.78 (3.31–6.02) 0.365 m

Hb (g/dL) 13.54 ± 1.57 12.86 ± 1.91 0.035 t

Hct (%) 40.83 ± 4.32 38.67 ± 5.87 0.017 t

MCV (fL) 84.70 (55.70–98.70) 84.00 (65.50–93.90) 0.293 m

MCH (pg) 28.10 (16.90–34.10) 27.60 (19.90–31.90) 0.435 m

MCHC (g/L) 33.20 (28.30–35.70) 33.10 (30.40–35.40) 0.899 m

RDW (%) 14.20 (10.00–34.00) 15.10 (10.00–21.60) 0.033 m
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Table 2. Cont.

Amyloidosis (−) n = 294 Amyloidosis (+) n = 27 p

PLT (103/mL) 232.00 (120.00–515.00) 317.00 (185.00–812.00) <0.001 m

MPV (fL) 8.50 (5.10–15.60) 8.14 (6.22–12.20) 0.488 m

PDW (fL) 18.00 (1.70–24.00) 17.00 (10.70–118.40) 0.066 m

NLR 1.70 (0.62–13.83) 4.04 (2.10–9.72) <0.001 m

PLR 102.60 (34.67–257.86) 146.33 (73.12–352.17) <0.001 m

PIV 209.46 (33.81–2355.55) 1055.90 (310.70–3267.31) <0.001 m

Sedimentation (mm/h) 8.00 (2.00–54.00) 18.00 (4.00–81.00) <0.001 m

CRP (mg/L) 3.00 (1.00–25.20) 7.30 (2.00–40.90) <0.001 m

M694V homozygous
(present/absent) 63/231 19/8 <0.001 x2

FMF = familial Mediterranean fever, WBC = white blood cell, RBC = red blood cell, Hb = hemoglobin,
Hct = hematocrit, MCV = mean corpuscular volume, MCH = mean corpuscular hemoglobin, MCHC = mean
corpuscular hemoglobin concentration, RDW = red cell distribution width, PLT = platelets, MPV = mean platelet
volume, PDW = platelet distribution width, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte
ratio, PIV = pan-immune-inflammation value, CRP = C-reactive protein, m = Mann–Whitney test, x2 = Pearson’s
Chi-squared test, fe = Fisher’s exact test, t = independent samples test. Statistically significant values are shown
in bold.

Table 3. Receiver operating characteristic curve analyses for amyloidosis.

Curve Cut-off
Value AUC 95% CI p Value Sensitivity

(%)
Specifcity

(%)

PIV 518.1 0.960 0.931–0.989 <0.001 88.9 92.2

NLR 2.3 0.928 0.894–0.961 <0.001 96.3 78.6

PLR 127.2 0.827 0.749–0.905 <0.001 81.5 75.5
AUC = area under the curve, CI = confidence interval, PIV = pan-immune-inflammation value, NLR = neutrophil-
to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio.

Table 4. Univariate and multivariate logistic regression analysis of clinical and laboratory characteris-
tics for prediction of amyloidosis.

Factor
Univariate Analysis Multivariate Analysis

OR 95% CI p OR 95% CI p

FMF diagnosis age Years 0.991 0.959–1.023 0.580

Sex (male) Male (RC) vs. female 4.212 1.783–9.951 0.001 - - -

Comorbidity index Score 2.007 0.892–4.518 0.092 - - -

Family history of
amyloidosis(%)

Present (RC) vs.
absent 3.731 0.375–37.154 0.262

Hb g/dL 0.766 0.597–0.984 0.037 - - -

MCH pg 0.934 0.805–1.082 0.362

MCHC g/dL 1.009 0.707–1.439 0.962

RDW % 1.126 0.999–1.269 0.052 - - -

NLR High (RC) vs. low 88.090 11.735–661.267 <0.001 12.549 1.182–133.255 0.036

PLR High (RC) vs. low 13.567 4.957–37.128 <0.001 - - -
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Table 4. Cont.

Factor
Univariate Analysis Multivariate Analysis

OR 95% CI p OR 95% CI p

PIV High (RC) vs. low 94.261 26.380–336.218 <0.001 20.184 4.267–95.467 <0.001

Sedimentation mm/h 1.077 1.042–1.112 <0.001 - - -

CRP mg/L 1.213 1.128–1.304 <0.001 1.155 1.048–1.272 0.004

M694V homozygous
mutation

Present (RC) vs.
absent 8.708 3.642–20.823 <0.001 4.314 1.250–14.892 0.021

FMF = familial Mediterranean fever, Hb = hemoglobin, MCH = mean corpuscular hemoglobin, MCHC = mean
corpuscular hemoglobin concentration, RDW = red cell distribution width, NLR = neutrophil-to-lymphocyte
ratio, PLR = platelet-to-lymphocyte ratio, PIV = pan-immune-inflammation-value, CRP = C-reactive protein,
RC = reference category, OR = odds ratio, CI = confidence interval. Statistically significant values are shown
in bold.

