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a b s t r a c t 

Background: Identification of fibromyalgia has been a challenge for healthcare professionals due to the 

lack of a clinical biomarker. A well-supported integrative hypothesis holds that this condition is a chronic 

pain problem partly caused by long-term dysregulation of stress response. Therefore, stress assessment 

from a biopsychosocial perspective may be a useful approach to recognizing fibromyalgia. 

Purpose: A cross-sectional case-control study was conducted to explore stress markers from a multidi- 

mensional perspective, including heart rate variability (as a biomarker of stress) as well as psychological 

distress and social stress. 

Methods: Forty-seven women with fibromyalgia were recruited from support groups and another 47 were 

recruited as matched pain-free controls. Comparison and discriminant function analyses were performed. 

Results: The data support the goodness of biopsychosocial stress markers in women with fibromyalgia, 

resulting in the identification of between 70% and 74.5% of fibromyalgia cases (sensitivity) and 85%-87% 

pain-free controls (specificity), with medium-high levels of fit ( λ = 0.58 and λ = 0.59; p < .00). Women 

with fibromyalgia were characterized by high levels of psychological distress, social stress (disorder lev- 

els), and autonomic dysregulation. Although distress and social stress had a greater weight in discrimi- 

nant functions, dysregulation in terms of low parasympathetic activity and high sympathetic activity at 

rest was also relevant. 

Conclusions: A biopsychosocial approach to stress with an objective biomarker such as heart rate vari- 

ability may be a useful tool to identify and manage FM. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of American Society for Pain Management 

Nursing. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fibromyalgia (FM) is a heterogeneous and complex syndrome

characterized by chronic pain and other symptoms such as fa-

tigue, sleep disturbance, and cognitive and somatic complaints

( Wolfe et al., 2016 ). Diagnosis criteria and prognosis continue to

challenge healthcare providers due to the absence of etiological

biomarkers. Although current diagnostic criteria have improved

this situation ( Arnold et al., 2019; Baron et al., 2014 ; Perrot et al.,

2010 ; Salaffi et al., 2020 ; Wolfe et al., 2016 ), they still rely exclu-

sively on patient self-report, which may be subject to bias. Indeed,

recent literature indicates that many physicians fail to identify

this condition despite using up-to-date criteria ( Galvez-Sánchez &

Reyes, 2020 ). Accordingly, misdiagnosis and overdiagnosis of FM

are increasingly documented ( Häuser et al., 2019 ; Wolfe et al.,

2019 ), with a greater tendency toward women ( Galvez-Sánchez
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& Reyes, 2020 ; Srinivasan et al., 2019 ; Wolfe et al., 2018 ). Accu-

rate classification or identification is crucial for both patients and

healthcare professionals in the context of FM, a condition that is

not yet fully understood ( Perrot, 2019 ). FM’s etiology involves mul-

tiple causes, which further complicates healthcare, social accep-

tance, and understanding ( Perrot, 2019 ). 

An evidence-based integrative biopsychosocial model suggests

that stress may be a key factor in the development of FM syn-

drome. The stress hypothesis, which incorporates the multiple

biopsychosocial causes associated with FM, suggests that it is a

problem of central sensitization to pain, partly due to a long-term

dysfunction of the stress response system (( Hazra et al., 2020 ;

Martins et al., 2021 ). For decades, stress has been recognized as

a critical factor, on several etiological levels, in the symptom de-

velopment and maintenance process, which is best addressed in

a biopsychosocial model ( Mezhov et al., 2021 ). Thus, multidimen-

sional stress assessment could complement current diagnostics to

identify FM and provide an important therapeutic value for the dif-
for Pain Management Nursing. This is an open access article under the CC BY 

https://doi.org/10.1016/j.pmn.2024.05.008
http://www.ScienceDirect.com
http://www.painmanagementnursing.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pmn.2024.05.008&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:ana.lledo@umh.es
https://doi.org/10.1016/j.pmn.2024.05.008
http://creativecommons.org/licenses/by/4.0/


A. LLedó Boyer, S. López-Roig, María-Ángeles Pastor-Mira et al. / Pain Management Nursing 25 (2024) e336–e345 e337 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ferent healthcare specialties involved in its management. However,

there is a lack of research into the simultaneous assessment of all

stress dimensions as a means of identifying FM syndrome. 

On one hand, studies on the biological dimension of stress

have shown that FM patients have an altered stress system

( Martinez-Lavin & Holman, 2021 ), which is linked to chronic pain

and other symptoms ( Forte et al., 2022 ; Reyes-Manzano et al.,

2018 ). In chronic diseases such as FM, where stress systems are

under strain over an extended period, there are changes in both

psychological and biological processes ( Radley & Herman, 2023 ).

In this sense, one of the most studied biological systems involved

in stress response is the autonomic nervous system (ANS) and

the hypothalamic-pituitary-adrenal (HPA) axis ( Kim et al., 2018 ;

Leistner & Menke, 2020 ). In this regard, heart rate variability

(HRV) analysis is shown to be the best objective and noninvasive

assessment method for identifying the physiological markers of

ANS/HPA functioning ( Kim et al., 2018 ; Zetterman et al., 2023 ). In

fact, changes in ANS through HRV analysis have been observed in

posttraumatic stress disorder ( Schneider & Schwerdtfeger, 2020 ).

In FM, studies evaluating HRV support the existence of stress dys-

regulation characterized by increased sympathetic and decreased

parasympathetic tone at different states ( Martinez-Lavin & Holman,

2021 ). However, findings regarding HRV parameters have been in-

consistent, and further investigation is needed to accurately deter-

mine dysregulation in this population ( Reyes-Manzano et al., 2018 ).

Studies on psychological and social stress have repeatedly

shown its frequent occurrence in FM, which is associated with a

worse clinical profile ( Wolfe et al., 2019 ; Maurel et al., 2021 ). Ac-

cording to the stress approach, distress, as a psychological dimen-

sion of stress, can contribute to the development of FM symptoms

through a number of different pathways, such as dysregulation of

the ANS ( Hazra et al., 2020 ; Pham et al., 2021 ). HRV, which has

become an indirect measure of the ANS function, may also reflect

emotional status. Research has shown an association between re-

duced parasympathetic activity, indicated by HRV indices, and FM.

This association may also reflect the chronic psychological distress

characteristic of FM ( Vreijling et al., 2021 ). 

On the other hand, a recent systematic review of the so-

cial stress dimension concludes that childhood sexual and phys-

ical abuse, death or illness in the family, and economic prob-

lems, among others, are highly prevalent in this population

( Kaleycheva et al., 2023 ). Stressful life events are recognized trig-

gers of FM ( Galvez-Sánchez et al., 2019 ); however, from a diagnos-

tic and clinical perspective, it is important to determine whether

these social risks are concurrent over time with a specific psy-

chobiological stress profile. 

Therefore, considering that individuals with FM are shown to

exhibit ANS dysregulation, high levels of psychological distress,

and social stress compared to other populations, this study aims

to explore whether these markers of biopsychosocial stress en-

able women with FM to be identified among women without this

diagnosis. To this end, firstly, women with FM were compared

with pain-free controls with respect to biological stress (ANS/HPA

function through HRV), psychological distress, and social stress.

Secondly, a discriminant analysis was performed for the above-

mentioned purpose. The focus of this study was on women with

FM due to their higher prevalence and diagnostic bias ( Galvez-

Sánchez & Reyes, 2020 ; Srinivasan et al., 2019 ; Wolfe et al., 2018 ). 

