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Introduction: The cyclical changes of hormones during the menstrual cycle are responsible not only for reproductive function but
also have other effects on dietary intake and appetite. The current study aimed to investigate the variations of appetite-related
hormones (ghrelin and obestatin) during the menstrual cycle and their association with adipokines, estrogen, and BMI.

Methods: Fifty-six regularly menstruating female students were grouped into normal weight (BMI <24.9; n = 26), and overweight/
obese subjects (BMI >25; n = 30). Serum ghrelin, obestatin, leptin, adiponectin, and estrogen levels were measured during the early
follicular, preovulatory, and luteal phases of the menstrual cycle using the ELISA technique.

Results: There were insignificant differences in the levels of serum ghrelin, obestatin, and ghrelin/obestatin ratio across menstrual
cycle phases in the whole cohort as well as in each group separately (p > 0.05). Serum ghrelin was significantly less in OW-OB as
compared to the NW group (p = 0.005), whereas the average serum obestatin did not show any significant differences between the two
groups. No significant correlation was seen between ghrelin and obestatin with the adipokines and estradiol.

Conclusion: Significant low level of ghrelin was observed in obese group during the follicular phase. This finding may provide new
insights into the altered ghrelin patterns in OW-OB individuals, as a cause or a consequence of obesity and related menstrual
disorders.
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Introduction

There is evidence suggesting that women’s energy intake is not uniform throughout the menstrual cycle.' In a study
conducted in China, mean daily energy intake was significantly more in the luteal phase (6978 + 1847 kJ) as compared to
the follicular phase (6095 + 1174 kJ), suggesting an increase of 14.5%." Both fat and carbohydrate intake increased in the
luteal phase. Another study reported higher protein intake, and more food cravings in the luteal phase compared to the
follicular phase.’ In addition, many adipokines were found to be related to human reproductive function.® Leptin —
a major adipokine that regulate the body energy store and inhibit hunger — showed fluctuation during different phases of
the menstrual cycle.” These variations in energy intake and energy-regulating hormones correspond to changes in ovarian
hormones.®® The decrease in energy intake may be due to anorexigenic/appetite-suppressing effects of estradiol,'®'" and
increased energy intake might be due to orexigenic/appetite stimulatory effects of progesterone.':'?

Estradiol-induced anorexia might result from its direct effects or indirect effects through fluctuations of appetite-
regulating gut hormones. A study reported variations in peptide YY and gastric emptying time in various phases of the
menstrual cycle despite eating the same breakfast.® Therefore, it seems logical to hypothesize those appetite-regulating
gut hormone levels may fluctuate during each menstrual phase. For instance, ghrelin, an appetite stimulator known as the

“hunger hormone”,'® may decrease in the follicular phase, thus diminishing hunger and consequent energy intake in this
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phase. Similarly, obestatin, an appetite suppressor,'* may increase in the follicular phase, resulting in a decrease in
appetite. In fact, when exogenous estradiol was administered in ovariectomized rats, a decrease in the number of ghrelin-
producing cells, the concentrations of ghrelin mRNA in the stomach, and ghrelin concentrations in plasma were seen.'”
Moreover, ghrelin did not increase food consumption in ovariectomized estradiol-treated rats, suggesting a decrease in
ghrelin-induced hunger by estradiol.'"® The presence of estradiol receptors on ghrelin-producing cells in stomach
indicates an explicit mechanism for the effect of estradiol on ghrelin production.'?

