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ABSTRACT
Aims: Cardiac dysautonomia and arrhythmias can occur in chronic inflammatory conditions
such as familial Mediterranean fever (FMF). The aim of this study was to evaluate the cardiac
autonomic functions in patients with FMF.
Methods: This was a retrospective case-control study. Electrocardiography (ECG) and 24-hour
Holter ECG recordings were obtained from the medical records. T-peak to T-end intervals
(Tp-e) and Tp-e/corrected QT (QTc) ratio were calculated on ECG. Heart rate variability (HRV)
parameters and heart rate turbulence (HRT) parameters including turbulence onset (TO) and
turbulence slope (TS) were evaluated using the 24-hour Holter ECG. All subjects were divided
into three groups according to HRT parameters (HRT-0: normal TO and TS; HRT-1: abnormal TS
or TO; and HRT-2: abnormal TO and TS).
Results: The study included 115 individuals (age, years, mean±standard deviation: 34.5±9.6
years, 57% female, 61 FMF patients and 54 controls). Patients with FMF exhibited an increased
ratio of Tp-e, Tp-e/QTc ratio (p<0.001 for both), and impairment in all HRV parameters (p<0.05
for all). Disease duration was correlated with Tp-e (r=0.402, p=0.001), Tp-e/QTc ratio (r=0.382,
p=0.003) and HRV parameters (r>0.264, p<0.05 for all). Of patients with FMF, 32 (52.5%) were in
the HRT-1 group, and 9 (14.8%) were in the HRT-2 group. Patients using anakinra showed more
impairment in the HRV parameters (p<0.05 for all) and Tp-e/QTc ratio (p=0.041) compared to
patients who were not on anakinra.
Conclusions: This study showed cardiac autonomic system impairments in patients with FMF
without complications, which correlated with the disease duration.

Introduction
Familial Mediterranean fever (FMF) is a chronic inflammatory
disease that is usually inherited as an autosomal recessive
disorder (1,2). Although it is a widespread disease, some ethnic
groups, such as Turks, Arabs, and Hebrews, have a higher
prevalence (1,3). FMF is characterized by recurrent attacks of
fever, accompanied by abdominal and joint pain (2). Besides
these clinical features, chronic inflammation and amyloid deposits
have been linked to significant cardiovascular complications
such as pericarditis, atherosclerosis, cardiomyopathy, and
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pulmonary hypertension (4). Colchicine is recommended to
reduce attacks and prevent complications (5). In recent studies,
anakinra, an interleukin-1 (IL-1) receptor antagonist, is effective
and safe in colchicine-resistant patients (6).
The cardiac autonomic nervous system (ANS) is crucial in
the regulation of the cardiovascular system. Regardless of the
underlying disease, cardiac autonomic dysfunction can cause
ventricular arrhythmias, which can lead to sudden death (7).
Cardiac arrhythmias, which are associated with poor prognosis,
can occur in chronic inflammatory diseases such as FMF due
to cardiac dysautonomia (8). Chronic inflammation can cause
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adverse cardiovascular outcomes such as atrial fibrillation and
ventricular arrhythmias (9). Cardiometabolic events are also one
of the leading causes of death in chronic inflammatory diseases
(10).
Cardiac ANS functions can be evaluated using several
non-invasive methods. One of these is the 24-hour Holter
electrocardiography (ECG), which is a simple and practical
method. Heart rate variability (HRV) and heart rate turbulence
(HRT) are parameters in 24-hour Holter ECG that provide
information about the cardiac ANS (11). ECG examination
is another simple method to evaluate cardiac ANS. The
measurement of the time course for the repolarization of
myocardial Moe cells, which is believed to be related to cardiac
arrhythmia, has recently been reported to be a valuable tool for
evaluating cardiac ANS (12). This measurement is recorded at
resting ECG and is defined as the peak-to-end interval of the
T wave (Tp-e). Prolonged Tp-e and Tp-e/corrected QT interval
(QTc) ratios, as well as aberrant HRV and HRT parameters,
were associated with malignant ventricular arrhythmias and
cardiac death (13).
Some studies found that cardiac autonomic functions were
impaired in FMF patients without amyloidosis, while others
found the opposite (14,15). This study investigated whether the
cardiac ANS is impaired in FMF patients by evaluating the 24hour Holter parameters as well as the Tp-e and Tp-e/QTc ratio
on the ECG.

