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Abstract

parameters.

Objective: Determine food intake and levels of serum magnesium (Mg) and calcium (Ca) and correlate these
minerals with pain, quality of life and depression risk in women with and without fibromyalgia (FM).

Patients and methods: Fifty-three women diagnosed with FM and 50 healthy women participated in the study,
where all of them had equivalent age and body mass index (BMI). All women underwent anthropometric
assessment, physical exams of pain perception threshold and tender point (TP) count, blood sample collection, and
filling out of FM impact questionnaire (FIQ), Patient Health Questionnaire-9 (PHQ-9), and 3-day dietary record (DR).

Results: Dietary intake of Mg and Ca was substantially lower by women with FM. There were no differences in
levels of serum Mg and Ca in the groups under analysis. For the FM group, dietary intake of Mg and Ca had inverse
correlation with TP and direct relation with the pain threshold.

Conclusions: Although women with FM had lower dietary intake of Mg and Ca, serum levels for these nutrients
were not different between the groups. Low dietary intake of minerals correlated with worsened pain threshold
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Introduction

Fibromyalgia (FM) is a complex chronic syndrome of un-
known etiology characterized by profound, disseminated
pain, sleep disorders, cognitive impairment, fatigue, and
other functional symptoms. Recently, it has been sug-
gested that an unbalance of dietary components including
metallic ions and vitamins may play a major role in the
development of FM [1].

Several research studies have shown that patients with
chronic pain do not follow the recommended dietary
intake of most vitamins and minerals [2-5]; and such
deficiencies have been associated to several pathological
conditions of chronic pain, including FM [1, 3, 4].

Additionally, studies have investigated the impact of
magnesium (Mg) on pain improvement [4, 6-9]. Mg is
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an important trace element for many metabolic
functions, also vital for the activity of over 300 enzymes
[6]. Mg deficiency has been associated to headache,
migraine, fibromyalgia, increase in C-reactive Protein
(CRP), osteoporosis, cardiovascular disease, and other
conditions [10].

Magnesium acts by inhibiting several nerve receptors,
such as N-methyl-D-aspartate (NMDA), which relate to
the origin of certain types of FM pain [11, 12]. Mg
blocks Ca channels, including the channel of NMDA
receptors, and that could probably explain its analgesic
effect [13]. When Mg is deficient, it is possible to notice
increase in the activity of the NMDA receptor [14], as
well as Substance P, which may lead to increased pain
and higher levels of hormones related to stress [7].

Mg plays a major role also in FM, given that several
manifestations of this condition, such as fatigue, muscle
weakness, irritable bowel, and paresthesia are similar to
the symptoms of deficiency in Mg [4]. Moreover, such
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deficiency may have a shared link among stress, inflam-
mation and metabolic syndrome, which may cause an
inappropriate response with the activation of intracellu-
lar calcium (Ca) [2].

Mg frequently acts as natural antagonist of Ca [15].
While Ca acts as stimulator of muscle contraction, Mg
acts as relaxant [16]. These two cations compete for the
modulation of muscle contraction and regulate several
enzymatic reactions involved in energetic metabolism, in
signal transduction, and in brain activity [17].

It is not yet a consensus in the literature whether
serum levels and dietary intake of Mg and Ca may be
correlated with FM signs and symptoms. Therefore, this
study aims to determine the food intake and serum
levels of magnesium and calcium, and correlate these
minerals to pain, quality of life and depression risk in
women with and without fibromyalgia.

Materials and methods

A cross-sectional research study was performed between
March and October 2012, and approved by the Research
Ethics Committee of the Hospital de Clinicas of the
Federal University of Parand (HC/UFPR). The study ana-
lyzed women in ages between 18 to 60 years, selected at
the Rheumatology Outpatient Clinic at the HC/UFPR,
who had been diagnosed with FM according to criteria
set forth by the American College of Rheumatology
(ACR) in 1990 [18]. The reason for including only
women in the study was the low prevalence of fibro-
myalgia among men. The control group consisted of
women with the same age span who did not have FM
and other associated clinical conditions.

Patients with fibromyalgia and depression or anxiety
were only included if their treatment had remained un-
changed for 3 months. The exclusion criteria were: use of
calcium and magnesium supplements, medication change
over the previous 4 weeks, use of corticosteroids or anticy-
tokine agents, pregnancy, lactation, and a diagnosis of
diabetes, decompensated endocrine diseases, infectious
diseases (over the previous 4 weeks), demyelinating neuro-
logical diseases, peripheral neuropathies, inflammatory
articular diseases, systemic autoimmune diseases, severe
cardiovascular diseases, malignancy (over the previous
year), and severe psychiatric diseases (substance abuse,
schizophrenia, psychosis). Nonsteroidal anti-inflammatory
agents were suspended 48h before collection of blood
samples, and all other medications were required to
remain unchanged for at least 30 days.