Gut hormones have a significant role in the regulation of energy intake and appetite. Basal and postprandial responses
of gut hormones may vary according to nutritional status. Studies involving obese versus lean/normal-weight young
adults reported significantly impaired suppression of post-prandial ghrelin levels in obese subjects.'”'® The level of
ghrelin in pre-prandial state was significantly lowered in obese (OB) compared to normal-weight (NW) subjects.'® It is
yet to be confirmed whether an altered ghrelin pattern is a cause or a consequence of obesity.”’ The ghrelin/obestatin
balance is important for regulating nutritional homeostasis, and ghrelin/obestatin ratio acts as a marker reflecting the
energy status. Nutritional pathologies such as anorexia nervosa and obesity showed disturbed ghrelin/obestatin ratio.*'

Keeping in view the effects of estradiol on ghrelin and variations in gut hormones’ patterns according to nutritional
status, it is vital to explore the fluctuations in selected appetite-regulating gut hormones (ghrelin and obestatin)
throughout the menstrual cycle, and in subjects with variable BMI status. In this regard, there is a complete lack of
studies on obestatin. However, few studies are available regarding ghrelin that reported no significant changes in its
levels during menstrual cycle phases.”? >* However, none of these studies compared ghrelin levels in women of varying
BMI status during various menstrual cycle phases nor did they explore the correlation with estradiol. Therefore, the
primary aim of the present study was to explore the variation of ghrelin and obestatin throughout the menstrual cycle in
females with different BMIs. As a secondary outcome, the correlation of these appetite-regulating hormones with
estrogen and adipokines was also investigated.

Materials and Methods

This work is a part of a prospective cohort study conducted at the Physiology Department of Imam Abdulrahman Bin
Faisal University (IAU), Dammam, KSA. One hundred and seven female students (18-25 years) were recruited by
convenient sampling from various colleges of IAU. The sample size was determined based on previous studies that
investigated the cyclical changes of different hormones during the menstrual cycle, where the number of participants
ranged from 8 to 259.7%%2* All participants were informed about the purpose of the study, in accordance with the
Declaration of Helsinki, and an ethical approval was granted by the Institutional Review Board (2014-01-173) of IAU.
Written consent was taken from all study participants.

Females with regular menstrual cycle (length between 25 and 35 days, with the variability of fewer than five days)
were included. We excluded females who were pregnant or breastfeeding in the last six months, presence of menstrual or
ovulatory disorders, chronic illness, or using hormonal contraceptives for the last six months. Finally, 23 subjects were
excluded and 84 were selected, out of these only 56 (NW = 26 and OW/OB = 30) followed up for giving blood samples
during all the three phases of the menstrual cycle.

Briefing/familiarization sessions were arranged for the selected subjects. During these sessions, measurement of
anthropometric parameters was done by using standard procedures (light clothes, barefooted, empty rectum and bladder,
and fasting of at least 4-hours). Weight was measured in kilograms by using digital scales. Height was measured via
mounted vertical metal centimeter ruler. Waist and hip circumference were measured using a measuring tape. Calculation
of waist—stature ratio and waist-hip ratio was done by waist circumference/height, waist circumference/hip circumfer-
ence, respectively. Calculation of body mass index was done by the formula = weight in kg/height in m?. Two groups
were created based on participants’ BMI: normal and underweight (BMI <24.9), and overweight and obese (BMI >25).

During these familiarization sessions, students were also guided about making their basal body temperature (BBT)
chart. Moreover, to plan the dates of blood sampling, we kept a record of the expected date of the first day of the
menstrual cycle of each subject. Based on this information, each subject has to come for the blood sampling at least three
following times during her menstrual cycle, as per Latif and Rafique method:** 1) Early follicular phase: From day 2 to 5,
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after the beginning of menstruation. 2) Preovulatory phase: From days 11 to 16, prior to the beginning of the upcoming
menstruation. 3) Luteal phase: 3 to 5 days prior to the beginning of the upcoming menstruation.

Menstrual cycle phases were confirmed based on basal body temperature (BBT),?° and fluctuation of serum estradiol
levels.”’

To minimize the effects of diet and circadian rhythm on hormones, all blood samples were obtained between 8 and 10
am by venipuncture after an overnight fast of 10—12 hours. Five milliliters of blood were drawn and allowed to clot at
room temperature, centrifugation was done for 20 minutes at 4 °C at 3000 rpm and serum was frozen at —80 °C.