Given the complex and heterogeneous clinical and psychosocial

characteristics of this population, the identification of biopsychoso-

cial stress markers in women with FM may improve their classifi-

cation and clinical management ( Macfarlane et al., 2017 ). Further-

more, this multidimensional approach may lead to a better under-

standing of patients with FM and provide additional insights for

the development of more appropriate interdisciplinary care plans. 
The strength of this exploratory study is the use of HRV as a

biomarker of stress in combination with self-report measures of

psychological and social stress. These measures may provide an ef-

fective and simple tool for use in clinical and research settings. 

Method 

Participants 

The FM-eligible group consisted of 52 women from the Fi-

bromyalgia Mutual Support Association in the City of Elche, while

the control group consisted of 57 female workers from the Miguel

Hernández University. All women with fibromyalgia were seen by

their primary care physicians, and the diagnosis was subsequently

confirmed by a rheumatologist based on the 1990 ACR diagnostic

criteria and more recently developed criteria ( Wolfe et al., 1990 ;

ACR 2010 and ACR 2016). Importantly, it is assumed that there is

concordance or agreement between the ACR 1990, ACR 2010, and

ACR 2016 criteria for the diagnosis of FM ( Carrillo et al., 2015 ;

Salaffi et al., 2020 ). FM diagnosis is a requirement for member-

ship in the association. In the study area, the symptoms identifica-

tion process started with the primary care physician, but for offi-

cial purposes, only the diagnosis made by a rheumatologist is con-

sidered valid. Controls were matched to the group of women with

FM based on sociodemographic characteristics (age and education

level). Women in both groups were recruited based on the fol-

lowing inclusion criteria: age 25-70 years, normotensive, and with-

out cardiac, pulmonary, neurological, or psychiatric pathologies. Six

were excluded from the eligible FM group for hypertension (n = 2)

and cardiac, pulmonary, neurological, and psychiatric pathologies

diagnosed by a physician or psychologist (n = 4). Ten were ex-

cluded from the controls for hypertension (n = 5), cardiac, pul-

monary, neurological (n = 3), and psychiatric (n = 2) pathologies.

The final sample consisted of 94 women divided into FM (n = 47)

and control (n = 47) groups. 

Variables and Instruments 

Socio-demographic variables (age, marital status, education

level, employment status, and economic income) were measured

with an ad hoc questionnaire. Physical and hemodynamic variables

(body mass index, heart rate, systolic, and diastolic blood pressure)

were assessed using a scale, a height meter, a tensiometer, and a

pulsometer. 

Pain intensity perception was measured by the mean of the

maximum, minimum, and usual pain intensity during the past

week and pain intensity at the time of the assessment. These

four items were answered on an 11-point scale (0 = "no pain at

all" and 10 = "the worst pain you can imagine") adapted from

Jensen et al. (1996) . Higher scores indicate a greater perception

of pain intensity. This scale has demonstrated good psychometric

properties in women with FM ( α = 0.87) ( López-Roíg et al., 2016 ).

In addition, years since FM diagnosis was collected. The last two

variables were only collected from women with FM. 

Biological stress was assessed by Heart Rate Variability (HRV)

analysis, which is a non-invasive and reliable index for assessing

autonomic activity and is widely used as a marker of biological

stress ( Kim et al., 2018 ). In this study, short-term ( ∼5 min) HRV

was recorded using an electrocardiographic ECG (EC-12R PC-based

resting ECG system; Labtech Ltd., Debrecen, Hungary). Three elec-

trodes were placed according to Einthoven’s triangle. 

Following suggestions from the literature, the following HRV

frequency domain parameters were used: the very low frequency

(VLF) band (0.0033-0.04 Hz) to reflect HPA activity; the low fre-

quency (LF) band (0.04-0.15 Hz) and the high frequency (HF) band
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(0.15-0.4 Hz) to reflect sympathetic and parasympathetic activ-

ity, respectively; and the LF/HF ratio as an index of the balance

between the sympathetic and parasympathetic nervous systems

( Meeus et al., 2013 ). The analysis method for the frequency domain

was the short-time Fourier transform ( Griffin & Lim, 1984 ). 

In the time domain, calculations were made of the standard de-

viation of NN intervals (time between two consecutive heartbeats)

(SDNN), the root mean square of successive differences (RMSSD)

and the proportion of NN50 divided by the total number of NN in-

tervals (pNN50). HRV time-domain parameters are mainly good in-

dicators of parasympathetic modulation and are therefore used to

detect autonomous abnormalities ( Rajendra-Acharya et al., 2006 ).

Higher time-domain variability indices mean more parasympa-

thetic influx on the sinus node. 

The psychological and social distress variables were assessed

using two self-administered questionnaires. The Spanish adapta-

tion ( Cabrera et al., 2015 ) of the Hospital Anxiety and Depression

scale (HAD) ( Zigmond & Snaith, 1983 ) was used to assess psycho-

logical distress. Fourteen items are divided into two factors: Anx-

iety and Depression. Patients rate each item on a four-point re-

sponse scale. High scores indicate greater anxiety or depression,

and cut-off scores are ≥12 + and ≥10 + /12, respectively. This scale

also assesses psychological distress by the total score of both sub-

scales. In this study, the total score for psychological distress and

internal consistency was α = 0.92. The validity of the HAD scale

was demonstrated by confirmatory analysis of its subscales and its

relationship with other “gold standard” tools for measuring anxiety

and depression (r = 0.40-0.67) ( Cabrera et al., 2015 ). 

Social stress was assessed with the Spanish adaptation

( De Rivera et al., 1983 ) of the Social Readjustment Rating Scale

(SRRS) ( Holmes & Rahe, 1967 ). This questionnaire consists of 61

items based on a list of life events classified into different do-

mains (health, work, home and family, personal and social, and

financial), and the subject is asked to indicate whether each of

these events has occurred in the last 12 months. The scale assesses

events or experiences that represent a significant change in a per-

son’s life. Total social stress experienced is calculated by totaling

the weights, or life change units, of the 61 events presented on the

SRRS. A higher score indicates greater perceived social stress. There

are some general guidelines for scoring, and it is a useful tool for

stress researchers and practitioners ( Hobson & Delunas, 2001 ). A

total score of 150-299 indicates moderate stress and a 50% chance

of developing a stress-related disorder. A total score of 300 or

more indicates a high level of stress, and the likelihood of devel-

oping a stress-related disorder is approximately 80% ( Gerst et al.,

1978 ). The stability of the SRRS over a 2-year period ranges from

r = 0.89 to r = 0.96 ( Gerst et al., 1978 ). Consistency in the absolute

weight assigned to various events over time ranges from r = 0.59

to r = 0.83 for all events ( Gerst et al., 1978 ). The SRSS scale is

widely used, and its predictive validity has been demonstrated for

certain psychopathologies and physical illnesses ( Yoo et al., 2017 ) 

Procedure 

In this observational case-control study, the authors endorsed

the recommendations from the Strengthening Reporting of Obser-

vational Studies in Epidemiology (STROBE), an initiative for as-

sessing quality in the reporting of observational studies in general

( Vandenbroucke et al., 2007 ). More specifically, they also referred

to the checklist list published by the National Institute for Health

and Care Excellence for adequate protocol in case-control studies

( NICE, 2014 ). 

To estimate an appropriate sample size, several criteria were

considered, one being that sample size and characteristics should

be similar to those found in other FM studies focusing on case-
control research ( Hernando-Garijo et al., 2022 ; Piarulli et al., 2021 ,

among others). Each set of matched case-controls consists of one

case and one matched control. Therefore, we needed 57 matched

sets of subjects, or a total of 114 subjects. Anticipating a 20%

dropout rate, we enrolled at least 91 participants in the study

(OR ≤ 1.5 with 90% power and α = 0.05). Additionally, we fol-

lowed the recommendation that the sample size should be large

enough to produce stable estimates for the number of parameters

included in this study ( Hua et al., 2005 ). The selection for both

groups was based on accessibility to a convenience sample. The

authors used the ’matching’ technique for cases and controls in

the control groups. Matching is a widely used method to ensure

comparability between two groups in this type of study ( Lazcano-

Ponce et al., 2001 ; Soto & Cvetkovich, 2020 ). In this study, the fi-

nal sample sizes of the groups were equivalent, and we ensured

that the control group’s socio-demographic characteristics matched

those of the patient group, as mentioned above. 