After having executed an Informed Consent Agree-
ment, all women underwent anthropometric assessment,
physical exam of pain perception threshold and tender
point (TP) count, blood sample collection, filling out of
FM impact questionnaire, (FIQ), of Patient Health
Questionnaire-9 (PHQ-9), and 3-day dietary record (DR).
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Anthropometric assessment was performed by means
of body mass index (BMI) consisting of the relation be-
tween body weight in kilograms and body height
squared in meters: BMI = weight/height(m)2 [19].

The pain threshold was evaluated at the trapezius
muscle, using a Fischer algometer (model FDK 20, Wag-
ner Instruments, Greenwich, CT, USA). Each TP was
manually palpated with a strength of 4 kgf/cm?® and the
response was recorded as positive (with pain) or negative
(without pain). In order to measure the pain threshold
in the TP located in the right trapezius, the algometer
was placed against the skin of the participant and
pressed with a strength of 1 kgf/s until pain onset. Then,
the pressure (in kgf/cm?) was recorded and defined as
the pain threshold.

Blood samples for measuring serum magnesium (Mg)
and calcium (Ca) were drawn in the morning after a 10—
12-h fasting. Samples were then placed in ice and centri-
fuged at 4 °C. Serum was stored at — 80 °C. for later ana-
lysis at the UFPR Clinical Analysis Laboratory. For the
determination of Mg and Ca levels, the Abbott C9000
and/or Ci8200 devices were used. According to the la-
boratory, reference range values for serum magnesium are
1.6-2.6 mg/dL and for serum calcium are 8.9-10 mg/dL.

The FIQ was employed to assess the impact of FM in
quality of life. This questionnaire covers matters related
to functional capacity, professional situation, psycho-
logical disorders and physical symptoms. It features a
score ranging from 0 to 100 — the higher the score, the
greater the impact of FM in quality of life — conse-
quently, the lower the overall health [20].

PHQ-9 is a tool with 9 items used to identify individuals
in risk of depression. Its score ranges from 0 to 27, with pos-
sible answers variating between 0 (not at all) and 3 (nearly
every day). The higher the score, the higher the severity [21].

In order to fill out the Dietary Record, subjects were
instructed to take notes on a form including the sort of
food and drink they have had and their quantities, three
times, in alternate days including 1 day on weekend [22].
Later, all these information was inputed in Avanutri®
software and the average dietary intake was calculated.
According to the DRIs (Dietary Reference Intakes), the
EAR (Estimated Average Requirement) for Mg is 255
mg/d for women aged between 19 and 30 years, and 265
mg/d for women older than 31 years. For Ca, the EAR is
800 mg/d for women aged between 19 and 50 years and
1000 mg/d for women older than 51 years [23].

Statistical analysis

The analyses were performed by R software version
3.0.2. (R Development Core Team, 2013). The Shapiro-
Wilk test was performed to assess data normality. To
test statistical differences between the two groups, the
parametric Student’s t-test was performed when data
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conformed to normality and the non-parametric
Wilcoxon-Mann-Whitney test was performed for non-
normal data. To establish correlation between the re-
sults, the Pearson correlation coefficient was used for
data that conformed to normality and Spearman’s cor-
relation coefficient was adopted for non-normal data.
Significance level was assumed to be 95% (p < 0.05).

Results

Fifty-three women with FM and 50 women without it
participated in this study. Average age and BMI were
equivalent in both groups (Table 1). Kilocalorie, carbo-
hydrate and protein intake was substantially lower in the
group with FM, as well as intake of magnesium and cal-
cium. No significant differences in serum measurement
of these minerals were found in the groups (Table 1).

In the FM group, dietary intake of magnesium and cal-
cium correlated negatively with TP count. This means
that the higher the intake of said minerals the lower the
TP count, including a positive correlation with pain
threshold — the higher the magnesium and calcium in-
take the higher the pain threshold, therefore, the lower
the clinical pain. In the control group, there were no
such correlations (Table 2).

The FM group did not have a correlation between
levels of serum magnesium and calcium with pain, qual-
ity of life and depression risk. In the control group,
levels of serum Mg and Ca correlated positively with the

Page 3 of 6

pain threshold. That is to say that the higher the levels
of serum Mg and Ca, the less acute the pain (Table 3).

