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Abstract
Objective
This study aimed to investigate the influence of fibromyalgia syndrome (FMS) on the cardiac conduction
system and assess patients’ palpitation complaints using 24-h ambulatory ECG (Holter {Maynard, MA:
Northeast Monitoring, Inc.}) monitoring.

Methods
Ninety patients with FMS and 70 healthy controls were included in this research. ECG was performed on all
participants, and ECG parameters were calculated. Holter monitoring was conducted, and the recordings
were analyzed. The results of time-domain heart rate variability (HRV) were evaluated.

Results
The patient group’s mean age was 38.3±6.3 years. There were no statistically significant differences in
demographic or laboratory parameters across the groups (p>0.05). The findings of a 24-h Holter ECG
recording did not vary significantly between the groups (p=0.182). In the study group, the values for the
standard deviation of R-R intervals (SDNN), low frequency (LF), and low/high frequency (LF/HF), which are
known as HRV indicators, were substantially different between the two groups (p<0.05).

Conclusions
The study indicated that the risk of arrhythmias did not increase even though FM patients complained of
palpitations.
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Introduction
Non-inflammatory soft-tissue rheumatism known as fibromyalgia syndrome is characterized by tiredness,
prevalent chronic musculoskeletal soreness, morning stiffness, disturbed sleep, anxiety, and depression
[1,2].

It can affect anyone at any age but is most prevalent in women aged between 20 and 45 years [3]. The
diagnosis is delayed because multiple clinicians are involved in the complaints [4]. Due to clinicians'
inability to fully interpret fibromyalgia syndrome (FMS), the average period required for a patient to receive
a diagnosis after consulting a medical facility is two to three years [5]. During this period, many visits to the
doctor have been made.

Patients report palpitations, chest pain, and back pain at the outpatient cardiology clinic. Patients with FMS
who do not have heart pathology are often referred to a physiotherapy and rehabilitation specialist; however,
patients with persistent palpitations are re-evaluated by a cardiologist [6]. ECG parameters are non-invasive
predictors of arrhythmia risk [7]. Holter monitoring is frequently used as a non-invasive method for
detecting arrhythmias that are not detected by ECG. Holter monitoring can also analyze heart rate variability
(HRV) by measuring fluctuations over brief periods. Indicators of HRV may have a role in evaluating the
relationship between brucellosis and dysfunctions of the autonomic nervous system.

In this study, we aimed to analyze the influence of FMS on the cardiac conduction system utilizing ECG
parameters and to assess the efficacy of ECG parameters in predicting arrhythmias using Holter recording.
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Materials And Methods
Study design and subjects
This cross-sectional study was conducted at Dagkapı State Hospital. The research sample consisted of
patients who received a diagnosis between 2017 and 2021 by the American College of Rheumatology's
guidelines (ACR, 2020). Included in the study were 98 patients who were diagnosed with FMS. Eight patients
whose data were inaccessible were excluded from the research. Seventy healthy individuals were enrolled in
the control group. FMS patients and healthy controls were examined in the cardiology department.

Study protocol
Using an electrocardiograph (model ECG-1350K; Tokyo, Japan: Nihon-Kohden Corporation), a 12-lead ECG
was acquired at a rate of 25 mm/s and 10 mm/mV amplitude. To digitize the existing ECGs, a scanner was
employed. Two cardiologists who were double-blinded to the study calculated and analyzed the T-peak to T-
end (TpTe) time under 400x magnification. Significant and nearly complete agreement was observed
between the two cardiologists' analyses (κ=0.861). In case of disagreement, a third cardiologist, who was
double-blind to the study, was consulted. Using the Bazett formula, the QT interval and T-peak to T-end
(TpTe) time for heart rate were corrected. These data were collected directly, as the QT interval, QTc
interval, QRS, and T axis are automatically determined during ECG analysis. Using the difference between
the QRS and T axis, the frontal QRS-T angle was measured.

After examining the ECG leads, the P dispersion was computed minus the smallest P-wave duration from the
highest P-wave duration [8]. Similarly, QT and QTc dispersion were calculated. Standard 24-h, three-channel
(leads V1, V2, and V5) Holter ECG (Maynard, MA: Northeast Monitoring, Inc.) recordings were used. After
manually adjusting R-R intervals, all recording was examined using a Century 2000/3000 HRV system
(Maryland Heights, MO: Biomedical Systems). The patients had fasted overnight and stayed supine
throughout the duration of the recordings. Intervals between normal and ectopic beats and between ectopic
beats, as well as intervals assessed incorrectly due to artifacts, were eliminated from the analysis. The time-
domain analysis examined the mean heart rate, the standard deviation of R-R intervals (SDNN), the
proportion of NN50 divided by the total number of R-R intervals (pNN50), and the root mean square of
successive differences (RMSSD). Applying the fast Fourier transform method, spectral measurements were
obtained. Following the recommendations of the North American Society of Pacing and Electrophysiology,
the recordings were obtained at an average of five separate five-minute intervals [9]. The total power was
categorized as high frequency (HF) and low frequency (LF) components.

