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ABSTRACT
Introduction and aim. Given the potential relationship between oxidative stress and fibromyalgia and well-documented anti-
oxidant efficacy of zinc, the present study aimed to determine serum zinc concentration in FM patients as compared to healthy 
controls, as well as to identify the correlation of serum zinc concentration with the body mass index (BMI) and sleep quality,
Material and methods. In this case-control study, 54 fibromyalgia patients were consecutively recruited between October 01, 
2021 and December 01, 2021. The control group consisted of 54 age- and sex-matched healthy controls. 
Results. Fibromyalgia group had significantly lower zinc concentration, higher body mass index, and lower sleep quality scores 
as compared to the healthy control group. The correlation analysis revealed a significantly negative correlation between serum 
zinc concentration and body mass index and a significantly positive correlation between serum zinc concentration and sleep 
quality both in fibromyalgia and healthy control groups.
Conclusion. Our results both support the hypothesis that low serum zinc concentration plays a role in the pathophysiology of 
fibromyalgia and indicate that fibromyalgia may lead to weight gain and poor sleep quality, which needs to be confirmed in 
large-cohort studies.
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Introduction
Fibromyalgia (FM) is a disease characterized by wide-
spread musculoskeletal pain of unknown etiology.1,2 Its 
prevalence is reported between 2% and 5% depending on 
age, sex and specific populations, with women being 2-3 
times more likely to have this disease as compared with 
men.2,3 In our country, the prevalence of FM ranges from 
3.6% in adult females to 31% in geriatric population.4-6

The diagnosis of FM is usually established using 
the American College of Rheumatology (ACR) criteria, 
which requires presence of pain in at least 11 of the 18 
tender points throughout the body on palpation for at 
least 3 months, with the combination of patient history, 
physical examination and laboratory analysis contribut-
ing to the diagnosis.7,8 

In addition to widespread pain, patients with FM 
also present with accompanying conditions such as 
sleep disorder, mood disorder, cognitive disorder, head-
ache, restless leg and fatigue. Pain, fatigue, and sleep 
disorder are the most common conditions that every 
patient with FM presents with.1,7

Although the etiology and pathogenesis of FM is 
yet to be clarified, interaction between genetic, immu-
nologic, neuroendocrine, environmental, psychologi-
cal and nutritional factors is thought to be involved in 
its pathogenesis.1,8 The role of oxidative stress in the 
pathogenesis of FM is well documented. Low serum 
levels of antioxidant elements, particularly those in-
volved in the redox process such as magnesium, zinc, 
and selenium, have been demonstrated in some FM 
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patients. Moreover, serum magnesium and zinc levels 
are also associated with clinical parameters in FM, in-
dicating their potential role in the pathogenesis of the 
disease.9-12

Zinc is an essential element required for various 
systems to function properly. It naturally exists in some 
foods and is also available as a dietary supplement. Rec-
ommended daily amount of zinc is 11 mg for adult 
males and 8 mg for adult females.13 It is involved in the 
catalytic activity of nearly 100 enzymes as a cofactor and 
plays a role in numerous cellular metabolisms with its 
well-documented antioxidant role.11,14

Aim
Given the potential relationship between oxidative 
stress and FM and well-documented antioxidant effi-
cacy of zinc, the present study aimed to determine se-
rum zinc concentration in FM patients as compared to 
healthy controls, as well as to identify the correlation 
of serum zinc concentration with the body mass index 
(BMI) and sleep quality, both of which are frequently 
encountered in patients with FM.

Material and methods
This single-center case-control prospective study was 
carried out between October 01, 2021 and December 01, 
2021 in the Istanbul Medipol University School of Med-
icine, Department of Internal Medicine, Istanbul Tur-
key. The study was approved by the Non-Interventional 
Clinical Research Ethics Committee of  Istanbul Medi-
pol University (Date 14/10/2021, Decision No:1009).

The study population consisted of 108 subjects aged 
≥18 years [consecutively recruited 54 FM patients who 
met the ACR 2016 criteria and were otherwise healthy, 
and 54 age- and sex-matched healthy controls (HCs)].15

All subjects were informed about the purpose and 
design of the study in detail, and those who agreed to 
participate in the study and signed the informed volun-
tary consent form were enrolled. 