3.2. Association between Moderate-to-Severe Disease and Clinical and Laboratory Features

A total of 59 patients (18.3%) exhibited moderate-to-severe FMF. The relationship
between moderate-to-severe disease and clinical and laboratory features is outlined in
Table 5. WBCs, neutrophils, monocytes, RDW, platelets, NLR, PLR, PIV, sedimentation,
CRP values, and M694V homozygous mutation positivity rate were significantly higher in
the group with moderate-to-severe disease (p < 0.001, p < 0.001, p = 0.002, p < 0.001, p < 0.001,
p < 0.001, p = 0.005, p < 0.001, p < 0.001, p < 0.001, p < 0.001, respectively). Hb, Htc, MCV, and
MCH values were significantly lower in moderate-to-severe disease (p = 0.001, p = 0.001,
p < 0.001, p < 0.001, p < 0.001, respectively). In the multivariate analysis performed with
PIV, NLR, PLR, and cut-off values determined for clinical characteristics and amyloidosis,
PIV (odds ratio [OR], 3.133; 95% confidence interval [CI], 1.406–6.978; p = 0.005), CRP (OR,
1.139; 95% CI, 1.059–1.225; p < 0.001), presence of the M694V homozygous mutation (OR,
3.714; 95% CI, 1.869–7.379; p < 0.001), and RDW (OR, 1.131; 95% CI, 1.007–1.270; p = 0.038)
were identified as independent risk factors for moderate-to-severe disease (Table 6).

Table 5. Clinical and laboratory characteristics of FMF patients classified for disease severity.

Mild Disease
n = 262

Moderate–Severe Disease
n = 59 p

FMF diagnosis age (year) 24.50 (1.80–61.70) 23.00 (2.30–53.70) 0.309 m

Sex (male/female) 97/165 28/31 0.138 x2

WBC (103/mL) 6.97 (4.14–16.6) 9.02 (4.11–17.60) <0.001 m

Neutrophil (103/mL) 3.84 (1.83–14.80) 6.01 (1.67–14.10) <0.001 m

Lymphocyte (103/mL) 2.22 (1.05–5.19) 2.29 (0.90–5.22) 0.869 m

Monocyte (103/mL) 0.51 (0.08–1.43) 0.60 (0.23–1.16) 0.002 m

Eosinophil (103/mL) 0.13 (0.00–1.15) 0.13 (0.00–0.40) 0.872 m

Basophil (103/mL) 0.05 (0.00–0.34) 0.06 (0.00–0.4) 0.356 m

RBC (%) 4.80 (2.73–6.05) 4.80 (0.36–6.02) 0.960 m

Hb (g/dL) 13.63 ± 1.52 12.86 ± 1.83 0.001 t

Hct (%) 41.03 ± 4.27 38.92 ± 5.09 0.001t

MCV (fL) 85.00 (68.00–98.70) 83.20 (55.70–92.30) <0.001 m

MCH (pg) 28.10 (16.90–34.10) 27.00 (18.00–31.90) <0.001 m

MCHC (g/L) 33.20 (28.30–35.70) 33.10 (29.80–35.40) 0.405 m
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Table 5. Cont.

