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ABSTRACT
Background: Melatonin has shown to play an important role in many physiological functions, but its effects on bone metabolism
were not well defined in humans.

Objective: Evaluation of the effects of oral melatonin used for two months on bone mineralization biomarkers for women
in perimenopause.

Methods: Interventional double-blind placebo-control study, in which 60 women in perimenopause (age range 46—48) assigned
in either control (n = 30) or study (n = 30) group. The last group received 3 mg tablet of melatonin once a day at night for
two months. Parameters measured were serum osteocalcin, 25(OH) vitamin D, calcium, and C-terminal telopeptide of type
1 collagen (CTX-1).

Result: Melatonin led to significant rise (p <0.05) in osteocalcin, serum vitamin D, serum calcium, and CTX-1 as compared
with control values.

Conclusion: Melatonin showed positive effects on bone health by a significant increase in some bone mineralization biomarkers.
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INTRODUCTION

Osteoporosis and insomnia are the major problems among
women in perimenopause, especially due to decrease the
level of estrogen and melatonin.> A decline in the levels
of these hormones in perimenopause and postmenopausal
women can significantly causing vasomotor symptoms
(e.g., hot flashes, vaginal dryness, sexual dysfunction,
mood disturbances, anxiety, and restlessness) in addition to
fatigue and poor concentration.’> These symptoms gradually
disappear in most women during menopausal transition
but, in other women, comorbidities develop associated with
greatest reduction in melatonin level and persistent bone
loss.* These fluctuations of hormones during premenopausal

period leading to change in the level of bone turnover markers
(osteocalcin, OC for bone formation, and CTX-1 for bone
resorption) in serum.’ The vasomotor symptoms negatively
affect daily functioning and habits leading many women to
seek for pharmaceutical options, such as, hormone therapy
or non-pharmaceutical options, like vitamins to normalize
sleep pattern,® many over the counter options, nutritional
supplements, like melatonin, etc., are available to improve
the physical symptoms and bone health of women in peri and
menopause.’

Melatonin is an endogenous hormone synthesized from
serotonin in the pineal gland in response to darkness, with
level beginning to rise reaching peak at about 2:00 am.® Light
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exposure turns off the secretion of melatonin and inhibits its
nocturnal elevation in plasma.’ In recent years, human and
animals researches examine melatonin efficacy on treating
symptoms associated with menopause including its effect on
bone by inducing osteoblast to promote bone formation or by
inhibiting bone resorption through its action on osteoclasts'*'?;
the mechanisms underlying the symptoms of perimenopause
and bone loss in those women may be because of hormonal
imbalance demonstrated as changes in the level of estrogen,

follicle stimulating hormone (FSH), and progesterone.'>!4

AIM OF STUDY

To investigate the effect of daily melatonin supplement for
women in perimenopause given for 2 months on bone markers
and correlation between them.

METHODS

This double-blind controlled study enrolled for one year from
October 2018 to end of September of 2019; sixty apparently
healthy women in perimenopause and recently in menopause
that fulfilled the criteria of study; they are randomly divided
into two groups; control group (n = 30) received placebo and
study group (n = 30) received melatonin, in dose 3 mg daily
at night for two months.

Inclusion Criteria

e Age range 37 to 55 years old

* Has at least one symptoms of perimenopause, especially
irregular periods and/or no more 12 months passed on last
cycle to be classified as in menopause, these symptoms
include!*:
» Irregular periods
* Hot flashes
» Breast tenderness
*  Worse premenstrual syndrome

* Lower sex drive
» Fatigue
* Vaginal dryness; discomfort during sex
» Urine leakage, when coughing or sneezing
» Urinary urgency (an urgent need to urinate more
frequently)

*  Mood swings
» Trouble sleeping

* Body mass index > 25 (overweight or obese)

* Hasno diabetes mellitus, rheumatoid arthritis, hypertension
or not, on vitamin D supplement

» Participants instructed not to use any supplements during
the study period, otherwise, excluded

* Parameters measured were serum osteocalcin, 25(OH)
vitamin D, calcium, and CTX-1, by blood sample drawn at
after the first visit and after 2 months (Figure 1).

