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Objective: This study compared urinary 6-sulfatoxymelatonin (aMT6s) over 24  hours among 

fibromyalgia (FM), major depression disorder (MDD), and healthy control (HC) groups, and 

examined whether rhythm is correlated with depressive symptoms. To answer this question we 

compared the rhythm of urinary aMT6s secretion among each group in four time series: morn-

ing (06:00–12:00  hours), afternoon (12:00–18:00  hours), evening (18:00–24:00  hours), and 

night (24:00–06:00  hours). In the FM subjects, we assessed if the rhythm of urinary aMT6s 

secretion is associated with pain severity, sleep quality, number of trigger points (NTPs), and 

the pain pressure threshold (PPT).

Patients and methods: We included 54 women, aged 18–60 years with diagnosis of FM 

(n=18), MDD (n=19), and HC (n =17). The 24-hour urinary aMT6s was evaluated according 

to four standardized periods. The assessment instruments were the Hamilton Depression Rat-

ing Scale (HDRS), Pittsburgh Sleep Quality Index, and Fibromyalgia Impact Questionnaire.

Results: A generalized estimating equation revealed no difference in the daily load of aMT6s 

secretion among the three groups (P=0.49). However, at the daily time (06:00–18:00  hours), 

the load secretion of aMT6s reached 41.54% and 60.71% in the FM and MDD, respectively, as 

compared to 20.73% in the HC (P<0.05). A higher score in the HDRS was positively correlated 

with the amount of aMT6s secretion during daytime (06:00–18:00  hours). Also, multivariate 

linear regression revealed that in FM subjects, the aMT6s secretion during daytime (06:00–18:00  

hours) was negatively correlated with the PPTlog (partial η2=0.531, P=0.001). However, it 

was positively correlated with depressive symptoms (partial η2=0.317, P=0.01); PQSI (partial 

η2=0.306, P=0.017), and NTPs (partial η2=0.23, P=0.04).

Conclusion: A more significant load of aMT6s secretion during daytime hours was observed 

in MDD and FM subjects compared to HC. These findings help to comprehend the biological 

basis of these disorders and show how disruption in melatonin secretion is positively correlated 

with clinical symptoms.

Keywords: fibromyalgia, depression, pain, melatonin, 6 sulfatoxymelatonin (aMT6s).

Introduction
Fibromyalgia (FM) is a central sensitivity syndrome that comprises chronic musculo-

skeletal pain, cognitive dysfunctions (ie, attentional capacity and memory), fatigue, 

sleep disorders, and circadian rhythm disturbances.1 Major depression disorders 

(MDDs) and FM share neurobiological foundations, proving that emotional and noxious 

processing systems are intricate and overlapping.2 Incidentally, central sensitization syn-

drome (CS) has been extensively addressed as a mechanism underlying the occurrence 
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of FM and MDD.2,3 It comprises a decrease in the top-down 

inhibitory activity (dysregulation of dopamine, serotonin, 

norepinephrine, epinephrine, and endogenous opioids)4 and 

increases bottom-up excitatory activity on pain pathways. 

Accordingly, a growing body of evidence has characterized 

CS as the long-term result of an aberrant stress-response 

system5 that amplifies sensory input.

MDD is found in one-third to one-half of patients at the 

time of diagnosis of FM,6 and the lifetime prevalence of 

MDD in FM patients is 4.3 times higher than in the general 

population.7 Also, depressed women with FM present with 

more severe pain, insomnia, worse overall physical condition, 

and lower quality of life compared to controls.8 The relation-

ship between insomnia as a comorbidity with depression and 

chronic pain conditions is organically intertwined.2 Disrup-

tion of melatonin secretion is a potentially important route 

for the onset and aggravation in patients with FM and depres-

sion and is involved in a complex bidirectional relationship 

between chronic pain and MDD.9 Thus, the comorbidities 

of pain and depression may affect response and engagement 

with treatment. Despite ongoing research, the exact etiology, 

diagnosis, and optimal treatment for these patients are not 

yet established.

Likewise, FM and MDD share several common symp-

toms linked to the hypothalamic-pituitary-adrenal (HPA) axis 

and autonomic dysregulation systems for stress regulation, 

and their physiological markers are commonly found in FM 

and MDD.10,11 Cortisol and melatonin are two hormones that 

regulate the 24-hour pattern of bodily functions.12 Melatonin 

is centrally secreted by the pineal gland and exhibits a secre-

tory rhythm with well-defined onset and offset phases in both 

animals and humans13 with circulating concentrations high 

at night and lower during the day. It is a primary circadian 

pacemaker quantifiable by measuring 6‐sulfatoxymelatonin 

(aMT6s), which is its major metabolite excreted in urine. 

Urinary aMT6s reflects the amount of circulating melatonin 

related to the period between the prior urine void and the 

subsequent urine sample.14 The aMT6s level is stable over 

time15 and measured via well-proven and reliable techniques. 

It has greater reliability to measure circadian phase position 

over other circadian markers (ie, core body temperature and 

cortisol) because the melatonin concentration remains rela-

tively uninfluenced by external factors such as stress, physical 

activity, and excessive carbohydrate intake. In contrast, these 

factors can mask the cortisol and core body temperature.16,17 

Actually, melatonin acts as a chemical code of the biological 

clock and can be a biomarker to comprehend the impact of 

circadian disruption on neurophysiological, behavioral, and 

metabolic processes.

