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Lipid profile and atherogenic indices and their association with 
platelet indices in familial Mediterranean fever

Ailevi Akdeniz ateşi’nde lipit profili ve aterojenik indeks düzeyleri
ve bunların trombosit indeksleri ile ilişkisi
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Objective: The aim of this study was to investigate lipid pro-
files and atherogenic indices and their association with platelet 
indices in Familial Mediterranean Fever (FMF) patients.
Methods: A total of 63 FMF patients and 51 healthy individuals 
were included in this retrospective study. Inflammatory marker 
values (erythrocyte sedimentation rate [ESR], C-reactive pro-
tein [CRP] and fibrinogen), platelet indices (mean platelet 
volume, plateletcrit value, platelet large cell ratio, and platelet 
distribution width), lipid profiles (levels of total cholesterol, 
triglycerides, high-density lipoprotein [HDL] cholesterol, and 
low-density lipoprotein cholesterol) were recorded. Athero-
genic indices (atherogenic index of plasma [AIP], atherogenic 
coefficient [AC], Castelli’s risk indices I and II [CRI I and II]) 
were calculated using lipid parameters.
Results: In FMF patients, while AIP, AC, and CRI I and II val-
ues were significantly higher than in the healthy control group, 
the HDL cholesterol level was significantly lower (all p<0.05). 
However, no significant difference was determined in terms 
of the other studied parameters (all p>0.05). In male FMF pa-
tients, whereas AIP, AC, and CRI I and II values were signifi-
cantly higher than in female FMF patients, the platelet count, 
ESR, and HDL cholesterol levels were significantly lower (all 
p<0.05). The level of CRP was negatively correlated with HDL 
cholesterol (r=−0.275; p=0.032) and total cholesterol level 
(r=−0.313; p=0.014) in FMF patients. HDL cholesterol level 
was negatively correlated with disease duration (r=−0.269; 
p=0.049).
Conclusion: The use of atherogenic indices may be rec-
ommended to identify patients with an increased risk of 
atherosclerotic cardiovascular disease in FMF, especially in 
male patients.

Amaç: Bu çalışmada, Ailevi Akdeniz Ateşi (AAA) hastalarında 
lipit profili ve aterojenik indeks düzeylerini ve bunların trombo-
sit indeksleri ile olan ilişkisini araştırmayı amaçladık.
Yöntemler: Bu geriye dönük çalışmaya AAA’lı 63 hasta ve 
sağlıklı 51 birey dahil edildi. Enflamatuvar belirteçlerin (erit-
rosit sedimantasyon hızı [ESR], C-reaktif protein [CRP] ve 
fibrinojen), trombosit indekslerinin (ortalama trombosit hacmi, 
trombosit krit, büyük trombosit oranı ve trombosit dağılım ge-
nişliği) ve lipit parametrelerinin (toplam kolesterol, trigliserit, 
düşük yoğunluklu lipoprotein kolesterol ve yüksek yoğunluklu 
lipoprotein kolesterol) düzeyleri kaydedildi. Ayrıca, aterojenik 
indeksler (plazma aterojenik indeksi [AIP], aterojenik katsayı 
[AK], Castelli risk indeksleri I ve II [CRI-I ve II]) lipit parametre-
leri kullanılarak hesaplandı.
Bulgular: AAA’lı hastalarda AIP, AK, CRI-I ve II düzeyleri sağ-
lıklı kontrol grubuna göre anlamlı derecede yüksek iken, yük-
sek yoğunluklu lipoprotein kolesterol düzeyi anlamlı derecede 
düşüktü (p<0.05). Bununla birlikte, diğer incelenen paramet-
reler açısından anlamlı bir fark tespit edilmedi (p>0.05). AAA’lı 
erkek hastalarda AIP, AK, CRI-I ve II düzeyleri kadın hastalara 
göre anlamlı derecede yüksek iken, trombosit, ESR ve yüksek 
yoğunluklu lipoprotein kolesterol düzeyleri anlamlı derecede 
düşüktü (p<0.05). AAA’lı hastalarda CRP düzeyi ile yüksek 
yoğunluklu lipoprotein kolesterol ve toplam kolesterol düzey-
leri arasında negatif korelasyon bulundu (sırasıyla, r=−0.275, 
p=0.032 ve r=−0.313, p=0.014). Ayrıca, yüksek yoğunluklu li-
poprotein kolesterol düzeyi ile hastalık süresi arasında negatif 
korelasyon saptandı (r=−0.269, p=0.049).
Sonuç: AAA’da özellikle erkek hastalarda, artmış aterosklero-
tik kardiyovasküler hastalık riskinin belirlenmesi için aterojenik 
indekslerin kullanımı önerilebilir.
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Familial Mediter-
ranean fever 