Data Analysis
Include t test, ANOVA, and Qi square analysis, correlation.

RESULTS

Demographic Data of the Patients

As shown in Table 1, there were no significant (p <0.05)
differences between control and study group.

Bone Mineralization Biomarkers

Osteocalcin

Osteocalcin raised significantly (p <0.05) in study group after
using melatonin for 2 months, as compared with its baseline
value (28 + 8.67 for study after treatment vs. 19.6 £+ 7.33 for
baseline); and also, it was significantly (p <0.05) higher
than values of control group (28 + 8.67 after treatment
for study group vs. 17.6 = 6.02 for control), as shown in
Table 2.

Table 1: Demographic data of patients in the study groups; some of the data expressed as mean + standard deviation

Control group (n = 30) Study group (n = 30) p values
Age (years) 457+4.4 45+49 0.562
Weight (kg) 97+10.4 949+ 13.6 0.324
Height (cm) 163.6 5.7 160.6 = 6.5 0.063
Body mass index (kg/m?) 364+4.8 37.1+6.56 0.648
Obesity ratio 28 (93.3%) 26 (86.7%) 0.667

p-values <0.05 considered as significant values

In age (45.7 £ 4.4 vs. 45 £ 4.9; p-value = 0.562); weight (kg) = (97 £ 10.4 vs. 94.9 £ 13.6; p-value = 0.517); height (cm) = (163.6 + 5.7 vs.
160.6 + 6.5; p-value = 0.063); body mass index (kg/m?) = (36.4 + 4.8 vs. 37.1 £ 6.56; p-value = 0.648); obesity ratio = 28 (93.3%) control vs. 26

(86.7%) study group

Table 2: Comparison of bone mineralization biomarkers in both study groups, before and after treatment; values are expressed as mean + standard
deviation

Control group (n = 30)

Study group (n = 30)

Before treatment After treatment Before treatment After treatment p values
Osteocalcin (ng/mL) 16.5+5.63 17.6 +£6.02 19.6 £7.33 28 +£8.67° 0.00001
Serum vit. D (ng/mL) 19+£5.11 19.7+4.94 19.6 +7.07 23.8+9.23™ 0.027
Serum calcium (mg/dL) 7+£191 724+ 1.84 7.8 +3.64 92+2.1% 0.004
CTX-1 (ng/mL) 20.1 £ 6.66 19.5 +6.34 22.8+10.45 27.3+18.4™ 0.039

*significant (p <0.05) as compared to its before treatment values; significant (p <0.05) as compared to control value
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Table 3: Correlations coefficient for study parameters

Parameters Age Osteocalcin Vitamin D Calcium CTX-1 BMI
rvalue pvalue rvalue pvalue rvalue  pvalue rvalue  pvalue rvalue pvalue rvalue  pvalue rvalue
Age 1 1 -0.069  0.598 -0.194  0.139 0.051 0.698 0.198 0.127 0.039 0.769
Osteocalcin -0.069  0.598 1 1 -0.224  0.082 -0.186  0.151 -0.256  0.045" -0.075  0.568
Vitamin D -0.194  0.139 -0.224  0.082 1 1 0.215 0.098 0.207 0.109 0.293 0.022"
Calcium 0.051 0.698 -0.186  0.151 0.215 0.098 1 1 0.217 0.092 -0.022  0.868
CTX-1 0.198 0.127 -0.256  0.045 0.207 0.109 0.217 0.092 1 1 0.103 0.433
BMI 0.039 0.769 -0.075  0.568 0.293 0.022" -0.022  0.868 0.103 0.433 1 1
“p-value < 0.05 considered as significant
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Figure 1: Scattered diagram show correlation between osteocalcin and
CTX-1

Serum Vitamin D

Serum vitamin D raised significantly (p <0.05) in study
group after using melatonin for 2 months as compared with
its baseline value (23.8 + 9.23 for study after treatment vs.
19.6 + 7.07 for baseline); and also, it was significantly (p <0.05)
higher than values of control group (23.8 +9.23 after treatment
for study group vs. 19.7 + 4.94 for control), as shown in
Table 2.

