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Abstract Familial Mediterranean fever (FMF) is a ge-
netically transmitted disease characterized by recurrent
attacks of fever and serositis. The most important
complication of this disease is the development of am-
yloidosis. We present our analysis of 425 FMF patients
without and 180 with amyloidosis (123 FMF having
amyloidosis type I and 57 FMF having amyloidosis type
II). The male/female ratio was higher in the amyloidosis
population (111/69) when compared to the FMF pop-
ulation (225/200) �P � 0:048�. Consanguinity rate was
the same among FMF and amyloidosis groups. How-
ever, a family history of amyloidosis was signi®cantly
more frequent in the amyloidosis group �P � 0:00001�.
Multivariate analysis has revealed that in FMF patients,
the presence of a family history of amyloidosis plus
consanguinity has a 6.04 fold increased risk of amyl-
oidosis �P < 0:0001�. The 5-year chronic renal failure
free survival was 43.1% and 18.7% in type I and type II
amyloidosis, respectively. The time interval to develop
chronic renal failure after the development of amyl-
oidosis was 4.8 in type I and 3.0 years in type II, res-
pectively. We found ten cases of Henoch-SchoÈ nlein
Purpura and nine of polyarteritis nodosa among our
patients. The signi®cance of the association between
FMF and vasculitis awaits to be clari®ed. Among the
FMF patients put on colchicine therapy (435), only 10
(2.3%) have developed amyloidosis con®rming that this
drug protects from amyloidosis.

Conclusion Since the presence of a familial history of
amyloidosis has been de®ned as the most important
risk factor in the development of amyloidosis, we
suggest that additional genetic factors may be
operative in the development of amyloidosis.

Key words Familial Mediterranean fever á
Childhood áAmyloidosis áPrognosis

Abbrevations FMF Familial Mediterranean fever

Introduction

Familial Mediterranean fever (FMF) was not recognized
as a separate disease until 1945. The most striking fea-
ture of FMF is that it characteristically a�ects certain
ethnic groups mainly Arabs, Sepharedic Jews, Arme-
nians and Turks. The disease has become more wide-
spread because of migration. FMF is characterized by
recurrent self-limited episodes of fever accompanied by
peritonitis, pleuritis or sinovitis. Recessive and appar-
ently dominant inheritance of FMF have been shown in
the Armenian population [12]. Vertical transmission in
the Armenian population is suggested to be due to a
high FMF gene frequency estimated as 8% and conse-
quent homozygote/heterozygote marriage leading to
pseudodominant inheritance.

The most severe complication of the disease is am-
yloidosis leading to chronic renal failure. Another severe
complication is chronic destructive arthritis resulting in
permanent organic damage to the involved joint. In
1972, colchicine was shown to be e�ective in preventing
or ameliorating the attacks [4], and more importantly, it
may also improve the prognosis of amyloidosis neph-
ropathy of FMF.

In this retrospective study we evaluated the clinical
features, course, complications, prognostic factors of
FMF, and the relationship between FMF and amyl-
oidosis.

Patients and methods

In this study, 425 Turkish children with FMF and 180 children
with amyloidosis diagnosed over a period of 20 years were in-
cluded. FMF diagnosis was based on the criteria of Heller et al. [5].
In 5.3% �n � 47� of the patients a history of abdominal pain or
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fever was lacking. In 35 of these, diagnosis was based on elevated
acute phase reactants with periodic serositis and response to col-
chicine and in 12 it was based on elevated acute phase reactants,
periodic serositis, response to colchicine and a family history.

Amyloidosis was diagnosed by renal biopsy in 175 patients and
rectal biopsy in 5 patients. Type I amyloidosis was de®ned as
amyloidosis developing subsequent to clinical features of FMF,
whereas type II was de®ned as development of amyloidosis as the
initial manifestation.