Methods
Study population
This retrospective case-control study reviewed the records
of 61 patients with FMF and 54 control subjects who presented
to our cardiology outpatient clinic for any reason between April
2019 and January 2020 and underwent a 24-hour Holter record.
In the FMF group’s hospital records, there was no history of
FMF attacks in the last 3 months preceding the 24-hour Holter
ECG. We excluded control patients who had some form of
cardiac disease or comorbidity. Those without a suitable 24hour Holter ECG recording (with artifacts and <5 premature
ventricular complexes) and those without an appropriate ECG
recording (with T negativity, biphasic T waves, and U waves)
were excluded from the study. Additionally, patients with a history
of documented diabetes mellitus, hypertension, coronary artery
disease, atrial fibrillation or rhythm abnormalities, additional
chronic inflammatory diseases, active infections, malignancies,
or diagnosed with amyloidosis, structural heart disease,
proteinuria in 24-hour urine test (to exclude amyloidosis), as well
as those using medications known to affect cardiac autonomic
function (antidepressants, b-blockers, calcium channel blockers,
antiarrhythmics), were excluded. In our hospital, where the study
was conducted, the number of patients using biological agents

other than anakinra was very low. Therefore, only the patients
who used anakinra were included in the study, and the patients
who used other biological agents were excluded.
The Local Ethics Committee approved the study (Yozgat
Bozok University, approval no: 2017-KAEK-189_2021.04.28_10),
and its protocol conformed to the principles of the Declaration of
Helsinki.
ECG examination
Medical records were used to produce resting ECG
recordings with an amplitude of 10 mV at a rate of 25 mm/sec.
All of the ECG recordings were transferred to a computer and
measurements of the peak-to-end interval of the T wave (Tpe) were performed from the precordial leads. An average value
of two readings was calculated for each lead. The following
ventricular repolarization parameters were calculated: QT
interval, QT interval corrected for heart rate, and Tp-e (Figure
1). The results of standard transthoracic echocardiography and
24-hour Holter monitoring (GE medical systems information
technologies, Inc., software version 8.0.3, Milwaukee, USA)
with 3-lead analog devices were evaluated independently by
two different cardiologists.
Heart rate variability and heart rate turbulence
Holter monitoring recordings were exported to the computer
and manually scanned to remove artifacts and analyzed with the
Holter software. HRV and HRT parameters were automatically
documented by the Holter software as numerical data.
In HRV analysis were obtained time-domain parameters,
including the standard deviation (SD) of all NN intervals for
a given period (SDNN), SD of the 5 min mean R-R intervals
tabulated over an entire day (SDANN), square root of the mean
of the sum of the squares of differences between adjacent
R-R intervals (rMSSD), and the proportion of differences in
successive NN intervals greater than 50 ms (pNN50) as well
as frequency domain parameters, including high frequency
(HF) component (0.15-0.40 Hz), low frequency (LF) component

Figure 1. Demonstration of the T wave peak to end and QT intervals
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(0.04-0.15 Hz) and very LF (VLF) component (0-0.04 Hz) and
LF/HF ratio (16).
HRT analysis was carried out by an automatic computer
program. To minimize false evaluations, patients having at least
five ventricular extrasystoles were included in the assessment.
The two phases of HRT were numerically quantified as turbulence
onset (TO) and turbulence slope (TS). TO was defined as the
percentage change in the RR intervals following premature
ventricular beats (PVBs) versus (vs.) the pre-PVB period. TO
represents the initial acceleration of heart rate following PVB.
TO ≤0% (negative TO) whereas TS >2.5 ms/RR (positive TS)
were accepted as normal values. The study population was
separated into three groups based on their HRT data. HRT-0
means that both values are within normal limits, HRT-1 implies
that one of the two parameters is abnormal and HRT-2 means
both parameters are abnormal (17).
Statistical Analysis
The IBM Statistical Package for the Social Sciences for
Windows, version 21.0, IBM.Corp., Armonk, NY, 2012 was used
for the statistical analysis. The Kolmogorov-Smirnov test was
used to test the normality of distribution. Continuous variables
were presented as mean ± SD, and categorical variables were
expressed as a number and a percentage (%). The Student’s
t-test or the Mann-Whitney U test was used to compare
continuous variables. The chi-square test or Fisher’s exact test
was used to compare categorical variables. Pearson’s correlation
test was used for the normally distributed data, and Spearman’s
correlation test was used for non-normally distributed data. A
two-sided p<0.05 was considered significant.