During the hours of darkness, some studies found a lower 

melatonin secretion in FM patients compared to controls, 

which may contribute to worse sleep at night, daytime fatigue, 

and higher pain perception.18 In the same way, a study found 

a phase shift by observing an increase in melatonin from the 

night to the morning in subjects with unipolar depression, 

while a decrease from the night to the morning was seen 

in the control group.19 At present, the results related to the 

amount of melatonin secretion during daytime hours in FM 

and MDD, compared to controls, are mixed. However, some 

studies found lower levels of serum melatonin,18,20 while other 

similar studies did not see these differences.19,21 Thus, urinary 

aMT6s is a reliable measure that can help to comprehend the 

relationship between the circadian disruption of melatonin 

secretion with MDD and FM symptoms. In the same way, 

it can instigate the investigation regarding the relevance of 

therapeutic approaches that improve the biological rhythms 

in clinical settings to treat MDD and FM (ie, use of exog-

enous melatonin).

This cross-sectional exploratory study was conducted to 

answer two questions: 1) to compare urinary aMT6s rhythm 

across 24 hours among FM, MDD, and healthy control 

(HC) groups and if this rhythm is correlated with depres-

sive symptom levels. To answer this question, we compared 

the rhythm of urinary aMT6s secretion among groups in 

four time series: morning (06:00–12:00 hours), afternoon 

(12:00–18:00 hours), evening (18:00–24:00 hours), and 

night (24:00–06:00 hours). 2) In the FM group, we assessed 

if urinary aMT6s secretion rhythm is associated with pain 

severity, sleep quality, number of trigger points (NTPs), and 

the pain pressure threshold (PPT).

Patients and methods
Design, settings, and participants
The criteria for inclusion and exclusion of the three groups 

(FM, MDD, and HC) are presented in Figure 1. The protocol 

of this cross-sectional study was reviewed and approved by 

the Ethics Committee Board of the Clínicas Hospital de Porto 

Alegre (Institutional Review Board IRB 0000921) following 

the Declaration of Helsinki. All individuals gave oral and 

written informed consent before participation.

This sample comprised outpatient adult females, aged 

18–65 years who can read and write. FM subjects were 

recruited by directly contacting them from the institutional 

chronic pain clinic. Also, both FM and MDD were referrals 
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from Basic Health Unit at Hospital de Clínicas de Porto 

Alegre. If subjects met the inclusion criteria based on the 

results of a screening questionnaire by phone, they were 

invited for medical evaluation, medical history collection 

including a detailed description of their symptoms to confirm 

the diagnosis by standardized criteria presented in Figure 1. 

A variable work schedule (ie, shift work) was an exclusion 

criterion as well as transmeridional travel during the month 

preceding the study. None of the subjects were in their men-

strual period.

The diagnosis for FM and MDD groups were performed 

by standard assessment protocols applied by physicians with 

more than 10 years of experience in pain or psychiatric care, 

respectively. We included outpatients with their first episode 

of MDD who received medical care, but they did not use 

antidepressant or other psychotropic medications within 

the last month. In the same way, those included in the FM 

group could not have used antidepressant, anticonvulsant, 

or benzodiazepine medications within the last month since 

medicines can reduce melatonin secretion at night. The 

inclusion and exclusion criteria according to each group are 

presented in Figure 1.

Volunteers were recruited from the general population 

by advertisement postings in the universities and in public 

places in the Porto Alegre area. They were carefully screened 

by phone to answer a structured questionnaire to ensure that 

they were healthy and free of medicines and drugs, and had 

no history of psychiatric disorders. They were excluded if 

they presented scores higher than 13 on the Beck Depression 

Inventory.22,23

Outcomes
The primary outcome was comparing the rhythm of urinary 

aMT6s secretion over a 24 hours period in FM, MDD, and HC 

Figure 1 (A) The measurement of 6-sulfatoxymelatonin (aMT6s) urinary in four time series: morning (06:00–12:00 hours), afternoon (12:00–18:00 hours), evening (18:00–
24:00 hours), and night (24:00–06:00 hours). (B) The flow of the study with the inclusion and exclusion criteria of the three groups: depressive patients, fibromyalgia, and 
healthy subjects. (C) Assessments of fibromyalgia symptoms (pain symptoms, sleep quality, number of trigger points and pain threshold) to correlate with aMT6s urinary 
secretion across daytime.

Common characteristics: Fibromyalgia, major depression, healthy subjects (females, aged 18–65
years, do not have shift workers or have traveled trans meridionally during the month preceding the study).

Recruitment: clinical outpatients at a tertiary hospital (FM and MDD) and in primary health care units
Healthy controls (HC) were recruited via newspaper publicity

A

B

C

aMT6s urinary secretion
across day in four time

series:

Morning (06:00–12:00 h),
Afternoon (12:00–18:00 h),
Evening (18:00–24:00 h),

Night (24:00–06:00 h).
Hamilton Depressive
Rating Scale (HDRS)

Healthy controls (HC) (n=17).
Recruitment: 32 patients were screened, 12 subjects did not meet the inclusion criteria and three
did not consent to participate.
Inclusion criteria: Subjects without a diagnosis of acute or chronic disease or medication use.
Exclusion criteria: Any acute or chronic pain, recent use of analgesics, corticosteroids, or
medications with known effects on the central nervous system. They were not included if they
reported abuse of alcohol or psychotropic substances in the 6 months prior to the screening.

Major Depression Disorder (MDD) (n=19)
Recruitment: 49 patients were screened, 30 patients were excluded because they did not meet the
inclusion criteria.
Inclusion criteria: Patients with the first episode of MDD recruited in primaty health care units or
psychiatric outpatient clinic with a diagnosis confirmed by the structured clinical interviews by two
independent psychiatrists.
Exclusion criteria: Used antidepressant or any psychotropic drug during the last month or used
beta-blockers, pregnancy, other chronic clinical disorder, used alcohol, or illicit drug abuse.