The women in the sample were recruited through advertise-

ments in two settings (at a mutual support association and at the

university). Once they contacted the researchers, they were given

an appointment at the Miguel Hernández University. In order to

standardize the evaluation according to the availability of the par-

ticipants, groups of 20 women were scheduled for 1 week, start-

ing each day at 9:00 a.m. They were notified that they should not

eat or drink anything in the 2 hours before the visit, only water

was allowed. At the time of the visit, first, the research and as-

sessments were explained in a classroom setting, and they were

reminded that participation was voluntary, unpaid, and confiden-

tial. After signing the consent form, participants completed both

self-administered questionnaires (HAD and SRSS). The women then

waited in a room (5-20 minutes) and were called to the labora-

tory where they were assessed for hemodynamic characteristics

and short-term ( ∼5 minutes) resting HRV using an electrocardio-

gram (ECG). To avoid interfering with resting ECG recordings, they

were all conducted between 10:00 a.m. and 11 a.m. Temperature

was maintained between 21 and 23 °C, and noise and disturbances

were kept under control. All participants removed clothing and ac-

cessories, and while the ECG was recorded, they were in the supine

position and were instructed to breathe normally. The physiologist

performing the evaluation was blinded to the group, and each in-

dividual evaluation took approximately 30 minutes per woman. 

Data Analyses 

Baseline characteristics of all participants enrolled in this study

were analyzed using descriptive statistics. Group differences were

assessed using the chi-squared test for dichotomous variables and

the Student’s t -test for continuous variables. Effect size was also

calculated using Cohen’s d formula. A discriminant function anal-

ysis was performed to create a prognostic model for group mem-

bership that would discriminate women with FM from the con-

trol group according to the stress variables. Normalized and struc-

tural coefficients, Wilks’ lambda, chi-squared test, eigenvalues, and

canonical correlation were calculated for the discriminant function

analyses. Statistical significance was set at p ≤ .05, and all sta-

tistical analyses were performed using SPSS software 23.0 (Inc.,

Chicago, IL, USA). HRV data were processed using Kubios software

( Tarvainen et al., 2014 ). 

Results 

There were no significant differences between women with FM

and controls in sociodemographic and hemodynamic characteris-

tics (all p > .01; Table 1 ). In both groups, the mean age was 55

years, and the body mass index was similar (27 in FM and 26 in
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Table 1 

Characteristics of the Participants. 

FM ( n = 47) CG ( n = 47) t p 

Mean ± SD Mean ± SD 

Age 

Clinical: 

55.7 ± 7.48 55.35 ± 10.24 −0.19 0.84 

Years since diagnosis 13.83 ± 6.82 - - - 

Pain 6.38 ± 1.78 - - - 

Physical/hemodynamic: 

- Body mass index 27.12 ± 4,57 26.74 ± 4.59 −0.4 0.69 

- Heart rate 73.19 ± 9,17 73.91 ± 10.02 0.36 0.71 

- Systolic blood pressure 126.28 ± 23.19 127.19 ± 15.87 0.34 0.73 

- Diastolic blood pressure 77.64 ± 10.16 75.06 ± 9.98 −1.25 0.21 

% % χ² p 

Civil status: 

- Single 8.5 10.6 0.24 0.97 

- Married 74.5 70.2 

- Separated/divorced 12.8 14.9 

- Widow 4.3 4.3 

Educational level: 

- Reading and writing 38.3 23.4 2.94 0.40 

- Primary studies 29.8 40.4 

- Secondary studies 25.5 25.5 

- University studies 6.4 10.6 

Employment status: 

- Student 6.4 8.5 6.41 0.17 

- Working 31.9 36.2 

- Unemployed 17 10.6 

- Housewife 38.3 23.4 

- Retired 6.4 21.3 

Economic income: 

- < NMW 48.9 46.8 0.88 0.97 

- Between 1 and 2 NMW 27.7 25.5 

- Between 2 and 4 NMW 4.3 6.4 

- > 4 NMW 2.1 2.1 

- Survivor’s pension 4.3 2.1 

- Old-age pension 12.8 17 

FM = fibromyalgia; CG = control group; NMW = National Minimum Wage. 

Table 2 

Comparison of HRV, Psychological Distress and Social Stress Between Women With Fibromyalgia and Controls. 

Mean ( SD ) t Cohen’s d 

(95% Interval) 
FM CG 

HRV 

- SDNN 25.77 (16.18) 23.67 (11.26) 0.732 0.15 (−0.26 to 0.55) 

- RMSSD 24.39 (12.81) 24.72 (14.40) −0.118 −0.02 (−0.43 to 0.38) 

- pNN50 6.79 (9.77) 7.24 (11.71) −0.200 −0.04 (−0.45 to 0.36) 

- VLF 8.47 (8.64) 7.4 (7.91) 0.62 0.13 (−0.28 to 0.53) 

- LF (%) 51.95 (14.01) 45.32 (16.14) −2.28 a 0.44 c (0.03 to 0.84) 

- HF (%) 39.47 (16.71) 47.17 (18.6) 2.11 a 0.43 c (−0.84 to 

[−0.02]) 

- LF/HF 1.80 (1.31) 1.44 (1.43) 1.238 0.26 (−0.15 to 0.67) 

Psychological distress 

(0-42) 

18.82 (7.62) 7.8 (5.99) −7.79 b 1.59 d (1.13 to 2.06) 

Social stress (0-1576) 370.57 (332.11) 232.25 (209.24) −2.41 a 0.49 c (0.08 to 0.90) 

FM = fibromyalgia; CG = control group; SDNN = standard deviation of normal-to-normal bits; rmssd = root mean square of successive 

interval differences; pNN50 = percentage of successive RR intervals that differ by more than 50 ms; VLF = very low frequency; LF = 

Relative power of the low-frequency band; HF = relative power of the high-frequency band; LF/HF = ratio of LF-to-HF power. 
a p < .05. 
b p < .01. 
c Medium size effect. 
d High size effect. 

 

 

 

 

 

 

 

 

 

 

 

 

controls). The heart rate was 76 beats per minute, and systolic and

diastolic blood pressures were within normal limits (126 and 77

respectively) and controls (127 and 75 respectively). 

The comparative analysis results for HRV and the psychological

distress and social stress variables are shown in Table 2 . Within

HRV parameters, the FM women showed significantly higher scores

in LF and lower scores in HF compared to the control group. How-
ever, there were no significant differences between groups in the

other parameters (see Fig. 1 ). 

For psychological distress and social stress, the FM women

showed significantly higher scores in both dimensions compared

to the control group ( Table 2 ). The percentages by group for types

of social stressors experienced within the past year are shown in

Figure 2 . In the group of women with FM and in the control group,
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Figure 1. Mean scores for HRV parameters. FM = fibromyalgia; CG = control group; SDNN = standard deviation of normal-to-normal bits; rmssd = root mean square of 

successive interval differences; pNN50 = percentage of successive RR intervals that differ by more than 50 ms; VLF = very low frequency; LF = relative power of the low- 

frequency band; HF = relative power of the high-frequency band; LF/HF = ratio of LF-to-HF power; ∗= p < .05. 