Measurement of serum ghrelin was done by “Human Ghrelin, EMD Millipore Kits EZGRT-89K” with inter-and intra-assay
coefficient of variation of 5.1-7.8% and 0.90-1.91%. Serum obestatin levels were identified by “Obestatin Peninsula
Laboratories, LLC” with inter and intra-assay coefficient of variation of <10%. Serum Leptin levels were determined by
“Human Leptin, EMD Millipore kits (EZHL-80SK)” with inter and intra-assay coefficient of variation of 2.6-6.2% and 2.6—
4.6%. Serum Adiponectin was quantified using “Human Adiponectin ELISA Kit, B-Bridge International (K1001-1)”, with inter
and intra-assay coefficient of variation of 3.1-7.3% and 4.6-5.7%. Serum estradiol levels were measured with “Human estradiol
Elisa kits Sigma Aldrich”, with inter-assay and intra-assay coefficient of variation <10%.

Statistical Analysis

Data were checked for normality using the Shapiro—Walk test, which revealed a non-normal distribution of the tested
variables. Hence, the data were expressed as median with interquartile range (IQR). General linear model (one-way
repeated measure ANOVA) was used to compare the levels of ghrelin, obestatin, and ghrelin/obestatin ratio between the
menstrual cycle phases in the whole cohort as well as the individual groups, whereas post hoc multiple comparisons were
performed using Bonferroni correction. Mann—Whitney test compared study variables between NW and OW/OB groups.
The correlations between the gut hormones (ghrelin and obestatin) with estradiol and adipokines (leptin and adiponectin)
were tested using Spearman correlation coefficients. Statistical Package of Social Science (SPSS) version 21 was used to
analyze the data. P-value of <0.05 was considered significant.

Results
The general characteristics of (NW) and (OW/OB) women are listed in Table 1. The menstrual cycle duration ranged
from 27 to 31 days with an average of 29 +1 (mean +SD) days. Bodyweight, BMI, waist circumference, and hip
circumference were significantly higher in OW/OB group as expected. Leptin hormone was significantly higher (p =
0.022), and adiponectin was significantly less (p = 0.026) in the OW/OB group in comparison to normal weight.
Ghrelin, obestatin, and ghrelin/obestatin ratio did not show any significant differences across menstrual cycle phases
either in the whole cohort — Figure 1 or in each group individually Table 2.
The ghrelin level showed a significantly lower level in overweight/obese subjects compared to control subjects with
normal weight (p-value = 0.019), while serum obestatin concentration did not show any significant differences between

Table | Anthropometric and Hormonal Measurements of the Participants

Variables (Mean * SD) Normal Weight Group (n = 26) | Overweight-Obese Group (n = 30) P value
Body mass index (BMI) (kg/m?) 21.97 + 1.89 31.39 + 3.57 < 0.001*
Waist circumference (cm) 75.69 + 5.88 87.25 £14.70 < 0.001*
Hip circumference (cm) 98.58 + 7.05 11143 +16.53 0.001*
Waist/hip (W/H) ratio 0.77+ 0.06 0.78 + 0.07 0.711
Serum leptin (pg/mL) 9482.9 + 4385.7 12,986.9 + 6386.7 0.022%*
Serum adiponectin (ug/mL) 7.35+ 3.28 547 £ 2.84 0.026*
Serum estrogen (pg/mL) 65.6 £19.8 60.6 £ 24.9 0.437

Note: *Significance level at P < 0.05.

International Journal of Women’s Health 2022:14 hetps: 1299

Dove!


https://www.dovepress.com
https://www.dovepress.com

Salem et al Dove

4,000
3,000
=
=
=
£ 2,000
=
=
O
1,000
ol - T I
T T T
Follicular Pre-ovulatory Luteal
Menstrual cycle phases
10,000
8,000 |
g ’
= 6,000
£
=
3 4,000
= -
o
2,000 ———
o
T T T
Follicular Pre-ovulatory Luteal
Menstrual cycle phases
80—
70—
2 60
=
bad
£ 50
=
]
= 107
o
-E 30—
=
—
< 20—
10—
ol - = ix T
T T T
Follicular Pre-ovulatory Luteal

Menstrual cycle phases

Figure | Variation of ghrelin (A), obestatin (B), and ghrelin/obestatin ratio (C) during different phases of the menstrual cycle, data was represented as median (IQR).

groups (p value = 0.819) Figure 2. When comparing both groups during different phases of the menstrual cycle, ghrelin
was significantly less in the follicular phase in obese/overweight group compared to the normal weight group Table 2.