Statistics

Student's t-test for independent samples and one-way analysis of
variance (with Tukey's HSD test for post hoc pairwise compari-
sons) were performed for comparison of group means of continu-
ous variables. Group proportions were compared with the v2-test.
Median values for time-to-amyloid and time-to-chronic renal fail-
ure data were calculated with life table analysis. Univariate survival
curve comparisons were performed with log-rank test. Then Cox
proportional hazard model was used to adjust the intercorrelations
between clinically and/or statistically signi®cant (justi®ed by log-
rank test) explanatory variables [1, 11]. Odds ratios were also cal-
culated with Cox proportional hazard model. Statistical signi®-
cance was assigned to P values lower than 0.05. Statistical Package
for Social Sciences (SPSS) for Windows v5.01 was used for all
calculations.

Results

We present the results of our 20 years registry as a main
referral centre in the country.

The male/female ratio was higher in the amyloidosis
population (111/69) when compared to the FMF pa-
tients without amyloidosis (225/200) �P � 0:048�. The
mean age of onset in the FMF and amyloidosis groups
were 5:5� 3:4 and 6:8� 3:8; respectively, whereas age of
diagnosis were 9:3� 3:7 and 11:4� 3:4; respectively.

Clinical and laboratory ®ndings of the patients are
summarized in Table 1 and 2. Among the FMF patients
without amyloidosis and FMF cases having amyloidosis
type I, 164 (38.6%) and 58 (47.2%), respectively com-
plained of arthralgia whereas 73 (17.2%) and 42
(34.1%), respectively, had arthritis. In 78.4% of these
cases less than three joints were involved. The joint lo-
calizations were upper extremities in 46 (29%), lower
extremities in 137 (88.4%), and hip in 11 (7.1%).

A number of systemic diseases have been associated
with FMF alone or with FMF and amyloidosis (Table 3).

In 4 of the FMF patients renal biopsy failed to show
amyloidosis and 1 membranoproliferative glomerulone-
phritis, 1 minimal change disease and 2 focal glomerulo-
sclerosis were diagnosed.

Consanguinity rate was the same in both FMF and
amyloidosis groups. However, a family history of am-
yloidosis was signi®cantly more frequent in the amyl-
oidosis group (27.4%) when compared to FMF patients
without amyloidosis (7.9%) �P � 0:00001�:

Multivariate analysis revealed that the presence of a
family history of amyloidosis plus consanguinity has a

Table 1 Clinical ®ndings of the
patients FMF without

amyloidosis
�n � 425�

FMF having
amyloidosis type 1
�n � 123�

P

Number (%) Number (%)

Fever 378 (88.9) 66 (53.7) 0.00001
Abdominal pain 406 (95.5) 85 (69.1) 0.00001
Chest pain 66 (15.5) 8 ( 6.5) 0.015
Arthralgia 164 (38.6) 58 (47.2) 0.11
Arthritis 73 (17.2) 42 (34.1) 0.00008
Hip pain 9 ( 2.1) 3 ( 2.4) 0.74

Table 2 The main clinical and laboratory ®ndings of the patients

Total
�n � 605�

FMF without
amyloidosis

FMF having
amyloidosis

FMF having
amyloidosis

P

Number (%) �n � 425� type 1 type 2
Number (%) �n � 123� �n � 57�

Number (%) Number (%)

Hepatomegaly 86 (14.2) 37 (8.7) 34 (27.6) 15 (26.3) 0.00001a

Splenomegaly 51 (8.4) 31 (7.3) 14 (11.4) 6 (10.5) 0.30

Mean � SD Mean � SD Mean � SD Mean � SD

Hb (g/dl) 11.8 � 1.8 12.0 � 1.5 11.2 � 2.1 11.4� 2.4 0.0001b

WBC (/mm3) 10700 � 5400 10100 � 4800 11400 � 56200 13300 � 8200 0.0001c

ESR (mm/h) 58 � 36 50 � 32 88 � 37 93 � 38
Fibrinogen (mg/dl) 478 � 197 470 � 188 536 � 284 ±

a FMF without amyloidosis < FMF having amyloidosis type 1 = FMF having amyloidosis type 2
bFMF without amyloidosis > FMF having amyloidosis type 1 = FMF having amyloidosis type 2
c FMF without amyloidosis < FMF having amyloidosis type 1 < FMF having amyloidosis type 2
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6.04 fold increased risk of amyloidosis �P < 0:0001�
(Table 4). Amyloid-free survival is demonstrated in
Table 5.

