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ABSTRACT

Objective: Familial Mediterranean Fever (FMF) is a hereditary autosomal
recessive chronic periodic inflammatory disease, characterized by
recurrent fever polyserositis and skin manifestations. The aim of this study
was to investigate the bone mineral density (BMD) in prepubertal children
with FMF and to determine the relationship between bone density and
demographic, laboratory characteristics of the disease.

Material and Method: Thirty two previously diagnosed, attack-free,
prepubertal FMF patients who were receiving regular colchicine treatment
were included in the study. Demographic and clinical data of patients,
acute phase reactants, biochemical parameters of bone turnover, bone
age, and L1-L4 vertebral mineral density were evaluated. The results of
the patients were compared with values determined for healthy Turkish
children.

Results: All of the patients had z-scores which were greater than -2. Acute
phase values and bone metabolism markers were within normal limits. No
correlation was found between the aBMD Z-score and demographic data,
acute phase reactants and bone metabolism markers. There was a
negative correlation between delay in diagnosis and aBMD Z- score.
Conclusion: Although aBMD Z-scores were normal in children with FMF
the aBMD Z score was found to be lower in children who had had a delay
in treatment. Early initiated colchicine therapy is important for optimal
bone health in these patients.
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Amag: Ailevi Akdeniz Atesi (AAA) otozomal ressesif kalitilan tekrarlayan
atates, poliserozit ve cilt bulgulariyla karakterize atakler ve remisyonla
seyreden kronik periyodik inflamatuvar bir hastaliktir. Bu calisma, AAA
tanisiyla izlenen prepubertal gocuklarda kemik mineral yogunlugunu
(BMD) arastirmak ve kemik yogunlugu ve hastaligin laboratuvar ve
demografik 6zelikleri arasindaki iliskiyi saptamak amaciyla yapilmistir.
Gereg ve Yontem: Bu ¢alismaya AAA tanisiyla takipli ve kolsisin tedavisi
alan prepubertal 32 hasta alindi. Hastalarin demografik ve klinik verileri,
remisyon doneminde akut faz reaktanlari, kemik déngusiintn biyokimya-
sal parametreleri, kemik yasi, L1-L4 vertebra BMD o&lgtiimleri degerlendi-
rildi. Hastalarin sonuglari saghkh Turk g¢ocuklari igin belirlenmis olan
degerlerle karsilastirildi.

Bulgular: Hastalarin tamaminda z skorlari -2’den biyikti, akut faz deger-
leri, kemik metabolizma belirtegleri normal sinirlar iginde bulundu. aBMD
Z-skor ile demografik veriler, akut fazlar ve kemik metabolizma belirtegle-
ri arasinda korelasyon saptanmadi.Tanida gecikme siiresi ve BMD arasin-
da negatif korelasyon saptandi.

Sonug: AAA’li gocuklarda aBMD Z-skorlari normal olmakla birlikte taniya
ge¢ baslanilan ¢ocuklarda BMD daha disik bulundu. Erken baslanan
kolsisin tedavisi bu hastalarda optimal kemik sagligi icin dnemlidir.

Anahtar Kelimeler: Cocuk, inflamasyon, kemik mineral dansitesi
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INTRODUCTION

Familial Mediterranean Fever (FMF) is a chronic inflammatory
disease and has an autosomal recessive inheritance. It occurs
mainly in people living around the Eastern Mediterranean
Sea. Its reported incidence in the world is between 1/200 and
1/1000. Studies conducted in Turkey ave shown that incidence
rates vary among regions, with Central Anatolian and Northern
Anatolian regions being the highest (0.88%). FMF is associated
with recurrent fever, peritonitis, pleuritis, arthritis, pericarditis,
and cutaneous symptoms as a result of mutations of the MEFV
gene. The MEFV gene is found on chromosome 16. More than
70 mutations in the MEFV gene cause the disease, of which the
majority are located in the 10" and 2" exons (1,2).

Recurrent attacks and remissions are the most important
features of the clinical course of FMF. Many inflammatory
cytokines including IL-1, IL-15, IL-11, IL-17, TNF, and IL-6 are
essential in the pathogenesis, and the serum levels of these
cytokines have been demonstrated to be associated with
osteoclast activation and bone resorption. In patients with
FMF, inflammatory cytokines reduce bone mineral density by
adversely affecting the osteogenesis and increased resorption of
bone (3,4). In patients with loss of appetite due to the disease,
malnutrition and immobility during attacks also contribute
to the condition of bone mineral reduction (5). The most
commonly used method to demonstrate bone mineral density
is dual-energy x-ray absorptiometry (DXA)(6). This method
determines bone mineral density (BMD) through the ratio of
the bone mineral content to the measured bone area (7).