Figure 2. Percentage of types of social stressors reported by group. Note: FM = fibromyalgia; CG = control group; Item 14 = “sexual difficulties”; Item 17 = “death of a close 

member family”; Item 18 = “disease of a close member family”; Item 19 = “incorporation of a new member into the family”; Item 37 = “loan or mortgage of more than 

60 0 0 euros”; Item 39 = “income substantially reduced (25%)”; Item 60 = “prolonged illness requiring medical treatment”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

the most frequently reported social stressors were the illness of

a close family member (item 18: 45% and 23%, respectively), fol-

lowed by a prolonged illness requiring medical treatment (item 60:

32% and 23%), and the death of a family member (item 17: 28%

and 19%). The greatest percentage differences in social stress were

found in sexual difficulties (item 14: 28% in the FM group and 8%

in the control group). 
The results of the discriminant function are shown in Table 3 .

To perform these analyses, the variables that significantly differ-

entiated the two groups were selected. Three functions were per-

formed including psychological distress and social stress. Among

the HRV parameters, only the LF parameter was included in the

first function, the HF parameter in the second, and both parame-

ters in the third. As can be seen in Table 3 , in the three discrim-
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Table 3 

Discriminant Analysis of Women With Fibromyalgia and Controls. 

Normalized Coefficients Structural Coefficients Function Dates 

Function 1 λ = 0.58 

χ ² = 48.2; p < .01 

Eigenvalue = 0.70 

CC = 0.64 

LF (%) 0.22 0.26 

Psychological distress 1.01 0.97 

Social stress −0.13 0.30 

Function 2 λ = 0.59 

χ ² = 47.02; p < .01 

Eigenvalue = 0.68 

CC = 0.63 

HF (%) −0.13 −0.27 

Psychological distress 1.02 0.98 

Social stress −0.13 0.30 

Function 3 λ = 0.58 

χ ² = 48.63; p < .01 

Eigenvalue = 0.71 

CC = 0.65 

LF (%) 0.48 0.26 

HF (%) 0.30 −0.26 

Psychological distress 1.03 0.96 

Social stress −0.13 0.30 

LF = low frequency; HF = high frequency; λ= lambda coefficient = ; χ ²= chi-square; CC = canonical correlation. 

Table 4 

Results of Groups’ Classification. 

Predictor of Group Membership n (%) Centroids 

FM CG 

Real group Function 1 

FM 33 (70.2%) 14 (29.8%) 0.83 

CG 6 (12.8%) 41 (87.2%) −0.83 

Function 2 

FM 33 (70.2%) 14 (29.8%) 0.82 

CG 7 (14.9%) 40 (85.1%) −0.82 

Function 3 

FM 35 (74.5%) 12 (25.5%) 0.84 

CG 6 (12.8%) 41 (87.2%) −0.84 

FM = fibromyalgia; CG = control group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

inant functions, the variable that showed a greater weight in pre-

dicting the FM group was psychological distress, followed by social

stress, and finally by both LF and HF parameters ( Table 3 ). Wilks

lambda coefficient ( λ), eigenvalue, and canonical correlation anal-

yses indicate that the predictive ability of the linear functions in

discriminating groups was moderate to high ( Norris, 2015 ). 

The results for the classification of the groups are shown in

Table 4 . Women with FM were accurately identified in 70.2% of the

cases in the first and second function, and in 74.5% of the cases in

the third function with the LH and HF parameters. Controls were

identified in 87.2% of the cases in the first function, 85.1% in the

second function, and 87.2% in the third function. The mean cen-

troid responses between groups and group assignment was done

taking into account the degree of similarity. The distribution cen-

troid scores according to dependent variables are shown in Figures

3–5 . All three-group functions were normally distributed and cen-

troids scores indicate that the FM group is more heterogeneous

than the controls. 

Discussion 

This study shows whether markers of biopsychosocial stress

(ANS/HPA function through HRV, psychological and social stress)

can identify and distinguish women with FM from women with-

out this diagnosis. For biological stress comparisons, ANS/HPA were

evaluated at rest (5 minutes) using different HRV parameters. In

frequency-domain HRV parameters and comparison with controls,

women with FM exhibited higher levels of sympathetic activity

(significant differences in LF), and lower levels of parasympathetic

activity (significant differences in HF), which is consistent with

other studies ( Martinez-Lavin & Holman, 2021 ; Meuus et al., 2013 ;

Vreijling et al., 2021 ). These results are relevant because LH and HF
are the best two principal components on the HRV spectrum that

reflect autonomic systems ( Shaffer & Ginsberg, 2017 ). The LH/LF

ratio parameter was similar in both groups. However, the litera-

ture reviewed underlines that the ratio parameter does not always

index autonomic balance because of the complex relationship be-

tween both nervous systems. 

Contrary to the results of previous studies ( Mostoufi et al.,

2012 ; Lerma et al., 2011 ; Fischer et al., 2016 ), HPA, assessed by

the VLF parameter, revealed similar levels between FM women

and controls. A possible explanation is that in previous stud-

ies they mainly used 24-hour ambulatory monitoring with ECG

( Mostoufi et al., 2012 ; Lerma et al., 2011 ) or cortisol levels to

demonstrate short-term HPA response to stress ( Fischer et al.,

2016 ). In this study, the VLF parameter was assessed at rest to

identify basal and long-term HPA function according to the so-

cial stress assessment for the previous year. Consequently, in this

study, the lack of differences could be explained by the fact that

this parameter is predominantly a short-term reflection of sympa-

thetic response, while other authors consider other more represen-

tative parameters for evaluating a long-term decrease in parasym-

pathetic activity ( Fischer et al., 2016 ). In addition, the low respi-

ratory rate associated with the resting state could affect the VLF

parameter, since its physiological significance is not yet fully un-

derstood ( Shaffer & Ginsberg, 2017 ). 

The time-domain parameters (SDNN, RMSSD, pNN50) indi-

cate the strength of the ANS at a given time and specifi-

cally for the parasympathetic branch ( Shaffer & Ginsberg, 2017 ;

Staud, 2008 ) and as in other studies, no differences were found

( Kang et al., 2016 ). This is possible because the short resting as-

sessment may not detect changes in time-domain parameters. Re-

garding the SDNN parameter, some authors have suggested that it

is more accurate over a 24-hour period ( Shaffer & Ginsberg, 2017 ).
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Figure 3. The centroid scores distribution of first discriminant function by groups according to the dependent variables (with psychological distress, social stress and LF 

parameter). 

Figure 4. The centroid scores distribution of second discriminant function by groups according to the dependent variables (with psychological distress, social stress and HF 

parameter). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the RMSSD parameter, a meta-analysis of chronic pain and FM

concluded that there were no significant differences with the con-

trol group ( Tracy et al., 2016 ). In addition, in relation to the pNN50

parameter, a recent study in FM patients showed acceptable night-

time accuracy, but not for the 5-minute test ( Cao et al., 2022 ). In

conclusion, since previous studies have shown the importance of

parasympathetic activity in FM symptoms, further investigation is

required to determine the appropriate interval of the ECG signal

for HRV analysis ( Staud, 2008 ; Vreijling et al., 2021 ). 