Fibromyalgia (FM) (n=18)
Recruitment: 60 patients were screened and 42 were excluded (37 did not meet the inclusion criteria,
and five did not consent to participate).
Inclusion criteria: Diagnoses criteria for FM according to the American College of Rheumatology
(VAS) ≥ 50 mm during most of the days of the last 3 months.
Exclusion criteria: Used antidepressant or any psychotropic drug during the last month or used
beta-blockers, pregnancy, other chronic clinical disorder, used alcohol, or illicit drug abuse.

Assessments in fibromyalgia group
Pain symptoms, Pittsburgh Sleep Quality Index (PSQI), number of trigger points (NTPs), pain

pressme threshold (PPT).
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groups, each into four 6-hour series: morning (06:00–12:00 

hours), afternoon (12:00–18:00 hours), evening (18:00–24:00 

hours), and night (24:00–06:00 hours). Outcomes in FM 

group: the primary outcome was the PPT. Secondary out-

comes included sleep quality, depressive symptoms, NTPs 

and the impact of FM symptoms on quality of life. The pri-

mary interest factor in the study was the rhythm of aMT6s 

urinary secretion over 24 hours.

instruments and assessments
All participants completed a standardized sociodemographic 

questionnaire. A psychiatrist with experience in psychologi-

cal assessment applied all tests, which had been validated for 

the Brazilian population.

structured clinical interview for DSM-IV 
(sciD)
This instrument consists of a semi-structured diagnostic 

interview created from DSM-IV. The answers will identify 

the presence or absence of the symptoms, scored accord-

ing to the judgment of the evaluator. It is composed of 10 

modules, which can be used in a combined or independent 

way. In the study, the “A” module was used to diagnose 

mood episodes (bipolar and major depressive disorders). 

The translation and adaptation of this clinical interview into 

the Portuguese language present, in general, good reliability 

for mood disorders.24

Depressive symptoms
The Hamilton Depression Rating Scale (HDRS) based on 

21 questions was used to measure depressive symptoms; 

the score ranges from 0 to 62.25 The HDRS item varies from 

0 to 2 or 0–4. Total score of 0–7 is considered normal, and 

ratings equal to 20 or higher indicate moderate to severe 

depression. The adapted version for the Brazilian population 

showed an adequate capacity to discriminate individuals with 

depressive symptoms. The area under the curve (AUC) was 

0.97 (95% CI, 0.94–0.99)26 and the Cronbach’s alpha reli-

ability coefficient was 0.78. The reliability coefficients in the 

Brazilian version are similar to that of the pooled mean for 

the alpha coefficient found in a random effects model of a 

meta-regression analysis 0.79 (95% CI 0.77–0.81).27

Assessments of sleep quality, disability, 
and PPT
In the FM group, additional measurements were taken to 

assess specific symptoms. These measures included the 

Pittsburgh Sleep Quality Index (PSQI) to evaluate sleep 

quality.28 The Fibromyalgia Impact Questionnaire (FIQ) was 

applied to assess the set of symptoms that comprise FM.29 

It consists of 10 domains, and the maximum possible score 

is 100. Taking into account that FM patients usually uses 

rescue analgesics at irregular intervals from week to week 

according to their pain level, for data analyses, we included 

the analgesic use as a dichotomous variable: the analgesic 

use of more than 4 days per week or the analgesic use equal 

to or less than 4 days per week.

To assess PPT, we asked patients to differentiate the 

perception of the pressure of the “onset of pain percep-

tion.” They were instructed to report verbally as soon as the 

perception of pain began. The electronic algometer (J Tech 

Medical Industries, Greenwich, CT, USA) consists of a 1-cm2 

hard-rubber probe to apply over all of the tender points. The 

NTPs were determined using the PPT in the predefined areas 

by the American College of Rheumatology for FM criteria.30 

The average of three successive readings at intervals of 3–5 

minutes established the values of the PPT in kgf/cm2 (lb/cm2).

assessment of urinary aMT6s
The collection of urine samples and clinical evaluation follow 

a standardized protocol.19,31 All participants were instructed 

to avoid any conditions that could expose them to bright 

light at night and between bedtime and the onset of sleep 

during the week they collected urine. They were instructed 

to certify adhesion to the research protocol regarding to their 

urine collection during an individual session with a physi-

cian in whom written guidance was supplied. In addition, on 

the day of urine collection, the physician queried regarding 

compliance to the protocol execution.

Participants were instructed to void their bladders upon 

rising in the morning, and they continued to collect all of their 

urine during the next 24 hours, including the complete sample 

produced the following day. It was not necessary to empty 

the bladder at exact times. However, we asked them for the 

date and time records when bladder emptying occurred. This 

measure was taken so that samples from each patient could 

be grouped into specific time periods. Each urine sample 

was collected in different vials (25 mL plastic containers), 

and all the samples were collected from the patients’ homes 

on the second morning by a team researcher. They were 

appropriately transported and immediately delivered to the 

laboratory. We obtained urine aliquots from each container. 

The stipulated volume of each aliquot was proportional to 

the amount of urine produced in that specific period. Next, 

aliquots from each patient were pooled together according to 

the time of voiding in four time series as follows: morning 
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(06:00–12:00 hours), afternoon (12:00–18:00 hours), evening 

(18:00–24:00 hours), and night (24:00–06:00 hours). Finally, 

aliquots of urine were transferred into plastic bottles and 

centrifuged (2,000 g, 5 minutes), and the supernatant stored 

at −80°C until assay to be performed. If any part of the sample 

presented incomplete micturition, we decided to exclude 

it. The collection procedures were the same for all groups.

The concentration of aMT6s in the pooled samples 

(allocated into four time points as previously described) was 

determined by enzyme immunoassay (Bulhmann ELISA kit; 

AlPCO Ltd, Windham, NH, USA) using a microtiter plate 

reader (450 nm, Micronal B, 380), according to a previous 

protocol.19 The assay presented a sensitivity of 0.35 ng/mL. 

