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Resting metabolic rate and thermic effects of a
sucrose-sweetened soft drink during the
menstrual cycle in young Chinese women

Edmund T.S. Li, Louisa B.Y. Tsang, and Susan S.H. Lui

Abstract: The resting metabolic rate (RMR) and thermic effects (TEF) of a sucrose-sweetened soft drink in a group
(n = 19) of ovulating young Chinese women were determined by indirect calorimetry in the midfollicular and midluteal
phases of the menstrual cycle. Urinary luteinizing hormone surge was used to confirm ovulation. The RMR was
measured twice in each phase and found to be similar (F(1,18) = 0.863) across the follicular (5018 kJ/24 h) and the
luteal (5098 kJ/24 h) phases. Within each phase and on separate days. subjects were given water (280 mL) or sucrose-
sweetened soft drink (539 kJ). Soft drink, but not water, consumption increased energy expenditure over a period of
45 min. Compared with the follicular phase, a small but significant increase in TEF (kJ/45 min) was observed in the
luteal phase (r = 2.434. p < 0.05). Energy expenditure after drinking the soft drink, however, was similar in the two
phases. RMR was positively correlated with TEF (r = 0.613, p < 0.01) and net TEF (r = 0.648, p < 0.005) in the
luteal but not the follicular phase. In ovulating women, the thermic effect of sucrose is influenced by the phase of the
menstrual cycle.
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Résumé : La taux métabolique au repos (TMR) et I'effet thermique (TEF) d'une boisson gazeuse sucrée avec du
saccharose ont été déterminés par calorimétrie indirecte, 2 mi-temps des phases lutéales et folliculaires du cycle
menstruel, chez un groupe (1 = 19) de jeunes femmes chinoises. L'afflux d"hormone lutéinisante urinaire a été utilisé
pour confirmer ’ovulation. Le TMR, mesuré deux fois au cours de chaque phase, s’est révélé similaire (F(1,18) =
0,863) dans les phases lutéale (5098 kJ/24 h) et folliculaire (5018 kJ/ 24 h). Durant chaque phase, lors de jours
distincts, les sujets ont bu de I'eau (280 mL) ou une boisson gazeuse sucrée avec du saccharose (539 kI). La
consommation de boisson gazeuse. mais non d’eau, a augmenté la dépense énergétique pendant une période de 45 min.
Une augmentation faible mais significative de le TEF de la nourriture (kJ/45 min) a €i1é observée dans la phase lutéale
(t = 2,434, p < 0,05) par comparaison a la phase folliculaire. Toutefois, aprés la consommation de boisson gazeuse. la
dépense énergétique a été similaire dans les deux phases. Le TMR a été corrélé positivement avec le TEF (r = 0.613,

p < 0,01) et le TEF net (r = 0,648, p < 0,005) dans la phase lutéale mais pas dans la phase folliculaire. Chez les
femmes ovulant. 'effet thermique du saccharose est influencé par la phase du cycle menstruel.

Mots clés : cycle menstruel, taux métabolique au repos, effet thermique de la nourriture, saccharose. femmes chinoises.

[ Traduit par la Rédaction]

introduction

Energy expenditure across the menstrual cycle has been
the subject of many investigations. Compared with the
follicular phase, higher total energy expenditures (Webb
1986) and sleeping metabolic rates (Bisdee et al. 1989;
Meijer et al. 1992) have been reported in the luteal phase:
data on the resting metabolic rate (RMR) are inconclusive.
Whereas Solomon et al. (1982), Das and Jana (1991),
Lariviere et al. (1994), and Melanson et al. (1996) found a
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higher basal metabolic rate in the luteal phase, this phe-
nomenon was not observed by Weststrate (1993), Piers et
al. (1995), and Tai et al. (1997).