According to the evidence, women with FM show signifi-

cantly higher levels of psychological distress than controls ( Segura-

Jiménez et al., 2015 ). However, compared to other FM studies, the

present sample showed lower levels ( Wolfe et al., 2019 ). One ex-

planation could be that the sample studied belongs to a support

group where cases tend to be less severe ( Boyer et al., 2009 ), or

it could also indicate the effectiveness of the support group in re-

ducing distress. 
For social stress, the FM women reported significantly more

stressful social life events in the past year than the controls. Given

the cut-off scores of the scale used, the FM sample reported social

stress levels associated with stress-related disorders ( Gerst et al.,

1978 ; Bradley, 2008 ). The social stressors reported by women with

FM were those related to chronic sexual problems, disease pro-

cesses, and economic difficulties. These findings are consistent

with previous studies ( Kaleycheva et al., 2023 ) and underscore that

various stressful life experiences or chronic stress in FM are asso-

ciated with long-term reduced autonomic activity and psycholog-

ical distress. Social and psychological distress and persistent au-

tonomic dysregulation induce abnormal connections between the

autonomic nervous system and other physiological systems, which

would explain the symptomatology spectrum of FM beyond pain

( Siracusa et al., 2021 ). 

To determine whether this biopsychosocial stress profile can

identify women with FM, the discriminant functions classified
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Figure 5. The centroid scores distribution of third discriminant function by groups according to the dependent variables (with psychological distress, social stress, HF and 

LF parameters). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

between 70% and 74% of women with FM (sensitivity) and be-

tween 85% to 87% of controls (specificity). In other research

with a Spanish FM sample and using modified ACR, Segura-

Jiménez et al. (2015) reported a sensitivity of 88.3% and a speci-

ficity of 91.8% in the discrimination of FM from healthy controls

(2010, 2011). In this study, all functions were tested and psycho-

logical distress had the greatest weight, followed by social stress

and finally autonomic activity. The findings of this study are rel-

evant because:1) it takes into account the multidimensional stress

approach in the context of biopsychosocial markers for a better un-

derstanding of the complex process of FM and 2), it is consistent

with the 1990 ACR FM criteria, which showed a range of sensitivity

and specificity between 70% and 87%, respectively, and modified

ACR (2010, 2011) with ranges of 59%-96% and 60%-100%, respec-

tively ( Wolfe et al., 2016 ; Galvez-Sánchez & Reyes, 2020 ). 

In conclusion, this is the first exploratory study to assess stress

from a multidimensional perspective, evaluating the severity of

each dimension and its predictive power for classification. The data

support the reliability of the assessment of all stress dimensions of

the biopsychosocial model in the identification of women with FM.

Women with FM were characterized by high levels of psychological

distress, social stress (stress disorder levels), and ANS dysregula-

tion (assessed by HRV parameters) involving low parasympathetic

activity and high resting sympathetic activity. Particularly useful in

discriminating FM women from controls were the HF and LF fre-

quency domain parameters (HRV), along with the greater weight

of distress and social stress. 

Future Research and Implications 

For future research, these results imply that FM requires a mul-

tidisciplinary approach, and that the assessment of these stress

features could also guide health professionals in the screening or

case identification and treatment of FM. In addition, this study

has shown the implications and advantages of assessing HRV as

a stress biomarker in FM. First, it represents a simple noninvasive

short-term assessment (5 minutes) with ECG equipment. Second, it

can serve as an objective index that reflects the nervous system’s

capacity to organize an effective homeostatic response to social de-

mands ( Appelhans & Luecken., 2006 ). Third, it provides insights
into the potential value of objective information for the treatment

of FM patients ( Reneau, 2020 ). Therefore, future studies should fol-

low this line of research to advance and verify the usefulness of

biopsychosocial markers in the diagnosis of FM from an integra-

tive perspective. 

Limitations 

The sample size did not include patients from other settings

such as primary care or rheumatology units. Neither did it include

a comparison group with rheumatologic pain conditions or condi-

tions that cannot be clearly distinguished from FM (chronic fatigue

and irritable bowel syndrome) (Meeus et al., 2013 ; Wolfe et al.,

2019 ). In addition, the Body Mass Index and age of both groups

were high, although both groups were matched. The short at-rest

assessment used omitted changes in other HRV parameters that

might have been revealed in a longer ambulatory assessment. Fi-

nally, the cross-sectional nature of this study limits conclusions re-

garding casual relationships. 

Ethical Committee 

The study was reviewed and approved by the Ethics Commit-

tee of Miguel Hernández University and supported by MINECO

(PSI2016-79566-C2-1-R). 

Declaration of Competing Interest 

The authors declare that they have no known competing finan-

cial interests or personal relationships that could have appeared to

influence the work reported in this paper. 

Funding 

Supported by the Spanish Ministry of Economy and Competi-

tiveness (Grant: PSI2016-79566-C2-1-R ). 

References 

Appelhans, B. M., & Luecken, L. J. (2006). Heart rate variability as an index of

regulated emotional responding. Review of General Psychology, 10 (3), 229–240.
https://doi.org/10.1037/1089-2680.10.3.229 . 

https://doi.org/10.1037/1089-2680.10.3.229


e344 A. LLedó Boyer, S. López-Roig, María-Ángeles Pastor-Mira et al. / Pain Management Nursing 25 (2024) e336–e345 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arnold, L. M., Bennett, R. M., Crofford, L. J., Dean, L. E., Clauw, D. J., Goldenberg, D. L.,

Fitzcharles, M. A., Paiva, E. S., Staud, R., Sarzi-Puttini, P., Buskila, D., & Macfar-

lane, G. J. (2019). AAPT diagnostic criteria for fibromyalgia. The Journal of Pain,
20 (6), 611–628. https://doi.org/10.1016/j.jpain.2018.10.008 . 

Baron, R., Perrot, S., Guillemin, I., Alegre, C., Dias-Barbosa, C., Choy, E., Gilet, H.,
Cruccu, G., Desmeules, J., Margaux, J., Richards, S., Serra, E., Spaeth, M., &

Arnould, B. (2014). Improving the primary care physicians’ decision making for
fibromyalgia in clinical practice: Development and validation of the fibromyal-

gia detection (FibroDetect®) screening tool. Health and Quality of Life Outcomes,

12 , 128. https://doi.org/10.1186/s12955- 014- 0128- x . 
Boyer, A. L., Mira, M. A. P., Calatayud, N. P., Lopez-Roig, S., & Cantero, M. C. T. (2009).

Comparing fibromyalgia patients from primary care and rheumatology settings:
Clinical and psychosocial features. Rheumatology International, 29 , 1151–1160.

https://doi.org/10.10 07/s0 0296-0 08-0818-y . 
Bradley, L. A. (2008). Pathophysiologic mechanisms of fibromyalgia and its related

disorders. Journal of Clinical Psychiatry, 69 (2), 6–13 . 

Cabrera, V., Martín-Aragón, M., Terol, M. D. C., Núñez, R., & Pastor, M. D. L. Á. (2015).
La Escala de Ansiedad y Depresión Hospitalaria (HAD) en fibromialgia: análisis

de sensibilidad y especificidad. Terapia Psicológica, 33 (3), 181–193. https://doi.
org/10.4067/S0718-480820150 0 030 0 0 03 . 

Cao, R., Azimi, I., Sarhaddi, F., Niela-Vilen, H., Axelin, A., Liljeberg, P., & Rah-
mani, A. M. (2022). Accuracy assessment of Oura ring nocturnal heart rate and

heart rate variability in comparison with electrocardiography in time and fre-

quency domains: Comprehensive analysis. Journal of Medical Internet Research,
24 (1), e27487. https://doi.org/10.2196/27487 . 

Carrillo-de-la-Peña, M. T., Triñanes, Y., González-Villar, A., Romero-Yuste, S., Gómez-
Perretta, C., Arias, M., & Wolfe, F. (2015). Convergence between the 1990 and

2010 ACR diagnostic criteria and validation of the Spanish version of the Fi-
bromyalgia Survey Questionnaire (FSQ). Rheumatology International, 35 (1), 141–

151. https://doi.org/10.10 07/s0 0296- 014- 3074- 3 . 
De Rivera, G., Revuelta, J. L., & Morera Fumero, A. (1983). La valoración de suce-

sos vitales: Adaptación española de la escala de Holmes y Rahe. Psiquis, 4 (1), 

7–11 . 
Fischer, S., Doerr, J. M., Strahler, J., Mewes, R., Thieme, K., & Nater, U. M. (2016).