Statistical analysis
The SPSS program version 24.0 was used to conduct all of the analyses (Chicago, IL: IBM Corp.). Continuous
variables were presented as mean±standard deviation or median (interquartile range). Categorical variables
were presented as frequencies and percentages. Using the Student's t-test or the Mann-Whitney U test,
continuous variables were compared. Nominal variables were compared utilizing the chi-squared test or
Fisher's exact test. All tests were considered statistically significant if their p-value was less than 0.05.

Results
The average age of the patient group was 38.9±5.8 years. The mean age of the control group was 37.4±5.3
years. Clinical parameters such as age, height, weight, and BMI did not differ significantly between the
groups. The female gender was significantly higher in the study group than in the control group (p=0.032).
The groups had no significant differences in heart rate, systolic blood pressure, or dyslipidemia. There were
no appreciable differences between the groups for routine blood tests (Table 1).
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Parameters Study group, 90 (%) Control group, 70 (%) p-Value

Age (years) 38.9±5.8 37.4±5.3 0.331

Gender, female, n (%) 66 (73.3) 40 (57.1) 0.032

Weight (kg) 76.8±13.5 75.7±13.7 0.628

Height (cm) 166±7.1 165.5±7.5 0.789

BMI (kg/m²) 27.8±4.0 27.6±3.7 0.770

SBP (mmHg) 122.5±17.1 124.7±13.7 0.394

Heart rate (beat/minute) 89.6±18.4 90.3±18.6 0.800

DL, n (%) 27 (30) 29 (41.4) 0.133

White blood cell count (×103µL) 9.6±3.2 9.9±3.6 0.596

Hemoglobin (g/dL) 13.3±1.9 13.9±2.2 0.091

AST (U/L) 18 (13) 20 (13.5) 0.321

ALT (U/L) 16 (17) 18 (17.2) 0.406

Glucose (mg/dL) 89 (30) 86.5 (29.5) 0.811

Total cholesterol (mg/dL) 186.9±55.9 178.3±44.1 0.289

Triglycerides (mg/dL) 156 (117.7) 142.5 (99.5) 0.135

LDL (mg/dL) 106.5±39.4 105.9±36.7 0.921

HDL (mg/dL) 39.9±8.8 41.3±13.0 0.426

CRP (mg/dL) 0.3 (0.3) 0.3 (0.2) 0.745

eGFR 95.4±30.8 99.8±22.3 0.314

TABLE 1: Clinical characteristics and laboratory parameters of patients.
Data are presented as mean SD, number (percentage), or median (interquartile range).

BMI: body mass index; SBP: systolic blood pressure; DL: dyslipidemia; AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; CRP: c-reactive protein; eGFR: estimated glomerular filtration rate

P-wave maximum duration (Pmax), QT dispersion (QTd), and corrected QT dispersion (QTcd) were all high
in the study (p<0.05). In terms of P-wave maximum duration (Pmin), P-wave dispersion (Pd), TpTe,
corrected TpTe (TpTec), TpTe/QT, TpTe/QTc, and frontal QRS-T angle there were no significant differences
across the two groups (Table 2).
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ECG parameters Study group, n (%) Control group, n (%) p-Value

Pmax (ms) 120.8±7.8 118.3±7.3 0.040

Pmin (ms) 72.7±8.2 72.0±11.0 0.646

Pd (ms) 51.1±9.1 48.3±13.6 0.129

QTd (ms) 54.0±6.6 50.3±8.1 0.002

QTcd (ms) 68.6±8.1 65.0±8.8 0.008

TpTe (ms) 75.6±18.1 75.8±14.4 0.678

TpTec (ms) 81.3±3.1 80.5±2.8 0.783

TpTe/QT 0.2±0.04 0.2±0.02 0.646

TpTe/QTc 0.19±0.05 0.19±0.33 0.813

Heart rate (beats/minute) 72±5 74±3 0.590

Frontal QRS-T angle 40±11 39±17 0.859

TABLE 2: Comparison of ECG parameters between groups.
Values are presented as mean±SD and median (interquartile range).

Pmax: P-wave maximum duration; Pmin: P-wave minimum duration; Pd: P-wave dispersion; QTd: QT dispersion; QTcd: corrected QT dispersion; TpTe: T-
peak to T-end; TpTec: corrected TpTe

Comparing the results of 24-h Holter ECG recordings across the groups, no significant difference was seen
(p=0.182). SDNN was substantially lower and LF and LF/HF were significantly higher in the study group
(p<0.05). Between the groups, there was no obvious difference in pNN50 (p=0.49), RMSSD (p=0.55), or HF
(p=0.44) (Table 3).

Parameters Study group, (n=90) Control group, (n=70) p-Value

SDNN (ms) 102.6±43.2 140.3±18.9 <0.001

RMSSD (ms) 32.6±22.5 28.7±8.9 0.558

pNN50 (%) 10.6±9.2 8.0±5.3 0.492

LF (nu) 67.6±15.6 53.8±12.4 <0.001

HF (nu) 27.2±11.2 25.2±7.6 0.446

LF/HF 3.54±1.8 2.24±1.3 0.003

TABLE 3: Heart rate variability parameters of the groups.
Data are expressed as mean±SD and median (interquartile range) as appropriate.