This study aimed to examine the bone mineral density
using DXA in prepubertal children with FMF and to identify
the relation between the laboratory and demographic
characteristics of the disease and the bone density.

MATERIAL AND METHOD

Thirty two prepubertal patients who were being regularly
followed-up after being diagnosed with FMF and whose records
were regularly maintained were retrospectively evaluated.
Tel-Hashomer criteria were used for the diagnosis of FMF. All
the patients were receiving regular colchicine therapy. Data
on the age, gender, age at the initiation of symptoms, age
at diagnosis, clinical findings, time of initiation of colchicine,
nutrition history, physical activities, familial history of FMF
and consanguinity were recorded on the prepared FMF forms.
The time from the initiation of symptoms to the initiation of
colchicine therapy was defined as delay time of diagnosis
and calculated. The disease severity was scored using the
scoring system developed by Pras et al. Based on this scoring
system, the patients were assessed according to age of onset,
frequency of attacks, dose of colchicine required to control
attacks, joint involvement, presence of erysipelas-like erythema
and presence of amyloidosis. A score of 2 to 5 referred to a mild
disease, a score of 6-10 to a moderate disease, and a score
of higher than 10 to a severe disease (8). Height, weight and
bone age measurements were taken , and body mass index
(weight/height?, kg/m?) was calculated. The results of acute

phase reactants were recorded, including WBC, erythrocyte
sedimentation rate (ESR; Westergren method, normal < 20mm/
hour), C-reactive protein (CRP; nephelometric method, normal
<1.0 mg/dl) calcium, phosphorus, alkaline phosphatase,
parathormon, 25-OH vitamin D, spot urinary calcium-to-
creatinine ratio, which are the biochemical parameters of bone
turnover taken from all of the patients during the remission
period (at least 2 weeks after exacerbation).

The BMD at the L1-L4 vertebrae, which had been measured
using the DXA performed at the same center, were evaluated
(Hologic QDR-4500A). The results were recorded as height
adjusted areal bone mineral density (aBMD) Z-score. The
results from the patients were compared to the standardized
values for healthy Turkish children (9). Results with a z-score of
<-2.0 SD were considered as low bone mineral density.

The study was directed following the principles of the
Declaration of Helsinki and an ethical committee approval was
obtained (committee approval number 2020/0258). Parents
were informed and written consent was provided. Patients
with chronic comorbidities or malnutrition in addition to the
diagnosis of FMF were excluded from the study.

The SPSS 15 software was used for the statistical analyses.
Normality test was performed to determine the distrubition
of data. Since continuous variables had normal distribution,
they were presented as mean = standard deviation (SD).
Categorical variables were expressed as proportions. The
Pearson correlation test was used for correlation between the
normal distributed variables. A p-value < 0.05 was taken to be
statistically significant.

RESULTS

Of the 32 patients included to the study, the mean age was
6.9+1.4 years and 12 (37.5%) were girls. The mean age at the
time of diagnosis was 4.7+1.7 years. The time from the initiation
of symptoms to the initiation of colchicine therapy (defined as
delay time of diagnosis) was 1.6+0.5 years (mean value). The
mean severity score was 6.18+2.1. The most common symptoms
were abdominal pain observed in 31 patients (96.8%), fever
in 27 patients (84.3%) and arthralgia in 13 patients (40%). 13
(40%) of our patients had familial history of consanguinity,
and 11 (34.3%) had familial history of FMF. It was observed
that age-appropriate nourishment was provided and physical
activities were within normal range in all the patients. Table
1 shows the demographic and clinical features of the children
with FMF. Their acute phase reactants and bone metabolism
markers were within normal ranges. The aBMD Z-scores of all
patients were normal; the mean aBMD Z-score was -0.83+0.66
(Table 2). There was no correlation between aBMD Z-score and
body mass index, age, and gender. The correlation between
Ca, P, ALP, PTH, 25-OH vitamin D and spot urinary calcium-to-
creatinine ratio (biochemical markers of bone metabolism) and
aBMD Z-score was not significant. There was no correlation
between the patients’ severity score and aBMD Z-score. The
correlation between delay time of diagnosis and aBMD Z-score
was statistically significant (p:0.031, 0.017) (Table 3).
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Table 1: The demographic and clinical characteristics of the
patients.

Table 3: Correlations between demographic and laboratory
characteristis and a(BMD) Z-score.