Serum Calcium

Serum calcium raised significantly (p <0.05) in study
group after using melatonin for 2 months as compared with
its baseline value (9.2 + 2.1 for study after treatment vs.
7.8 + 3.64 for baseline); and also, it was significantly (p <0.05)
higher than values of control group (9.2 + 2.1 after treatment
for study group vs. 7.2 £ 1.84 for control), as shown in
Table 3.

Correlation of Measured Parameters

Osteocalcin

The bone formation marker inversely correlated with bone
resorption marker CTX-1.

Vitamin D and BMI

Vitamin D and BMI are positively correlated with each other
(r = 0.293, p-value = 0.022), while osteocalcin is negatively
associated with CTX-1 (r=-0.256, p-value = 0.045) (Figure 2).

Figure 2: Scattered diagram show correlation between vitamin D and
BMI

DISCUSSION

Few studies about the women in perimenopause, their health
status, and symptoms because many of these women are
busy with work and neglect their health. Treatments help to
alleviate some of their symptoms, mainly bone loss are usually
temporary and associated with side effects, so those women
seek for alternative methods to relieve menopausal symptoms,
like yoga or herbal therapies, alternative medications like
melatonin aimed to treat many of menopausal symptoms,
restore the hormonal changes, and modulate bone markers.'*%

Melatonin is neuroendocrine hormone produced by the
pineal gland and has many biological effects, including bone
remodeling, antiaging, sleep regulation, and antioxidative
agent.'® Despite the importance of melatonin in these biological
functions, its role in diminishing osteoporosis in women in
perimenopause is not fully understood.?°

In this research, melatonin is an oral supplement used for
2 months for women in perimenopause to study its effect on
biochemical markers related to bones mineralization for study
group, and compared to placebo, this method is similar to
method done by Falah et al. and Jubran et al.?"??

Melatonin administration was able to provide a rapid
increase in the serum concentration of bone markers:
osteocalcin, vitamin D, calcium, and CTX-1 significantly
(p <0.05) compared to control group. This is the principal
endpoint in our research, and these results were different
from results of many studies that found the use of melatonin
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has no effect on the level of osteocalcin and other measured
markers. >3

In the present article, we will look at the recent evidence of
the effect of melatonin on bone; it can decrease bone resorption
and improve its remodeling by several mechanisms, the first
by promoting of osteoblast proliferation and synthesis of
osteoprotegerin, this osteoprotegerin prevents the binding
of osteoclast differentiation factor (RANKL) to its receptor,
which inhibits the differentiation of osteoclasts,?®?’ second
mechanism is that melatonin has indirect regulation on bone
metabolism, such as, estrogen, calcitonin, and parathyroid
hormone (PTH), and the third mechanism is that the ability
of melatonin on production of antioxidant for neutralization of
osteoclasts superoxide anions that are needed for degradative
process.”®

There was a positive association between serum vitamin D
and body mass index in women during perimenopause stage,
this finding is unlike finding published in many studies.?’~*

It seems BMI may be associated with the serum level of
vitamin D during perimenopause in way different in other
age stages, which may have some similarity to finding to
Zhang et al. (2015), may be related to the state of visceral
fat composition, where overweight or obese perimenopause
women showed higher vitamin D level.

This probably related to changes in visceral fat composition
due to melatonin supplementation.**** These changes may lead
to reduce trapping or sequestering of vitamin D in adipose
tissue in obese women restoring the positive association of
BMI and serum vitamin D.3

REFERENCES

1. Jehan S, Masters-Isarilov A, Salifu I, Zizi F, Jean-Louis G, Pandi-
Perumal SR, et al. Sleep Disorders in Postmenopausal Women.
J Sleep Disord Ther. 2015;4(5)

2. Carranza-Lira S, Garcia Loépez F. Melatonin and climactery. Med
Sci Monit. 2000;6(6):1209-1212.

3. Marcolina ST, Rosenshein B. Insomnia in Women: Menopause
and Melatonin Part III of III-Part Series. 2008.22017 Mar 24].
Available from: https:/www.ahcmedia.com/articles/13301-
insomnia-in-women-menopause-and-melatonin.

