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detect, amyloidosis, and thus had to be calculated based on 
text. The 26 screened studies were very heterogeneous in 
designs, parameters measured, and results, despite being 
set from research questions similar to ours. They were 
mainly descriptive, and it was very difficult to interpret the 
true performance of the tests. The correlation between the 
various APR is low. The evidence supporting the monitor-
ing of FMF with any APR over the others is limited. Well 
designed longitudinal studies with a mixture of outcomes 
should be undertaken. Until them, recommending an APR 
over other would be based on expert opinion and indirect 
evidence.
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Introduction

Familial Mediterranean fever (FMF) is a chronic inflam-
matory disease characterized by short self-limiting febrile 
attacks associated with signs of serositis (peritonitis, pleu-
ritis, arthritis) and other more rare symptoms of organ 
involvement [1]. Between attacks patients are usually 
symptom-free.

Due to the persistent inflammatory reaction, the most 
severe complication in FMF is the occurrence of AA-
amyloidosis. It results from deposition of soluble serum 
amyloid A protein (SAA) in the extracellular space in an 
abnormal insoluble fibrillar form and can lead to func-
tional organ loss. Before introduction of colchicine as 
standard therapy in FMF, this complication occurred in up 
to 60 % of patients [1]. Current data from different regis-
tries still reveal amyloidosis prevalence of 6.3 and 12.9 % 
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within the group of FMF patients [2–5]. Whether this 
rather high rate is due to (partial) non-compliance, delayed 
diagnosis, and introduction of colchicine or insufficiently 
low prescribed colchicine dosages is unknown. The effec-
tive prevention of amyloid deposition by continuous col-
chicine treatment was initially shown in a large cohort, in 
which no analysis of the acute phase response was per-
formed [6]. Current treatment recommendation uses solely 
clinical symptoms as criteria for treatment adaption [7, 8]. 
The control of subclinical inflammation is a major goal in 
FMF treatment.

In inflammatory diseases, biomarkers can be applied to 
monitor disease activity and treatment intensity. Ideally, for 
every disease entity, data on threshold values for the single 
biomarker indicating the long-term risk of the development 
of disease-associated complications should exist.

Since FMF is caused by dysregulation of inflamma-
some activity with a consecutive increase in IL-1β process-
ing and secretion [9], the degree of inflammation would 
ideally be measured by serum levels of this cytokine. But 
this approach is hampered by the fact that IL-1β is virtu-
ally undetectable in human body fluids [10]. A variety of 
other cytokines have been analyzed in patients with FMF. 
Several of these proteins (e.g., interleukin (IL)-6, IL-8, 
IL-10, IL-12, IL-17, IL-18, TNF-α, INF-g and VEGFR-1) 
were increased during the acute attack and the attack-free 
interval underlining the problem of persisting subclinical 
inflammation in these patients [11]. However, the correla-
tion of these markers with disease activity is weak, results 
are not consistent, and their availability in routine practice 
is limited; therefore, these biomarkers are not routinely 
applied. The S100 proteins represent another group of bio-
markers, which sensitively detect inflammation in patients 
with attacks and during the attack-free intervals [12].

Until a more practical and less theoretical approach is 
agreed, in clinical practice, acute phase reactants (APRs)—
i.e., C-reactive protein (CRP), SAA, and erythrocyte sedi-
mentation rate (ESR)—are used to monitor FMF. CRP, 
SAA, and ESR are significantly increased during attacks 
[13–15]. But also in between attacks, a substantial degree 
of subclinical inflammation can be detected (e.g., increased 
CRP 34  % and increased ESR in 52  % of asymptomatic 
FMF patients [13]). However, in times of financial con-
straint, some clinics do not allow to measure three APR, 
and in addition, there is controversy as to which one of 
these APRs may be predicting best the risk of amyloido-
sis. The aim of the present study was to analyze the best 
APR for FMF follow-up to help guiding physicians to 
decide on what acute phase response parameter to use. 
We also attempted to define the best APR in predicting 
the complications of FMF, specifically the development of 
amyloidosis.

