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Abstract Fibromyalgia syndrome (FMS) patients have

disturbed sleep patterns which may lead to altered circadian

rhythm in serum cortisol secretion. The aim of this study was

to assess circadian changes, if any, in serum cortisol levels in

female patients with FMS. Cortisol levels were estimated

every 6 h during 24 h period; in 40 female patients satis-

fying ACR criteria for FMS (Age 36.4 ± 9.9), and 40

healthy females without FMS (Age 33.8 ± 11.1). A sig-

nificant difference in the night time serum cortisol level was

observed among the patients and control groups (patients,

12.9 ± 9.7 controls 5.8 ± 3.0; p \ 0.01). However, no

significant difference was found in serum cortisol levels in

patients and control groups in the morning (patients,

28.4 ± 13.2 controls, 27.6 ± 14.5; p [ 0.05), afternoon

(patients, 14.4 ± 5.6 controls, 14.0 ± 6.6; p [ 0.05) and

evening hours (patients, 10.9 ± 5.8 controls, 8.9 ± 3.6;

p [ 0.05). It could be concluded that there is an abnormality

in circadian secretion of cortisol in female FMS patients.

Keywords Fibromyalgia syndrome � Cortisol � Circadian

rhythm � American College of Rheumatology Criteria

Introduction

Fibromyalgia syndrome (FMS) is a common chronic mus-

culoskeletal disorder characterized by poor sleep, unre-

lenting fatigue and diffuse muscle pain, which occurs for

more than 3 months along with the presence of 11 out of 18

tender points [1]. It has a substantial negative impact on

patients’ life [2] occurring more often in women than in

men, with an estimated prevalence of 2 to 4 % in the gen-

eral population and a ratio of 3.5 % of women for 0.5 % of

men [3]. The symptoms associated with FMS (difficulty

sleeping, fatigue, malaise, myalgias, gastrointestinal com-

plaints, and decreased cognitive function) are similar to

those observed in individuals whose circadian pacemaker is

abnormally aligned with their sleep-wake schedule.

Cortisol normally follows a circadian pattern of secre-

tion, peaking 30 min after waking as there is a gradual

decrease in serum cortisol level throughout the day time

reaching minimum around midnight [4, 5]. However,

studies on FMS patients have reported increased daytime

plasma or salivary cortisol levels [6–9]. Moreover, in a

recent study by Riva et al. [10] it was reported that patients

with FMS had significantly lower cortisol levels during the

day which gets most pronounced in the morning whereas

Wingenfeld et al. [11] reported a normal cortisol and

adeno-cortico-tropic hormone (ACTH) levels in FMS

patients compared with controls. There is currently no

consensus as to the overall state of cortisol activity in FMS.
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One of the study reported by McLean et al. [12] sug-

gested that there were no significant difference in cortisol

levels or diurnal cortisol variation between FMS patients

and healthy controls. However, they also reported pain

symptoms early in the day among women with FMS are

associated with variations in function of the hypothalamic–

pituitary–adrenal (HPA) axis. The similarity in symptoms

between patients with FMS and individuals with misaligned

circadian phase as well as the observation of cortisol levels

being tightly regulated by the circadian pacemaker raises

the possibility that there may be an abnormality of circadian

pattern of cortisol secretion in patients with FMS. There-

fore, on the basis of above reports we planned to study the

circadian pattern of serum cortisol in patients with FMS and

in healthy subjects. Moreover, as the pituitary–adrenal

hormones are secreted in a pulsatile manner, with both

circadian and ultradian rhythmicity, we employed a tech-

nique of discrete blood sampling across the 24 h hormonal

cycle to characterize circadian cortisol secretion.

Materials and Methods

The study group comprised of 40 females with FMS (Mean

age 36.4 ± 9.9, BMI 25.9 ± 4.0) and control group com-

prised of 40 age matched healthy females without FMS

(Mean age 33.8 ± 11.1, BMI 24.0 ± 3.5), who were non-

alcoholic, non-smokers, non-diabetic without any kind of

cardiac, respiratory and endocrinal disease. Subjects were

excluded if they met criteria for rheumatoid arthritis and

psychiatric disorders. Patients of FMS were recruited from

the Department of Rheumatology, at the King George’s

Medical University, Lucknow, India. Diagnosis of FMS

was made using 1990 American College of Rheumatology

Criteria. Control subjects were recruited from relatives of

the patients and other locations of Lucknow.

