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ABSTRACT

Background: Hormonal fluctuations during the menstrual cycle
influence energy intake and expenditure as well as eating prefer-
ences and behavior.

Objective: We examined the effect in healthy, overweight, premen-
opausal women of a diet and exercise weight-loss program that was
designed to target and moderate the effects of the menstrual cycle
compared with the effect of simple energy restriction.

Design: A total of 60 healthy, overweight, premenopausal women
were included in a 6-mo weight-loss program in which each subject
consumed a diet of 1600 kcal/d. Subjects were randomly assigned
to either a combined diet and exercise program that was tailored
to metabolic changes of the menstrual cycle (Menstralean) or to un-
dergo simple energy restriction (control).

Results: Thirty-one women (19 Menstralean and 12 control women)
completed the study [mean * SD body mass index (in kg/m?):
32.0 = 5.2]. Both groups lost weight during the study. In an intention-
to-treat analysis, the Menstralean group did not achieve a clinically
significant weight loss compared with that of the control group
(P = 0.61). In per-protocol analyses, a more-pronounced weight
loss of 4.3 = 1.4 kg (P = 0.002) was shown in adherent Men-
stralean subjects than in the control group.

Conclusion: A differentiated diet and exercise program that is tailored
to counteract food cravings and metabolic changes throughout the
menstrual cycle may increase weight loss above that achieved with
a traditional diet and exercise program in women who can comply
with the program. This trial was registered at clinicaltrials.gov as
NCT01622114. Am J Clin Nutr 2016;104:15-20.

Keywords: menstrual cycle, obesity, weight loss, hormonal fluctu-
ations, energy expenditure, satiation, energy restriction

INTRODUCTION

Women’s weight is influenced by the menstrual cycle, in which
changes in hormonal amounts and interactions between hormones
modulate fertility. Hormones control the menstrual cycle and
effect changes in energy intake, expenditure, and storage while
preparing the body for the possibility of pregnancy every month
(1-3). Reproduction is a primary biological function, and these

hormones may be such strong mediators of eating behavior that
they could influence the outcome of a weight-loss regimen (3-9).
Therefore, it may be relevant to take the menstrual cycle into
consideration as a factor in the physiology of the energy balance
in premenopausal women.

The menstrual cycle can be divided into 3 phases as follows:
menstruation or the early follicular phase (days 1-4), the late
follicular phase that lasts until ovulation (days 5-15), and the
luteal phase (days 16-28) (6). Studies have shown that, in the
luteal phase of the menstrual cycle, women’s energy intakes and
energy expenditures are increased, and women experience more
frequent cravings for foods, particularly for foods that are high
in carbohydrate and fat, than during the follicular phase (5, 7,
10). A trend toward reduced carbohydrate use and increased fat
oxidation in the luteal phase has also been reported together
with a prolonged time to exhaustion when exercising at sub-
maximal intensities (1). Therefore, the underlying physiology
related to each phase of the menstrual cycle may be worth
considering as an element in strategies to optimize weight loss.
The aim of the current trial was to examine the impact of a diet
and exercise weight-loss program that was adapted to the
menstrual cycle in healthy, overweight, premenopausal women.

METHODS

Subjects

Sixty overweight-obese women were recruited to the study
through advertisements and by word of mouth. Inclusion criteria
were as follows: age between 18—40 y, BMI (in kg/mz) from 25
to 30, and having a regular menstrual cycle =6 mo before
screening (28 * 5 d) with a maximum of 4 d of within-subject
variation in the cycle duration (11). Exclusion criteria were as
follows: any severe health problem (e.g., a history of cancer,
HIV or AIDS, diabetes, cardiovascular disease, or untreated
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hypothyroidism), the use of hormonal contraceptives, any hin-
drance to participating in cardiovascular exercise and strength
training, an actual or planned pregnancy, or lactation.

Subjects were prescreened by telephone, and eligible partic-
ipants were invited to attend a screening visit at the study site.
Subjects gave written informed consent before inclusion in this
study. The study was approved by the Ethical Committee of the
Capital Region of Denmark and was registered at clinicaltrials.
gov as NCT01622114. The study was performed at Department
of Nutrition, Exercise and Sports, Faculty of Science, University
of Copenhagen, Copenhagen, Denmark.

