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Abstract
Background Energy balance in the era of obesity, contributes to challenges in healthy weight
maintenance. The study aims to determine the changes in energy intake and expenditure from the first to
the third trimester of pregnancy in women from the Tlokwe Municipal area.
Methods We followed a longitudinal observational design to measure healthy pregnant women in the first
(9–12 weeks), second (20–22 weeks) and third trimester (28–32 weeks). A valitdated, semi-quantitative
food frequency questionnaire determined energy and macronutrient intakes. Energy expenditure (EE) was
calculated from resting energy expenditure, as measured by indirect calorimetry (FitMate®), whereas
activity energy expenditure was measured by combining heart rate and accelerometry (ActiHeart®).
Energy balance was calculated as the difference between energy expenditure and energy intake. A mixedmodel analysis was performed to determine significant differences between energy expenditure and
intake during pregnancy.
Results Energy intake increased from the first (8841 ± 3456 kJ/day) to the second trimester (9134 ± 3046
kJ/day) and declined in the third trimester of pregnancy (8171 ± 3017 kJ/day). A negative energy
balance was found during the first (-1374 ± 4548 kJ/day) and third trimesters (-1331 ± 3734 kJ/day),
whereas a minor positive energy balance was observed in the second trimester (380 ± 14212 kJ/day).
Resting energy expenditure showed significant differences between the second and third, as well as the
first and third trimesters. Changes in activity energy expenditure throughout pregnancy showed practical
significance between the first and third trimesters.
Conclusions Energy intake and expenditure during pregnancy did not differ. The additional energy
expenditure in the third trimester could be attributed to resting energy expenditure and a decrease in
activity energy expenditure.