Methods

A systematic review was undertaken with the objective of 
identifying all studies published up until July 2014 provid-
ing information about the performance of APR, namely 
CRP, ESR, and SAA, also studying the predictive accuracy 
for amyloidosis in patients with FMF.

Search strategy

We first transformed the research question using the PICO 
approach and developed the search strategy accordingly. 
We searched MEDLINE (1950—December 2014), Embase 
(1980—December 2014), and The Cochrane Library (2014) 
by using comprehensive free text and MeSH synonyms for 
FMF, CRP, ESR, and SAA (the electronic search strategy is 
available in as supplementary material). We searched only 
published articles and placed no restrictions on time or lan-
guage of publication. We supplemented searches by check-
ing references cited in the included studies.

Study selection and data extraction

Criteria for inclusion were the following: (i) FMF patients 
of any age; (ii) measured CRP, ESR, or SAA; (iii) included 
amyloidosis as the outcome variable; and (iv) were longitu-
dinal observational or diagnostic studies. One author (BE) 
assessed the electronic search results. He first screened by 
title and them by abstract in 10-min sessions aided by End-
Note®. When an article title seemed relevant, the abstract 
was reviewed for eligibility. If there was any doubt, the full 
text of the article was retrieved and appraised for possible 
inclusion. The second author (ED) cross-checked the selec-
tion. Disagreements were resolved by discussion between 
the authors and with a third author (SO). A reason for 
exclusion was recorded in all cases if the article was not 
eligible or excluded. One author (BE) extracted the data 
from included articles in forms previously pilot-tested for 
feasibility and comprehensiveness, and differences were 
discussed. Data included the general characteristics of each 
study, study objectives, APR studied, and outcome defini-
tion and measure, among others.

Quality assessment and data synthesis

One of the authors (SO) checked the studies for risk of 
biases. She graded each article into low–moderate–high 
based on (1) whether the design was truly longitudinal and 
the duration of the study explicit, (2) the outcome measure 
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was measured in an unbiased way in all patients, and (3) 
it was possible to calculate a measure of performance/pre-
diction. Whenever possible a measure of performance was 
anticipated to be calculated based on the data obtained 
from individual studies. Otherwise, the individual results 
would be presented.

Results

The electronic search strategy yielded 1516 articles, seven 
of which were selected after the screening by title and 
abstract for detailed review. Only two studies [14, 16] met 
our inclusion criteria (Fig. 1).

Details of the two included studies may be found in 
Table 1 (Evidence table).

The aim of Duzova’s et al. [14] study was: (1) to com-
pare the sensitivity of A-SAA and other acute phase pro-
teins in determining subclinical inflammation in patients 
with FMF; (2) to define clinical, laboratory features modi-
fying A-SAA level; and (3) to evaluate the effect of an 
increase in the colchicine dose on the A-SAA level. They 
found that homozygous and compound heterozygous 

patients had higher SAA levels than the heterozygous 
patients [129 (8–1500) vs. 29  mg/l (6–216), respectively, 
(P  <  0.005)]. SAA was shown to be the best marker of 
subclinical inflammation in FMF. Although in Duzova’s 
study, SAA was shown to be the best marker of subclinical 
inflammation in FMF patients when compared to the other 
APRs such as CRP, erythrocyte sedimentation rate (ESR), 
fibrinogen and ferritin, APRs with the design and duration 
of the study failed to provide any prediction for the associa-
tion with secondary amyloidosis.

In the study by Yalcinkaya et  al. [16], the objectives 
were to determine the levels of APRs (including SAA, CRP 
and ESR) in FMF patients and to investigate a hypothetical 
role of levels of APRs for the development of amyloidosis. 
This was the study with the closest question to ours, despite 
the authors did not calculate a performance or a predic-
tive value. The median levels of all APRs increased in the 
patients with FMF during attacks and a significant decrease 
was observed after the attack was over. However, the level 
of SAA was above reference range in all FMF patients dur-
ing the attack-free period. The correlation between SAA 
and CRP during the attack-free period was only r = 0.557. 
Patients with amyloidosis had elevated levels of the three 

Fig. 1   Flowchart of studies 
included in this review
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APRs but were not statistically different than those without 
amyloidosis. Of note, the largest SAA levels were not pre-
sent in patients with demonstrated amyloidosis.