(FMF) is a chronic 
inflammatory dis-
ease that is the result 
of a mutation of the 
MEFV gene. The 
MEFV gene encodes 
the protein pyrin/
marenostrin, which 
is thought to play a 
role in inflammatory 
pathways. Mutation 
of the MEFV gene leads to a loss of pyrin function and 
results in uncontrolled inflammation.[1,2] Inflammation 
in FMF disease is important in the onset and the pro-
gression of atherosclerotic cardiovascular disease, as it 
causes functional changes in microcirculation.[3–5]

It has been reported that increased platelet activa-
tion is related to the cardiovascular risk factors that 
expedite atherogenesis.[6,7] Platelet indices, including 
platelet large cell ratio (P-LCR), mean platelet volume 
(MPV), plateletcrit (PCT), and platelet distribution 
width (PDW), are platelet activation indicators.[8] Of 
these parameters, the MPV level, in particular, has been 
said to be elevated in cardiovascular diseases, such as 
hypertrophic cardiomyopathy,[9] acute myocardial in-
farction,[10] and pulmonary arterial hypertension.[11]

Traditionally, the atherogenic lipid profile consists 
of an increased level of total cholesterol (TC), low-
density lipoprotein cholesterol (LDLc), and triglyc-
erides (TG), and decreased high-density lipoprotein 
cholesterol (HDLc). Currently, Castelli’s risk indices 
I and II (TC/HDLc and LDLc/HDLc, respectively), 
the atherogenic index of plasma (AIP; Log TG/
HDLc), non-HDLc (TC-HDLc), and the atherogenic 
coefficient (AC; Non-HDLc/HDLc) parameters are 
used for a better prognosis in cases of atherosclerosis 
and cardiovascular disease.[12–15]

The objective of this study was to investigate the 
lipid profile and atherogenic indices in FMF patients 
and to assess the association with platelet indices.

METHODS

The records of adult patients diagnosed with FMF 
between June 2014 and December 2015 in the de-
partment of the internal medicine were reviewed ret-

rospectively. In all, 63 FMF patients and 51 healthy 
controls were included in the study. All of the patients 
were diagnosed with FMF based on the Tel Hashomer 
criteria[16] and were taking colchicine.

Individuals who had cardiovascular disease, 
hematological disorders, other rheumatological dis-
eases, cancer, diabetes, take medication other than 
colchicine, smoke, or drink alcohol were not included 
in the study. Approval for this study was received 
from the local ethics committee.

Laboratory analysis

Ethylenediaminetetraacetic acid tubes were used for 
a complete blood count analysis. The complete blood 
count parameters were analyzed in a Sysmex XN-
1000 analyzer (Sysmex Corp., Kobe Japan) within 2 
hours to prevent platelet swelling. The other study test 
samples were analyzed according to classic methods 
using various analyzers: the CRP level was assessed 
with Siemens’ BN II nephelometer (Siemens Health-
ineers, GmbH, Erlangen, Germany) ESR with the 
Test-1 automated analyzer (Alifax S.p.A. Polverara. 
Italy), fibrinogen level with an STA Compact coagu-
lation analyzer (Diagnostica Stago, Inc., Parsippany, 
NJ, USA) and TC, HDLc, LDLc, and TG levels were 
measured with the Abbott Architect c8000 (Abbot Di-
agnostics, Inc., Lake Forest, IL, USA). The indices 
used in this study were calculated as follows: CRI-
I=(TC/HDLc),[12] CRI-II=(LDLc/HDLc),[12] AIP=(log 
TG/HDLc),[13] non-HDLc=(TC–HDLc),[14] and 
AC=(non-HDLc/HDLc).[15]

Statistical analysis

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 22.0. (IBM Corp., Ar-
monk, NY, USA). Normal distribution was determined 
using the Kolmogorov-Smirnov test. Student’s t-test 
was used to compare the data expressing a normal 
distribution; otherwise, the Mann-Whitney U test was 
used. A chi-square test was used to compare categor-
ical variables. Normally distributed continuous vari-
ables were reported as mean±SD, and those non-nor-
mally distributed were reported as median (min-max).

Categorical variables were reported as number and 
percent. Pearson’s and Spearman’s correlation meth-
ods were applied for relationship analysis. P values 
equal to or less than 0.05 were accepted as statistically 
significant.
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Abbreviations:

AC	 Atherogenic	coefficient	
AIP Atherogenic index of plasma 
CRI Castelli’s risk index
CRP C-reactive protein
ESR Erythrocyte sedimentation rate
FMF Familial Mediterranean Fever
HDLc High-density lipoprotein cholesterol
LDLc Low-density lipoprotein cholesterol
MPV Mean platelet volume
PCT Plateletcrit 
PDW Platelet distribution width
P-LCR Platelet large cell ratio 
TC Total cholesterol 
TG Triglycerides
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RESULTS

The demographic characteristics and laboratory find-
ings of the FMF patients and healthy controls are 
summarized in Table 1. The AIP, AC, CRI-I and II 
values were significantly higher and the HDLc lev-
els were significantly lower in the FMF patients com-
pared with the healthy controls. However, there was 
no significant difference between the FMF patients 
and healthy controls in terms of age, gender distri-
bution, TC, LDLc, TG, P-LCR, MPV, PCT, or PDW 
levels (Table 1). 