SDNN: standard deviation of R-R intervals; RMSSD: root mean square of successive differences; pNN50: proportion of NN50 divided by the total number
of R-R intervals; LF: low frequency; HF: high frequency

Discussion
This study revealed that the QTd and QTc values of FM patients were higher than those of the control group.
Although fibromyalgia patients complained of palpitations, Holter monitoring did not reveal any
arrhythmias associated with clinical symptoms. Additionally, patients with FMS had significant autonomic
nervous system dysfunction in favor of the sympathetic nervous system compared to the control group.

Autonomic nervous system disorders are characterized by sympathetic hyperactivity and parasympathetic
dysfunction. Excessive stress, sleep disorders, sore points, and exercise intolerance are manifested [10,11].
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Its pathogenesis is related to chronic stress, autonomic nervous system disorders, and neuroendocrine
abnormalities [12]. According to Furlan et al., sympathetic hyperactivity exacerbates symptoms during
repose [13]. Coronavirus disease 2019 (COVID-19) demonstrated that an increase in stress might exacerbate
FMS symptoms, and FMS can develop following COVID-19 [14]. HRV is a useful indicator of the equilibrium
between sympathetic and parasympathetic activity. HF, RMSSD, and pNN50 have been demonstrated to be
markers of parasympathetic activity, while LF and SDNN are markers of sympathetic activity [15]. In RA
patients, Anichkov et al. also reported decreased autonomic nervous function [16]. In our study, the time
domain parameters pNN50 and RMSSD increased little; however, SDNN decreased significantly (p=0.49,
p=0.55, and p<0.001, respectively). Nonetheless, we observed a considerable reduction in HF and a
significant rise in LF and LF/HF ratio in patients with FMS, indicating that sympathetic modulation of the
heart is predominant.

ECG parameters are used as non-invasive markers to estimate the risk of arrhythmia due to cardiac
involvement in inflammatory diseases [17]. Pd has an independent predictive value for paroxysmal atrial
fibrillation (PAF). Studies have shown that with prolonged QTd, ventricular arrhythmias are triggered, and
sudden cardiovascular death develops [18]. In rheumatic disorders, such as rheumatoid arthritis, Behcet's
disease, systemic sclerosis, and systemic lupus erythematosus, QTd was shown to be prolonged [19].
Electrolyte imbalance, heart failure, myocardial infarction, drug toxicity, anti-arrhythmic drugs,
hypertrophic cardiomyopathy, and heart failure are other causes that prolonged QTd [20]. Therefore, these
diseases were excluded from the study.

Several ventricular repolarization parameters, including TpTe time, TpTe/QT ratio, and QRS-T angle, were
also examined. These values were discovered to be useful indicators of the expanded spread of ventricular
repolarization. The TpTe time and TpTe/QT ratio were substantially longer and higher in the study group
than in healthy controls, according to Zehir et al. [21]. Slightly more than 90 milliseconds (ms) of TpTec was
associated with an almost threefold higher risk of sudden cardiac death [22]. TpTe, TpTe/QT ratio, and QRS-
T angle were not significantly different across groups in our study. When compared to other
electrocardiographic risk indicators, such as the QRS-T angle, it has been identified as a powerful and
independent risk factor for cardiac morbidity and mortality [23]. Hnatkova et al. determined the QRS-T angle
cutoff value to be 75 degrees, but Portland et al. calculated approximately 100 degrees [24,25]. In this study,
the QRS-T angle cutoff value was not determined due to the lack of mortality or sudden cardiac death.

Holter monitoring is the best choice for assessing whether patients with prolonged ECG parameters may
develop arrhythmia. Even though QT and QTc dispersions were considerable in our study group,
dysrhythmia was not observed in the Holter recordings (p=0.182). Four patients in the research group
demonstrated sinus tachycardia. One patient in each group was seen to have premature atrial contractions
exceeding 10%. Our study has several limitations. The study population was relatively small. In the future,
an implantable loop recorder could be used. Electrophysiological studies were not conducted.

Conclusions
In our research, prolonged ECG parameters during Holter monitoring did not represent a significant risk for
malignant arrhythmias. In addition, patients with FMS exhibited autonomic nervous system dysfunction in
favor of sympathetic nervous system dysfunction. Therefore, it should be recognized that fibromyalgia does
not raise the risk of malignant arrhythmias.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Gazi Yaşargil Training
and Research Hospital issued approval #2022-40. The Ethics Commission of Gazi Yaşargil Training and
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date: February 25, 2022). The current research was carried out in accordance with the Declaration of
Helsinki, 2013. Animal subjects: All authors have confirmed that this study did not involve animal subjects
or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare
the following: Payment/services info: All authors have declared that no financial support was received
from any organization for the submitted work. Financial relationships: All authors have declared that they
have no financial relationships at present or within the previous three years with any organizations that
might have an interest in the submitted work. Other relationships: All authors have declared that there are
no other relationships or activities that could appear to have influenced the submitted work.
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