Factors that influence RMR may also influence the thermic
effect (TEF) of food (also called diet-induced thermogenesis),
another component of daily energy expenditure. Although
Weststrate (1993) and Melanson et al. (1996) did not ob-
serve a menstrual cycle effect, Piers et al. (1995) reported a
higher TEF in the luteal phase and Tai et al. (1997) reported
a lower one in the luteal phase. In these earlier studies, test
meals with varying carbohydrate, protein, and fat contents
were used. Although the energy content of a meal is the ma-
jor determinant of TEF (Kinabo and Durnin 1990). studying
the effect of a single macronutrient, such as carbohydrate, is
still warranted because menstrual periodicity does impact
glucose metabolism (Jarrett and Graver 1968; Diamond et al.
1989) and the intake of energy (Lissner et al. 1988; Barr et al.
1995: Li et al. 1999), carbohydrate (Dalvit-McPhillips 1983;
Johnson et al. 1994; Li et al. 1999), and sugar-containing
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beverages (Fong and Kretsch 1993). In the present study the
RMR and thermic effect of carbohydrate, in the form of a
sucrose-sweetened soft drink, were examined in a group of
young women during the midfollicular and midluteal phase
of their menstrual cycle.

Methods

Subjects

Female university students of Chinese origin, 19--24 years old,
were recruited through advertisements on campus notice boards.
They did not use oral contraceptives and experienced regular men-
strual cycles with lengths between 21 and 35 days. They were in
good health with no history of eating disorders. None of them had
been clinically diagnosed with premenstrual syndrome. A total of
26 students were recruited and 19 completed the study. Five sub-
jects dropped out of the study bhecause of illness and time contlicts.
Two subjects did not complete the study because of anovulatory
menstrual cycles. Each subject was fully informed about the nature
and purpose of the study before giving written consent. The proto-
col was approved by the university ethics committee.

Experimental design

The midfollicular phase was designated as days 6 to 10 after
menses onset (confirmed by telephone with the researcher). The
midluteal phase was from days 6 to [0 after ovulation. which was
confirmed by self-administered urinary luteinizing hormone (LH)
surge tests (Clearplan, Unipath Ltd.). Ovulation was considered to
have occurred 1 day after the appearance of the LH surge. Accord-
ing to the manufacturer, this monoclonal antibody-based test kit is
more than 98% accurate in detecting the surge.

A repeated-measures design was used. All subjects were re-
quired to come to the laboratory four times, twice in each phase
within the designated time frame. Resting metabolic rate was mea-
sured on all four occasions. Within each phase, TEF after water
and soft drink was monitored on separate days. Half of the subjects
had their first set of measurements taken in the follicular phase and
half during the luteal phase. Thus, those subjects who started their
measurements in the follicular phase had all measurements com-
pleted in the same cycle. For those who started their measurements
in the luteal phase, data on the follicular phase were obtained from
the following menstrual cycle. All measurements were performed
in the morning after subjects fasted overnight for 10~12 h. Some
subjects stayed at the dormitory and arrived at the laboratory on
foot. To minimize variability in physical activity levels prior to the
measurements, commuting students were provided a taxi ride to
the main gate of the university on measurement days. Upon arrival,
they were asked to void and their body weights (dress without
shoes, to the nearest 0.1 kg) were taken using a digital balance
(Seca 707). Height was measured to the nearest 0.1 cm by a
stadiometer (Seca 220). Subjects were then instructed to lay supine
on an easy chair for at least 30 min and no more than 40 min. A
light blanket was placed on top of the body. Indirect calorimetry
was performed and with the use of a ventilated hood gaseous ex-
change was measured for 30 min. The RMR of that day was esti-
mated using the average energy expenditure of the last 10 min and
extrapolated to kilojoules per 24 hours. With the ventilated hood
still in place, subjects drank 280 mL of water (Watson’s' ", Watson
Industries Ltd., Hong Kong) or an equal volume of a sucrose-
sweetened soft drink (Sprite™. The Coca-Cola Company, Hong
Kong) through a straw within 3 min. Water and soft drink were as-
signed randomly between the two trial days within a phase. After
the drink, energy expenditure (post-drink energy expenditure
(PEE)) was monitored for an additional 45 min. Our preliminary
results indicated that increases in energy expenditure peaked at
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30 min post-drink. Accordingly, peak PEE was used to estimate
the thermic effect of the drink. The delta peak has been shown to
correlate significantly with diet-induced thermogenesis (over
345 min) (Dabbech et al. 1994).