Study design

With the use of a parallel design, 60 subjects were randomly
assigned into one of the following 2 groups: an intervention
(Menstralean) or a control group (allocated 1:1).The random
assignment was determined by a draw of a note that was marked
either “Menstralean” or “Control” from a concealed envelope
(Figure 1).

All subjects received individual dietetic counseling at weeks O,
2,4,8, 12, 16, 20, and 24. Two registered clinical dietitians gave
dietetic counseling to 30 women each. The dietitian gave in-
structions and advice concerning both the diet and exercise that
were appropriate to the respective weight-management programs.
Subjects returned to the site for a follow-up visit 2 mo after the
end of the dietary intervention (week 32).

Baseline measurements were performed 0-5 d before the initi-
ation of the program of each subject. Women in the Menstralean
group commenced their respective programs on the first day of their
menstruation; subjects in the control group commenced on a ran-
domly selected and uniformly distributed start date within 28 d.

Weight-loss program

All subjects were instructed in maintaining a diet with a daily
energy intake of 1600 kcal during the 6-mo study period.

The Menstralean diet was synchronized to match the
menstrual cycle (i.e., a 28-d dietary plan that was separated
into 3 phases that corresponded to the following 3 menstrual
phases: menstruation (phase 1, days 1-5), the follicular phase
(phase 2, days 6-14), and the luteal phase (phase 3, days
15-28). The macronutrient composition of the Menstralean
diet was aligned to match each of the 3 phases of the menstrual
cycle (Table 1). The protein content of the diet was increased
to optimize the body’s response to increased resistance
training in phase 2 and kept at this increased level in phase 3
with an aim to increase satiety, thereby maintaining adherence
to a weight-loss diet despite the higher daily energy deficit in
this phase. The dietary fat content was increased in phase 3 to
accommodate the cravings that are often experienced in this
phase. Furthermore, a portion of dark chocolate was allowed
to be consumed on days 24-28, thereby increasing the daily
caloric limit to 1800 kcal, also with the aim of satisfying
cravings.

The control group was instructed to follow a program that was
based on the Danish educational, unit-based diet system Kost-
kalender (The Diet Calendar). The system is built around tables
that facilitate a simple calculation of the calorie content of foods
and meals, thereby controlling total daily energy intake. This
method ensured that there was strict control of energy intake
while allowing freedom as to choice of foods. The macronutrient
composition of the control diet was persistent throughout the
period (Table 1). Compliance with the program was evaluated
at dietary sessions at weeks 4 and 8. Compliance <80% was an
exclusion criterion.

Randomly assigned (n=60)

Allocated to Menstralean (n=30)

Allocated to Control (n=30)

!

!

Registered clinical dietitians (n=2)
Centers (n=1)

Number of subjects treated by
each dietitian (n=15)

Registered clinical dietitians (n=2)
Centers (n=1)

Number of subjects treated by
each dietitian (n=15)

Dropout (n=11)
Lost to follow-up , n=4
Dissatisfied with
treatment, n=3
Personal reasons, n=3
Logistical reasons, n=1

Dropout (n=18)
Lost to follow-up , n=0
Dissatisfied with
treatment, n=7
Personal reasons, n=7
Logistical reasons, n=4

Menstralean completers (n=19)

Control completers (n=12)

FIGURE 1 Consolidated Standards of Reporting Trials study flowchart.

8102 J18quisAoN € U0 1sanb Aq 69969S51/S L/ L /701 AoBNsge-ajoie/udle/woo dno-olwapeoe//:sdiy Woll papeojumoc]



HORMONAL ADAPTED DIET INCREASES WEIGHT LOSS

TABLE 1
Diet and exercise program'’

17

Menstralean group, d

Phase 1 Phase 2 Phase 3 Control group, d
1-5 6-14 15-28 1-28
Energy, kcal/d 1600 1600 16001800 1600
Carbohydrate, E% 60 50 40 45-50
Protein, E% 20 30 30 15-20
Fat, E% 20 20 30 30
Exercise Light: 1 time/d Circuit: 2 d/wk Weight: 2 d/wk Moderate: 30 min/d

Cardio: 2-3 d/wk

Cardio: 2-3 d/wk Vigorous: 2 d/wk

'E%, percentage of energy.
’Included an optional 200 kcal dark chocolate.