All the patients and controls were screened to exclude

any recent Chronobiological disruptions, such as shift work

or travel across various time zones. Before enrolling in the

study, written informed consent was obtained from both the

subject groups using documents approved by the Institu-

tional Ethics Committee and all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this study. All data

was coded to remove any identifiable information. Both

the groups of patients and controls were admitted to the

Department of Rheumatology, where the subjects com-

pleted a structured questionnaire, which assessed the bio-

graphical information, medical, personal and family

history. Quality of life was assessed using fibromyalgia

impact questionnaire revised (FIQR) (a patient self-repor-

ted instrument that assesses the impact of fibromyalgia

symptoms and functional impairment, where patients were

required to indicate a score between range of 0–10, with 10

indicating very severe) [13].

Sample Collection

Four milliliters of intravenous blood was collected at 6 am,

12 noon, 6 pm and 12 mid night. Blood samples were spun

at 3,000 rpm for 10 min; all the samples collected were

spun within half an hour of the collection, serum was

separated and was aliquoted into labeled storage tubes and

frozen at -40 �C until assayed. Evening and night time

samples were kept at 40 �C and were processed next

morning. Cortisol was assayed by ELISA Kit.

Statistical Analysis

Statistical analysis was carried out using the INSTAT 3.0

(Graph Pad Software, San Diego, CA) [14]. Quantitative

variables are presented as the mean ± standard deviation.

Welch’s corrected unpaired t test was performed to assess

the difference in biochemical parameters among the two

groups and the association between clinical characteristics

among patients and control group was expressed by Fisher’s

exact test which was used to obtain the odds ratio (OR) with

95 % confidence interval (95 % Cl). All Statistical tests

were two-tailed, and p \ 0.05 was chosen as the level of

significance.

Results

Subject characteristics for women with FMS in the study

and control group are detailed in Table 1. Muscle twitching,

lack of energy, morning tiredness, night tiredness, disturbed

sleep, morning stiffness, morning fatigue, headache, dis-

equilibrium in climbing stairs and anxiety were more

commonly seen in patients with FMS than in the control

group. However, no significant differences were found in

weight loss, jaw pain, abdomen pain and fever (Table 2).

The fibromyalgia impact questionnaire revised score

(FIQR) (patients, 93.3 ± 4.7 controls 6.2 ± 8.8; p \ 0.01)

and Tender Points Count (TPC) (patients 16.9 ± 1.6;

controls 2.3 ± 2.4; p \ 0.01) was significantly higher in

women with FMS than in controls. All the patients had

normal laboratory tests regarding erythrocyte sedimenta-

tion rate (ESR), and serum glutamic pyruvic transaminase

(SGPT) (Table 1).
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A significant difference in the night time serum cortisol

level was observed among the patients and control groups
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(patients 12.9 ± 9.7; controls 5.8 ± 3.0; p \ 0.01). How-

ever, serum cortisol was not found significantly different

between patients and control groups in the morning hours

(patients 28.4 ± 13.2; controls, 27.6 ± 14.5; p [ 0.05),

whereas no significant differences were found in the after-

noon (patients 14.4 ± 5.6; controls 14.0 ± 6.6; p [ 0.05)

and evening time (patients 10.9 ± 5.8; controls 8.9 ± 3.6;

p [ 0.05) (Fig 1).

Discussion

This study was designed to examine the hypothesis that

female patients with FMS exhibit alterations in circadian

rhythm of serum cortisol secretion. Although, the serum

cortisol levels in patients with FMS have been studied

extensively, however, to the best of our knowledge there

are no previous reports on its circadian nature in women

with FMS. The basis for selecting only women in this study

was the high prevalence of FMS in females as compared to

males [15]. In this study we found, a significant difference

in the mid-night level of serum cortisol in patients com-

pared to control group, which revealed a disrupted circa-

dian pattern in serum cortisol level in patients with FMS.

However, we found no abnormalities in serum cortisol

level in the morning, afternoon and evening time. A normal

circadian cortisol pattern is one in which there is a rise

before waking (before 7–8 am), and then a gradual decline

throughout the rest of the day [4, 16, 17]. However, in FMS

patients this normal circadian pattern was found deranged.