Results
A total of 115 individuals were included in the study. The
demographic characteristics of the patients (n=61, 43 females;
mean±SD, 34.3±10.0 years) and the control group (n=54, 33
females; mean±SD, 34.7±9.3 years) are presented in Table 1.
There were no significant differences between the two groups
in terms of age, gender, smoking, or body mass index. The
median disease duration was 7.0 (3.0-10.5) years. All patients
were on colchicine (1-1.5 mg/day); however, eight patients were
receiving anakinra+colchicine (1.5-2 mg/day) due to colchicine
resistance. The median duration of anakinra treatment was 45
(19.5-69) months. The most common mutations seen in patients
were M694V (n=35; 57.3%), M680I (n=8; 13.1%), V726A (n=7;
11.4%), and E148Q (n=6; 9.8%). There was no mutations in six
patients (9.8%). Of the 55 patients with mutations, 18 (29.5%)
were heterozygous, 22 (37.7%) were compound heterozygous,
and 15 (22.9%) were homozygous. ECG and 24-hour Holter
ECG parameters in FMF patients did not differe by gender.
Although C-reactive protein levels were within normal ranges,
they were statistically higher than in the control group [1.62 (0.594.59) vs. 0.80 (0.47-1.72), p=0.012]. All other biochemical and
transthoracic echocardiographic parameters were comparable
between the two groups (Table 2).
The resting ECGs of all individuals were in sinus rhythm.
Although corrected QT intervals were similar between the two
groups, ventricular repolarization parameters [Tp-e (86.91±16.49
vs. 70.20±5.02, p<0.001) and Tp-e/QTc ratio (0.21±0.04 vs.
0.17±0.02, p<0.001)] were significantly prolonged in FMF
patients (Table 1).

Table 1. Baseline characteristics and 12-lead electrocardiographic parameters of the study population (n=115)
FMF group (n=61)

Control group (n=54)

p

Age, years, mean±SD

34.3±10.0

34.7±9.3

0.838

Sex, male, n (%)

18 (29.5)

21 (38.9)

0.288

BMI, kg/m , mean±SD

24.8±2.4

25.6±2.8

0.144

Smoking, n (%)

18 (29.5)

14 (25.9)

0.670

EF, %, mean±SD

62.3±3.0

61.9±4.5

0.620

Sedimentation rate, mm/h, median (IQR)

14.00 (6.00-21.50)

11.00 (8.75-14.00)

0.154

C-reactive protein, mg/L, median (IQR)

1.62 (0.59-4.59)

0.80 (0.47-1.72)

0.012

Sodium, mmol/L, median (IQR)

138.00 (137.00-140.00)

138.00 (137.00-140.00)

0.826

Potassium, mmol/L, mean±SD

4.23±0.39

4.20±0.43

0.781

TSH, mU/L, mean±SD

1.27±0.77

1.34±0.81

0.885

Heart rate, beats/min, median (IQR)

78.0 (73.0-89.0)

75.5 (72.0-82.3)

0.103

QRS interval, ms, mean±SD

78.34±9.65

75.50±9.01

0.130

QTc interval, ms, mean±SD

414.72±20.12

406.92±31.23

0.122

Tpe, ms, mean±SD

86.91±16.49

70.20±5.02

<0.001

Tpe/QTc ratio, mean±SD

0.21±0.04

0.17±0.02

<0.001

2

Statistically significant results (p<0.05) were showed in bold type.
FMF: Familial Mediterranean fever, SD: Standard deviation, BMI: Body mass index, EF: Ejection fraction, IQR: Interquartile range, TSH: Thyroid-stimulating hormone,
QTc: Corrected QT interval, Tpe: Transmural dispersion of repolarization
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Table 2. 24-hour Holter parameters of the study population (n=115)
FMF group (n=61)

Control group (n=54)

p

Minimum HR, beats/min, mean±SD

45.7±7.3

45.9±9.1

0.867

Average HR, beats/min, mean±SD

80.7±7.4

79.1±7.5

0.254

Maximum HR, beats/min, mean±SD

149.1±15.7

145.1±15.6

0.168

Total QRS, per 24 hour, mean±SD

111488.0±15259.8

105196.5±14588.8

0.122

VLF, ms2, median (IQR)