Experimental drink

The carbohydrate load was delivered in the form of a sucrose-
sweetened soft drink. In a pilot test, most subjects selected Sprite™
over several non-caffeine-containing carbonated and non-
carbonated beverages as their choice of the experimental drink.
They also picked a volume (280 mL, 539 kJ) that is less than in a
standard aluminum can (355 mL). They felt that this volume did
not induce a strong urge to void within the measurement period.
The soft drink was degassed for 2 h prior to consumption.

Indirect calorimetry

Energy expenditure was measured by indirect calorimetry with
an open circuit, computerized, ventilated hood system
(SensorMedics 2900; SensorMedics Corp, Anaheim, Calif.). This
ventilated hood system has a transparent semi-ellipsoidal bubble
type canopy with an air inlet on top and an air outlet at the bottom.
The latter was connected to a dilution pump via a mixing chamber.
The total stream flow was measured by the flow meter. A small
sample of air (250 em’*/min) was taken from the mixing chamber
for minute to minute measurement of O, and CO, concentration.
Oxygen concentration was measured by a zirconium O, analyzer
and carbon dioxide concentration was analyzed by an infrared CO,
analyzer. The gas analyzers were calibrated with standard gases
(span | gases were 25.95% oxygen with the balance nitrogen; span
2 gases were 16% oxygen. 4.14% carbon dioxide, with the balance
nitrogen) (Hong Kong Oxygen Ltid.). Rates of oxygen consumption
(VoymL~"-min') and carbon dioxide production (Vco,smL~"-min™!)
at standard temperature. pressure, and dryness were calculated from
continuous measurernent of the O, and CO, concentrations in in-
spired and expired air by a built-in computer program.

Calculation of energy expenditure

During measurement periods. raw data were processed on a
minute to minute basis. Energy expenditure (kJ) was calculated us-
ing the equation of Weir (1949). RMR was expressed as kilojoules
per 24 h. The time at which subjects started to drink was 0 min. To
demonstrate a change in energy expenditure over time, energy ex-
penditure was expressed as PEE at nine time points. Each time
point represented the mean of the previous 5 min (kJ/min). Energy
expenditure after soft drink consumption (PEE,y) was the cumula-
tive energy expenditure (kJ) after consumption of Sprite with the
RMR extrapolated over a period of 45 min. TEF was calculated as
the (i) delta peak (kJ/min), i.e., the peak PEE after soft drink con-
sumption minus the RMR of that day; (/i) cumulative increase in
energy expenditure (kJ/45 min) above the RMR, i.e.. PEE minus
RMR; (iii) a percentage of the energy content of the soft drink. i.e.,
TEF (kJ/45 min) divided by 539 kJ times 100; and (iv) net TEF
(kJ/45 min), which was the net increase above the value obtained
after the ingestion of water, i.e.. TEF after soft drink consumption
minus TEF after water consumption.

Statistical analysis

Results are expressed as means + SD. Statistical analysis were per-
formed using SPSS for Windows (version 6.0, SPSS Inc.. Chicago).
For RMR comparisons. a two-way ANOVA with repeated measures
was used (two phases and two trials per phase). To demonstrate the
increase in energy expenditure after consumption of the soft drink
and a possible difference between cycle phases, a three-way
ANOVA with repeated measures was used to analyze the PEE and
TEF values (two phases, two types of drinks per phase, and nine
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Table 1. Subject characteristics.

Can. J. Physiol. Pharmacol. Vol. 77, 1999

Characteristic Mean + SD Range
Age (years) 21.3x1.2 19-24
Duration of menses (days) 5.6+0.7 4-6
Length of menstrual cycle (days) 31.1£1.9 27-34
Weight (kg) 49.0+£3.7 42.3-55.9
Height (cm) 159+4.7 151.5-169.5
BMI (kg/m*)? 19.5+1.5 17.8-24.2
Fat (%)” 22.4+3.5 16 to 29

Note: n = 19.

‘BMI, body mass index.

"Determined by bioelectrical impedance analysis (Spectrum Il Analyzer, RIL Systems) once in each phase.
Table 2. Resting metabolic rates grouped by menstrual cycle phase and trial sequence.