Discussion

Deficiency of vitamins and minerals has been associated
to countless clinical conditions, including chronic pain
and FM [2, 5]. In this study, it has been found that diet-
ary intake of magnesium and calcium remained below
recommended levels for both groups, which reflects
inadequate dietary consumption of said minerals by the
Brazilian population [16]. This may be due to the
increased consumption of processed food and fast food
[13]. In parallel, there is also low intake of foods that are
rich in magnesium such as dark-green vegetables, vege-
tables in general, fish, nuts and seeds, and wholegrain
cereals [16], and low intake of foods that are rich in
calcium such as milk and dairy, dark-green vegetables,
seafood and fish [24].

In spite of the fact that the general population has low
dietary intake of foods that are rich in Mg and Ca, the
women with FM who participated in this study had sub-
stantially lower dietary intakes than the control group.
That has been related to worsening of pain for women
with FM. Such assumption was confirmed by the results
of this research work, in which dietary intake of Mg and
Ca correlated positively with the pain threshold and
negatively with TP count. This means that the lower the
intake of said minerals, the lower the pain threshold and
higher TP count. That being said, it is necessary to make

Table 1 General characteristics of the participants with fibromyalgia and controls

Variables Fibromyalgia n =53 Controls n =50 p-value
Mean + SD median (min-max) Mean + SD median (min-max)
Age (years) 4813 £ 823 49 (26-60) 4714 £ 993 50 (23-60) 0.8018
BMI (Kg/mz) 26.58 + 4.54 26.79 (15.23 - 38.6) 2556 + 3.62 2491 (19.22 - 32.95) 02123
TP (n) 162 +1.96 17 (11-18) 472 + 404 4 (0-14) <0.001*
Pain threshold (Kg/cmz) 288 £ 0.76 286 (1.73-5.73) 546 + 194 5(263-10) <0.001*
FIQ score 7126 £ 175 76.63 (23.85 - 91.71) 1064 + 1232 6.21 (0-45.32) <0.001*
PHQO9 score 1641 + 557 17 (4-26) 3.76 + 431 3(0-19) <0.001*
Dietary intake
Kilocalorie (Kcal) 1459.97 + 351.09 1425.57 (872.95 - 2434.76) 1781.85 £ 452.77 1699.63 (990.56 - 2926.25) <0.001*
Carbohydrate (g) 190.7 + 55.92 178.77 (88.36 - 345.66) 23124 £ 675 22149 (136.55 - 463.78) <0.001*
Lipids (g) 99.5 £ 67.12 7781 (14.24 - 323.68) 7346 + 40.72 67.75 (24.32 - 251.54) 0.166
Protein (g) 5867 = 1991 57.2 (2736 - 114.68) 70.83 £ 17.69 67.19 (34.88-104.28) 0.001*
Magnesium (mg) 1328 +53.76 123.93 (30.60 - 274.65) 155.52 + 5342 158.19 (62.25 - 308.03) 0.03*
Calcium (mg) 39621 + 213.06 340.96 (82.33 - 944.27) 53863 + 237.96 518.7 (165.65 - 1332.29) 0.003*
Laboratory tests
Magnesium serum (mg/dL) 222 +0.14 22(1.8-26) 22+ 019 22(18-26) 0.577
Calcium serum (mg/dL) 9.73 £ 046 96 (88-11.2) 9.64 + 042 9.7 (88 - 10.3) 03163

Student’s t test was used for the parametric data, and the Wilcoxon Mann-Whitney test was used for the non-parametric data

BMI body mass index, TP tender points, FIQ Fibromyalgia Impact Questionnaire, PHQ-9 Patient Health Questionnaire-9
*P < 0.05 is statistically significant
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Table 2 Relationship between magnesium and calcium intake with the variables: pain, quality of life and risk of depression

Variables TP Pain threshold FIQ PHQ9
r p r p r P r p

Magnesium intake

Fibromyalgia -0.23 0.02% 0.25 0.01* -0.13 0.18 -0.17 0.08

Control -0.15 03 -0.1 044 -0.01 091 —0.004 097
Calcium intake

Fibromyalgia -0.28 0.03* 0.32 0.01* -0.07 0.59 -0.17 0.2

Control -0.2 0.19 -0.05 0.72 -0.08 0.57 -024 0.12

TP tender points, FIQ Fibromyalgia Impact Questionnaire, PHQ-9 Patient Health Questionnaire-9
r: Pearson’s correlation coefficient for the parametric data or Spearman’s correlation coefficient for non-parametric

*P < 0.05 is statistically significant

dietary assessments to adjust the intake of these minerals
in order to ensure a healthy, balanced diet that helps
reduce pain and painful points in women with FM.