29.08 (24.22-35.85)

32.58 (27.82-42.53)

0.006

LF, ms , mean±SD

22.93±7.36

27.74±8.96

0.002

HF, ms2, median (IQR)

13.56 (10.65-18.57)

18.22 (13.14-26.25)

0.001

LF/HF ratio, mean±SD

1.67±0.48

1.46±0.42

0.012

SDNN, ms, mean±SD

136.31±32.06

152.83±33.85

0.008

SDANN, ms, mean±SD

124.29±32.53

137.79±31.58

0.026

ASDNN, ms, mean±SD

56.37±18.21

66.53±22.46

0.009

rMSSD, ms, mean±SD

34.50±13.10

40.38±12.58

0.016

pNN50, %, median (IQR)

10.00 (6.79-18.32)

18.55 (9.85-25.10)

<0.001

Tonset, %, median (IQR)

-0.34 (-2.19-1.46)

-1.05 (-1.86-(-0.60))

0.112

Tslope, ms/RR, median (IQR)

6.00 (1.93-9.67)

3.57 (2.98-5.14)

0.073

VPBs, per 24 hour, median (IQR)

13.0 (8.0-27.5)

18.5 (12.0-38.5)

0.020

HRT-0, n (%)

20 (32.8)

43 (79.6)

<0.001

HRT-1, n (%)

32 (52.5)

11 (20.4)

<0.001

HRT-2, n (%)

9 (14.8)

0 (0)

0.003

2

Statistically significant results (p<0.05) were showed in bold type.
FMF: Familial Mediterranean fever, HR: Heart rate, SD: Standard deviation, VLF: Very low frequency, IQR: Interquartile range, LF: Low frequency power, HF: High
frequency power, LF/HF ratio: Ratio of power in low/high frequency, SDNN: Standard deviation of normal to normal R wave in the entire recording, SDANN: Standard
deviation of the averages of all normal to-normal RR intervals in all 5-min segments of the entire recording, ASDNN: Average of the standard deviation of NN intervals,
rMSSD: Root mean square of the mean of the squared difference of two consecutive R-R intervals, pNN50: Percent of the differences between the adjacent normal-tonormal intervals >50 ms, VPBs: Ventricular premature beat, HRT: Heart rate turbulence

While the minimum-maximum-mean heart rates and total
QRS were similar between the two groups, all other HRV
parameters, including SDNN (136.31±32.06 vs. 152.83±33.85,
p=0.008), SDANN (124.29±32.53 vs. 137.79±31.58, p=0.026),
rMSSD (34.50±13.10 vs. 40.38±12.58, p=0.016), pNN50
[10.00 (6.79-18.32) vs. 18.55 (9.85-25.10), p<0.001], VLF
[29.08 (24.22-35.85) vs. 32.58 (27.82-42.53), p=0.006], LF
(22.93±7.36 vs. 27.74±8.96, p=0.002), HF [13.56 (10.65-18.57)
vs. 18.22 (13.14-26.25), p=0.001] were significantly lower in
the FMF group. Compared to the control group, the LF/HF ratio
(1.67±0.48 vs. 1.46±0.42, p=0.012) was significantly higher
(Table 2).
HRT parameters were normal in 20 (32.8%) of the FMF
patients and 43 (79.6%) of the control subjects. Thirty-two
(52.5%) patients were in the HRT-1 group (FMF vs. control;
32/61 vs. 11/54, p<0.001), whereas 9 (14.8%) patients were
in the HRT-2 group (9/61 vs. 0/54, p=0.003) in the FMF group
(Table 2).
There was a moderate negative correlation between
disease duration and HRV parameters and a moderate positive
correlation between Tp-e and Tp-e/QTc ratio (Table 3). No
significant difference was observed in resting ECG, HRV, and
HRT parameters with regards to the mutations.