Follicular phase (kJ/24 h)

Luteal phase (kJ/24 h)

Trial 1 5010+432

5117+478
Trial 2 5026+415 5078+426
Within-subject CV 3.9% (0.5-8.6) 3.8% (0.2-10.2)
Note: Values are means + SD for n = 19. The results of the two-way ANOVA with repeated measures were as
follows: F(1,18) = 0.863, p = 0.367 for the phase effect, F(1,18) = 0.165, p = 0.693 for the trial effect, and
F(1.18) = 1.154, p = 0.297 for the phase x trial effect.

time points per drink). As well. phase comparisons based on cumu-
lative data were determined by paired ¢ tests. Statistical signifi-
cance was accepted at p < 0.05.

Results

The subjects’ physical characteristics are shown in Table 1.
Their body weight and body fat content remained stable over
the study period. Relative to the body weight at the
midfollicular phase (49.1 kg). mean change in the midluteal
phase was 0.0 = 0.7 kg with a range of +1.3 to -1.3 kg.

The two-way ANOVA with repeated measures indicated
that RMR in the midfollicular phase (mean of two trials was
5018 + 387 kJ/24 h) was similar to that in the midluteal
phase (5098 + 420 kJ/24 h). As shown in Table 2, there was
no indication that RMR measured in the second trial within
the same cycle phase differed from the first.

PEE values for the two cycle phases are shown in Fig. I.
The three-way ANOVA with repeated measures indicated
significant effects for drink (F(1,18) = 99.30. p < 0.0001)
and time (F(8,144) = 10.51, p < 0.001) but not for phase
(F(1,18) = 3.70, p = 0.071). PEE; during the 45 min after
the soft drink consumption was similar between the two cy-
cle phases (Table 3).

The temporal changes in TEF after soft drink consump-
tion and water consumption are shown in Fig. 2. The three-
way ANOVA with repeated measures indicated significant
effects of phase (F(1,18) = 160.31, p = 0.001), drink
(F(1,18) = 5.04, p = 0.05). and time (F(8,144) = 10.18, p =
0.001). TEF after soft drink consumption peaked between 25
and 35 min. Peak TEF (kJ/min) and the cumulative effect
(kJ/45 min) after soft drink consumption in the luteal phase
were higher than that in the follicular phase (r = 3.59, p <
0.005 and r = 2.434, p < (.05, respectively) (Table 3). Net
TEF (soft drink minus water). however, was not different be-
tween the two phases (r = 1.211).

A relationship between thermogenesis and RMR is estab-
lished in the luteal, but not the follicular phase. The correla-
tion coefficient (r) for TEF and RMR in the luteal phase and
follicular phase was 0.613 (p < 0.01) and 0.378, respec-
tively. The plot of net TEF against RMR is shown in Fig. 3.

Discussion

This study demonstrated that ovulating women have simi-
lar resting metabolic rates in the midfollicular and midluteal
phases of the menstrual cycle. In these subjects, thermic ef-
fect of food was easily detected after the consumption of a
sucrose-sweetened soft drink. A small but significant in-
crease in TEF was detected in the luteal phase.

The study of menstrual periodicity and energy expenditure
has spanned more than three-quarters of a century (Wiltshire
1921; Wakeham 1923) and continues to generate controver-
sial results. A higher RMR in the luteal phase, compared
with the follicular phase, has been demonstrated by several
research groups. The magnitude of difference, however, is
highly variable. ranging from a mere 80 kJ/24 h (Melanson
et al. 1996) to as much as 1500 kJ/24 h (Solomon et al.
1982). In the latter study, subjects were confined to a meta-
bolic ward for a prolonged period with their diet precisely
controlled. While this approach allows rigorous measures in
the experimental condition, the opportunity for individuals
to self-regulate energy balances via changes in food intake
and (or) activity level was curbed. In contrast, subjects in
the present study were free-living and on a self-selected diet.
Under these experimental conditions, RMR did not difter in
the follicular and luteal phases. This result is in keeping with
those studies using a similar experimental design (Weststrate
1989; Piers et al. 1995; Diffey et al. 1997). Recently, Tai et al.
(1997) also reported a stable RMR at four different times in
the menstrual cycle.