We set the interassay variability at 7.3% for aMT6s levels 

above 3.5 ng/mL, and the creatinine concentration was 

measured by the Jaffé method. This creatinine concentration 

was used as the reference to determine the aMT6s concentra-

tion32 determined in nanograms per milligram of creatinine. 

The AUC was used to determine the total amount of aMT6s 

excreted by each patient in 24 hours. Also, we summed 

the amount of aMT6s by each specific 6 hours intervals. 

According to literature, aMT6s shows itself as a remarkable 

biomarker since its levels represents 90% of the melatonin 

released by the pineal gland. Thus, the urinary aMT6s/creati-

nine ratio is an indicator of nocturnal melatonin secretion.13

efforts to address potential sources of 
bias
To reduce assessment bias, only one researcher was involved 

in all the assessments except the SCID-II, which in turn was 

applied by one psychiatrist. The evaluator that applied the 

clinical scales and PPT assessment is a physician with vast 

experience at the pain clinic outpatients’ care. The algometer 

used (J Tech Medical Industries) was calibrated and was 

acquired from a recognized provider in Brazil.

statistical analysis
To assess if the data presented a normal distribution, we 

used the Shapiro–Wilk test. First, we identified factors that 

could change the aMT6s secretion load throughout the day 

(Table 1). A generalized estimating equations (GEE) analy-

sis was run to compare each aMT6s at specific time points 

(morning [06:00–12:00 hours], afternoon [12:00–18:00 

hours], evening [18:00–24:00 hours], and night [24:00–06:00 

hours]) among groups (FM, MDD, and HC). We conducted 

the GEE with an exchangeable working correlation to account 

for the relationship between the aMT6s from a single par-

ticipant in each time point. In the final models, interactions 

among the factors and time were also examined. Age was 

included as a covariate in the model because HCs are younger 

than FM and MDD patients, and it is biologically plausible 

that the decline in melatonin secretion is age-related.33 To 

identify the source of significant differences and to adjust 

for multiple comparisons, the Bonferroni’s test was used.

We used the Spearman’s rho coefficient to assess the 

relationship between the aMT6s secretion load at the par-

ticular time points: morning (06:00–12:00 hours), afternoon 

(12:00–18:00 hours), evening (18:00–24:00 hours), and night 

(24:00–06:00 hours) with symptoms associated with FM (sleep 

quality, depressive symptoms, NTPs, and QIF score) and with 

the PPT primary outcome. After confirming the correspond-

ing assumptions, a final multivariate linear regression model 

was performed to adjust for multiple comparisons between 

the independent variable (ie, aMT6s at specific time points 

06:00–18:00 hours). We selected aMT6s at the particular time 

point 06:00–18:00 hours because a higher level of melatonin 

during daytime hours indicates a phase delay of melatonin 

secretion. The dependent variables were pain measures (FIQ 

and PPT), depressive symptoms (HDRS), and sleep quality 

(PSQI). All analyses were adjusted by multiple comparisons 

using the Bonferroni’s Multiple Comparison Test.

Table 1 Demographic characteristics of groups FM, MDD, and hc (n=54)

Characteristics HC1

(n=17)
MDD2

(n=19)
FM3

(n=18)
P-value

age (years)a 29.53 (85.0)2,3 45.44 (7.88)1 48.78(7.91)1 0.001
history of psychiatric disease, yes (%) -------- 19 (100%)3 8 (44.44%)c2 <0.001
hamilton Depression scalea 6.00 (5.22)2,3 24.63 (4.83)1 20.44 (4.35)1 <0.001
aMT6s (total load day secretion)b     

Mean (sD) 0.25 (0.20) 0.23 (0.17) 0.22 (0.15) 0.85
Median interquartile (Q25 ; 75) 0.18 (0.03 ; 81) 0.20 (0.03 ; 0.77) 0.19 (0.02 ; 0.68)  

Notes: acomparisons using anOVa. Post hoc differences from each other at the 0.05 groups are indicated via superscript numbers. bcomparison by Kruskal–Wallis test. 
cMajor depressive episode with dysthymia, suicidal risk, hypo-maniac episode, panic disorder, agoraphobia, social phobia, obsessive compulsive disorder, post-traumatic stress 
disorder, psychotic syndrome, generalized anxiety disorder, maniac-depressive disorder. Patients could have none or more than one psychiatric disorder.
Abbreviations: FM, fibromyalgia; HC, healthy control; MDD, major depression disorder.
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For the analysis regarding an association between the 

circadian rhythm of aMT6s secretion with FM symptoms, a 

prior sample size estimation indicated a study of 18 subjects. 

For type I and II errors of 0.05 and 0.20, respectively, and 

anticipating partial eta square (η2) of 0.5 for multiple regres-

sion analysis, which allows for one predictor (in the case the 

aMT6s at the time point 06:00–18:00 hours), a sample size 

of 18 patients was estimated.25 To analyze the data we used 

the software SPSS version 22.0 (IBM Corporation, Armonk, 

NY, USA).

Results
Patient characteristics: MDD, FM, and 
controls
The demographic characteristics, depressive symptoms, and 

the daily load of aMT6s secretion are presented in Table 1. 