Stress exacerbates pain in the everyday lives of women with fibromyalgia syn-
drome: The role of cortisol and alpha-amylase. Psychoneuroendocrinology, 63 ,

68–77. https://doi.org/10.1016/j.psyneuen.2015.09.018 . 
Forte, G., Troisi, G., Pazzaglia, M., Pascalis, V. D., & Casagrande, M. (2022). Heart

rate variability and pain: A systematic review. Brain Sciences, 12 (2), 153. https:

//doi.org/10.3390/brainsci12020153 . 
Galvez-Sánchez, C. M., Duschek, S., & Reyes Del Paso, G. A. (2019). Psychological

impact of fibromyalgia: Current perspectives. Psychology Research and Behavior
Management, 12 , 117–127. https://doi.org/10.2147/PRBM.S178240 . 

Galvez-Sánchez, C. M., & Reyes Del Paso, G. A (2020). Diagnostic criteria for fi-
bromyalgia: Critical review and future perspectives. Journal of Clinical Medicine,

9 (4), 1219. https://doi.org/10.3390/jcm9041219 . 

Gerst, M. S., Grant, I., Yager, J., & Sweetwood, H. (1978). The reliability of the social
readjustment rating scale: Moderate and long-term stability. Journal of Psychoso-

matic Research, 22 (6), 519–523. https://doi.org/10.1016/0 022-3999(78)90 0 08-9 . 
Griffin, D., & Lim, J. (1984). Signal estimation from modified short-time Fourier

transform. IEEE Transactions on Acoustics, Speech, and Signal Processing, 32 (2),
236–243. https://doi.org/10.1016/S1474-6670(17)60764-X . 

Häuser, W., Sarzi-Puttini, P., & Fitzcharles, M. A. (2019). Fibromyalgia syndrome:

Under-, over- and misdiagnosis. Clinical and Experimental Rheumatology, 37 (1),
90–97 Suppl 116 . 

Hazra, S., Venkataraman, S., Handa, G., Yadav, S. L., Wadhwa, S., Singh, U.,
Kochhar, K. P., Deepak, K. K., & Sarkar, K. (2020). A cross-sectional study on

central sensitization and autonomic changes in fibromyalgia. Frontiers in Neuro-
science, 14 , 788. https://doi.org/10.3389/fnins.2020.00788 . 

Hernando-Garijo, I., Medrano-de-la-Fuente, R., Jiménez-del-Barrio, S., Mingo-

Gómez, M. T., Hernández-Lázaro, H., Lahuerta-Martin, S., & Ceballos-
Laita, L. (2022). Effects of a telerehabilitation program in women with

fibromyalgia at 6-month follow-up: Secondary analysis of a randomized clinical
trial. Biomedicines, 10 (12), 3024. https://doi.org/10.3390/biomedicines10123024 . 

Hobson, C. J., & Delunas, L. (2001). National norms and life-event frequencies for
the revised social readjustment rating scale. International Journal of Stress Man-

agement, 8 , 299–314. https://doi.org/10.1023/A:1017565632657 . 

Holmes, T. H., & Rahe, R. H. (1967). The social readjustment rating scale. Journal
of Psychosomatic Research, 11 (2), 213–218. https://doi.org/10.1016/0022-3999(67)

90010-4 . 
Hua, J., Xiong, Z., Lowey, J., Suh, E., & Dougherty, E. R. (2005). Optimal number of

features as a function of sample size for various classification rules. Bioinformat-
ics (Oxford, England), 21 (8), 1509–1515. https://doi.org/10.1093/bioinformatics/

bti171 . 
Jensen, M. P., Turner, L. R., Turner, J. A., & Romano, J. M. (1996). The use of multiple-

item scales for pain intensity measurement in chronic pain patients. Pain, 67 ,

35–40. https://doi.org/10.1016/0304- 3959(96)03078- 3 . 
Kaleycheva, N., Cullen, A. E., Evans, R., Harris, T., Nicholson, T., & Chalder, T. (2023).

The role of lifetime stressors in adult fibromyalgia: A response to Joan S. Craw-
ford’s letter to the editor. Psychological Medicine, 53 (5), 2190–2191. https://doi.

org/10.1017/S0033291721002828 . 
Kang, J. H., Kim, J. K., Hong, S. H., Lee, C. H., & Choi, B. Y. (2016). Heart rate variabil-

ity for quantification of autonomic dysfunction in fibromyalgia. Annals of Reha-

bilitation Medicine, 40 (2), 301–309. https://doi.org/10.5535/arm.2016.40.2.301 . 
Kim, H. G., Cheon, E. J., Bai, D. S., Lee, Y. H., & Koo, B. H. (2018). Stress and heart rate

variability: A meta-analysis and review of the literature. Psychiatry Investigation,

15 (3), 235–245. https://doi.org/10.30773/pi.2017.08.17 . 
Lazcano-Ponce, E., Salazar-Martínez, E., & Hernández-Avila, M. (2001). Estudios epi-

demiológicos de casos y controles. Fundamento teórico, variantes y aplicaciones.
Salud pública de México, 43 (2), 135–150 . 

Leistner, C., & Menke, A. (2020). Hypothalamic–pituitary–adrenal axis and
stress. Handbook of Clinical Neurology, 175 , 55–64. https://doi.org/10.1016/

B978- 0- 4 4 4- 64123- 6.0 0 0 04-7 . 

Lerma, C., Martinez, A., Ruiz, N., Vargas, A., Infante, O., & Martinez-Lavin, M. (2011).
Nocturnal heart rate variability parameters as potential fibromyalgia biomarker:

Correlation with symptoms severity. Arthritis Research & Therapy, 13 (6), 1–9.
https://doi.org/10.1186/ar3513 . 

López-Roig, S., Pastor, M. Á., Peñacoba, C., Lledó, A., Sanz, Y., & Velasco, L. (2016).
Prevalence and predictors of unsupervised walking and physical activity in a

community population of women with fibromyalgia. Rheumatology International,

36 , 1127–1133. https://doi.org/10.10 07/s0 0296- 016- 3508- 1 . 
Macfarlane, G. J., Kronisch, C., Dean, L. E., Atzeni, F., Häuser, W., Fluß, E.,

Choy, E., Kosek, E., Amris, K., Branco, J., Dincer, F., Leino-Arjas, P., Long-
ley, K., McCarthy, G. M., Makri, S., Perrot, S., Sarzi-Puttini, P., Taylor, A., &

Jones, G. T. (2017). EULAR revised recommendations for the management of fi-
bromyalgia. Annals of the Rheumatic Diseases, 76 (2), 318–328. https://doi.org/10.

1136/annrheumdis- 2016- 209724 . 

Martinez-Lavin, M., & Holman, A. J. (2021). Heart rate variability analysis in rheuma-
tology: Past, present… and future? Clinical and Experimental Rheumatology,

39 (5), 927–930. https://doi.org/10.55563/clinexprheumatol/nmvth1 . 
Martins, D. F., Viseux, F. J. F., Salm, D. C., Ribeiro, A. C. A., da Silva, H. K. L.,

Seim, L. A., Bittencourt, E. B., Bianco, G., Moré, A. O. O., Reed, W. R., & Mazzardo-
Martins, L. (2021). The role of the vagus nerve in fibromyalgia syndrome. Neu-

roscience and Biobehavioral Reviews, 131 , 1136–1149. https://doi.org/10.1016/j.
neubiorev.2021.10.021 . 