The resting metabolic rate of our subjects averaged (four
measurements) 5058 kJ/day. This value is consistent with
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Fig. 1. Post-drink energy expenditure (PEE) after soft drink (H)
or water () consumption in the follicular (top panel) and luteal
(bottom panel) phases of the menstrual cycle. Subjects started to
drink at 0 min and finished at 3 min. Changes in energy
expenditure over time were expressed at nine time points. Each
time point represented the mean of the previous 5 min. Values
are means = SD for n = 19.
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Fig. 2. Time course of the thermic effect of drinking a sucrose-
sweetened soft drink (M) or water (®) in the follicular

(top panel) and luteal (bottom panel) phases of the menstrual
cycle. Changes in TEF over time were expressed at nine time
points. Each time point represented the mean of the previous

5 min. Values are means = SD for n = 19.
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Table 3. Post-drink energy expenditure in the follicular and luteal phases.

Energy expenditure Follicular Luteal
PEE,, (kJ/45 min) 176.5+16.3 182.5+19.0
PEE e (KJ/45 min) 158.5£16.6 163.6+15.2
TEF
(delta peak, kJ/min) 0.60+0.17 0.74£0.20¢
(kJ/45 min) 19.5+7.6 23.9+7.9°
(% of soft drink energy) 3.6+1.4 4.4+1.5%
(Net TEF, kJ/45 min) 17.5£9.4 20.3+7.4

Note: Values are means = SD for n = 19.

“Significantly different from that of follicular phase, p < 0.05 using a paired r-test.

the 5089 kJ/day predicted by the WHO equation (1985) for
women 18-30 years old. When metabolic rate was estimated
using the predictive equation of Liu et al. (1995) for Chinese
women. a mean difference of 71 kJ/day was obtained be-
tween our measured values and the predicted values. These
measured and predicted values, however, are 7-10% less
than those predicted by the popular Harris—Benedict equa-
tion (1919), which has been found to overestimate metabolic
rate (Daly et al. 1985). In the present study, intraindividual
variation (CV) of RMR measurements within a particular
cycle phase was slightly less than 4% (Table 2). However,
the overall CV increased to 5.1% when the RMR of both cy-
cle phases were pooled. The data suggest that fluctuations in
RMR are slightly bigger across cycle phases. Our observed
CV values are in general agreement with those reported by

others, which ranged from 3.8% (Tai et al. 1997) to 7.6%
(Piers et al. 1995). A gender difference is clear. Much
smaller variations (CV <2%) were observed in men (Soares
et al. 1989; Dabbech et al. 1994). Consistent with previous
reports (Weststrate 1993; Chiplonkar et al. 1992; Piers et al.
1995; Diffey et al. 1997), the intraindividual CV of the
RMR was much less than that of interindividual CV (8.4%).
The large interindividual variation is attributed to differ-
ences in body mass and hormonal influences (Durnin 1996).
Phytoestrogens in soy products (Lien and Lien 1996) of a
typical Chinese diet might play a role as these compounds
have estrogenic or anti-estrogenic activity.

Although the energy content of the soft drink is only mod-
est (538 kJ), a clear-cut TEF was observed in both cycle
phases. On a per minute basis, mean TEF (0.48 kJ/min) is
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Fig. 3. The correlation between RMR and net TEF in the
follicular (top panel) and luteal (bottom panel) phases of the
menstrual cycle.
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similar to that reported by Piers et al. (1995) but is much
lower than that reported by Tai et al. (1997). Since the latter
studies used mixed meals, a direct comparison might not be
appropriate. Also of interest is that Swaminathan et al. (1985)
reported a mean value of 0.523 kJ/min during the period
30-120 min after the consumption of glucose (1.67 MJ).
The slightly larger value might be related to the higher en-
ergy content of the test meal and the fact that 27% of their
subjects were men.

In most earlier studies, follicular data were collected first,
tollowed by luteal data in a sequential manner. To avoid pos-
sible systematic error such as training effect (Soares et al.
1989; Piers et al. 1992), our subjects’ first measurements
were randomized between the two cycle phases. Thus, in
nine subjects the phase comparisons were based on between-
cycle data. Nevertheless, analyses of RMR and TEF were not
influenced by values derived from within-cycle or between-
cycle data (data not shown). We acknowledged that the TEF
study would benefit from repeated measurements and a lon-
ger duration. When designing the experiment, we considered
the advantages of replicating the effect of the sucrose drink
within each cycle phase (Weststrate 1993). If this design had
been followed, we would not have been able to monitor en-