4. Eichling PS, Sahni J. Menopause related sleep disorders. J Clin
Sleep Med. 2005;1(3):291-300.

5. Mansfield PK, Carey M, Anderson A et al. Staging the
menopausal transition: data from the TREMIN Research Program
on Women_s Health. Womens Health Issues. 2004;14:220-226.

6. AvisNE, Colvin A, Bromberger JT et al. Change in healthrelated
quality of life over the menopausal transition in amultiethnic
cohort of middle-aged women: study of Women_’sHealth Across
the Nation. Menopause. 2009;16:860—869.

7. Hardeland R. Melatonin in aging and disease-multiple
consequences of reduced secretion, options and limits of
treatment. Aging Dis. 2012;3(2):194-225.

8. Zeitzer JM, Duffy JF, Lockley SW et al. Plasma melatonin
rhythms in young and older humans during sleep, sleep
deprivation, and wake. Sleep 2007;30:1437-1443.

9. Duffy JF, Czeisler CA. Effect of light on human circadian
physiology. Sleep Med Clin. 2009;4(2):165-177. [PMC free
article]

10. Satomura K, Tobiume S, Tokuyama R et al. Melatonin
at pharmacological doses enhances human osteoblastic
differentiation in vitro and promotes mouse cortical bone
formation in vivo. J Pineal Res. 2007;42:231-239.

11. KoyamaH, Nakade O, Takada Y et al. Melatonin at pharmacologic
doses increases bone mass by suppressing resorption through
down-regulation of the RANKL-mediated osteoclast formation
and activation. ] Bone Miner Res. 2002;17:1219-1229.

12. Park KH, Kang JW, Lee EM et al. melatonin promotes
osteoblastic differentiation through the BMP/ERK/Wnt signaling
pathways. J Pineal Res. 2011;51:187-194.

13. Seifert-Klauss V, Prior JC. Progesterone and bone: actions
promoting bone health in women. J Osteoporos 2010; 2010:845180

14. Sowers MR, Greendale GA, Bondarenko I et al. Endogenous
hormones and bone turnover markers in pre- and perimenopausal
women: SWAN. Osteoporos Int. 2003;14:191-197.

15. https://www.webmd.com/menopause/guide/guide-
perimenopause#1

16. Stepan JJ, Burr DB, Pavo I et al. Low bone mineral density
is associated with bone microdamage accumulation in
postmenopausal women with osteoporosis. Bone. 2007;41:378—
38s.

17. Abrahamsen B, Eiken P, Eastell R. Subtrochanteric and
diaphyseal femur fractures in patients treated with alendronate:
a register-based national cohort study. J] Bone Miner Res.
2009;24:1095-1102.

18. ShifrenJL, Schiff I. Role of hormone therapy in the management
of menopause. Obstet Gynecol. 2010;115:839-855.

19. Zawilska JB, Skene DJ, Arendt J. Physiology and pharmacology
of melatonin in relation to biological rhythms. Pharmacol Rep.
2009;61(3):383—-410.

20. Maria S, Witt-Enderby PA. Melatonin effects on bone: potential
use for the prevention and treatment for osteopenia, osteoporosis,
and periodontal disease and for use in bone-grafting procedures.
J Pineal Res. 2014;56(2):115-25.

21. Shari FH, Dawood H, Hassan JK, ALJazeari QA, Najm MA,
Salahuddin A, Al-Salman HN. To study the effect of taurine on
the effects of vital bones and regulate the level of glucose in type
II diabetes. International Journal of Research in Pharmaceutical
Sciences. 2019 Sep 9;10(3):2545-2551.

22. Hassan JK, Sharrad AK, Sheri FH. Effect of Quercetin
Supplement on Some Bone Mineralization Biomarkers in
Diabetic Type 2 Patients. Advances In Pharmacology And
Pharmacy. 2018 Apr 1;6(2):43-9.