A detailed medical history was obtained from all 
participants, and their physical examination includ-
ing measurement of height and body weight was per-
formed. The height was measured using a stadiometer 
with accuracy of 0.1 cm, and the body height was mea-
sured using a Tanita scale with accuracy of 0.1kg (Tani-
ta Body Composition Analyzer, MC-780MA-N, Japan). 
The BMI was calculated as the body weight in kilograms 
divided by the square of the height in meters (kg/m2). 
The patients in each group were then classified accord-
ing to their BMI defined by the World Health Organi-
zation as normal weight (18.5‒24.9 kg/m2), overweight 
(25‒29.9 kg/m2) and obese (≥30 kg/m2).16 Study exclu-
sion criteria for all subjects were the history of chronic 
diseases, drug use, alcohol consumption, smoking and 
drug abuse, pathological findings on physical examina-

tion, and laboratory analyses indicating presence of a 
comorbid condition.

Blood samples for complete blood count, routine 
biochemical analyses [alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), urea, creatinine, thy-
roid-stimulating hormone (TSH), fasting blood glucose, 
total cholesterol, low-density lipoprotein (LDL)-cho-
lesterol, high-density lipoprotein (HDL)-cholesterol, 
triglyceride], and measurement of serum zinc concen-
tration were collected from all study participants in the 
morning after 12-hour fasting period. 

Serum zinc concentration was measured using the 
Randox colorimetric assay for zinc (United Kingdom) 
and then compared between the FM and HC groups. 
For the measurement of serum zinc concentration, 6 mL 
blood sample was taken into the heavy metal-free trace 
element tubes containing heparin. The blood was cen-
trifuged at 2500 rpm for 10 minutes. Zinc concentra-
tions were expressed in μg/dL.

Sleep quality in both groups was assessed using 
the Richards Campbell Sleep Questionnaire (RCSQ), 
which showed excellent internal consistency and mod-
erate correlation with polysomnographic recording -the 
gold standard in measuring sleep quality. The RCSQ is a 
five-item self-administered questionnaire used to assess 
perceived sleep depth, sleep latency, efficiency of sleep, 
sleep quality and the number of awakenings during 
sleep. Subsequently, a 6th item -night-time noise- was 
included in the RCSQ. Each of the sleep parameters is 
rated from 0 (the worst possible sleep) to 100 (the best 
sleep) on a visual analogue scale. The total score ranges 
between 0 and 600, which is then divided by six to ob-
tain a mean total score for each patient (0-25: very poor 
sleep quality, 75-100 good sleep quality).17,18 The validity 
and reliability study of the Turkish version of RCSQ was 
performed in 2015 by Ozlu and Ozer.19

Statistical analysis
Data was analyzed using the MedCalc® Statistical Soft-
ware Program version 19.7.2 (MedCalc Software Ltd, 
Ostend, Belgium). Descriptive statistics (mean, stan-
dard deviation, median, minimum and maximum) 
were presented for continuous variables. The normality 
of continuous variables was analyzed by Shapiro-Wilks 
test. Two independent normally distributed vari-
ables were compared using the Student t-test, whereas 
Mann-Whitney U test was used for the comparison of 
two independent non-normally distributed variables. 
The relationship between categorical variables was an-
alyzed using the Chi-square test, in combination with 
Yates Continuity Correction Chi-Square, where avail-
able. The relationship between two variables was de-
termined using the Pearson’s correlation coefficient for 
normally distributed variables and using the Spearman’s 
rho correlation for non-normally distributed variables. 
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The level of statistical significance was set at p <0.05. 
Univariate and multivariate logistic regression analyses 
including serum zinc, RCSQ sleep score and BMI were 
performed.

Results
A total of 108 subjects (54 in each of the FM and HC 
groups) were included in the study. Overall, 91 (84.3%) 
of the study population were female and 17 (15.7%) 
were male. There was no difference between the FM and 
HC groups in terms of gender distribution (FM group: 
46 [85.2%] females and 8 [14.8%] males; HC group: 
45 [83.3%] females and 9 [16.7%] males; p=1.00). The 
mean age of the study population was 42±10.3 years 
(range, 24-63 years). The FM and HC groups were com-
parable in terms of the mean age of the participants 
(42.6±9.8 years [range, 25-61 years] and 41.4±10.9 years 
[range, 24‒63 years], respectively; p=0.559). The mean 
serum zinc concentration of the study population was 
79.6±17.1 ug/dL (range, 42‒128 μg/dL), with signifi-
cantly lower concentrations detected in the FM group 
vs. the HC group (73.6±15.1 μg/dL [range, 42‒102 μg/
dL] vs. 85.7±17 ug/dL [range, 49‒128 μg/dL]; p≤0.001). 
The mean BMI of the whole study group was 26.1±4.5 
kg/m2 (range, 18.2‒37.5 kg/m2). The FM group had sig-
nificantly higher BMI compared to the HC group (FM 
group: 27.3±4.6 kg/m2 [18.2‒37.5 kg/m2] and HC group: 
24.8±4.2 kg/m2 [18.2‒32.8 kg/m2]; p=0.003). With re-
gard to the mean sleep quality score, it was 63.0±12.7 
in the whole study population, and it was significantly 
lower in the FM group than the HC group [58.1±11.3 vs. 
67.8±12.3; p≤0.001], indicating poorer sleep quality in 
the FM group. The general characteristics of the whole 
study population and according to FM and healthy con-
trol groups are demonstrated in Table 1.