When FMF patients were examined as separate 
groups according to gender, the AIP, AC, and CRI-I 
and II values were significantly higher, and the platelet 
count, ESR, and HDLc levels were significantly lower 
in male FMF patients compared with the female pa-
tients. The other parameters were similar between the 
2 groups (Table 2).

The TC, TG, HDLc, and LDLc levels of patients 
using colchicine in a dose of less than or equal to 1mg 
and more than 1mg were compared. There was no 
significant difference between the 2 groups in terms 
of these parameters (p=0.218, p=0.910, p=0.133, and 
p=0.255, respectively).

The correlation of lipid profile and atherogenic 
indices with the other parameters studied in FMF pa-
tients is provided in Table 3. The CRP level was nega-
tively correlated with HDLc (r=−0.275; p=0.032) and 
TC levels (r=−0.313; p=0.014) (Figs. 1 and 2). Fur-
thermore, the HDLc level was negatively correlated 
with disease duration (r=−0.269; p=0.049) (Fig. 3).

DISCUSSION

FMF is a chronic inflammatory disease that is char-
acterized by episodes of attack and attack-free peri-
ods. Subclinical inflammation can continue between 

Table 1. Characteristics and laboratory parameters of the study groups

 FMF (n=63) Control (n=51) p

Age (years) 29 (18–45) 28 (18–50) 0.923*
Gender (male), n (%) 34 (54) 28 (54.9) 0.921†

Platelet (103/µL) 258 (150–627) 270 (172–548) 0.949*
Platelet distribution width (fL) 13±1.9 12.5±1.9 0.186‡

Mean platelet volume (fL) 10.8±0.8 10.5±0.9 0.169‡

Plateletcrit (%) 0.28 (0.16–0.62) 0.29 (0.18–0.54) 0.869*
Platelet large cell ratio (%) 31.1±6.3 29.4±7.1 0.168‡

Low-density lipoprotein cholesterol (mg/dL) 117.5±36.7 111.6±22.6 0.474‡

High-density lipoprotein cholesterol (mg/dL) 40.5 (19.7–75.1) 47.7 (36.3–76.4) <0.001*
Total cholesterol (mg/dL) 178.8 (112.1–286.9) 181.6 (144.7–239.8) 0.761*
Triglyceride (mg/dL) 96 (39.2–435.5) 92.1 (37.2–224.8) 0.325*
Non-High-density lipoprotein cholesterol 134.9 (70.1–243) 128 (84.6–198.7) 0.365*
Castelli’s risk index I 4.4 (2.7–11.5) 3.7 (2.4–5.9) <0.001*
Castelli’s risk index II 2.9 (1.4–8.1) 2.3 (1.1–4.5) 0.004*
Atherogenic coefficient 3.4 (1.7–10.5) 2.7 (1.4–4.9) <0.001*
Atherogenic index of plasma 0.43±0.32 0.28±0.26 0.004‡

Erythrocyte sedimentation rate (mm/h) 15 (2–114) – 
C-reactive protein (mg/L) 3.6 (3.2–187) – 
Fibrinogen (mg/dL) 335 (183–696) – 
Disease duration (years) 13 (1–37) – 
Colchicine dose (mg/day) 1 (0.5–2) – 
*Mann-Whitney U test. †Chi-square test. ‡T test. Data are shown as median (min–max), mean±SD and number, (%) as appropriate. P<0.05 was considered 
statistically significant. Atherogenic coefficient: Non-HDLc/HDLc; Atherogenic index of plasma: Log TG/HDLc; Castelli’s risk index I: TC/HDLc; Castelli’s risk 
index II: LDLc/HDLc; Non-HDLc: TC-HDLc. FMF: Familial Mediterranean Fever.



ease using lipid profiles and lipid ratios. It has been 
demonstrated that calculated lipid ratios can be used 
as a stronger indicator than any other single lipid 
parameter in the prediction of the atherosclerosis 
progression.[21–23] There are very few studies inves-
tigating the role of any changes in the lipid pro-
file and lipid ratios in accelerated atherosclerosis 
pathogenesis in FMF patients. Keles et al.[24] found 
a negative correlation between the TG/HDLc ra-
tio and flow-mediated dilatation as an indicator of 
endothelial dysfunction in patients diagnosed with 
chronic inflammatory diseases, including ankylosing 
spondylitis and FMF. Icli et al.[25] detected a positive 
correlation between AIP values and carotid intima 
media thickness, which is used to define preclinical 
atherosclerosis, in FMF patients. In another study, 
it was found that AIP levels in FMF patients were 
significantly higher compared with healthy controls 
while HDL levels were lower.[26] Similarly, we found 
elevated AIP, AC, CRI-I and II results, and reduced 

the episodes of acute inflammation.[17] It has been 
suggested that the inflammation in FMF is related to 
endothelial dysfunction, platelet hyperactivation, and 
increased atherosclerotic burden.[5]