Total number of FMF patients put on colchicine
therapy was 435, but 10 (2.3%) have developed amy-
loidosis during the follow up.

Among the 113 FMF patients having type I amyloi-
dosis, 41 were lost to follow up, and 29 died during
follow up. Twenty-six of the FMF patients having type
II amyloidosis �n � 57� were lost to follow up, whereas
18 died during follow up. The time interval to develop
chronic renal failure after the development of amyloi-
dosis is displayed in Table 6.

Discussion

In our paediatric population the male/female ratio was
higher in the amyloidosis group (111/69) than the FMF
patients without amyloidosis (225/200). This result dif-
fers from the previous paediatric series [2, 6, 8]. The ratio
of our amyloidosis population is rather similar to that
previously reported in many non-paediatric series. This
result is in favour of a protective role of the oestrogen
hormone in the development of amyloidosis.

The frequency of abdominal pain in the FMF cases
(95%) was similar to other studies (97%), whereas the

Table 3 Accompanying dis-
eases Disease Number of cases

Henoch-SchoÈ nlein purpura 10
Polyarteritis nodosa 9
Juvenile rheumatoid arthritis 9
Sacroiliitis 3
Right renal agenesis, polymyositis, peptic ulcer two from each
von Willebrand disease, G6PD de®ciency, thalassaemia trait,
epilepsy, dermatomyositis, bronchial asthma, vesicoureteral re¯ux,
mitral insu�ciency

one from each

Table 4 Risk factors for the development of amyloidosis (AFS amyloidosis-free survival, OR odds ratio)

Factor 5-year AFS 10-year AFS P valuea P valueb OR

Consanguinity and/or
amyloidosis in familyc <0:0001
Both absent 86.3% 62.8% ± ±
Consanguinity 87.7% 79.2% 0.70 0.47 1.05
Amyloidosis in family 68.9% 45.4% 0.002 0.01 2.37
Both present 52.6% 24.6% <0:0001 <0:0001 6.04

Fever
Yes 88.2% 75.9% <0:0001 0.0003 0.38
No 59.1% 21.0%

Abdominal pain
Yes 87.4% 72.4% <0:0001 <0:0001 0.22
No 46.1% 14.1%

Arthritis
Yes 73.7% 53.5% 0.005 0.32 1.41
No 85.6% 68.6%

Arthralgia
Yes 80.9% 58.2% 0.28 0.32 0.71
No 84.3% 70.4%

Chest pain
Yes 87.1% 83.7% 0.13 0.06 0.40
No 82.1% 63.0%

Sexe

Female 84.4% 63.6% 0.36 0.84 0.95
Male 81.4% 65.6%

Compliance
Poor 93.8% 79.3% 0.23 0.32 0.61
Good 85.7% 68.7%

Age at onsetd ± ± <0:0001 <0:0001 1.26
Age at diagnosisd ± ± 0.001 0.37 0.96

a Log rank test
bCox regression model
c Reference group for odds ratio is ``the patients with neither consanguinity nor amyloidosis in family''
dReference group for odds ratio is ``the patients 1 year younger''
e Reference group for odds ratio is ``male patients''
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frequency of fever was lower in our series compared to
the relevant literature [5±7]; 0.5% of our FMF patients
without amyloidosis and 22% of our FMF cases having
amyloidosis type I failed to show fever and abdominal
pain. The diagnosis of FMF in these patients was con-
®rmed by the presence of a family history and response
to colchicine treatment. This ®nding may be due to
recognition bias (the unawareness of the family from the
presence of fever during the attacks). Fever history is
insistently sought in our centre for the diagnosis of
FMF, and patients without fever history are always in-
vestigated for other criteria, especially during the at-
tacks. Therefore, excluding recognition bias, the
presence of atypical cases seems to be a more probable
explanation for the lack of fever. Among the FMF pa-
tients having amyloidosis type I, the frequencies of fever
and abdominal pain were 54% and 69%, respectively.
This latter result can be explained by the overshadowing
of the FMF-related symptoms by the renal-related
symptoms. Appendectomy was as high as 7.1% in our
series, whereas up to 49% of patients with FMF have
been reported to have had laparotomy [15].