Due to the circadian nature of cortisol secretion, identifi-

cation of cortisol dysregulation may not appear if total

cortisol levels are measured at a single time point.

Table 1 Clinical and

biochemical characteristics

among study and control groups

Study group = females with

fibromyalgia syndrome, control

group = females without

fibromyalgia syndrome

Parameters (SI) Study = 40

(mean ± SD)

Controls = 40

(mean ± SD)

p Value

Age (years) 36.4 ± 9.9 33.8 ± 11.1 [0.05

BMI (kg/m2) (body mass index) 25.9 ± 4.0 24.0 ± 3.5 \0.05

ESR (erythrocytes sedimentation rate) 26.5 ± 9.9 25.1 ± 8.6 [0.05

SGPT (serum glutamate pyruvate transaminase) 42.0 ± 13.4 4.0 ± 13.8 [0.05

FIQR (fibromyalgia impact questionnaire revised) 93.3 ± 4.7 6.2 ± 8.8 \0.01

TPC (Tender points count) 16.9 ± 1.6 2.3 ± 2.4 \0.01

Table 2 Clinical characteristics of women with FMS and control women

Parameters Patients n = 40 (%) Controls n = 40 (%) Odds ratio 95 % Confidence interval p Value

Muscle twitching 40 (100) 7 (17.5) 361.8 19.91–6,574.0 \0.01

Lack of energy 39 (97.5) 8 (20) 156.0 18.515–1,314.4 \0.01

Morning tiredness 33 (82.5) 6 (15) 26.7 8.117–87.93 \0.01

Night tiredness 30 (75) 11 (27.5) 7.9 2.918–21.43 \0.01

Disturbed sleep 38 (95) 1 (2.08) 741.0 64.43–8,520.9 \0.01

Weight loss 14 (35) 7 (17.5) 2.5 0.9845–7.203 [0.05

Morning stiffness 38 (95) 3 (7.5) 234.3 36.99–1,484.4 \0.01

Morning fatigue 39 (97.5) 5 (12.5) 273.0 30.385–2,452.9 \0.01

Headache 37 (92.5) 21 (52.5) 11.1 2.950–42.214 \0.01

Disequilibrium in climbing stairs 32 (80) 3 (7.5) 49.3 12.055–201.88 \0.01

Jaw pain 11 (27.5) 7 (17.5) 1.7 0.612–5.216 [0.05

Abdominal pain 23 (57.5) 19 (47.5) 1.4 0.6188–3.614 [0.05

Fever 12 (30) 15 (37.5) 0.7 0.2814–1.813 [0.05

Anxious 37 (92.5) 15 (37.5) 20.5 5.384–78.484 \0.01
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Fig. 1 Cortisol patterns in different time intervals of the day
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Therefore, we have measured the cortisol levels at four

time points during a day.

Our findings of altered level of serum cortisol at night

agrees with Crofford et al. [7] report of disturbed level of

night cortisol level and on the other hand it differs from the

study of Klerman et al. [18], who found no difference in

the circadian variation of cortisol in patients with FMS.

Moreover, results of our study did not match with the

findings of Nees [19] and Izquierdo et al. [20], who

reported decreased cortisol levels in FMS patients. How-

ever, this discrepancy cannot be explained except to note

our use of a substantially larger sample size and repeated

measures of serum cortisol over time within patients and

control groups.

There have been reports of moderate to severe fatigue in

FMS patients, [21, 22] however, we report a significant

difference in morning fatigue and pain in patients with

FMS than in control population. Morning stiffness, head-

ache, anxious and other symptoms of FMS were increased

in patients group, but showed no circadian pattern in either

study group. These findings suggest that the abnormalities

in circadian phase do not account for the reported abnor-

malities in the symptoms of fatigue, sleep disturbances,

pain etc. that occur in patients with FMS.

The aim of this study was to assess the circadian rhythm

disturbances in serum cortisol level in female patients with

FMS. It is proved that female patients with FMS exhibit

alterations in circadian rhythm of serum cortisol secretion.

This increase in nocturnal serum cortisol in patients group

suggests dysregulated circadian patterns which may

explain in part the patient complaint of unrefreshing sleep.

However, the findings of the present study may be a very

small step put forward. Further studies are necessary to

confirm, evaluate and replicate this study in a larger sample

size with different ethnicities.

Disclosures None.
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