Background
Energy requirements during pregnancy is the energy intake from food that balances energy expenditure
when the woman has a body composition and physical activity level consistent with good health [1, 2].
The primary energy requirements of pregnancy provide a mean for adequate maternal weight gain to
ensure growth of the fetus, placenta and associated maternal tissues [2, 3]. Secondary energy
requirements must allow for increased metabolic demands in addition to the energy necessary to
maintain adequate maternal weight, body composition and physical activity throughout gestation, as well
as providing energy stores to assist in lactation after delivery [2, 3]. The additional energy required for
pregnancy is estimated to be negligible during the first trimester, 1646 kJ/day in the second trimester and
2092 kJ/day in the third trimester [4]. By balancing energy intake with energy requirements for fetal
growth and activity, energy balance will be reached where energy intake equals energy expenditure [2].
Energy balance during pregnancy can be achieved by various methods, including decreasing resting
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energy expenditure, mobilizing maternal fat stores, decreasing physical activity or increasing energy
intake by increasing food intake [3, 5–8].
From a systematic review, it was found that energy intake during pregnancy in developing countries was
8971 ± 1034 kJ/day, with the authors reporting a significantly higher energy intake in the third trimester
compared to the first trimester [3]. However, in another study, it was found that healthy pregnancies can
be achieved without significant increases in energy intake [9]. Women eat significantly more than is
required to meet the energy requirements for a healthy pregnancy and therefore gain, on average, excess
weight of more than 12 kg [10]. Excessive energy intake that contributes to excessive weight gain may
increase the risk of developing pregnancy-induced hypertension [11] and increase the risk of caesarean
birth, macrosomia [12], postpartum weight retention and gestational diabetes [13]. Therefore, the belief
that increasing dietary energy intake will lead to an improved pregnancy outcome has no evidence-base
[3, 14]. Energy intake guidelines should, therefore, be individually adjusted to meet variations in basal
metabolic rate, body composition before and during pregnancy, gestational weight gain and physical
activity [15].
In conjunction with energy intake, maternal macronutrients (carbohydrates, lipids, and protein) influence
fetal growth (3,16,17)]. The recommended percentage energy distributions of macronutrients during
pregnancy are similar to those for healthy women, with the assumption that dietary energy intake is
sufficient to maintain current body weight [3, 18]. In addition, dietary intakes of pregnant women do not
align with country-specific energy and macronutrient recommendations [3]. More specifically, total fat and
saturated fat intake were generally higher than the recommended guidelines, while carbohydrates and
poly-unsaturated fatty acid intake were lower than recommended [3].
During pregnancy, total energy expenditure increases due to the energy required for fetal growth,
development of the placenta and various maternal tissues, as well as changes in maternal metabolism
and the increase of energy expended during movement and activities of daily living resulting from weight
gain (1,2,9,19)]. Total energy expenditure consists of basal metabolic rate, dietary-induced thermogenesis
and energy expended during daily living activities and physical activity [2].
Basal metabolic rate—the primary component (60%) of total energy expenditure—refers to the lowest level
of energy expended at rest [20]. Basal metabolic rate tends to increase during pregnancy due to increased
tissue mass and thus increased energy cost for maintenance [1, 9, 21]. Increases in both total energy
expenditure and resting energy expenditure are more pronounced in the second and third trimesters [1,
21]. According to Butte & King [1], on average, there is an increase of basal metabolic rate of 4.5% for the
first, 10.8% for the second and 24.0% for the third trimesters, respectively.
Diet-induced thermogenesis is the energy required to digest and assimilate food and is considered to be
small—about 5–10% of total energy expenditure [8]. However, little scope exists for energy savings
concerning diet-induced thermogenesis during pregnancy, but there is considerable scope for adaptations
in basal metabolism [22].
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Any changes that occur in physical activity levels during pregnancy will have important implications for
maternal energy requirements [23]. Energy expended during physical activity or activity energy
expenditure refers to any energy expended above resting level, due to bodily movement [24]. Activity
energy expenditure contributes to about 25–30% of total energy expenditure [25] in a developed world
context. Energy expended during physical activity tends to decline during pregnancy due to decreases in
habitual physical activity [1, 26–28], which are likely due to minor discomforts such as leg cramps,
swelling, fatigue, shortness of breath, difficulties in movement due to weight gain and perceptions that
physical activity might pose risks for the fetus [29, 30]. Physical activity may be reduced during
pregnancy by selecting less demanding activities or decreasing the pace of activities [19].
Broad variations in energy requirements during pregnancy exist between well-nourished women in
developed countries compared to women from low-income, developing societies, where the availability of
nutritious foods is limited [1, 2, 6, 13]. Special consideration should be given to the women with low and
high Body Mass Index (BMI) as energy adaptations or responses to pregnancy may not reflect optimal
nutritional conditions [4].
Underweight (BMI < 18.8 kg/m2) Gambian women living under constraints of limited food supply and
obligatory intense physical activity reduced their resting energy expenditure to allow the delivery of a
viable infant who may or may not be small for gestational age, depending on the severity of the energy
imbalance [5]. Normal-weight women in developing countries with unlimited food availability tend to
conserve energy by reducing physical activity [5, 28]. However, this is not always the case, since hormonal
changes facilitate fat deposition and due to non-restrictive energy supply, these women tend to gain
additional fat stores [5]. With regards to overweight women (BMI > 25 kg/m2) in developed countries with
free access to food, ample energy reserves are present at conception to protect fetal growth. Therefore,
there is no need to accumulate fat [5, 19].
The possibility to offset the potential for further increases in energy storing, basal metabolic rate
increases in overweight and obese women [5, 31]. However, if excessive energy storage occurs, despite
increases in basal metabolic rate, the excessive weight gain can be detrimental for both mother and
infant [5, 17]. Promoting methods to increase energy expenditure in overweight, pregnant women can be
extremely valuable to promote energy balance and a good pregnancy outcome by reducing excessive
weight gain [17, 32].
In South Africa, the prevalence of obesity, especially among women, has increased due to urbanization,
increased wealth, increased dietary intake and decreased physical activity [33]. Furthermore, cultural
factors shape South African (SA) women’s eating habits, such as overeating at social gatherings where
food is abundant, associating particular foods with social status, being more accepting of being
overweight and relating thinness with illness and HIV/AIDS [34]. It was found SA black women living in
an urban towns in South Africa to have a diverse eating pattern, which leads to the consumption of an
energy-dense diet that is high in proteins and fat [35]. Another study from non-pregnant SA women found
total energy expenditure to be lower in black than white women, due to the lower measured activity energy
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expenditure and smaller fat-free mass in black women [36]. Preventing excessive weight gain and treating
obesity in young black women by propagating a healthy lifestyle [37] is essential during the reproductive
period.
Energy requirements during pregnancy should be derived based on healthy populations with favorable
outcomes [1, 4]. As stated by Löf [19], if the energy expended on physical activity is unknown, pregnant
women may be encouraged to increase their energy intake above the required levels, potentially leading to
an increased risk of excessive weight gain. Both sides of the energy balance equation—energy intake and
expenditure—should be accounted for in relation to gestational weight gain and birth weight [3,38].
Therefore, this paper aims to determine the changes that occur in energy intake and expenditure from the
first to the third trimester of pregnancy in women from the Tlokwe Municipal area of South Africa. It was
hypothesized that both energy intake and energy expenditure would increase significantly from the first to
the third trimester of pregnancy in women from the Tlokwe Municipal area of South Africa.
Benefits of the study include objective measurements of energy expenditure in combination with energy
intake, which would lead to a more accurate determination of energy balance. If energy imbalances occur,
corrective measurements can be taken by means of nutritional and physical activity guidelines during
pregnancy.