Considering whole cohort, there was no significant association of gastric hormones (ghrelin, obestatin) with adipose
tissue hormones (leptin, adiponectin), and estradiol Table 3. The same pattern of no correlation was also found in normal-

weight and overweight/obese groups separately (data is not shown).
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Table 2 Serum Ghrelin, Obestatin, and Ghrelin/Obestatin Ratio Across Different Phases of the Menstrual Cycle in Normal Weight
and Overweight/Obese Groups

Hormones Median Phase of the Menstrual Normal Weight Overweight Obese P value (Between
(IQR) Cycle Group Group Groups)
Ghrelin (pg/mL) Follicular phase (F) 534.0 (2510) 345 (499.3) 0.005*
N 17 25
Preovulatory phase (PO) 596.3 (1470) 575 (620.5) 0.116
N 19 26
Luteal phase (L) 1060 (2440) 316 (965) 0.363
N 19 26
P value (within group) 0.250 0.225
Obestatin (pg/ mL) Follicular phase (F) 6024.7 (1869.9) 5188.8 (2170.3) 0.797
N 25 29
Preovulatory phase (PO) 6059.4 (2460.1) 5058.3 (2433.8) 0.720
N 25 29
Luteal phase (L) 5591.6 (2590.6) 5210.6 (2149.1) 0.977
N 25 29
P value (within group) 0911 0 0.823
Ghrelin/obestatin Follicular phase (F) 0.22 (0.43) 0.07 (0.08) 0.134
ratio N 16 24
Preovulatory phase (PO) 0.22 (0.33) 0.10 (0.20) 0.181
N 18 25
Luteal phase (L) 0.25 (0.78) 0.08 (0.21) 0.403
N 18 25
P value (within group) 0.181 0.383

Note: *p value < 0.05.

Discussion

Our results showed that variations of ghrelin, obestatin, and ghrelin/obestatin ratio during the menstrual cycle and its
relation to estradiol and adipokines are not substantial. However, serum ghrelin showed a significantly lower level in
overweight/obese compared to normal-weight subjects, while serum obestatin did not show any significant differences.

Ghrelin is an endocrine hormone mainly secreted by the stomach, serving as a key regulatory metabolic chemical to
maintain energy hemostasis.”® Data regarding ghrelin variation during the menstrual cycle are still limited. A study that
examined acylated and unacylated ghrelin levels across the menstrual cycle reported similar non-significant changes of
ghrelin levels across menstrual cycle phases with no relationship between estradiol and ghrelin levels in the menstrual
cycle with ghrelin.*® Furthermore, Sramkovi et al showed a relatively stable level of ghrelin across different stages of the
menstrual cycle.”* In addition, regularly exercising women with increased reproductive hormones in the luteal phase
were not found to show an associated elevation in levels of ghrelin.?® Interestingly, ghrelin values were not affected by
estrogen replacement therapy in pre- and post-menopausal women.*° This is also further supported by an animal study
where no cyclic changes in serum ghrelin or in stomach expression were observed in the rat ovary.’' However, the
absence of ghrelin variation does not eliminate its role in the hypothalamus-pituitary-gonadal axis in females. Many
studies have reported variations in food consumption across the menstrual cycle with high caloric consumption observed
in the luteal phase compared to the follicular phase, and this variation corresponded to the cyclic changes in ovarian
hormones.®’ High estradiol levels during the follicular phase could produce anorexigenic/appetite-suppressing
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Figure 2 Comparisons of average serum ghrelin (A), and obestatin (B) between normal weight and overweight/obese groups, data was shown as median (95% ClI), *p value < 0.05.