The analysis showed that compared to controls, both MDD 

and FM groups are older and they presented higher scores 

Table 2 Generalized estimating equation model to examine the relationship between the aMT6s secretion with the group, age, and 
time points across the day and their interactions (n=54)

Parameter B SE 95% CI c2 df P-value

Intercept 0.63 0.07 (0.49 to 0.77) 86.25 1 0.000
Fibromyalgia –0.03 0.06 (−0.13 to 0.08) 0.21 1 0.64
Major depression –0.08 0.11 (−0.30 to 0.14) 0.56 1 0.45
controls 0referece      
Time points       
06:00–12:00 hours –0.43 0.11 (−0.65 to –0.21) 15.134 1 0.001*
12:00–18:00 hours –0.59 0.08 (−0.75 to –0.42) 52.123 1 0.001*
18:00–24:00 hours –0.57 0.09 (−0.75 to –0.39) 37.766 1 0.001*
24:00–06:00 hours 0referece      
age –0.004 0.002 (−0.007 to 0.00) 3.54 1 0.06
hamilton Depression scale 0.00 0.001 (−0.002 to 0.003) 0.15 1 0.69
Interaction (group*age)       
Fibromyalgia*age –0.001 0.0009 (−0.002 to 0.001) 0.79 1 0.37
Major depression*age 0.00 0.0015 (−0.003 to 0.003) 0.07 1 0.79
controls*age 0referece      
Interaction (group*time points across day)      
Fibromyalgia*06:00–12:00 hours –0.05 0.086 (−0.22 to 0.11) 0.33 1 0.56
Fibromyalgia*12:00–18:00 hours 0.12 0.069 (0.003 to 0.19) 3.12 1 0.03*
Fibromyalgia*18:00–24:00 hours 0.08 0.066 (−0.05 to 0.21) 1.45 1 0.22
Fibromyalgia*24:00–06:00 hours 0referece      
Major depression*0600–1200 hour –0.04 0.089 (−0.22 to 0.13) 0.27 1 0.59
Major depression*1200–1800 hour 0.15 0.076 (0.009 to 0.30) 4.30 1 0.03*
Major depression*1800–2400 hour 0.15 0.079 (0.007 to 0.30) 3.94 1 0.04*
Major depression *2400–0600 hour 0referece      
Interaction (age*time points across day)      
age*06:00–12:00 hours 0.007 0.004 (0.00 to 0.02) 3.670 1 0.05
age*12:00–18:00 hours 0.005 0.003 (0.00 to 0.01) 4.013 1 0.04*
age*18:00–24:00 hours 0.005 0.002 (−0.001 to 0.01) 3.064 1 0.08
age*24:00–06:00 hours 0referece      

Note: *P<0.05.

on the HDRS. However, the Kruskal–Wallis test showed that 

there is no difference in the total load of the aMT6s between 

the groups (HC, MDD, and FM).

assessment of melatonin secretion 
rhythm assessed by aMT6s in FM, MDD, 
and hc
Table 1 shows a statistically significant difference between 

FM and MDD patients compared to HC related to age and 

depressive symptoms. Thus, their possible confounding 

effect in aMT6s secretion was examined by the GEE model 

(Table 2). The GEE showed that there is no difference among 

groups in the daily load of aMT6s (χ2=0.09, df =2; P=0.95). 

In this sample, neither age nor HDRS is associated with the 

daily load of aMT6s secretion (χ2=0.008, df =1; P=0.93 and 

χ2=0.15, df =1; P=0.69), respectively. Also, the GEE model 

showed that aMT6s secretion load over 24 hours across 

groups was not influenced significantly by age (Table 2). 
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However, the analysis of the interaction between age and time 

points over 24 hours showed that older subjects presented 

a higher level of aMT6s during daytime hours between 

12:00–18:00 hours (Table 2).

Also, the GEE model revealed that there is a statistically 

significant difference in aMT6s secretion level over 24 hours 

(χ2=26.09, df =3; P=0.001), and this difference persisted 

even when we examined the relationship between the time 

points across the day by group (χ2=4.61, df=3; P=0.001). 

The result showed an onset delay of aMT6s secretion in FM 

and MDD (Figure 2).

In FM subjects, the daytime pattern of aMT6s secretion 

(06:00 to18:00 hours) was 0.27 ng mL–1, and the aMT6s 

secretion during 24 hours was 0.65 (0.92) ng mL–1, that is, 

41.54% of the daily secretion load occurred during the day. 

In the sample of patients with MDD, the daytime aMT6s 

secretion (06:00–18:00 hours) was 0.34 (0.34) ng mL–1 

and the aMT6s secretion during 24 hours was 0.56 (0.89) 

ng mL–1, that is 60.71% of the daily secretion load occurred 

during the day. In the HC, the daytime aMT6s secretion 

(06:00–18:00 hours) was 0.17 ng mL–1, the aMT6s secretion 

over 24 hours was 0.82 (0.97) ng mL–1, and the secretion of 

aMT6s during the daytime was 20.73%. In MDD and FM the 

daytime pattern of aMT6s secretion (06:00–18:00 hours) was 

Figure 2 6-sulfatoxymelatonin time points (aMT6s): morning (06:00–12:00 hours), afternoon (12:00–18:00 hours), evening (18:00–24:00 hours), and night (24:00–06:00 
hours) among FM, MDD, and healthy controls.
Notes: Data are presented as mean and the error bars indicate seM. The asterisk (*) indicates differences between both groups FM, MDD compared to controls. **indicates 
difference of MDD compared to controls. all comparisons were performed by a gee, followed by the Bonferroni test for post hoc multiple comparisons.
Abbreviations: FM, fibromyalgia; GEE, generalized estimating equation; HC, healthy control; MDD, major depression disorder SEM, standard error of the mean.
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positively correlated with HDRS (rho: 0.49 [P=0.03], 95% 

CI, 0.05–0.74 and rho: 0.67 [P=0.001]; 95% CI, 0.31–086, 

respectively).

analysis of the association between the 
circadian rhythm of aMT6s secretion with 
FM symptoms
The demographic and clinical characteristics of the FM group 

are described with more details in Table 3.