Maurel, S., Calvo, N., Sáez-Francàs, N., Alegre, J., & Castro-Marrero, J. (2021). Asso-

ciation between psychological constructs and physical and emotional distress
in individuals with fibromyalgia. Clinical and Experimental Rheumatology, 39 (3),

13–19 Suppl 130. https://doi.org/10.55563/clinexprheumatol/p8kho6 . 
Meeus, M., Goubert, D., De Backer, F., Struyf, F., Hermans, L., Coppieters, I., . . .

Calders, P. (2013). Heart rate variability in patients with fibromyalgia and pa-
tients with chronic fatigue syndrome: a systematic review. Seminars in Arthritis

and Rheumatism, 43 (2), 279–287. https://doi.org/10.1016/j.2013.03.004 . 

Mezhov, V., Guymer, E., & Littlejohn, G. (2021). Central sensitivity and fibromyalgia.
Internal Medicine Journal, 51 (12), 1990–1998. https://doi.org/10.1111/imj.15430 . 

Mostoufi, S. M., Afari, N., Ahumada, S. M., Reis, V., & Wetherell, J. L. (2012). Health
and distress predictors of heart rate variability in fibromyalgia and other forms

of chronic pain. Journal of Psychosomatic Research, 72 (1), 39–44. https://doi.org/
10.1016/j.jpsychores.2011.05.007 . 

National Institute for Health and Care Excellence (NICE). (2014). Developing

NICE guidelines: The manual . National Institute for Health and Care Excel-
lence, London, UK https://www.nice.org.uk/Media/Default/About/what- we- do/

our-programmes/developing-NICE-guidelines-the-manual.pdf . 
Norris, J. M. (2015). Discriminant analysis. In Advancing quantitative methods in sec-

ond language research (pp. 305–328). Routledge . 
Perrot, S. (2019). Fibromyalgia: A misconnection in a multiconnected world? Euro-

pean Journal of Pain, 23 (5), 866–873. https://doi.org/10.1002/ejp.1367 . 

Perrot, S., Bouhassira, D., & Fermanian, J.CEDR (Cercle d’Etude de la Douleur en
Rhumatologie). (2010). Development and validation of the Fibromyalgia Rapid

Screening Tool (FiRST). Pain, 150 (2), 250–256. https://doi.org/10.1016/j.pain.2010.
03.034 . 

Pham, T., Lau, Z. J., Chen, S. A., & Makowski, D. (2021). Heart rate variability in psy-
chology: A review of HRV indices and an analysis tutorial. Sensors, 21 (12), 3998.

https://doi.org/10.3390/s21123998 . 

Piarulli, A., Conversano, C., Ciacchini, R., Miniati, M., Marchi, L., Bazzichi, L., &
Orrù, G. (2021). Catastrophisation, chronic pain and sexuality: A cross-sectional

investigation in fibromyalgia and rheumatoid arthritis. Clinical and Experimental
Rheumatology, 39 (130), S161–S169. https://doi.org/10.55563/clinexprheumatol/

v8m0d4 . 
Radley, J. J., & Herman, J. P. (2023). Preclinical models of chronic stress: Adapta-

tion or pathology? Biological Psychiatry, 94 (3), 194–202. https://doi.org/10.1016/

j.biopsych.2022.11.004 . 
Rajendra-Acharya, U., Paul Joseph, K., Kannathal, N., Lim, C. M., & Suri, J. S (2006).

Heart rate variability: A review. Medical and Biological Engineering and Comput-
ing, 44 , 1031–1051. https://doi.org/10.1007/s11517- 006- 0119- 0 . 

Reneau, M. (2020). Heart rate variability biofeedback to treat fibromyalgia: An inte-
grative literature review. Pain Management Nursing: Official Journal of the Amer-

ican Society of Pain Management Nurses, 21 (3), 225–232. https://doi.org/10.1016/
j.pmn.2019.08.001 . 

Reyes-Manzano, C. F., Lerma, C., Echeverría, J. C., Martínez-Lavin, M., Martínez-

Martínez, L. A., Infante, O., & Guzmán-Vargas, L. (2018). Multifractal analy-
sis reveals decreased non-linearity and stronger anticorrelations in heart pe-

riod fluctuations of fibromyalgia patients. Frontiers in Physiology, 9 , 1118. https:
//doi.org/10.3389/fphys.2018.01118 . 

Salaffi, F., Di Carlo, M., Farah, S., Atzeni, F., Buskila, D., Ablin, J. N., Häuser, W., &
Sarzi-Puttini, P. (2020). Comment on: Diagnosis of fibromyalgia: Comparison of

the 2011/2016 ACR and AAPT criteria and validation of the modified fibromyal-

gia. Rheumatology, 59 (10), e81. https://doi.org/10.1093/rheumatology/keaa340 . 

https://doi.org/10.1016/j.jpain.2018.10.008
https://doi.org/10.1186/s12955-014-0128-x
https://doi.org/10.1007/s00296-008-0818-y
http://refhub.elsevier.com/S1524-9042(24)00167-X/sbref0005
https://doi.org/10.4067/S0718-48082015000300003
https://doi.org/10.2196/27487
https://doi.org/10.1007/s00296-014-3074-3
http://refhub.elsevier.com/S1524-9042(24)00167-X/sbref0010
https://doi.org/10.1016/j.psyneuen.2015.09.018
https://doi.org/10.3390/brainsci12020153
https://doi.org/10.2147/PRBM.S178240
https://doi.org/10.3390/jcm9041219
https://doi.org/10.1016/0022-3999(78)90008-9
https://doi.org/10.1016/S1474-6670(17)60764-X
http://refhub.elsevier.com/S1524-9042(24)00167-X/sbref0018
https://doi.org/10.3389/fnins.2020.00788
https://doi.org/10.3390/biomedicines10123024
https://doi.org/10.1023/A:1017565632657
https://doi.org/10.1016/0022-3999(67)90010-4
https://doi.org/10.1093/bioinformatics/bti171
https://doi.org/10.1016/0304-3959(96)03078-3
https://doi.org/10.1017/S0033291721002828
https://doi.org/10.5535/arm.2016.40.2.301
https://doi.org/10.30773/pi.2017.08.17
http://refhub.elsevier.com/S1524-9042(24)00167-X/sbref0028
https://doi.org/10.1016/B978-0-444-64123-6.00004-7
https://doi.org/10.1186/ar3513
https://doi.org/10.1007/s00296-016-3508-1
https://doi.org/10.1136/annrheumdis-2016-209724
https://doi.org/10.55563/clinexprheumatol/nmvth1
https://doi.org/10.1016/j.neubiorev.2021.10.021
https://doi.org/10.55563/clinexprheumatol/p8kho6
https://doi.org/10.1016/j.2013.03.004
https://doi.org/10.1111/imj.15430
https://doi.org/10.1016/j.jpsychores.2011.05.007
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/developing-NICE-guidelines-the-manual.pdf
http://refhub.elsevier.com/S1524-9042(24)00167-X/sbref0041
https://doi.org/10.1002/ejp.1367
https://doi.org/10.1016/j.pain.2010.03.034
https://doi.org/10.3390/s21123998
https://doi.org/10.55563/clinexprheumatol/v8m0d4
https://doi.org/10.1016/j.biopsych.2022.11.004
https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1016/j.pmn.2019.08.001
https://doi.org/10.3389/fphys.2018.01118
https://doi.org/10.1093/rheumatology/keaa340


A. LLedó Boyer, S. López-Roig, María-Ángeles Pastor-Mira et al. / Pain Management Nursing 25 (2024) e336–e345 e345 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schneider, M., & Schwerdtfeger, A. (2020). Autonomic dysfunction in posttraumatic

stress disorder indexed by heart rate variability: A meta-analysis. Psychological

Medicine, 50 (12), 1937–1948. https://doi.org/10.1017/S0033291720 0 0207X . 
Segura-Jiménez, V., Álvarez-Gallardo, I. C., Carbonell-Baeza, A., Aparicio, V. A., Or-

tega, F. B., Casimiro, A. J., & Delgado-Fernández, M. (2015). Fibromyalgia has
a larger impact on physical health than on psychological health, yet both are

markedly affected: The al-Ándalus project. Seminars in Arthritis and Rheumatism,
44 (5), 563–570. https://doi.org/10.1016/j.semarthrit.2014.09.010 . 