Methods
Research design
A longitudinal observational cohort study design was followed within the longitudinal Habitual Activity
Patterns during PregnancY (HAPPY)-study. The study aimed to determine the longitudinal changes in
energy intake and energy expenditure from the first to the third trimester of pregnancy. Women were
measured in their first (9–14 weeks), second (20–22 weeks) and third trimesters (28–32 weeks) of
pregnancy. These measurements were purposefully aligned to the recommended sonar measurements
that are routinely performed by gynecologists. The setting for the study was in the Tlokwe Municipality of
the North-West Province, South Africa.

Participants
The study recruited 41 pregnant women. Participants were recruited using advertisements placed in the
local press and the consulting rooms of local gynecologists and clinics in the Tlokwe Municipality of
Potchefstroom, North West Province, South Africa. Based on the following criteria, participants were
included in the study: healthy pregnant women from any ethnic background, over 18 years of age and in
their first trimester of pregnancy (9–14 weeks of gestation). Participants were excluded from the survey if
they were mentally disabled or had physical limitations. A health screen was performed about risk factors
for physical activity during pregnancy and for cardiovascular disease to determine whether participants
were included or excluded in the study, as indicated by the American College of Sports Medicine (39). The
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participants who indicated interest in the study were asked to give their informed consent to participate in
the study by signing an informed consent form. Ethical approval, complying with the Declaration of
Helsinki, was obtained from the Ethics Committee of the North-West University (NWU–00044–10-A1).

Demographic and pregnancy-related information
During the first measurement, a demographic questionnaire was used to obtain information about the
participants’ ethnicity and age. This questionnaire was compiled specifically for the current study.
Additional questions to the questionnaire about pregnancy-related data were collected, which included
the following: recall pre-pregnancy weight (kg), weeks of pregnancy, type of pregnancy (single, twin or
triplets), expected date of birth and the number of previous pregnancies.

Energy intake measurements
At every measurement point, each participant’s dietary intake was measured using a semi-quantitative
food frequency questionnaire, which determined the nutrient intake of the participant in every trimester
[40]. The data was analyzed using the Food-Finder 4 program (Medical Research Council, Tygerberg,
South Africa). Energy intake (kJ/day), as well as carbohydrate, lipid and protein intake (g/day), was
calculated.

Energy expenditure measurements
Total energy expenditure was calculated as the sum of resting energy expenditure, diet-induced
thermogenesis and activity energy expenditure.

Resting energy expenditure
Resting energy expenditure was determined by employing indirect calorimetry with the FitMateTM
(Cosmed, Italy). The FitMateTM is a metabolic analyzer designed for the measurement of oxygen
consumption and energy expenditure during rest and exercise [41]. The FitMateTM gives accurate and
reproducible oxygen consumption and resting energy expenditure measurements for female adults (r =
0.97, p = 0.066) [41]. With the FitMate analyzer, ventilation is measured by a turbine flow meter, while
analyses of the fraction of oxygen in expired gases are measured through a galvanic fuel cell oxygen
sensor [41]. The FitMateTM uses standard metabolic formulas to calculate oxygen consumption
(measured in ml/min), while energy expenditure (measured in kJ/day) is calculated using a fixed
respiratory quotient of 0.85 [41].
Participants were requested not to perform any exercises during the 24 hours preceding the resting energy
expenditure measurement. They were also requested to be fasting for at least 10 hours before the lastPage 6/20

mentioned measurement. The FitMateTM was calibrated before each participant was subjected to the
measurement. During the test, participants were requested to remain awake for the entire testing period
while they breathed through an anti-bacterial filter for 15 minutes after a 10-minute resting period. During
that time, the fraction of oxygen in expired gases was quantified to determine resting energy expenditure.
The first minute of the measurement was discarded as it was considered as the stabilization period for
breathing. Resting energy expenditure was then divided by weight and presented in kJ/kg body weight.