In our study, there was no significant difference in 
the platelet indices, which are thrombocyte activation 
indicators, between the FMF patients and the healthy 
controls. In parallel with our findings, Uluca et al. [18] 
did not find any significant difference in MPV and 
PDW levels between FMF patients and healthy con-
trols. However, other researchers have found a signif-
icantly higher MPV level in FMF patients compared 
with healthy controls.[19,20] The discrepancy between 
these studies may arise from pre-analytical variables 
(sample collection procedure, whether or not the du-
ration between sample collection and the analysis was 
standardized, etc.), and the methodological differ-
ences of analyzers.

Many studies have sought to determine the risk 
level for atherosclerotic and coronary artery dis-

Table 2. Demographic and laboratory findings in male and female patients with Familial Mediterranean Fever 

 FMF-Male (n=34) FMF-Female (n=29) p

Age (years) 29±6.3 28.6±8.2 0.890‡

Platelet (103/µL) 254 (150–343) 292 (158–627) 0.033*
Platelet distribution width (fL) 12.9±2 12.8±1.9 0.334‡

Mean platelet volume (fL) 10.6±0.8 10.7±0.8 0.992‡

Plateletcrit (%) 0.27 (0.16–0.40) 0.31 (0.19–0.62) 0.051*
Platelet large cell ratio (%) 30.5±6.5 30.8±6.4 0.838‡

Low-density lipoprotein cholesterol (mg/dL) 124.3±33.1 114.9±43.7 0.709‡

High-density lipoprotein cholesterol (mg/dL) 37.9±8.5 48.1±13.9 0.017‡

Total cholesterol (mg/dL) 192.1±46.5 184.4±48.2 0.368‡

Triglyceride (mg/dL) 109.2 (58.1–435.5) 98.1 (39.2–209.9) 0.144*
Non-HDLc 154.2±45.1 136.3±43.3 0.062‡

Castelli’s risk index I 5.0 (2.8–11.5) 4.3 (2.7–6.1) 0.004*
Castelli’s risk index II 3.3 (1.5–8.1) 2.2 (1.4–4.6) 0.007*
Atherogenic coefficient 4.0 (1.8–10.5) 3.3 (1.7–5.1) 0.004*
Atherogenic index of plasma 0.52±0.32 0.32±0.29 <0.001‡

Erythrocyte sedimentation rate (mm/h) 12 (2–114) 26 (6–83) <0.001*
C-reactive protein (mg/L) 3.3 (3.2–187) 3.3 (3.3–144) 0.818*
Fibrinogen (mg/dL) 326 (183–631) 343 (274–696) 0.195*
Disease duration (years) 15 (1–32) 12 (3–37) 0.980*
Colchicine dose (mg/day) 1.5 (0.5–2) 1 (0.5–2) 0.195*
*Mann-Whitney U test. ‡T test. Data are shown as median (min–max) and mean±SD, as appropriate. P<0.05 was regarded as statistically significant. 
Atherogenic coefficient: non-HDLc /HDLc; Atherogenic index of plasma: log TG/HDLc; Castelli’s risk index I: TC/HDLc; Castelli’s risk index II: LDLc/HDLc; 
Non-HDLc: TC-HDLc.
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HDL levels in FMF patients. These results demon-
strate that AIP, AC, and CRI-I and II levels in FMF 
patients can be used as additional indices in the eval-
uation of atherosclerotic risk. Ta
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Figure 1. Scatter plot image of the correlation between CRP 
and HDLc in patients with FMF (n=61). 
CRP: C-reactive protein; FMF: Familial Mediterranean Fever; HDLc: High-
density lipoprotein cholesterol.

C
R

P 
(m

g/
L)

200

150

100

50

0
0 20 40 60 80

HDLc (mg/dL)

Figure 2. Scatter plot image of the correlation between CRP 
and total cholesterol in patients with FMF (n=61). 
CRP: C-reactive protein; FMF: Familial Mediterranean Fever.
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Figure 3. Scatter plot image of the correlation between dis-
ease duration and HDLc in patients with FMF (n=54). 
FMF: Familial Mediterranean Fever; HDLc: High-density lipoprotein choles-
terol.
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mentary markers in the prediction of atherosclerotic 
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