Table 1. General characteristics of the whole study 
population and according to study groupsa

Characteristics
Study  

population
FM Group HC Group p

n=108 n=54 n=54
Sex
 Female, n (%) 91 46 (85.2) 45 (83.3)

1.00*
 Male, n (%) 17 8 (14.8) 9 (16.7)
Age, years,  
mean±SD

42±10.3 42.6±9.8 41.4±10.9 0.559**

Zinc, ug/dL, 
mean±SD

79.6±17.1 73.6±15.1 85.7±17 <0.001**

RCSQ Score, 
mean±SD

63.0±12.7 58.1±11.3 67.8±12.3 <0.001***

BMI, kg/m2, 
mean±SD

26.1±4.5 27.3±4.6 24.8±4.2 0.003***

a *Yates continuity correction, **Student’s t-test, ***Mann-
Whitney U test; FM – fibromyalgia; HC – healthy control; 
SD – standard deviation; BMI – body mass index; RCSQ – 
Richards Campbell Sleep Questionnaire

The correlation analysis between serum zinc con-
centration and BMI revealed a significantly negative 
correlation in the whole study population (r=-0.719, 
p<0.001) and in the FM and HC groups (r=-0.726, 
p<0.001 and r=-0.648, p<0.001, respectively).

The correlation of serum zinc concentration with 
sleep quality and BMI is demonstrated in Table 2. 

Table 2. Correlation of serum zinc concentration with sleep 
scores and body mass index in the whole study population 
and according to study groupsa

Sleep score BMI
Serum Zinc r p r p

Study population 0.824** <0.001 -0.719* <0.001
FM Group 0.751* <0.001 -0.726* <0.001
HC Group 0.861** <0.001 -0.648** <0.001

a *Pearson’s correlation coefficient, **Spearman’s correlation 
coefficient; FM – fibromyalgia; HC – healthy control; BMI – 
body mass index

Regarding the correlation between serum zinc 
concentration and sleep quality, a significantly strong 
correlation was detected both in the overall study pop-
ulation and in the HC group (r=0.824, p<0.001 and 
r=0.861, p<0.001, respectively), and a good correlation 
was detected in the FM group (r=0.751, p<0.001). Uni-
variate and multivariate regression analyzes are shown 
in Table 3.

Table 3. Univariate and multivariate regression analyzes

Univariate Logistic Regression Multivariate Logistic Regression
Sig OR 95 % CI Sig OR 95 % CI

Zinc <0.001 0.954 0.93–0.98 0.438
Sleep Score <0.001 0.989 0.98–0.99 <0.001 0.989 0.98–0.99
BMI 0.005 1.141 0.04–1.25 0.944

Univariate regression analysis revealed that fibro-
myalgia was associated with both zinc and RCSQ sleep 
score and BMI. However, when the multivariate logistic 
regression analysis was examined, it was seen that this 
relationship was only between fibromyalgia and RSCQ 
sleep score. 

Discussion
The present study, which investigated serum zinc con-
centrations in FM patients compared to the controls and 
its relationship with sleep quality and BMI, found sig-
nificantly lower zinc concentration in the FM group and 
showed significant correlation with sleep quality and 
BMI.

Fibromyalgia is a painful condition affecting every 
population across the world. FM presents itself not only 
with pain, but also with various clinical conditions in-
cluding mood disorders (such as anxiety, depression), 
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sleep disorders, restless leg syndrome, and chronic fa-
tigue syndrome (CFS), each of which impairs the pa-
tient quality of life.1 Thereby, prevention and treatment 
of this disorder is of great importance for patient qual-
ity of life. However, being aware of the pathogenesis of 
the disease is essential to establish accurate preventive 
measures.