Gender (female/male) (n) 12/20
Age (year, meanSD) 6.9+1.4
Age at the diagnosis (year, meanzSD) 4.7+1.7
FMF severity score 6.18+2.1
Delay time of diagnosis (year, meantSD) 1.610.5
Height (cm) 114.93+8.17
Height z score -0.840.1
Weight (kg) 20.5+2.46
Body mass index (kg/m?) 15.19+1.25
Consanguinity n (%) 13 (40%)
Family history for FMF n (%) 11 (34.3%)
Abdominal pain n (%) 31 (96.8%)
Fever n (%) 27 (84.3%)
Arthritis/arthralgia n (%) 13 (40.6%)
Myalgia n (%) 9 (28.1%)
Chest pain n (%) 5(15.6%)
FMF: Familial Mediterranean Fever

Table 2: Laboratory findings of the patients.

WBC (k/ml) 1709+39
ESR (mm/h) 17.09+1.84
CRP (mg/dl) 0.1340.06
Ca (mg/dl) 9.5+0.12

P (mg/dl) 4.5+0.13
ALP (IU/L) 256.12+15
PTH (ng/ml) 49,53+5.8
25(OH)D (nmol/l) 31.6+3.6
Spot urine Ca/kreatinin 0.12+0.1
aBMD Z score -0.83+0.66

25-0H vit D: 25-hydroxyvitamin D, ALP: alkaline phosphatase, BMD: bone
mineral density, Ca: calcium, CRP: C-reactive Protein, ESR: Erythrocyte
sedimentation rate, P: phosphor, PTH: parathormon, WBC: White Blood Cell,
Values expressed as mean%SD .

DISCUSSION

FMF is a chronic inflammatory disease and its main features
are periodic fever and serosal inflammation. As a result of
mutations on the short arm of chromosome 16, attacks
and increased inflammatory response during remission are
observed (1,2).

Many factors are responsible for bone mineral density in
children, of which genetics, race, environmental factors,
hormones and cytokines are the main factors. In FMF, loss of
bone mass is observed due to subclinical inflammation that

aBMD z score

Age r: 0.022
p: 0.87
Gender r: 0.054
p: 0.236
BMI z-score r: 0.100
p: 0.463
WBC (k/ml) r:-0.309
p: 0.085
ESR (mm/h) r:-0.233
p: 0.199
CRP (mg/dl) r:-0.202
p: 0.267
Ca (mg/dl) r:-0.161
p: 0.237
P (mg/dl) r:-0.014
p: 0.916
ALP (1U/L) r:-0.003
p: 0.982
PTH (ng/ml) r:-0.123
p: 0.504
25(0OH)D (nmol/I) r:0.123
p: 0.501
Spot urine Ca/kreatinin r:-0.342
p: 0.055
FMF severity score r:-0.130
p:0.478
Delay time of diagnosis r:-0.418
p: 0.017

25-OH vit D: 25-hydroxyvitamin D, aBMD: areal bone mineral density,

ALP: alkaline phosphatase, BMI: Body mass index, Ca: calcium, CRP: C-reactive
Protein, ESR: Erythrocyte sedimentation rate, P: phosphor, PTH: parathormon,
WBC: White Blood Cell.

also persists during the remission period. It is also due to loss
of appetite, malnutrition, and inflammatory cytokines that
increase bone resorption. IL-2 R, IL-1, IL-6, IL-8, TNFa are the
main cytokines associated with bone resorption (3,4).

In our study, prepubertal patients with FMF undergoing
colchicine therapy were evaluated during the non-attack
period. The aBMD Z-scores of our patients were compared to
the normal values determined for healthy Turkish children. In
all of our patients, the z-scores were within normal range and
the mean values were similar to that of healthy children.

In our study, there was an inverse correlation between delayed
initiation of colchicine therapy and aBMD Z-score values.
Colchicine suppresses inflammation by binding to tubulin
thereby inhibiting microtubular polymerization, neutrophil
chemotaxis, IL-1 activation, and mast cell degranulation.
There are no studies in the literature addressing the
impact of colchicine on bone mineral density. Our study
demonstrated that early initiation of therapy and reduction of
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the inflammatory burden during exacerbation and remission
periods positively affect bone mineral density (10).

In a study conducted by Duzova et al., the BMD results
of patients with FMF were compared to those of healthy
children and it was observed that while the z-scores of all of
the patients were greater than -2 (i.e within normal limits), the
BMD z-scores of the patients were lower compared to healthy
controls. In this study, the fact that the BMD z-scores were
lower than the control group was more significant in patients
with the homozygous mutation and was associated with the
increased inflammatory burden of the patients (11).