We first assessed if the aMT6s secretion over 24 hours is 

related to specific symptoms of FM according to four time 

intervals, each one of 6 hours (morning [06:00–12:00 hours], 

afternoon [12:00–18:00 hours], evening [18:00–24:00 hours], 

and night [24:00–06:00 hours]). A higher melatonin secretion 

at night (24:00–06:00 hours) is correlated to lower depressive 

symptoms (Table 4). In the same way, a higher secretion of 

melatonin during daytime was associated with larger NTPs 

and worse sleep quality. A similar finding was observed on 

pain threshold since a higher daytime melatonin secretion 

(06:00–18:00 hours) correlated negatively with lower PPT.

Variables related to pain, sleep quality, and depressive 

symptoms correlated with aMT6s over 24 hours in each 

period with 6 hour time points (morning [06:00–12:00 

hours], afternoon [12:00–18:00 hours], evening [18:00–
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24:00 hours], and night [24:00–06:00 hours]) (Table 4) were 

subsequently entered as dependent variables in the multi-

variate linear regression model. The aMT6s (06:00–18:00 

hours) during daytime hours was entered as the independent 

variable. The PPT logarithmic transformation was entered 

as the dependent variable. After adjusting for multiple com-

parisons using the Bonferroni test, we observed a significant 

negative correlation between the PPT (log), with aMT6s 

secretion at time interval 06:00–18:00 hours. However, 

the aMT6s secretion at 06:00–18:00 hours was positively 

associated with the HDRS, the sleep quality and the NTPs 

(Wilks’ λ=0.36, F=4.26 P=0.001, partial η2=0.64). The 

results of this adjusted multivariate model are presented 

in Table 5. They showed that the disruption of melatonin 

circadian rhythm is a factor associated with the severity of 

FM symptoms.

Discussion
These findings confirm our hypothesis that there is a dis-

ruption of melatonin circadian rhythm secretion in MDD 

and FM subjects compared to HC. Besides, they reinforce 

our hypothesis that a higher load of melatonin secretion 

during daytime hours (06:00–18:00 hours) is positively 

correlated with the severity of HDRS in those with FM and 

MDD. In FM subjects, the daytime melatonin secretion was 

negatively correlated with the PPT. However, a substantial 

aMT6s secretion during daytime hours (06:00–18:00 hours) 

was positively associated with the scores on the PSQI 

and with the NTPs. Overall, these findings indicate that a 

higher load of melatonin secretion during daytime hours 

makes subjects prone to show higher rates of depressive 

symptoms in FM and MDD subjects. Also, those with FM 

Table 3 characteristics of the sample of FM patients (n=18)

Characteristic Mean ± SD/median 
[quartile (Q)25-75]

age (years) 48.78±7.91
Body mass index (kg/m2) 27.38±3.89
Years of education (median (Q25-75)) 11 (6–14)
Number of trigger points (median (Q25-75)) 14 (13–16)
employed (yes/no) 14/4
smoking (yes/no) 1/17
alcohol use (yes/no) 3/15
Psychiatric disorder according to the 
structured clinical interview for DsM-iV 
(yes/no)*

08 (44.44%)

Major depressive episode 6
Major depressive episode with dysthymia 8
Dysthymia 4
suicidal risk 3
hypo-maniac episode 2
Panic disorder 5
agoraphobia 1
social phobia 2
Obsessive compulsive disorder 4
Post-traumatic stress disorder 3
Psychotic syndrome 0
generalized anxiety disorder 5
Maniac-depressive disorder 1
Other chronic disease (yes/no) 8
hypertension (yes/no) 8
Type 2 diabetes mellitus (yes/no) 1
asthma (yes/no) 1
number of analgesic doses used per week 
(median (Q25-75))

14 (7–21)

Pain on the visual analog scale (Vas 
0–100mm)

70.21±14.54

Pittsburgh Sleep Quality Index 22.09±7.35
hamilton Depression Rating scale 24.63 (4.84)
Pressure Pain Threshold (kg/cm2) 2.09±0.23
Fibromyalgia Impact Questionnaire 61.20±12.82

Note: *Patients could have none or more than one psychiatric disorder.
Abbreviation: FM, fibromyalgia.

Table 4 Correlation between the aMT6s with age, pain measures, and sleep quality in FM (n=18)

 aMT6s
(24:00–06:00 
hours)
Night (r2)

aMT6s
(06:00–12:00 
hours)
Morning (r2)

aMT6s
(12:00–18:00 
hours)
Afternoon (r2)

aMT6s
(18:00–24:00 
hours)
Evening (r2)

aMT6s  
(24 hours)  
(r2)

HDRS 
(r2)

FIQ 
(r2)

Number of  
trigger  
points (r2)

PSQI 
(r2)

hDRs −0.47 0.07 0.17 −0.50* 0.33     
FIQ −0.04 0.09 −0.02 0.09 0.13 0.28    
number of trigger 
points

−0.69** −0.48* −0.05 0.21 −0.49* 0.66** 0.58*   

PSQI 0.25 0.11 −0.58** −0.50* 0.34 0.47* 0.58* 0.08  
PPT 0.27 −0.69** –0.05 0.14 −0.71** −0.39 −0.25 −0.59* −0.10
age 0.24 −0.15 0.02 −0.13 0.05 −0.34 0.28 0.15 0.09

Note: *P<0.05; **P<0.01. 
Abbreviations: aMT6s, 6-sulfatoxymelatonin; hDRs, hamilton Depression Rating scale; PPT, Pressure Pain Threshold (kg/cm2) ; PSQI, Pittsburgh Sleep Quality Index; FIQ, 
Fibromyalgia Impact Questionnaire.
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are more susceptible to pain, inadequate sleep quality, and 

present larger NTPs.