Physical activity

The Menstralean exercise program was also synchronized to
the menstrual cycle (Table 1). Subjects were advised to pick one
light activity each day from a list of exercises (e.g., walking,
yoga, or stretching) when in phase 1. In phase 2, subjects were
advised to perform circuit and weight training 2 d each week and
to alternate with cardio and interval training 2-3 d/wk. Subjects
were advised to alternate weight training with cardiovascular
workouts in phase 3 with an aim to optimize the higher energy
expenditure during this phase. The control exercise program was
performed in accordance with Danish public health guidelines
for physical activity, which corresponded to 30 min physical
activity/d with high-intensity activity for 20 min =2 times/wk.

Measurements

Body weight was measured after subjects had emptied their
bladders and were wearing only underwear at each visit and at
follow-up, whereas waist circumference was measured at base-
line and at weeks 12 and 24. Height was only measured at
baseline. Body weight was measured to the nearest 0.1 kg with
the use of a calibrated scale (Lindell Tronic 8000; Lindell), height
was measured to the nearest 1 cm with the use of a wall-mounted
stadiometer, and waist circumference was measured to the
nearest 0.5 cm with the use of a nonstretchable measuring tape.
Adverse events were registered throughout the project period.
Any ongoing adverse events were followed up by telephone until
they were resolved or a clinically stable endpoint was reached.

Sample-size calculation

A sample-size calculation showed that 50 subjects were
needed to detect a mean * SD difference of 3.0 £ 5.0 kg with
the assumption of a significance level of 5% and 80% power.

Statistical analysis

The primary analysis was for the difference in the change in
body weight after 24 wk in all randomly assigned subjects, and
missing values were imputed via the means of the last observation
carried forward [intention-to-treat (ITT) analysis]. To assess the
sensitivity of results to assumptions about patient dropouts, the
following 3 additional estimands were considered: /) adherence
throughout the study period [per-protocol (PP) analysis]; 2)

adherence while in the study (i.e., until dropout or study termi-
nation, whichever came first) (available-case analysis); and 3)
if adherence in the study had continued, use of the available-
case analysis augmented by multiple imputation (1000 draws)
on the basis of the model fitted in scenario 2) (12). We in-
terpreted these 4 estimands as follows: the current primary (ITT)
analysis evaluated the effectiveness of the intervention as if it
were applied at a broader population level under the assumption
that the achieved weight loss remained under nonadherence
(Figure 2A). In contrast, the 3 sensitivity analyses evaluated
varying degrees of efficacy. The PP analysis showed the efficacy
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FIGURE 2 Mean * SE changes from baseline in the Menstralean group
(solid line) and the control group (dotted line). (A) Body weights of all
patients who were randomly assigned (Menstralean group: n = 30; control
group: n = 30) (intention-to-treat analysis). (B) Body weights of all patients
who adhered throughout the study period (Menstralean group: n = 19; con-
trol group: n = 12) (per-protocol analysis).
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in the subpopulation that adhered to the treatment until the very
end of the study (Figure 2B). The available-case analysis with-
out imputation described the efficacy in the subpopulation that
adhered as long as they were comfortable with the treatment
and, hence, possibly responded better to the intervention than
did the PP population. Consequently, the longer this sub-
population remained in the study, the stronger the effect could
be (Figure 3A). Finally, the available-case analysis with im-
putation prolonged the effects observed until dropout but with-
out allowing any additional subsequent effect modification
(Figure 3B).