The study conducted by Yildirim et al., which was one of
the studies that investigated osteoporosis secondary to
inflammation in FMF, compared patients diagnosed with FMF
with a control group and found that the CRP and ESR values
were increased and the z-scores were decreased in patients
with FMF compared with healthy controls. The lower z-scores
in the patients was attributed to persistent inflammation (12).

Two adult studies from Turkey found similar results. Suyani
et al. investigated bone mineral density among FMF patients,
and they showed that bone mineral content was lower in FMF
compared to healthy adults (13). The second study investigating
osteoporosis among 31 adult FMF patients revealed that
adult FMF patients had decreased BMD Z scores. They also
showed increased osteoprotegerin levels among patients as a
compensatory response (14).

In our study, the patients’ acute phase reactants were normal,
and no correlation was found between the acute phase
values and the aBMD Z-score values. The mean severity score
of our patients was 6.18+2.1, and 34% of them were in the
mild disease group and 66% were in the moderate disease
group. None of them was found to be severe. No correlation
was found between the severity score and BMD. Additionally,
no correlation was found between age at diagnosis and
amyloidosis, which are severity score parameters, and BMD
in the study directed by Duzova et al. In a study conducted
by Kosan et al. which compared children with FMF to healthy
children, the mean severity score of the patients was 6.74+1.26,
similar to our study, and no correlation could be demonstrated
between the severity score and BMD score in this study either.
In this study, the BMD values of the patients were slightly lower
than the healthy controls, but this result was not significant (15).

According to recommendations in international guidelines,
the growth and development process of patients, including
the parameters of puberty, height z-score, and body mass
index, should be taken into account when interpreting BMD
results (16). In our study, weight, height, height standard
deviation score, and body mass index values were within the
age-appropriate normal ranges in all our patients. There was no
correlation between the aBMD Z-scores and these parameters.
In the maturation process of bone density, differences between
genders start to appear during the puberty period. Due to this,
no correlation was found between aBMD Zscore and gender
in our study.

When evaluating bone mineral density, the densitometric
examination is interpreted along with biochemical
investigations showing bone formation and resorption.
Osteogenesis and bone resorption normally continue in a
balanced state. Markers of bone metabolism can be listed as
general markers such as calcium, phosphorus, vitamin D and
parathormone, bone-specific alkaline phosphatase, procollagen
type 1 peptide, and osteocalcin indicating new bone tissue
formation, and pyridinoline, deoxypyridinoline, serum carboxy-
terminal telopeptide levels relating to bone resorption. These
markers have limited practical use in pediatrics, and are used
in studies to evaluate early response to treatment rather than
for diagnostic purposes. Moreover, the absence of reference
values in a healthy population for these markers limits their
routine use all around the world. The bone metabolism markers
with common clinical use in children are ALP, 25-OH vitamin
D, calcium phosphorus, and the urinary calcium-to-creatinine
ratio (17-19). In our study, the bone metabolism markers were
normal, and no relationship was found between these markers
and the aBMD Z-scores.

There are many studies in the literature evaluating the effects of
vitamin D on bone density, and different results were obtained
in these studies. In one study, the BMD and the factors affecting
BMD were examined in children with JIA. This study revealed
that the BMD of the children with JIA was lower compared to
the controls. Vitamin D and phosphorus levels were lower in
children with JIA, while the other parameters were similar to
those of the control group. In this study, no correlation was
found between the serum phosphorus, calcium, ALP, and
vitamin D levels and the BMD values (20).

In a study by Duzova et al., the bone resorption parameters
were similar in the patients and the control group, while the
osteocalcin levels that indicate bone formation were lower
in the patients, which was attributed to the fact that serum
osteocalcin levels could not be determined appropriately
because osteocalcin is labile and affected by storage
conditions.

In the study conducted in patients with FMF by Yildirim et
al., the patient and control groups were compared in terms
of biochemical markers of bone metabolism and BMD. They
showed that vitamin D levels were decreased in the patient
group while the other bone metabolism markers and the BMD
values were similar in both groups (21).

A study by Kosan et at. found that the bone metabolism
markers of patients with FMF were similar to those of healthy
children. The vitamin D levels of both groups were at the
lower limit of the normal range, and the vitamin D levels were
correlated with the BMD values in the patient group (15).

In conclusion, we observed that in children with FMF, a chronic
inflammatory disease, the bone mineral density was similar
to that of healthy children, but the BMD and z-score were
correlated with the delay time of diagnosis and treatment. This
study is important in that it demonstrates the positive effects of
early diagnosis and treatment on bone health. It demonstrates
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that colchicine therapy will prevent inflammation, thereby
positively affecting bone mineral health, along with its other
effects.
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