Although the pathophysiology of FM is yet unclear, 
several mechanisms have been proposed, including the 
oxidative stress. Altindag and Celik reported signifi-
cantly lower total plasma antioxidant capacity in FM 
patients than in healthy controls, supporting the role 
of antioxidants in the pathogenesis of FM.20 Given that 
some trace elements, such as magnesium, zinc, and se-
lenium are essential for some antioxidant enzymes and 
that oxidative stress is one of the mechanisms in the 
pathophysiology of FM, it has been suggested that defi-
ciency of these elements might be involved in the patho-
physiology of FM and related clinical conditions.2,9-11,21-24 

Zinc is the second most important element for life 
following iron, and it is found in all tissues, fluids and 
secretions with total amount to be approximately 2–4 
g.13 Along with well-documented antioxidant efficacy of 
zinc, the role of serum zinc concentration in the etiol-
ogy of FM and its relationship with clinical conditions 
has recently become the subject of interest.11

In a manner supporting the hypothesis that zinc 
plays a role in the pathophysiology of FM due to its an-
tioxidant effect, a study reported lower zinc concentra-
tions and higher levels of oxidative stress markers in the 
FM patients compared to the healthy controls. In that 
study, zinc showed strong negative correlation with the 
number of tender points, where magnesium showed 
moderate negative correlation. Moreover, oxidative 
stress markers also showed negative correlation with 
zinc and magnesium.25 

In our country, significantly lower serum zinc and 
magnesium concentrations were determined in FM pa-
tients compared to the healthy controls, whereas no 
significant difference was found for serum selenium 
concentration. A significant correlation was demon-
strated between zinc concentration and the number of 
tender points, suggesting that these elements might play 
a role in the pathogenesis of FM.9,12,26 However, in the 
present study, we did not investigate the oxidative status 
of the FM patients or the association between zinc con-
centration and tender points, which may be considered 
a limitation for the present study.

Serum zinc concentration is low also in the patients 
with CFS and myofascial pain syndrome.27,28 In addi-
tion, the erythrocyte concentration of zinc was found to 
be associated with pain in the patients with myofascial 
pain syndrome.12 All of these findings support the im-
pact of low zinc concentration on pain in FM patients.

A prospective study conducted in 60 Iraqi FM pa-
tients diagnosed based on the ACR criteria found sig-
nificantly lower serum magnesium, calcium, and zinc 
concentrations in the patients with FM than healthy 
controls. They concluded that levels of these elements 
may be a good indicator to evaluate this disease.14 

Contrary to the studies demonstrating low serum 
zinc concentrations in FM patients than in the con-
trols,9,12,14,24 Rosborg et al., who compared the concen-
trations of 30 elements in the whole blood, urine, and 
drinking water in female patients with FM and match-
ing controls, found higher serum zinc concentrations in 
FM patients.21 The results of this study did not support 
the hypothesis that trace elements including zinc play a 
role in the development of FM.23 Likewise, a systemat-
ic review and meta-analysis of 5 randomized controlled 
trials and 40 observational studies investigating miner-
al and vitamin deficiencies in the patients with FM and 
with CFS failed to find sufficient evidence to support the 
hypothesis that vitamin and mineral deficiencies play a 
role in the pathophysiology of CFS or FM syndrome.29

These contradictory results reported in the studies 
investigating the role of trace elements in the pathogen-
esis of FM might be due to the differences between the 
studies in terms of sample size, study methods, speci-
mens (such as whole blood, serum, and erythrocyte) 
used for the measurement of zinc concentration or the 
criteria used for the diagnosis of FM. In addition, time 
of blood sample collection for zinc measurement is also 
important since zinc concentration is affected by many 
factors.

In the present study, we demonstrated significant-
ly lower serum zinc concentration in the FM group and 
supported that zinc was involved in the pathogenesis of 
FM, as was confirmed in many studies.

Obesity is also one of the clinical conditions that 
are frequently encountered in FM patients. Although 
the relationship between obesity and chronic musculo-
skeletal pain remains unclear, the prevalence of obesity 
in people with chronic musculoskeletal pain is high as 
37-65%.30 Such a high prevalence of obesity in the pa-
tients with chronic musculoskeletal pain including FM 
may result from the oxidative stress playing a role in the 
pathophysiology of obesity and FM or may be due to 
the pain itself, which restricts the activities of daily liv-
ing and results in weight gain.31 This was confirmed also 
in the present study, where the mean BMI value of the 
FM group was significantly higher than that of the HC 
group, even though BMI values in the FM group indi-
cated rather overweight than obesity.