There were no significant differences in terms of demographic
characteristics, Tp-e, and QTc intervals between anakinra-treated
and non-anakinra-treated patients. Tp-e/QTc ratio (0.24±0.05 vs.
0.21±0.04, p=0.041) was prolonged in patients using anakinra
(Table 4). Both groups had similar minimum-mean-maximum
heart rates, total QRS, and ventricular extrasystole counts.
All HRV variables VLF (22.45±5.45 vs. 31.42±8.17, p=0.004),
LF (17.02±4.99 vs. 23.82±7.28, p=0.014), HF (10.42±3.42 vs.
15.67±6.71, p=0.035), SDNN (114.00±15.60 vs. 139.67±32.63,
p=0.034), SDANN (87.50±12.50 vs. 129.84±30.99, p<0.001),
ASDNN (39.75±13.84 vs. 58.88±17.54, p=0.005), rMSSD
(26.12±10.41 vs. 35.77±13.07, p=0.039), pNN50 [7.04 (1.208.12) vs. 11.10 (7.55-18.70), p<0.001] were significantly lower in
anakinra-treated patients than in non-anakinra-treated patients.
Additionally, all patients using anakinra had abnormal HRT
values (Table 5).

Discussion
This study found that Tp-e, Tp-e/QTc ratios were prolonged,
and HRV and HRT parameters were impaired in patients with
FMF versus the control group. Additionally, disease duration
and anakinra treatment were associated with the impairment of
these parameters.
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Table 3. Correlation analysis of disease duration, Tpe, Tpe/QTc and 24-hour Holter parameters of FMF patients
Disease
duration,
years

Tpe,
msn

Tpe/QTc
ratio

VLF,
ms2

LF,
ms2

HF,
ms2

SDNN,
ms

SDANN,
ms

ASDNN,
ms

rMSSD,
ms

pNN50,
%

R

-

0.402

0.382

-0.370

-0.304

-0.319

-0.544

-0.398

-0.314

-0.304

-0.332

P

-

0.001

0.003

0.004

0.020

0.012

<0.001

0.002

0.014

0.017

0.009

R

0.402

-

0.974

-0.401

-0.368

-0.390

-0.437

-0.311

-0.433

-0.284

-0.380

P

0.001

-

<0.001

0.001

0.003

0.002

<0.001

0.014

0.001

0.031

0.002

R

0.382

0.974

-

-0.351

-0.377

-0.359

-0.431

-0.350

-0.366

-0.264

-0.341

P

0.003

<0.001

-

0.006

0.002

0.004

0.001

0.006

0.004

0.042

0.007

Disease duration,
years

Tpe, msn

Tpe/QTc ratio

Tpe: Transmural dispersion of repolarization, QTc: Corrected QT interval, FMF: Familial Mediterranean fever, VLF: Very low frequency, LF: Low frequency power, HF:
High frequency power, SDNN: Standard deviation of normal to normal R wave in the entire recording, SDANN: Standard deviation of the averages of all normal tonormal RR intervals in all 5-min segments of the entire recording, ASDNN: Average of the standard deviation of NN intervals, rMSSD: Root mean square of the mean of
the squared difference of two consecutive R-R intervals, pNN50: Percent of the differences between the adjacent normal-to-normal intervals >50 ms

Table 4. Baseline characteristics and 12-lead electrocardiographic parameters of FMF patients (n=61)
Anakinra group (n=8)

Non-anakinra group (n=53)

p

Age, years, mean±SD

34.5±7.6

34.3±10.4

0.971

Sex, male, n (%)

4 (50)

14 (26.4)

0.218

BMI, kg/m , mean±SD

24.2±2.5

24.9±2.4

0.484

Smoking, n (%)

3 (37.5)

15 (28.3)

0.677

Disease duration, years, median (IQR)

5.8 (3.5-15.0)

7.0 (3.0-10.0)

0.468

EF, %, mean±SD

62.6±3.9

62.2±2.9

0.743

Sedimentation rate, mm/h, median (IQR)

9.00 (3.75-20.25)

14.00 (6.50-22.00)

0.312

C-reactive protein, mg/L, median (IQR)

1.18 (0.30-6.53)

1.66 (0.60-4.60)

0.777

Heart rate, beats/min, mean±SD

75.2±13.5

81.9±10.4

0.214

QRS interval, ms, mean±SD

85.62±14.59

77.24±8.33

0.151

QTc interval, ms, mean±SD

405.62±14.36

416.09±20.61

0.172

Tpe, ms, mean±SD

96.50±19.08

85.47±15.77

0.084

Tpe/QTc ratio, mean±SD

0.24±0.05

0.21±0.04

0.041

2

Statistically significant results (p<0.05) were showed in bold type.
FMF: Familial Mediterranean fever, SD: Standard deviation, BMI: Body mass index, IQR: Interquartile range, EF: Ejection fraction, QTc: Corrected QT interval, Tpe:
Transmural dispersion of repolarization