Discussion

With the present study, we aimed to evaluate the evidence 
to support the use of an APR over others in the monitoring 
of FMF patients by a systematic approach. Unfortunately, 
we were unable to find any study with which we could cal-
culate a differential performance.

The typical clinical course of FMF is that of exacerba-
tions and remissions, and the increased APR seen during 
these attacks usually returns to normal in attack-free peri-
ods [17]. However, in about 30  % of patients with FMF, 
the laboratory markers of inflammation, including SAA, 
do not return to normal levels [18]. Although it is unclear 
how exactly and why secondary amyloidosis develops dur-
ing the course of FMF, there is enough clinical data that 
ongoing clinical and subclinical inflammation in any kind 
of disease, including chronic infectious diseases may lead 
to the development of amyloidosis.

Many of the screened studies actually compared the 
average levels of the APR in different groups. Lachmann 
et al., for instance, aimed to prospectively monitor inflam-
matory activity over a prolonged period in a cohort of Turk-
ish patients with FMF, their healthy relatives, and healthy 
controls by looking CRP and SAA levels. They observed 
that both SAA and CRP were massively elevated during 
all reported clinical attacks of FMF in all patients, with 
median values of 693 (range 140–1330) mg/l and 115 
(range 26–296) mg/l, respectively. SAA and CRP were 

also both elevated compared with the healthy control group 
even when these patients were free of FMF symptoms 
[median SAA 6.0 (range 0.7–1230) mg/l; median CRP 
4.0 (range 2.7–262) mg/l]. Even when the patients were 
asymptomatic, only 29  % of SAA measurements in the 
FMF patients were less than 3 mg/l, i.e., within the normal 
range; 65 % were less than 10 mg/l and 13 % of SAA val-
ues exceeded 50 mg/l.

During the detailed review, a discrepancy in relation to 
the correlation between the levels of APRs was noted, from 
low–moderate as in the Yalcinkaya study to high study by 
Berkun et al. [18]. In addition, circularity in the interpreta-
tion of the results was noted: The definition of subclinical 
inflammation was the increase in the tests that were actu-
ally studied.

Korkmaz et  al. [13] compared CRP and ESR between 
the attack and attack-free periods. They observed that CRP 
was the only APR that was increased in all FMF attacks, 
followed by ESR in 88 % of the attacks. In other studies, 
the levels of CRP or ESR were not even statistically differ-
ent from controls [19] or from carriers without symptoms 
[15, 20].

This review is clearly limited by the quantity and quality 
of published manuscripts. Being such a relevant question 
in FMF, calls the attention that no study actually analyzed 
the performance by means of sensitivity and specificity to 
predict, or even detect, proteinuria or amyloidosis. Each 
study was designed completely ad hoc, thus, yielding a 
high heterogeneity. Many were described as longitudinal; 
however, the measures were actually performed cross-sec-
tionally. A best design for this type of question would have 
been a long cohort with repeated measures of APRs within 
and between attacks and systematically searching in all 

Table 1   Evidence table of studies included in the review

SAA serum amyloid A, CRP C-reactive protein, ESR erythrocyte sedimentation rate

* One measure
†  Measured in paired sera during acute attacks (within 72 h from onset), and in remission (at least 2 weeks after the end of the attack)

Study Duzova [14] Yalcinkaya [16]

Country/setting Turkey

Study design Longitudinal observational retrospective study

Follow-up Unclear

N 183 plus 10 healthy controls 36 (15 with amyloidosis)

Selection criteria FMF patients according to previously described criteria, during 
attack-free period (None within the last 14 days)

FMF patients during and in between acute attacks

Tests studied SAA* SAA†

CRP†

ESR†

Blinding NO YES

Gold standard/outcome Amyloidosis (no definition provided) Amyloidosis (histologically confirmed)

Measure of performance Comparison of mean values. No performance measures.
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patients for amyloidosis every certain time with an objec-
tive method. Until such study is performed, we will rely on 
indirect information to decide on what APR to follow-up.
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