23. Lee S, Le NH, Kang D. Melatonin alleviates oxidative
stress-inhibited osteogenesis of human bone marrow-derived
mesenchymal stem cells through AMPK activation. International
Jourrnal of Medical Sciences 2018;15(10):1083-1091.doi: 10.7150/
ijms.26314

24. Kotlarczyk MP, Lassila HC, O’Neil CK, D’Amico F, Enderby LT,
Witt-Enderby PA, Balk JL. Melatonin osteoporosis prevention
study (MOPS): a randomized, double-blind, placebo-controlled
study examining the effects of melatonin on bone health and
quality of life in perimenopausal women. Journal of pineal
research. 2012 May;52(4):414-426.

25. Nasri H, Baradaran A, Shirzad H, Rafieian-Kopaei M. New
concepts in nutraceuticals as alternative for pharmaceuticals.
International journal of preventive medicine. 2014 Dec;5(12):1487-
1499.

26. Amstrup AK, Sikjaer T, Mosekilde L, Rejinmark L. Melatonin

1JDDT, Volume 10 Issue 2 April 2020 — June 2020

Page 225



Role of Melatonin in Osteoporosis Treatment of Perimenopause Women

27.

28.

29.

30.

31.

32.

and the skeleton. Osteoporosis Int. 2013;24:2919-2927, DOI
10.1007/s00198-013-2404-8.

Picinato MC, Hirata AE, Cipolla-neto J, Curi R, Carvalho
CR,et al. Activation of insulin and IGF-1 signaling pathways by
melatonin through MT1 receptor in isolated rat pancreatic islets.
J Pineal Res. 2008;44(1): 88-94

Oryan A, Monazzah S, Bigham-Sadegh A. The Effects of
Melatonin in Bone Healing. Vet Sci Res. 2018;3(2):000155.
Lagunova Z1, Porojnicu AC, Lindberg F, Hexeberg S, Moan J.
The dependency of vitamin D status on body mass index, gender,
age and season. Anticancer Res. 2009 Sep;29(9):3713-3720.
Mai Albaik, Jalaluddin Khan, Mohammed-Saleh Ardawi, Said
S. Moselhy. Correlation between Serum Vitamin D Status and
Body Mass Index in Obese Women . nternational Journal of Life
Sciences Research. 2016;4(2):227-235

Kumaratne M, Early G, Cisneros J. Vitamin D deficiency and
association with Body Mass Index and lipid levels in hispanic
american adolescents. Global pediatric health. 2017 Dec
5;4:2333794X17744141. doi: 10.1177/2333794X17744141

Zhang M1, Li P1, Zhu Y1, Chang H2, Wang X1, Liu W3, Zhang

33.

34.

35.

36.

Y3, Huang GI1. Higher visceral fat area increases the risk of
vitamin D insufficiency and deficiency in Chinese adults. Nutr
Metab (Lond). 2015 Nov 25;12:50. doi: 10.1186/s12986-015-
0046-x. eCollection 2015.

Azzam EZ, Ata MN, Younan DN, Salem TM, Abdul-Aziz AA.
DObesity: Relationship between vitamin D deficiency, obesity
and sclerostin as a novel biomarker of bone metabolism. Journal
of Clinical & Translational Endocrinology. 2019 Sep 1;17:100197.
Rasmussen DD, Boldt BM, Wilkinson C, Yellon SM, Matsumoto
AM. Daily melatonin administration at middle age suppresses
male rate visceral fat, plasma leptin, and plasma insulin to
youthful levels. Endocrinology. 1999 Feb 1;140(2):1009-1012.
https://doi.org/10.1210/endo.140.2.6674

Puchalski SS, Green JN, Rasmussen DD. Melatonin effect on
rat body weight regulation in response to high-fat diet at middle
age. Endocrine. 2003 Jul 1;21(2):163-167. https://doi.org/10.1385/
ENDO:21:2:163

Cipolla-Neto J, Amaral FG, Afeche SC, Tan DX, Reiter RJ.
Melatonin, energy metabolism, and obesity: a review. Journal
of pineal research. 2014 May;56(4):371-381.

1JDDT, Volume 10 Issue 2 April 2020 — June 2020

Page 226