The association of FMF with various vasculitic dis-
eases has been previously reported [3, 9]. We found 10
Henoch-SchoÈ nlein Purpura and 9 polyarteritis nodosa
cases among our patients. The association of FMF and
vasculitis awaits to be clari®ed and a common antigenic
stimulus may well be the trigger for both. On the other
hand, since cytokines are important elements in the
pathogenic process of both of these diseases, an upregu-
lation in the genes of certain cytokines or receptors may
be an alternative explanation [10]. Other diseases found in
our FMF patients are likely to be coincidental (Table 3).

An important point that we had previously indicated
in our preliminary results, and that we demonstrate

again is the signi®cantly high frequency of amyloidosis
development in those patients with a positive family
history for amyloidosis �P � 0:00001� [13]. The presence
of a familial history of amyloidosis has indeed been
de®ned as the most important risk factor in the devel-
opment of amyloidosis among our patients. Presence of
consanguinity was another important predictor; con-
sanguinity plus a familial amyloidosis increased the
odd's ratio to 6.04 (Table 4). Again the presence of an-
other familial index case of amyloidosis had the most
marked in¯uence on the duration of the development of
renal failure. These results suggest that additional ge-
netic markers may be e�cacious in the development of
the secondary amyloidosis. It has been already demon-
strated that the FMF gene maps to the short arm of
chromosome 16 in the major ethnic groups a�ected by
FMF. However, genetic studies on the secondary am-
yloidosis of FMF are lacking.

It was also noted that younger age at diagnosis de-
®ned a negative risk which may be explained by the
bene®cial e�ect of therapy. Only 2.3% of the patients
who were treated with colchicine developed amyloidosis.
This ®gure is similar to our preliminary study [13].
Zemer et al. [16] have stated that none of their patients
develop amyloidosis after colchicine. We had previously
shown that increased beta2-microglobulin excretion and
microalbuminuria during the attacks decreases after
colchicine administration, however the mechanism of its
e�ect remains to be elucidated [14]. We believe that
persistent microalbuminuria and beta2-microglobulin-
uria may indeed be early markers for renal amyloidosis
as in diabethic nephropathy.

Progress to end-stage renal failure di�ers between type
I and type II amyloidosis patients; in type II amyloidosis
uraemia is reached in 5.1 years whereas this duration is 10

Table 5 Median amyloid-free
survival in FMF patients Group n Median

amyloid-free
survival (years)

P a

Consanguinity �ÿ�, amyloidosis in family �ÿ� 364 >20 ±
Consanguinity ���, amyloidosis in family �ÿ� 127 >22 0.70
Consanguinity �ÿ�, amyloidosis in family ��� 42 9.0 0.002
Consanguinity ���, amyloidosis in family ��� 35 6.3 0.0001

aP values correspond to pairwise comparison with ``Consanguinity �ÿ�, amyloidosis in family �ÿ�''
group

Table 6 Analysis of time-to-
chronic renal failure in amyloi-
dosis patients (life-table analy-
sis)

Duration of follow up after
diagnosis (years)

Probability of developing chronic renal
failure after diagnosis

Type 1 Type 2
�n � 123� �n � 57�

1 year 17.1% 40.2%
3 years 42.3% 50.2%
5 years 56.9% 81.3%
10 years 77.1% ±

Median time to chronic renal failure (years) 4.8 3.0
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years in type I amyloidosis. Thus type II amyloidosis has a
worse prognosis as compared to type I (Table 6).

We conclude that in the paediatric FMF population
male sex, family history for amyloidosis, consanguinity,
arthritis, persistent microalbuminuria, and beta2-micro-
globulinuria are the predisposing and predicting factors
for amyloidosis. Earlier diagnosis (earlier onset of dis-
ease) with earlier initiation of colchicine therapy seem to
protect from amyloidosis. The genetic factors which
regulate these processes still remain to be discovered.
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