Activity energy expenditure
Activity energy expenditure was determined using an objective assessment based on combined
accelerometry (movement counts) and heart rate response (ActiHeart®, CamNtech Ltd., Cambridge, UK).
The device is a waterproof, self-contained logging device that allows physical activity to be measured
synchronously with the heart rate [42]. The ActiHeart® reports simulated heart rate within a beat per
minute and above 30 beats per minute, which is comparable to heart rate monitors [42, 43]. The device is
worn on the chest and consists of two electrodes (connected by a short lead) that clip onto two standard
electrocardiograph (ECG) pads. The reliability and validity of the device to measure physical activity were
scientifically validated (p = 0.9) in healthy pregnant women in Switzerland [44].
At every measurement interval in the study, activity energy expenditure was measured for a period of
seven days. The following parameters were extracted from the data: activity energy expenditure, dietinduced thermogenesis and total energy expenditure. The activity energy expenditure, diet-induced
thermogenesis and total energy expenditure measurements were all expressed in kJ/kg/day.
For the ActiHeart® to calculate the most accurate activity energy expenditure, resting energy expenditure
was determined and an eight-minute calibration step test with a ramp protocol on a step box (21.5 cm in
height) was conducted. The resting energy expenditure measurement and the step test were administered
at every measurement interval. This individual calibration step test develops a heart rate and a VO2
regression line specifically for pregnant women and takes into account the physiological changes that
the women experience during pregnancy [44].
Before the measurements, the ECG pads were placed on the chest to form an arc across the heart. Fifteen
minutes was given to determine a good signal, ensuring an accurate measurement of the heart rate for
the following seven consecutive days. When a sound signal was established, the eight-minute calibration
step test with the ActiHeart® for activity energy expenditure calculation was done. Participants were able
to stop at any time during the step test if they experienced any discomfort or fatigue. Two minutes of
quiet sitting was required after the step test to determine the participants’ recovery heart rates.
As soon as the step test information was downloaded using the accompanying software, the ActiHeart®
was set to “Advanced Energy Expenditure” mode. Participants wore the device for seven consecutive
days. The ActiHeart® was programmed to measure energy expenditure using 30-second epochs (counts
per minute). The women were advised to take the monitor off when they were bathing or showering and
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to put it on again immediately afterward. The device was removed after seven days and the data
captured was downloaded using the accompanying software (Version 2.132, Cambridge
Neurotechnology Ltd., Cambridge, UK). Subjects were encouraged to wear the ActiHeart® for seven days.
If the subjects did not adhere to this recommendation, the data was trimmed and only the days on which
measurements were taken were included. For accurate results, participants should have worn the
ActiHeart® for at least four days, of which one of the days should have been a day over a weekend [45].

Diet-induced thermogenesis
Diet-induced thermogenesis was estimated by the ActiHeart® device, which is factored in as a constant
of 10% of the total energy expenditure [45].

Energy balance
In the study, energy balance was determined by applying the following equation:

Gestational weight gain
Gestational weight gain, measured by an electronic Scale (Beurer, Germany), was computed for each
trimester by subtracting the measured weight of the previous trimester from the weight measured in the
specific trimester. Gestational weight gain (kg) in the first trimester was calculated by subtracting selfreported pre-pregnancy weight from the measured weight in the first trimester.

Statistical analysis of data
Statistical analyses were performed with the SPSS software package, SPSS version 25 (IBM Corp, NY).
The descriptive statistics of the baseline characteristics were determined, while reporting means and
standard deviations. Descriptive statistics were also performed on energy intake and energy expenditure
variables. Body Mass Index (BMI) was categorized according to underweight, normal, overweight and
obese classifications according to the ACSM’s scale [24].
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Changes within energy intake and expenditure throughout pregnancy were analyzed using mixed-model
analysis, a Bonferroni post-hoc test and an unstructured covariance structure. The dependent variables,
energy intake (kJ) and energy expenditure (kJ) from first to third trimester of pregnancy were included in
the analysis. For it to be statistically significant, the change between energy intake and energy
expenditure from pre-pregnancy to three months postpartum was determined by setting the p-value lower
than 0.05. For practical significance (Cohen’s d), 0.2 can be considered as a ‘small’ effect size, 0.5
representing a ‘medium’ effect size and 0.8 a ‘large’ effect size.

Results
The demographic information of the participants is presented in Table 1. The average age of the
participants was approximately 28 (± 5) years. There was an equal distribution in the ethnicity of the
participants between the groupings in South Africa. Gestational weight equated 3.23 ± 3.61 kg in the first
trimester, 5.18 ± 5.37 kg in the second trimester and 4.90 ± 3.10 kg in the third trimester.