Cardiovascular events are the leading causes of death and
morbidity in FMF and many other autoimmune diseases (4).
Cardiac autonomic dysfunction is associated with ventricular
arrhythmias and sudden death (18). Conduction disorders
and arrhythmias are common symptoms of adverse cardiac
outcomes in autoinflammatory diseases such as FMF (19).
Cardiac autonomic dysfunction related to amyloidosis has been
observed in patients with FMF (20). However, some studies
have shown that patients with FMF without complications
(without amyloidosis) also develop autonomic dysfunction (21).
Moog et al. (22) stated that patients with FMF have impaired
pupillomotor function which is controlled by the parasympathetic
nervous system. Cardiac autonomic dysfunction (reduced
parasympathetic dominance) has also been observed in many

other autoimmune diseases, and it has been associated with
disease activity and poor prognosis (23). The 24-hour Holter
ECG monitoring, which is a cost-effective, reliable, and easily
accessible method, is commonly used to evaluate cardiac ANS.
HRV and HRT parameters obtained automatically from 24-hour
Holter recordings are useful in evaluating cardiac ANS (24,25).
Some HRV parameters were depressed in diseases such as
diabetes mellitus, hypertension, myocardial infarction, heart
failure, chronic obstructive pulmonary disease, obstructive sleep
apnea syndrome, and hypothyroidism (26). It was also reported
that decreased HRV parameters could predict the mortality
risk in heart failure and myocardial infarction (26). Depressed
HRV parameters and increased LF/HF ratio are predictors of
decreased parasympathetic dominance and increased cardiac
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Table 5. 24-hour Holter parameters of FMF patients (n=61)
Anakinra group (n=8)

Non-anakinra group (n=53)

P

Minimum HR, beats/min, mean±SD

46.3±7.1

45.6±7.4

0.811

Average HR, beats/min, mean±SD

78.0±6.4

81.2±7.5

0.270

Maximum HR, beats/min, mean±SD

139.4±14.7

150.5±15.4

0.082

Total QRS, per 24 hour, mean±SD

104867.9±11250.9

108275.8±15814.4

0.564

VLF, ms2, mean±SD

22.45±5.45

31.42±8.17

0.004

LF, ms , mean±SD

17.02±4.99

23.82±7.28

0.014

HF, ms2, mean±SD

10.42±3.42

15.67±6.71

0.035

SDNN, ms, mean±SD

114.00±15.60

139.67±32.63

0.034

SDANN, ms, mean±SD

87.50±12.50

129.84±30.99

<0.001

ASDNN, ms, mean±SD

39.75±13.84

58.88±17.54

0.005

rMSSD, ms, mean±SD

26.12±10.41

35.77±13.07

0.039

pNN50, %, median (IQR)

7.04 (1.20-8.12)

11.10 (7.55-18.70)

<0.001

Tonset, %, median (IQR)

-0.04 (-3.36-1.07)

-0.54 (-2.19-1.58)

0.679

Tslope, ms/RR, median (IQR)

1.72 (1.53-5.82)

6.47 (3.09-10.05)

0.786

VPBs, per 24 hour, median (IQR)

37.5 (11.5-51.8)

13.0 (7.5-24.5)

0.131

HRT-0, n (%)

0 (0)

20 (37.7)

0.034

HRT-1, n (%)

4 (50)

28 (52.8)

1.000

HRT-2, n (%)

4 (50)

5 (9.4)