Zinc not only plays an important role in many bio-
chemical and metabolic processes as a cofactor of some 
enzymes including those involving in the pathophysi-
ology of obesity, but also participates in carbohydrate, 
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protein, and lipid metabolisms indicating its potential 
role in the pathophysiology of obesity.32 The relation-
ship between zinc and obesity, particularly in the pres-
ence of inflammation and oxidative stress, has been 
demonstrated in earlier studies.32,33 Serum zinc concen-
tration was found low in obese people, showing a nega-
tive correlation with BMI, particularly when compared 
with those with normal weight.34 Moreover, a negative 
correlation was demonstrated also between low serum 
zinc concentration and insulin resistance in perimeno-
pausal obese women.35 In a study, no relationship was 
demonstrated between serum zinc concentration and 
BMI; however, an inverse relationship was determined 
between erythrocyte zinc concentration and BMI, sug-
gesting that erythrocyte concentration of zinc might 
be a more reliable parameter in assessing zinc sta-
tus.36 Despite normal serum zinc concentrations both 
in the obese group and in the control group, a study 
reported lower serum zinc concentration in the obese 
group, which did not reach the level of statistical sig-
nificance. However, a significantly negative correlation 
was demonstrated between serum zinc concentration 
and BMI.37 In the present study, similarly, serum zinc 
concentration was within the normal range in both 
groups regardless of the BMI value. The correlation 
analysis revealed significantly negative correlation be-
tween zinc concentration and BMI in the whole study 
population and in both groups regardless of the pain 
status. The results indicating a negative correlation be-
tween zinc concentrations and BMI values suggest that 
FM patients have higher BMI values because of, at least 
in part, low serum zinc concentrations as well as limit-
ed activity due to pain.

The interaction between obesity, pain, and poor 
sleep quality is well-documented.38,39 Sleep is essential 
for our body and mind to rest at night and to wake up 
in the morning as refreshed; thus, poor sleep or sleep 
quality has a considerable impact on daily life as well as 
well-being. FM is usually accompanied by sleep disor-
ders due not only to obesity but also to the widespread 
pain, causing the people to hardly perform and main-
tain the activities of daily living. Considering that zinc 
plays a role in the pathophysiology of both obesity and 
FM, we hypothesized that it might be playing a role also 
in sleep quality in FM patients.

Although a Chinese cohort study failed to demon-
strate any effect of blood zinc concentration on sleep 
quality at preschool age, lower blood zinc concentra-
tion in preschool age was predictive of poor sleep qual-
ity at adolescence and higher blood zinc concentration 
was associated with better sleep quality, underlining 
potential importance of zinc concentrations in early 
childhood.40 In contrast, a study found no significant 
difference between the hemodialysis patients with and 
without sleep disturbances in terms of blood zinc, man-

ganese, copper, and lead levels, but low blood selenium 
levels were associated with severe sleep disturbance.41 

In addition to the limited number of studies investi-
gating the effects of zinc concentrations in various body 
fluids on sleep quality, several studies also investigat-
ed the effect of zinc consumption or zinc supplements 
on sleep quality. A study investigating sleep quality in 
female students based on zinc consumption found no 
difference in sleep quality of those consuming ade-
quate vs. inadequate amount of zinc. However, zinc in-
take showed a significant association with sleep delay 
and mental quality of sleep.42 Effect of melatonin plus 
zinc supplement (M+Z) on sleep parameters in the pa-
tients with CFS was investigated in a randomized, dou-
ble-blind, placebo-controlled study. In that study, sleep 
quality and sleep latency improved with treatment in 
both M+Z and placebo groups; however, sleep laten-
cy worsened after treatment discontinuation in the 
M+Z group. No difference was determined between 
the groups in any parameters of Pittsburgh Sleep Qual-
ity Index.43 Conflicting results reported in the studies 
might have arisen from different scales used to assess 
sleep parameters.

The results of our study showed that there is a di-
rect relationship between fibromyalgia and sleep quality. 
This is understandable given that fibromyalgia patients 
have lower zinc levels and a higher BMI and both of 
these factors affect sleep quality. Detection of lower zinc 
levels, worse sleep quality and higher BMI in fibromyal-
gia patients compared to the control group is due to the 
close relationship between these 3 conditions.

Our study has some limitations. First, low sample 
size and cross-sectional design of the study make it dif-
ficult to draw a definite conclusion. Besides, the major 
limitation was the fact that zinc concentration was stud-
ied only in the serum. Erythrocyte concentration of zinc 
may give more accurate results, because the majority of 
zinc in the body is found intracellularly.

Conclusion
Our results do not only support the hypothesis that 
low serum zinc concentration plays a role in the patho-
physiology of FM but also indicate that FM may lead to 
weight gain and poor sleep quality, which needs to be 
confirmed in large-cohort studies. Studies investigating 
zinc concentrations in other tissue samples including 
erythrocytes (intracellular concentration) and showing 
an improvement in pain and related clinical conditions 
after treatment with zinc supplements are required to 
draw further and more precise conclusion.
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