Mild Disease
n = 262

Moderate–Severe Disease
n = 59 p

RDW (%) 14.00 (10–22.8) 15.60 (10.00–34.00) 0.002 m

PLT (103/L) 231.90 (120.00–489.00) 266.00 (169.00–812.00) <0.001 m

MPV (fL) 8.58 (5.10–15.60) 8.21 (5.36–14.10) 0.541 m

PDW (fL) 17.85 (1.70–24.00) 18.00 (11.10–118.40) 0.513 m

NLR 1.68 (0.62–13.83) 2.49 (0.65–9.72) <0.001 m

PLR 103.54 (42.39–352.17) 120.77 (34.67–352.17) 0.005 m

PIV 207.31 (33.81–2355.55) 381.83 (60.99–3267.31) <0.001 m

Sedimentation (mm/h) 8.00 (2.00–54.00) 12.00 (2.00–81.00) <0.001 m

CRP (mg/L) 3.00 (1.00–25.20) 4.00 (2.00–40.90) <0.001 m

M694V homozygous
(present/absent) 49/213 33/26 <0.001 x2

FMF = familial Mediterranean fever, WBC = white blood cell, RBC = red blood cell, Hb = hemoglobin,
Hct = hematocrit, MCV = mean corpuscular volume, MCH = mean corpuscular hemoglobin, MCHC = mean
corpuscular hemoglobin concentration, RDW = red cell distribution width, PLT = platelets, MPV = mean platelet
volume, PDW = platelet distribution width, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte
ratio, PIV = pan-immune-inflammation value, CRP = C-reactive protein, m = Mann–Whitney test, x2 = Pearson’s
Chi-squared test, t independent samples test. Statistically significant values are shown in bold.

Table 6. Univariate and multivariate logistic regression analysis of clinical and laboratory characteris-
tics for prediction of disease severity.

Factor
Univariate Analysis Multivariate Analysis

OR 95% CI p OR 95% CI p

FMF diagnosis age Years 0.989 0.967–1.012 0.362

Sex Male (RC) vs.
female 1.536 0.870–2.715 0.139 - - -

Comorbidity index Score 1.253 0.674–2.326 0.476

Hb g/dL 0.737 0.613–0.886 0.001 - - -

MCH pg 0.811 0.727–0.904 <0.001 - - -

MCHC g/dL 0.839 0.656–1.073 0.162 - - -

RDW % 1.217 1.096–1.351 <0.001 1.131 1.007–1.270 0.038

NLR High (RC) vs. low 4.273 2.370–7.703 <0.001 - - -

PLR High (RC) vs. low 2.930 1.637–5.245 <0.001 - - -

PIV High (RC) vs. low 7.125 3.635–13.966 <0.001 3.133 1.406–6.978 0.005

Sedimentation mm/h 1.063 1.035–1.092 <0.001 - - -

CRP mg/L 1.189 1.111–1.272 <0.001 1.139 1.059–1.225 <0.001

M694V
homozygous

mutation

Present (RC) vs.
absent 2.981 1.627–5.460 <0.001 3.714 1.869–7.379 <0.001

FMF = familial Mediterranean fever, Hb = hemoglobin, MCH = mean corpuscular hemoglobin, MCHC = mean
corpuscular hemoglobin concentration, RDW = red cell distribution width, NLR = neutrophil-to-lymphocyte
ratio, PLR = platelet-to-lymphocyte ratio, PIV = pan-immune-inflammation value, CRP = C-reactive protein, RC =
reference category, OR = odds ratio, CI = confidence interval. Statistically significant values are shown in bold.

4. Discussion

In our study, the presence of the homozygous M694V mutation in FMF patients,
along with PIV and CRP levels determined during the attack-free period, emerged as
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independent risk factors for predicting both amyloidosis and moderate-to-severe disease.
Additionally, NLR for amyloidosis and RDW for moderate-to-severe disease were identified
as independent risk factors.

Amyloidosis is the most serious complication of FMF and known risk factors include
the male sex, the presence of the M694V mutation, early age at diagnosis, and the presence
of amyloidosis in family members [24–26,29,30]. Another important risk factor is inflam-
mation that persists despite colchicine treatment [8]. Various inflammatory markers, such
as ESR, CRP, fibrinogen, serum amyloid A protein, and white blood cell levels, are utilized
as acute-phase markers in FMF [31]. PIV is a novel blood-based biomarker encompassing
immune cell subpopulations of neutrophils, platelets, monocytes, and lymphocytes in
peripheral blood [19]. PIV has also been studied in various diseases under different names,
such as the systemic immune-inflammation response index (SIIRI) and the aggregate in-
dex of systemic inflammation (AISI), and has been found to be associated with certain
inflammatory conditions [32,33]. Studies on PIV have mainly been conducted in the field
of oncology. There are only a few studies on PIV in the field of rheumatology. A study by
Lee et al. examined PIV in patients diagnosed with AAV. The survival rate was lower in
those who had higher PIV values at the time of diagnosis [19]. Additionally, Tutan et al.
reported significantly elevated PIV in patients with active rheumatoid arthritis compared
to those in remission [34]. As far as we know, previous studies have not investigated the
relationship between PIV and amyloidosis and disease severity in FMF patients. In this
study, PIV, evaluated during the attack-free period, was shown for the first time to be an
independent risk factor for the prediction of amyloidosis and moderate-to-severe disease
in FMF patients. PIV is a simple and easy-to-use biomarker that can be used in clinical
practice to predict amyloidosis and moderate-to-severe disease.