In parallel, although the studied groups had lower
dietary intake of magnesium and calcium, that did not
reduced these minerals levels in blood samples. More-
over, even though some studies have shown reduced
intracellular contents and levels of serum Mg and high
levels of serum Ca in patients with FM [7, 8, 25, 26], in
this study there was no differences in levels of serum Mg
and Ca between the FM group and the control group.
Nevertheless, such fact needs to be further investigated
given that studies have adopted different methodologies for
analysis of minerals, and present varying levels of serum,
erythrocytes, leucocytes, urinary, muscular and hair.

Various authors have stated that plasma concentration
of Mg may not reflect the entire body content of Mg
since the body has mechanisms that maintain constant
serum levels within a narrow range of normality [7, 16].
Additionally, several studies have shown that in spite of
concentrations of Mg in plasma being within normal
ranges, the concentration of erythrocyte Mg was below
normal [9, 27]. Magaldi et al. [28] presented in their

Table 3 Relationship between serum magnesium and calcium
levels with the variables: pain, quality of life and risk of
depression
Variables TP Pain threshold FIQ PHQ9

r p r p r p r p

Magnesium serum

Fibromyalgia —0.05 0.7 —-005 0.71 002 085 009 047

Control -007 06 04 0.004* -022 011 -028 005
Calcium serum

Fibromyalgia 008 04 013 018 003 073 -0006 095

Control -0.08 058 03 003* -024 009 -017 022

TP tender points, FIQ Fibromyalgia Impact Questionnaire, PHQ-9 Patient
Health Questionnaire-9

r: Pearson'’s correlation coefficient for the parametric data or Spearman’s
correlation coefficient for non-parametric

*P < 0.05 is statistically significant

study that patients with FM had normal levels of serum
Mg and reduced levels in leucocytes. This confirms the
assumption that serum Mg is a poor predictor of the Mg
status in the body as a whole, and that intracellular ana-
lyses are more representative [11, 16, 29-32].

Lower levels of serum calcium (Ca) have not been no-
ticed in women with FM participating in this research
work. Although some studies have already found low
serum Ca levels in patients with FM, others present nor-
mal serum levels but with reduced intracellular concen-
trations of Ca, such as in leucocytes [28] and hair [3].
This demonstrates that, similarly to what occurs with
Mg, Ca concentration may be normal in blood but
different in the intracellular level [28].

Levels of serum Mg of women with FM participating
in this study have not shown correlation with pain
parameters, quality of life and depression risk. Similar
results have been found by Sakarya et al. [9]. Sendur
et al. [4] found solely correlation of serum Mg with
fatigue severity.

On the other hand, Bagis et al. [7] presented correl-
ation between levels of serum Mg with VAS (visual
analogue scale of pain), TP count, TP index, FIQ, anx-
iety and depression score, and somatic symptoms in
women with FM. Erythrocyte levels of Mg in this study
correlated with the same variables, as well as with the
pain threshold, fatigue, headache and numbness.

As to levels of serum Mg and Ca, only the control
group presented positive correlation of said minerals
with the pain threshold. It is important to notice the role
of Mg in cognitive-affective functions, and studies have
shown an improvement in pain and depression parame-
ters after supplementation of Mg [6]. The Hagenston
and Simonetti review study (2014) showed the involve-
ment of neuronal calcium signaling in the processes that
mediated chronic pain [33].

Although the minerals analyzed in this study did not
correlate with quality of life and depression risk for
women with FM, additional research is required to in-
vestigate the role of minerals in the symptoms of this
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disease in order to improve the impact of dietary therap-
ies in the quality of life of patients.

The present study has limitations related to serum min-
eral dosage, which does not seem to be a good predictor
of intracellular reserves. In addition, serum Ca values were
not corrected by albumin, and it was not possible to meas-
ure complementary tests such as ionic Ca, Vitamin D, and
PTH (parathyroid hormone), which would help to better
analyze the metabolism of these minerals.

Additionally, the three-day food register is a method
with intrinsic limitations to its use: it is subjective, requires
a high level of motivation and collaboration, requires time,
there may be difficulty in estimating portions, and the
individual must know the home measures. In parallel,
consumption may be altered as the individual knows that
it will be assessed, and therefore there may be underre-
porting of consumption. There may also be regional varia-
tions and errors in the software used for data tabulation.

Finally, it is noteworthy that this was a cross-sectional
study, which has a number of limitations inherent to its
methodology. Therefore, it is very important to conduct
clinical trials randomized, with food intervention to lead
to a conclusion related to the specific intake of these
evaluated nutrients.

Conclusion

Women with FM had lower dietary intake of magnesium
and calcium in comparison with women who did not have
the condition. However, serum levels of these nutrients
did not turn out to be different between said groups.
Lower dietary intake of magnesium and calcium corre-
lated with worsened pain parameters (increased number
of TP and decreased pain threshold) in fibromyalgia.
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