0.013

2

FMF: Familial Mediterranean fever, SD: Standard deviation, HR: Heart rate, VLF: Very low frequency, LF: Low frequency power, HF: High frequency power, SDNN:
Standard deviation of normal to normal R wave in the entire recording, SDANN: Standard deviation of the averages of all normal to-normal RR intervals in all 5-min
segments of the entire recording, ASDNN: Average of the standard deviation of NN intervals, rMSSD: Root mean square of the mean of the squared difference of two
consecutive R-R intervals, pNN50: Percent of the differences between the adjacent normal-to-normal intervals >50 ms, IQR: Interquartile range, VPBs: Ventricular
premature beats, HRT: Heart rate turbulence. Statistically significant results (p<0.05) were showed in bold type

sympathetic dominance (25). If the parasympathetic nervous
system’s dominance in the heart weakens, arrhythmias are
unavoidable (27). It has been shown that the evaluation of only
one of the HRV parameters does not provide reliable information
on the cardiac ANS. Therefore, it is important to evaluate all
HRV parameters together (26). Canpolat et al. (28) found that
many HRV parameters were impaired in FMF patients without
amyloidosis. In our study, as in the literature, both time-domain
(SDNN, SDANN, pNN50, rMSSD) and frequency domain (VLF,
LF, HF) parameters decreased, while the LF/HF ratio increased
in patients with FMF compared to the control group. Furthermore,
disease duration was associated with the impairment of these
parameters.
HRT, a more specific and sensitive method than HRV,
provides data on cardiac ANS (29). Additionally, HRT gives
information on the baroreceptor response (30). Impaired HRT
was associated with arrhythmias and sudden death in patients
with heart failure and myocardial infarction (31). HRT parameters
were found to be impaired in chronic inflammatory disorders
such as systemic sclerosis and systemic lupus erythematosus
(32,33). There are two separate variables in the HRT analysis;
TO and TS. Cardiovascular deaths are higher among patients
with impaired TO and TS (34). In our study, most patients with
FMF had impairment in HRT variables (67.5%).

Tp-e interval and Tp-e/QTc ratio are cost-effective and
reliable parameters that can be used to quickly evaluate the
transmural repolarization dispersion of the myocardium using
a resting ECG (35). Impairment of these parameters may
predict ventricular arrhythmias and sudden cardiac death.
Also, these parameters can be used to assess cardiac risk in
various diseases and the general population (35). It has been
reported that a prolonged Tp-e interval may be a predictor of
the cardiovascular mortality risk in inflammatory diseases (36).
Some studies showed that ventricular repolarization parameters
were impaired in patients with FMF compared to the healthy
group (37,38). In our study, we found that the Tp-e interval
and Tp-e/QTc ratio were significantly longer in FMF patients
than those in the control group. Moreover, we determined that
these variables were correlated with disease duration and HRV
parameters.
Colchicine is the cornerstone of FMF treatment. However,
in colchicine-resistant cases, anakinra, the IL-1 receptor
antagonist, is recommended, but its long-term effect on mortality
is still unknown (39). Few studies have examined the relationship
between anakinra use and cardiac arrhythmias. It has also been
reported that anakinra may prevent arrhythmias after myocardial
infarction (40). Conversely, in our study, we found that all HRV
and HRT parameters were significantly impaired in patients
using anakinra compared to those who did not use it. While
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there was no significant difference in Tp-e values, we found a
significant impairment in the Tp-e/QTc ratio in anakinra-treated
patients. Although the small number of patients using anakinra,
this is the first study to evaluate 24-hour Holter and ECG in these
patients. Patients who were using anakinra were more likely to
have uncontrolled chronic inflammation for a longer period. This
may explain why abnormal cardiac autonomic functions in these
patients were more pronounced.
Our study has shown that patients with FMF may
have autonomic dysfunction even if they do not have any
cardiovascular symptoms. Therefore, patients with FMF should
be constantly monitored for cardiovascular complications,
particularly arrhythmias. It is difficult to perform 24-hour Holter
ECG on all patients, however, Tp-e, a basic ECG measurement
that correlates with 24-hour Holter ECG parameters, can be
evaluated in daily practice. ECG should, in our opinion, be
performed on patients who have been following up with FMF for
a long period.
The higher number of patients, evaluating the relationship
between resting ECG and 24-hour Holter ECG parameters
in patients with FMF, and evaluating 24-hour Holter ECG
recordings in patients using anakinra are the strengths of our
study. Our study has some limitations. Since the study was
designed retrospectively, the contribution of the impaired cardiac
autonomic system to cardiovascular adverse events could not
be evaluated in the long-term follow-up. Since some common
comorbidities (such as hypertension, diabetes mellitus ...) were
excluded from the study, our results may not be representative
of the real world. Although there were no statistically significant
differences in any parameters based on gender, the higher
proportion of females is considered a limitation. Additionally, the
number of colchicine-resistant cases treated with anakinra was
low.
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