The current findings highlighted that a more significant 

load of aMT6s secretion during daytime hours (06:00–18:00 

hours) might be a factor that underpins the physiopathology 

of FM and MDD. Besides, it suggests that despite the total 

amount of daily aMT6s secretion not having been statistically 

different from the HC, this disruption in the physiological 

rhythm is associated with the severity of depressive symp-

toms. Hence, it can help clinicians plan a more effective time 

schedule for the administration of melatonin to improve the 

symptoms related to FM and MDD. In addition, these find-

ings may reflect a chronic stress condition, which can be a 

mechanism behind melatonin secretion disruption since a 

hyperactivation of the sympathetic system is a pathophysi-

ological mechanism observed in both FM and MDD, as well 

as is part of the prolonged and sustained glucocorticoid 

stress-related secretion. Likewise, the alteration in rhythmic 

melatonin secretion likely plays a vital role developing and 

maintaining a dysfunctional vicious cycle of stress-related 

disorders. Also, the impairments of the rhythmic secretion 

Table 5 Multivariate linear regression model of the association between aMT6s (06:00–18:00 hours) during the daytime and clinical 
parameters of FM, including the pressure-pain threshold (n=18)

Main effects

Dependent variables Type III sum  
of squares

df Mean 
square

F P-value Partial h2

corrected model 
 number of trigger points 90.927a 1 90.927 4.926 0.041 0.235

hamilton Depression Rating scale 59.456b 1 59.456 7.413 0.015 0.317
Pressure Pain Threshold (kg/cm2) (PPT) 0.083c 1 0.083 16.20 0.001 0.531
Pittsburgh Sleep Quality Index (PSQI) 331.076d 1 331.076 7.063 0.017 0.306
Fibromyalgia Impact Questionnaire (FIQ) 550.771e 1 550.771 4.375 0.053 0.215

 aMT6s (06:00–18:00 hours) (independent variable)
Beta coefficients
 B SE t P-value 95% CI
Dependent variable: number of trigger points     
  intercept 12.484 2.522 4.949 0.000 (7.13 to 17.83)
 aMT6s (06:00–18:00 hours) 12.889 5.808 2.219 0.041 (0.57 to 25.20)

Dependent variable: Hamilton Depression Rating Scale 
  intercept 13.965 1.663 8.400 0.000 (10.44 to 17.49)

aMT6s (06:00–18:00 hours) 10.423 3.828 2.723 0.015 (2.30 to 18.54)
Dependent Variable: Pressure Pain Threshold (kg/cm2) (PPT)     
  intercept 2.073 0.108 19.123 0.000 (1.84 to 2.30)
 aMT6s (06:00–18:00 hours) –0.552 0.250 –2.214 0.042 (−1.08 to –0.03)

Dependent Variable: Pittsburgh Sleep Quality Index (PSQI)     
  intercept 14.994 4.020 3.730 0.002 (6.47 to 23.51)

aMT6s (06:00–18:00 hours) 24.595 9.255 2.658 0.017 (4.97 to 44.21)
Dependent Variable: Fibromyalgia Impact Questionnaire (FIQ)     
  intercept 49.737 6.587 7.551 0.000 (35.77 to 63.70)

aMT6s (06:00–18:00 hours) 31.723 15.167 2.092 0.053 (−0.43 to 63.87)

Notes: aR2=0.235 (adjusted R2=0.188). bR2=0.317 (adjusted R2=0.274). cR2=0.354 (adjusted R2=0.317). dR2=0.306 (adjusted R2=0.263). eR2=0.215 (adjusted R2=0.166).
Abbreviation: FM, fibromyalgia.

of melatonin, in turn, affect the information transmitted to 

brain areas that regulate the limbic-HPA and sympathetic-

adrenergic-noradrenergic systems because high levels of 

melatonin receptors exist in the hippocampus and it is an 

essential regulator of both.34

The present findings corroborate data related to disrup-

tion of melatonin secretion rhythm as part of FM and MDD. 

Taking into account that the urinary aMT6s secretion corre-

sponds to 90% of melatonin produced by the pineal gland,32 

it is plausible that the loss of the regular day/night cycles 

(circadian rhythms) lead to a central role in the pathogenesis 

of these disorders. However, based on our findings, we cannot 

define if a persistent the high level of urinary aMT6s dur-

ing the daytime is an expression of the sympathetic system 

hyperactivation as a primary compensatory mechanism or 

consequent to a secondary mechanism involving the patho-

physiology of chronic pain and depression. If we assumed 

that urinary aMT6s is an indirect measure of sympathetic 

activity, it is possible to suppose that in FM and MDD, 

relentless sympathetic hyperactivity exists throughout 24 

hours. Hence, it makes one more prone to desynchronize the 
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melatonin secretion to environmental timing cues, and this 

is associated with clinical symptoms commonly observed 

in MDD and FM, such as worse sleep quality. Although 

this seems an apparent paradox (sympathetic hyperactivity 

with hypo-reactivity), this is a physiological response in 

agreement with the fundamental physiological principle that 

chronic hyperstimulation of β-adrenergic receptors leads to 

receptor desensitization and downregulation.34 Thereby, the 

present findings can help to improve the comprehension of the 

mechanism involved in the cascade of the events secondary to 

the disruption of sleep/wake cycle, as well as to link them to 

clinical symptoms observed in chronic pain and depression.