For all 4 estimands, linear mixed models were fitted. These
models contained intervention-time interactions (both treated as
categorical variables) as well as adjustment for age and baseline
body weight and BMI as fixed effects next to subjects as random
effects. In addition, the serial correlation of repeated measure-
ments within subjects was captured through a spatial Gaussian
correlation structure. Model checking was based on a visual
inspection of residual and quantile-quantile plots. The difference
in the change in waist circumference after 24 wk was evaluated
with the use of an available-case analysis via a similar linear
mixed model except that the serial correlation was not modeled.
Differences in dropouts were evaluated with the use of a chi-
square test. Statistical analyses were carried out with the sta-
tistical environment R (R Foundation for Statistical Computing)
(13), in particular with the use of the extension packages Ime4,

A Week
0 2 4 8 12 16 20 24
0
2
o -4
5 6
g
> 8
B
@ -10
-12
14
Week
Bo 0 2 4 8 12 16 20 24
2
o -4
s 6
g
8
B
@ -10
143
14

FIGURE 3 Mean * SE changes from baseline in the Menstralean group
(solid line) and the control group (dotted line). (A) Body weight by avail-
able-case analyses without multiple imputation. (B) Body weight by avail-
able-case analyses with multiple imputation. Menstralean group: n = 30;
control group, n = 30.

nlme, lsmeans, and multcomp. P < 0.05 was considered sig-
nificant. Results are shown as means * SEs.

RESULTS

A total of 60 women with mean = SD BMI of 32.0 = 5.2 were
included in the study (30 women/group). Baseline characteris-
tics between groups are shown in Table 2. Thirty-one partici-
pants completed the 24-wk intervention. The dropout rate was
38% (11 of 30 subjects) in the Menstralean group compared
with 61% (18 of 30 subjects) in the control group (P = 0.07).
Reasons for dropout are presented in Figure 1. None of the
women were excluded because of noncompliance.

The primary analysis (ITT) showed a nonclinically significant
greater weight loss of 0.6 = 1.1 kg in the Menstralean group than
in the control group (P = 0.61) (Figure 2A). The PP analysis
showed a more-pronounced weight loss of 4.3 £ 1.4 kg (P =
0.002) in the Menstralean group than in the control group,
which corresponded to weight reductions from baseline of
11.1 = 1.1 and 6.8 = 0.8 kg, respectively (percentage reductions:
143% = 1.4% and 8.3% = 1.0%, respectively) (Figure 2B).
Similar differences in weight loss were shown for the available
case analyses without and with multiple imputation [4.63 * 1.07
kg (P < 0.0001) and 4.59 = 1.12 kg (P < 0.0001), respectively]
(Figure 3). Waist circumference was reduced more in the
Menstralean group (2.8 * 1.6 cm) than in the control group
(P =0.08) (Figure 4). No adverse events were registered during
the study.

DISCUSSION

The Menstralean weight-loss program was designed to ac-
commodate changes in dietary preferences and energy expen-
diture during the menstrual cycle. The 3 analyses of efficacy all
indicated that the Menstralean group achieved an additional
weight loss of ~5 kg than was achieved with the traditional
weight-loss program (Figures 2B and 3). However, the dropout
rate was relatively high at 38% (11 of 30 subjects) in the
Menstralean group compared with 61% (18 of 30 subjects) in
the control group. We were not surprised that the dropout rate
was very high in the control group because it has been well
established that disappointment by being allocated to a control
group and achieving only a modest weight reduction result in
a higher attrition in control groups in weight-loss studies. The
insignificant weight loss seen in the ITT analysis (Figure 2A)
clearly showed that the success was entirely driven by the 62%
of the women who managed to complete the program. In short,
we showed a clear biological effect of the intervention under

TABLE 2
Baseline characteristics of all randomly assigned participants’

Control group Menstralean group

(n = 30) (n =30)
Age, y 295 £ 7.1 324 170
Body weight, kg 87.0 = 11.2 91.6 £ 17.3
Height, cm 167.3 = 5.1 167.1 = 6.7
BMI, kg/m? 312 + 43 328 =59
Waist circumference, cm 95.0 £ 134 972 £ 11.5

'All values are mean = SDs.
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FIGURE 4 Mean * SE waist circumferences for all patients in the
Menstralean group (solid line) and the control group (dotted line) until
dropout or study termination (available-case analysis). Waist circumference
was measured from n = total subjects (Menstralean group/control group)
at the 3 time points as follows: week 0, n = 58 (28/30); week 12, n = 34
(21/13); and week 24, n = 31 (19/12).

varying degrees of adherence, whereas the effectiveness in
general clinical practice may be much more limited.