effects, !

while high luteal progesterone might be responsible for the increased energy intake due to its orexigenic/
appetite stimulatory effects.'"'? Furthermore, other studies demonstrated a relationship between menstrual disturbances
with energy intake, nutritional status, and lifestyle.”®*? Young women with exercise-associated amenorrhea were found
to have significantly elevated levels of ghrelin, which indicate that chronic energy deficit status with high ghrelin
observed in athletic exercising women could affect the menstrual hormonal changes leading to menstrual disturbances

such as amenorrhea.”® These contradictory shreds of evidence may reflect a complicated interrelationship between
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Table 3 Correlation Coefficient Between Gastric Hormones (Ghrelin, Obestatin) and
Adipose Tissue Hormones (Leptin, Adiponectin), and Estradiol

Gastric Hormones Leptin Adiponectin Estradiol
Ghrelin r —0.200 0.221 0.232
P 0.204 0.159 0.150
Obestatin r 0.030 0.243 -0.029
P 0.830 0.076 0.845

Note: r: correlation coefficient using Spearman test.

ovarian hormones and ghrelin that could be mediated at the level of ghrelin gene expression and not necessarily be
reflected on the serum level of ghrelin. The clue to this suggestion comes from a previous animal study, which showed
cyclic ghrelin gene expression during the estrous cycle of rats. Ghrelin-related mRNA levels varied based on the estrous
cycle phases, with peak expression in the luteal phase. Noteworthy, this cyclic variation in ghrelin expression was
noticeable in ovarian tissue only, and was not observed in the ghrelin-producing gastric cell nor in the serum ghrelin
levels.*!

We noted lower serum concentrations of ghrelin in OW/OB subjects compared to NW controls. In agreement with our
results, ghrelin levels tend to drop in OW/OB subjects, and increasing body mass index was found to be inversely
correlated with serum ghrelin.>*** One possible explanation of the lower serum ghrelin levels in obesity is due to
abundant energy reserve. In contrast, during circumstances where energy deficiency arises such as in anorexic patients,
ghrelin remains high to stimulate appetite and replenish energy stores.*>*® However, there is no consensus in the
literature in this regard, a recent study showed no significant differences in ghrelin serum concentration between obese
and normal-weight people.®’~®

Obestatin, a peptide hormone secreted mainly by the gastric cells, is one of the appetite-regulating hormones. In
contrast to ghrelin, which triggers increased dietary intake, obestatin decreases food consumption and body weight
through an anorectic effect.'*** There is an obvious lack of studies that evaluate the obestatin level at different phases of
the menstrual cycle. To our knowledge, the present study is the first one to report obestatin levels through various
menstrual cycle phases. Additionally, studies that compared obestatin levels in different nutritional statuses showed

contradictory results. Some studies showed higher obestatin levels in obese individuals,?**°

while others reported
a reduction in obestatin levels associated with increasing BML*'"** However, another study did not find any significant
reduction in obestatin level after weight reduction surgery.* The difference in the results between studies was attributed
to the differences in the obesity status; Vicennati et al** and Haider et al** investigated massively obese subjects, while
the subjects of Guo et al*' were Chinese individuals who were known to have values of BMI and waist circumference
specific for their ethnicity.

We observed no significant relation between obestatin and adipokines (leptin and adiponectin). In concordance with
our finding, some studies showed an absence of correlation between obestatin, ghrelin/obestatin ratio, and adiponectin.*’
In contrast, a negative correlation pattern between obestatin and leptin was reported in obese subjects.*® In light of this
controversy, further research is recommended about the mechanism of the interaction between adipose tissue hormones

and gut hormones in different nutritional statuses.

Conclusions

Average serum ghrelin levels are significantly less in OW/OB in comparison to NW subjects. Ghrelin levels are also
significantly lower in OW/OB as compared to the NW group in the follicular phase. These findings may provide new
insights into the altered Ghrelin patterns in OW-OB individuals, as a cause or a consequence of obesity and menstrual
disorders.
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