CRP is an acute-phase protein of hepatic origin that rises in response to the release of
IL-6 by macrophages and T cells and indicates the severity of inflammation. CRP increases
in acute and chronic inflammation as an indicator of the acute-phase response [35]. Varan
et al. have shown that high CRP levels in the attack-free period can be important for
the development of amyloidosis [27]. The study by Tezcan et al. found that CRP levels
measured during the attack-free period were high in moderate-to-severe disease [10]. In our
study, CRP proved to be an independent risk factor for the prediction of both amyloidosis
and moderate-to-severe disease.

To date, more than 300 MEFV mutations have been defined, and pathogenic mutations
are most frequently found in exon 10. The most common of these mutations is M694V, with
a frequency of 20–65% [36]. The presence of the M694V homozygous mutation is considered
a risk factor for severe disease progression and amyloidosis [37,38]. In a multicenter study
of Turkish patients by Kaşifoğlu et al., it was found that M694V homozygote positivity
was significantly higher in patients with amyloidosis [26]. In a recent study conducted
in pediatric patients in Turkey, it was shown that patients with the M694V homozygous
mutation had more severe amyloidosis compared to other mutations, and this mutation
was associated with disease severity [39]. In our study, M694V homozygote positivity also
proved to be an independent risk factor for the prediction of moderate-to-severe disease
and amyloidosis.

The NLR, which is determined by dividing the number of neutrophils by the number
of lymphocytes, has been reported in various studies as an indicator of the systemic
inflammatory response [31,40]. In a study by Uslu et al. investigating the NLR biomarker
in FMF patients, it was found that NLR was statistically higher in patients with amyloidosis
compared to patients without amyloidosis [31]. Ahsen et al. suggested that NLR could be
used as an acute-phase marker in FMF patients [14]. Tezcan et al. showed that high NLR can
predict amyloidosis [10]. However, other clinical and genetic risk factors for amyloidosis,
such as sex, age at diagnosis, and the presence of M694V homozygotes were not assessed
in the study by Tezcan et al. and no multivariate analysis was performed. In our study,
NLR was found to be an independent risk factor for the prediction of amyloidosis. NLR
assessment in FMF patients could be helpful in the prediction of amyloidosis. In our study,
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although PIV outperformed NLR in predicting disease severity, they were both found to be
independent risk factors in the amyloidosis prediction model, and they were not superior
to each other in further analysis.

RDW is a parameter of the complete blood count and reflects the variability of the
size of the circulating erythrocytes. Changes such as inflammation and oxidative stress
affect the erythroid series in the bone marrow and cause changes in RDW. Experimental
studies have shown that inflammatory cytokines suppress erythrocyte development and
lead to an increase in RDW as immature erythrocytes enter the bloodstream [41]. When
analyzing studies on RDW in the field of rheumatology, it was suggested that RDW could
be used as a potential marker to assess disease activity in Behçet’s disease, rheumatoid
arthritis, and systemic lupus erythematosus [42–44]. There are few studies on RDW in FMF
patients, and it has been shown that high RDW values may reflect subclinical inflammation
in the attack-free period [5,12,15,45]. These studies did not investigate the relationship
between RDW and disease severity. In our study, it was found that high RDW levels in
the attack-free period in FMF patients may be an independent risk factor for predicting
moderate-to-severe disease, and our study is the first study on this topic. Assessment of
RDW in FMF patients may be helpful in predicting moderate-to-severe disease.

Limitations

One of the limitations of our study is that it has a single-center retrospective design.
Serum amyloid A level, like other inflammatory markers, is an important parameter for
the prediction of amyloidosis. However, serum amyloid A level could not be evaluated
because the serum amyloid A levels of most patients could not be assessed in the attack-free
period. Early initiation of colchicine treatment in FMF patients leads to an improvement
in seizures and the prevention of amyloidosis. Patients who had been receiving regular
colchicine treatment were included in this study. However, the time interval between the
age of onset of symptoms and the start of colchicine treatment could not be assessed.

5. Conclusions

Although the incidence of amyloidosis has decreased significantly in recent years due
to the use of colchicine in FMF, amyloidosis is still the most serious complication. Patients
should be followed up not only during the attack period but also in the attack-free period.
The identification of new biomarkers, such as PIV, which can be used in daily practice
and are inexpensive and easily accessible, could be helpful in predicting amyloidosis and
moderate-to-severe disease. In particular, in the presence of M694V homozygotes, patients
with elevated CRP and a PIV ≥ 518.1 cut-off in the attack-free period should be closely
monitored for the risk of amyloidosis and moderate-to-severe disease.
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