In healthy, premenopausal women who are not taking hor-
monal contraceptives, both energy intake and food preferences
have been shown to change because of hormonal fluctuations
during the menstrual cycle (3, 5-7, 10, 14). The highest pref-
erence for sweetness is shown in the luteal phase, and in this
phase, ad libitum energy intake has been shown to be signifi-
cantly higher (=165 kcal more than in the follicular phase) (5,
6). Traditional weight-loss programs have generally specified
energy intake and the level of physical activity often as a re-
peating weekly schedule. The Menstralean program met the
natural increase in energy intake and changes in preferences by
allowing an increased dietary fat content and an extra 200 kcal/d
(as dark chocolate) in the luteal phase.

Diets that are high in protein have been proven to be more
satiating and have been shown to aid weight loss and weight-loss
maintenance (15-17). High-protein meals increase satiety and
fullness and reduce hunger and energy intake in subsequent
meals and in the next 24 h (15, 18, 19). The protein content of
the Menstralean diet was higher than that recommended by both
Danish and US public health authorities (20, 21). In the follic-
ular and luteal phases (phases 2 and 3), the Menstralean diet
included 30% of energy from protein. It is reasonable to assume
that the higher protein content in the Menstralean diet aided the
overall adherence to energy restriction through a higher satiating
effect as well as by preserving levels of energy expenditure
despite the dieting regimen (17, 22). To assess if the Menstra-
lean diet had an additional effect on weight loss than does
a constant high-protein diet, we could have included a third arm
in the study in which the proportion of protein was increased but
nonchanging through the menstrual phases. The combination of
a higher protein content, especially in the luteal phase, com-
bined with meeting the more frequent and intense cravings for
sweet foods by allowing dark chocolate may have increased
adherence to the diet and, thus, caused the additional weight loss
in the Menstralean group.

Limitations of the current study include a high dropout rate,
which was highest in the control group. Control subjects reported
the main reasons for dropout as “being dissatisfied with treatment”
and “personal.” Subjects were eager to try a new weight-loss
program and may have been less motivated when they were

randomly assigned to the control program because this program
resembled other programs that many had tried before with little
or no success. In the Menstralean group, the dropout rate was
lower, although it was still quite high for a 6-mo trial, and
suggested that the program may have been difficult to follow. It
is challenging to practice 3 alternating dietary and exercise
regimens throughout each menstrual cycle in normal daily life.

Another limitation of the study is the open-label design,
which is unavoidable in dietary intervention trials because they
cannot be conducted in a blinded fashion. This design might
have created a bias that affected the weight loss ratio. However,
the weight loss of 7 kg over 6 mo in the control group was
actually better than that generally shown with energy restriction
and exercise programs.

Subjects in the current study, and in the majority of previous
investigations on food and energy intakes during the menstrual
cycle, did not use hormonal contraceptives (3, 5-7, 10, 14). More
than 30% of the childbearing women in developed countries use
oral contraception. The evidence of the effect of oral contra-
ceptives on food intake has been contradictory.

The 3 phases of the Menstralean diet were designed to match
the mean length of the phases in the menstrual circle. A new
confirmatory study might benefit from the inclusion of a higher
personalized adaptation to the hormonal flux and menstrual
cycle by taking into consideration the high variation in the
cycle length between women. Such a study would have the
potential to accommodate dietary preferences and physical
exercise capabilities and, thereby, improve adherence, reduce
the dropout rate, and even further increase weight loss. In
addition, in a confirmatory study, the registration of a care
provider (i.e., clinical dietitian) would allow for adjustment
for any potential difference within groups that was caused by
differences in skills to enhance the women’s adherence to the
program.

In conclusion, to the best of our knowledge, this is the first
report of a study that has examined the impact of a differentiated
diet and exercise weight-loss program that was synchronized with
the menstrual cycle in a group of healthy, overweight, pre-
menopausal women. Our data provide suggestive evidence that
synchronizing dietary composition and exercise with the men-
strual cycle can have an additive effect to a traditional diet and
exercise program.
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