Can. J. Physiol. Pharmacol. Vol. 77, 1999

ergy expenditure after water consumption (so that net TEF
could be estimated) because most of the subjects declined to
attend more than iwo measurements per cycle phase. Thus,
we aimed to compensate for this weakness by having a large
sample size (the majority of similar studies had less than 10
subjects). It is well known that TEF might last for more than
6 h (Reed and Hill 1996). We elected to use a rather short
assessment period because the energy content of the drink is
much lower than that of the commonly used mixed meals
and the delta peak approach was used to estimate TEF
(Dabbech et al. 1994). Using this strategy, the thermic effect
was easily detected (Fig. 2). Because the duration was short,
the measured TEF only represented 4% of the energy con-
tent of the soft drink (Table 3). This value is lower than the
5.2 and 7.3% values reported by Tai et al. (1997) and Piers
et al. (1995), respectively.

Only a few studies have examined the impact of men-
strual periodicity on TEF and the results are mixed. Whereas
Weststrate (1993) and Melanson et al. (1996) reported no
cycle phase effect. Piers et al. (1995) reported increased TEF
in the luteal phase, and Tai et al. (1997) reported decreased
TEF. The discrepancies were rationalized on the basis of
methodological differences, including experimental design,
sample size, meal composition, duration of measurement,
and variability in thermic responses. To eliminate one of the
many confounding factors, we elected to use a sucrose-
sweetened soft drink instead of a mixed meal. A menstrual
cycle phase effect on TEF was revealed. That is, the TEF or
delta peak after soft drink consumption increased by 23% in
the lateal phase. This magnitude is comparable with the
18.5% reported by Piers et al. (1995). In the latter study, in-
termittent TEF was monitored for a duration of 5 h after the
ingestion of a mixed meal. Based on these data, it could be
argued that a TEF difference of up to 100 kJ/day might oc-
cur and could contribute to the daily difference in total en-
ergy expenditure between the two phases (Webb 1986).
Because we also monitored energy expenditure after water
consumption, we were able to estimate the net metabolic im-
pact of the soft drink (net TEF). Thus, thermogenesis attrib-
utable to the energy content of sucrose alone was not
affected by the phase of the menstrual cycle (Table 3).

This study also provides evidence to support an effect of
the menstrual cycle on energy metabolism. Further analyses
of the present data revealed a positive correlation between
the RMR and TEF in the luteal but not the follicular phase.
The cycle phase difference was even more apparent when
RMR was correlated with net TEF (Fig. 3). These results sug-
gest that the internal milieu during the luteal phase allows
mechanism(s) influencing metabolic rate and thermogenesis
to work in some coordinated manner. The relative impor-
tance of various physiological factors in defining the internal
milieu deserves further investigation.

As mentioned earlier, there has been no systematic study
on the thermic effect of individual macronutrients as a func-
tion of menstrual cycle phase. This has led to difficulties in
explaining the varying results obtained from those studies
using mixed meals. Data derived from the present study sug-
gest that when energy is derived from carbohydrate only,
TEF is higher in the luteal phase than in the follicular phase.
Accordingly, it would be useful to determine whether the
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phase effect is macronutrient specific. The mechanism(s) for
this cycle phase effect remains elusive. Earlier studies had
attempted to rationalize the difference on the basis of
glucose utilization (Diamond et al. 1989; Jarrett and Graver
1968), insulin sensitivity (Astrup et al. 1992), gastric empty-
ing rate (Wald et al. 1981). and sympathetic tone (Piers et al.
1995). Simultaneous monitoring of one or more of these pa-
rameters and metabolic rate in future studies should help
clarify the physiological basis of TEF in different phases of
the menstrual cycle.

In conclusion, similar RMR was obtained during the mid
phases of the menstrual cycle in ovulating women. In com-
parison with that in the follicuiar phase, TEF after soft drink
consumption was higher in the luteal phase. In the luteal
phase, TEF also correlated positively with RMR. The bio-
logical implications of a differential TEF after carbohydrate
consumption in the luteal and follicular phases remain to be
determined. Because the consumption of carbohydrate and
fat is higher in the luteal phase (Li et al. 1999), further stud-
ies on menstrual cycle, TEF, und feeding behavior are war-
ranted.
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