Shaffer, F., & Ginsberg, J. P. (2017). An Overview of Heart Rate Variability Metrics

and Norms. Frontiers in Public Health, 5 , 258 . 
Siracusa, R., Paola, R. D., Cuzzocrea, S., & Impellizzeri, D. (2021). Fibromyal-

gia: Pathogenesis, mechanisms, diagnosis and treatment options update. In-
ternational Journal of Molecular Sciences, 22 (8), 3891. https://doi.org/10.3390/

ijms22083891 . 
Soto, A., & Cvetkovich, A. (2020). Estudios de casos y controles. Revista de la Facultad

de Medicina Humana, 20 (1), 138–143. https://doi.org/10.25176/rfmh.v20i1.2555 . 

Srinivasan, S., Maloney, E., Wright, B., Kennedy, M., Kallail, K. J., Rasker, J. J.,
Häuser, W., & Wolfe, F. (2019). The problematic nature of fibromyalgia diagnosis

in the community. ACR Open Rheumatology, 1 (1), 43–51. https://doi.org/10.1002/
acr2.1006 . 

Staud, R. (2008). Heart rate variability as a biomarker of fibromyalgia syndrome.
Future Rheumatology, 3 (5), 475–483. https://doi.org/10.2217/17460816.3.5.475 . 

Tarvainen, M. P., Niskanen, J. P., Lipponen, J. A., Ranta-Aho, P. O., & Kar-

jalainen, P. A. (2014). Kubios HRV: Heart rate variability analysis software. Com-
puter Methods and Programs in Biomedicine, 113 (1), 210–220. https://doi.org/10.

1016/j.cmpb.2013.07.024 . 
Tracy, L. M., Ioannou, L., Baker, K. S., Gibson, S. J., Georgiou-Karistianis, N., & Gium-

marra, M. J. (2016). Meta-analytic evidence for decreased heart rate variability
in chronic pain implicating parasympathetic nervous system dysregulation. Pain,

157 (1), 7–29. https://doi.org/10.1097/j.pain.0 0 0 0 0 0 0 0 0 0 0 0 0360 . 
Vandenbroucke, J. P., von Elm, E., Altman, D. G., Gøtzsche, P. C., Mulrow, C. D.,

Pocock, S. J., Poole, C., Schlesselman, J. J., & Egger, M.STROBE Initiative.

(2007). Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE): explanation and elaboration. Epidemiology (Cambridge, Mass.), 18 (6),

805–835. https://doi.org/10.1097/EDE.0b013e3181577511 . 
Vreijling, S. R., Troudart, Y., & Brosschot, J. F. (2021). Reduced heart rate variability in

patients with medically unexplained physical symptoms: A meta-analysis of HF-

HRV and RMSSD. Psychosomatic Medicine, 83 (1), 2–15. https://doi.org/10.1097/
PSY.0 0 0 0 0 0 0 0 0 0 0 0 0874 . 

Wolfe, F., Smythe, H. A., Yunus, M. B., Bennett, R. M., Bombardier, C., Golden-
berg, D. L., Tugwell, P., Campbell, S. M., Abeles, M., & Clark, P. (1990). The Amer-

ican College of Rheumatology 1990 criteria for the classification of fibromyalgia.
Report of the Multicenter Criteria Committee. Arthritis and Rheumatism, 33 (2),

160–172. https://doi.org/10.1002/art.1780330203 . 

Wolfe, F., Clauw, D. J., Fitzcharles, M. A., Goldenberg, D. L., Häuser, W., Katz, R. L.,
Mease, P. J., Russell, A. S., Russell, I. J., & Walitt, B. (2016). 2016 revisions to the

2010/2011 fibromyalgia diagnostic criteria. Seminars in Arthritis and Rheumatism,
46 (3), 319–329. https://doi.org/10.1016/j.semarthrit.2016.08.012 . 

Wolfe, F., Walitt, B., Perrot, S., Rasker, J. J., & Häuser, W. (2018). Fibromyalgia diag-
nosis and biased assessment: Sex, prevalence and bias. PLoS One, 13 (9), Article

e0203755. https://doi.org/10.1371/journal.pone.0203755 . 

Wolfe, F., Schmukler, J., Jamal, S., Castrejon, I., Gibson, K. A., Srinivasan, S., & Pin-
cus, T. (2019). Diagnosis of fibromyalgia: Disagreement between fibromyalgia

criteria and clinician-based fibromyalgia diagnosis in a university clinic. Arthritis
Care & Research, 71 (3), 343–351. https://doi.org/10.1002/acr.23731 . 

Wolfe, F., Walitt, B., Rasker, J. J., & Häuser, W. (2019). Primary and secondary fi-
bromyalgia are the same: The Universality of Polysymptomatic Distress. The

Journal of rheumatology, 46 (2), 204–212. https://doi.org/10.3899/jrheum.180083 . 

Yoo, S. J., Ryu, S., Kim, S., Han, H. S., & Moon, C. (2017). Reference module in neuro-
science and biobehavioral psychology . Elsevier . 

Zetterman, T., Markkula, R., Miettinen, T., & Kalso, E. (2023). Heart rate variability
responses to cognitive stress in fibromyalgia are characterised by inadequate au-

tonomous system stress responses: A clinical trial. Scientific Reports, 13 (1), 700.
https://doi.org/10.1038/s41598- 023- 27581- 9 . 

Zigmond, A. S., & Snaith, R. P. (1983). The hospital anxiety and depression scale. Acta
Psychiatrica Scandinavica, 67 (6), 361–370. https://doi.org/10.1111/j.1600-0447.

1983.tb09716.x . 

https://doi.org/10.1017/S003329172000207X
https://doi.org/10.1016/j.semarthrit.2014.09.010
http://refhub.elsevier.com/S1524-9042(24)00167-X/optCXJsVbq45s
https://doi.org/10.3390/ijms22083891
https://doi.org/10.25176/rfmh.v20i1.2555
https://doi.org/10.1002/acr2.1006
https://doi.org/10.2217/17460816.3.5.475
https://doi.org/10.1016/j.cmpb.2013.07.024
https://doi.org/10.1097/j.pain.0000000000000360
https://doi.org/10.1097/EDE.0b013e3181577511
https://doi.org/10.1097/PSY.0000000000000874
https://doi.org/10.1002/art.1780330203
https://doi.org/10.1016/j.semarthrit.2016.08.012
https://doi.org/10.1371/journal.pone.0203755
https://doi.org/10.1002/acr.23731
https://doi.org/10.3899/jrheum.180083
http://refhub.elsevier.com/S1524-9042(24)00167-X/sbref0066
https://doi.org/10.1038/s41598-023-27581-9
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x

	Exploring Biopsychosocial Stress Markers in Women With Fibromyalgia
	Method
	Participants
	Variables and Instruments
	Procedure
	Data Analyses

	Results
	Discussion
	Future Research and Implications
	Limitations

	Ethical Committee
	Declaration of Competing Interest
	Funding
	References