Another possible mechanism to explain the higher level of 

aMT6s during daytime hours (time point 06:00–18:00 hours) 

when physiologically we would be expected to find lower 

levels of aMT6s is the synthesis of melatonin in multiple 

extra-pineal sites. Even though we do not have consistent 

data to sustain this hypothesis and, until now, the literature 

is scarce and the described physiological mechanisms are 

elusive, this is a possible explanation to justify the more 

massive load of the daytime melatonin secretion observed 

in FM and MDD. This argument finds plausibility of the 

literature data indicating that melatonin concentrations in 

the extra-pineal sites exceed those in the blood (ie, brain, 

retina, airway epithelium, gastrointestinal tract, liver, kidney, 

thyroid, pancreas, immune system cells, etc).35

Although the extra-pineal melatonin secretion is a 

complicated process and not wholly understood, inputs of 

neural, endocrine, and paracrine sources participate in the 

regulation of melatonin synthesis and release. In this sense, 

it is plausible that the extra-pineal melatonin synthesis may 

reflect an adaptive mechanism to maintain a homeostatic 

equilibrium among all organs and tissues. However, we need 

to realize that we found a high level of urinary aMT6s during 

daytime. However, this finding does not allow determining the 

origin of this melatonin’s metabolite. Indeed, it is possible to 

affirm that in FM and MDD, a displacement of the secretory 

process of melatonin in the course of 24 hours is observed, 

which indicates a desynchronization of melatonin secretion 

with the light–dark cycle.

The present findings showed that in FM and MDD 

there is a higher melatonin secretion during daytime hours 

(06:00–18:00 hours) that was associated with a higher level 

of depressive symptoms. Among FM patients, the more sub-

stantial number of trigger points correlates with worse sleep 

quality and lower PPT (Table 4). The relationship between 

the disruption in melatonin secretion and the propensity to 

mood disorders could be determined by direct neural input 

from the clock or indirect effects that may alter the neuro-

plasticity, neurotransmission, and clock gene expression of 

brain regions involved in emotion and mood regulation.36 Our 

results relating to the sleep quality in FM are aligned with 

previous studies on chronic pain, which found a prevalence 

of the sleep disorders ranging from 50% to 70%.37–40 Even 

though the sleep disturbances can differ according to the pain 

syndrome, a previous study showed that 48.6% of people 

with chronic pain reported insomnia compared to 17.2% in 

those without chronic pain.41 Also, previous studies found 

increased arousal and sleep fragmentation in FM compared 

with controls.42 However, a bidirectional relationship exists 

between pain and sleep, since daytime pain is associated 

with reduced subsequent nighttime sleep, and poor sleep 

is, in turn, linked with augmented next-day pain.43 These 

dysfunctional processes can amplify pain and the nervous 

system gaining the ability to magnify pain and losing the 

ability to inhibit pain.

Although our results open a way to understand the rela-

tionship between the disruptions in melatonin secretion and 

clinical syndromes, we need parsimony in their interpretation 

because the design of the current study prevents determining 

if the dysfunction causing the disruption of melatonin rhythm 

secretion is the central mechanism or if it is the hyperactiva-

tion of extra-pineal melatonin secretion or both. Although 

it is not feasible in clinical research to determine in-loco 

melatonin secretion and that the urinary aMT6s is an indirect 

measure, it may hold critical clinical implications such as 

1) to support comprehension of the bidirectional pathways 

between the disruption of melatonin rhythm secretion and 

FM and MDD; 2) to plan further studies to assess the best 

therapeutic approach to adjust the rhythm of melatonin secre-

tion as a target to improve the sleep quality, which has been 

unfavorably, associated with pain and depression outcomes, 

such as a reduced quality of life; and 3) to define strategies 

to manage patients with a higher risk of disruption of the 

wake–sleep cycle as a likely factor to improve symptoms 

associated with FM and MDD.44 Also, it improves the com-

prehension of the therapeutic use of melatonin concerning 

pain, which has been demonstrated in clinical trials in several 

chronic pain conditions.45

This study is an exploratory study, and it had some limi-

tations: First, we included only females, take into account 

that gender differences in pain perception and modula-

tion are controversial. Second, psychiatric disorders are a 

potential confounding factor in chronic pain syndromes, 

and even though we used multivariate analysis, our sample 

size is small. In fact, we found a prevalence of 44.44% 
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(8/18) of  psychiatric diagnosis in the FM group (ie, anxiety, 

depression, and another mental disease) (Table 1). This 

high prevalence can be explained because the study was 

performed on tertiary care consulting patients. However, 

it is in agreement with the range of depressive and anxiety 

disorders found in previous studies with FM, which ranges 

from 20% to 80% and 13% to 63.8%, respectively.7 Also, 

we need to realize that the emotional disturbance is intrinsic 

to the FM. Third, a strength of this study is that our findings 

converge and support the hypothesis that circadian and 

sleep disturbances may play a critical role in the patho-

physiology of mood disorders and FM. In addition, they 

permit to elucidate the underpinnings of the relationships 

between circadian rhythm disturbances, including sleep 

disturbances, chronic pain, and clinical mood disorders. 

Fourth, although we have not found the difference among 

groups in a load of aMT6s secretion during 24 hours, the 

analyses was adjusted for the age effect since HCs were 

younger compared to FM and MDD. Hence, it is unlikely 

that controls’ age would modify the present findings. Fifth, 

even though this method does not allow exact calculation 

of the levels of melatonin at a specific time of the day, a 

higher melatonin secretion at daytime in FM and MDD 

may be an intrinsic mechanism of the circadian disruption 

on the physiopathology of FM and MDD. Finally, we need 

to consider that the measurement of aMT6s in urine is a 

practical way to measure melatonin concentration in large 

psychiatric populations or patients with chronic pain in a 

naturalistic environment.

These results suggest that the measurement of aMT6s 

in urine might be a reliable biomarker of the disruption in 

melatonin secretion rhythm in MDD and FM compared to 

HC. They showed that a daytime melatonin secretion is posi-

tively correlated with the severity of depressive symptoms 

and with FM symptoms. Besides, they help to comprehend 

the biological basis of these disorders, and they suggest that 

this simple test might identify the level of dysfunction of 

melatonin secretion and be useful to contribute to individual-

ize the clinical decision-making on the selection of the best 

therapeutic approaches.
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