Table 1: Demographic and anthropometric information of pregnant
women in their first trimester as well as pregnancy-related
information
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N

Mean

SD

72
72
41

28
63
25.48

5
13
5.10

12

13.50

5.59

2

5

20
19

49
46

White
Black
Mixed race
Number of previous pregnancies (%)
0

29
23
20

40
32
28

29

40

1
2
3
Type of pregnancy (%)
Single

29
12
2

40
17
3

46

98

1

2

Age (years)
Pre-pregnancy weight (kg)
BMI (kg/m2)
Total weight gain over pregnancy (kg)*
Underweight / Normal / Overweight and Obese (%)**
Underweight (BMI < 18.5 kg/m2)
Normal (BMI = 18.5–24.9)
Overweight and Obese (BMI ≥ 25.0)
Ethnicity (%)

Twin

N = sample size, SD = Standard deviation, kg = kilogram, BMI = Body Mass Index,
kg/m2 = kilogram per meter squared, % = percentage,
* Calculated as weight (3rd trimester) - pre-pregnancy weight (self-reported)
** Categorized according to ACSM (2018)
Energy intake and expenditure variables are presented in Table 2. Energy intake throughout pregnancy did
not differ significantly. There was a small increase in energy intake from the first trimester (8841 ± 3456
kJ/day) to the second trimester (9134 ± 3046 kJ/day), whereas energy intake declined in the third
trimester of pregnancy (8171 ± 3017 kJ/day). Macronutrient intake is also presented in Table 2.
Carbohydrate intake was calculated as 256.4 ± 99.9 g/day, 264.7 ± 86.2 g/day and 244.5 ± 137.7 g/day
in the first, second and third trimesters of pregnancy, respectively. Similar to energy intake and
carbohydrate intake, lipid intake increased from the first trimester (71.5 ± 33.0 g/day) to the second
trimester (77.9 ± 34.6 g/day) and declined in the third trimester (67.6 ± 24.0 g/day). Protein intake
decreased throughout pregnancy, from 81.7 ± 44.1 g/day in the first trimester, 79.2 ± 32.8 g/day in the
second trimester and 67.7 ± 20.8 g/day in the third trimester.

Table 2: Energy intake, energy expenditure and gestational weight
gain of pregnant women in each trimester
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Variable

1st trimester

2nd trimester

3rd trimester

Mixed-model analysis

Mean

SD

Mean

SD

Mean

SD

F-value

p

Energy intake (kJ/day)

8841

3456

9134

3046

8171

8171

0.420

0.661

Carbohydrate intake (g/day)

256.4

99.9

264.7

86.2

244.5

137.7

0.173

0.8452

Lipid intake (g/day)

71.5

33.0

77.9

34.6

67.6

24.0

0.684

0.512

Protein intake (g/day)

81.7

44.1

79.2

32.8

67.7

20.8

0.607

0.552

10234

2314

9523

2732

9535

2326

0.184

0.314

Resting energy expenditure (kJ/day)

5552

1259

5502

1456

6012

1845

2.829

0.066

Activity energy expenditure (kJ/day)

3519

1967

2941

1958

2423

1573

2.360

0.104

Diet-induced thermogenesis (kJ/day)

1059

234

1021

285

987

193

0.928

0.402

1.665

0.205

Energy expenditure (kJ/day)

Energy balance (kJ/day)

-1377

4548

381

4213

-1331

3732

Gestational weight gain (kg)

3.23

3.61

5.18

5.37

4.90

3.10

SD = Standard deviation, F = F statistic, p = statistical significance, kJ/day = kilojoule per day, g/day = gram per day, kg =
kilogram.

Results from the mixed-model analysis are presented in Table 2. No statistically significant changes were
observed in any of the variables. However, a medium practical significant difference (effect size of
Cohen’s d) was observed in the change of resting energy expenditure from the first to the third trimester (d
= 0.44) and the second to the third trimester (d = 0.45). A medium practical significant (effect size of
Cohen’s d) difference was observed in the change of activity energy expenditure from the first to the third
trimesters (d = 0.47).
Changes in energy expenditure according to BMI classifications per trimester of pregnancy are presented
as a graph in Figure 1. It was found that overweight women’s total energy expenditure exceeded that of
normal-weight women in all three trimesters. Resting energy expenditure increased from the first trimester
(6116 kJ/day) to the third trimester (7669 kJ/day) in overweight women, while normal-weight women’s
resting energy expenditure decreased slightly from the first trimester (5019 kJ/day) to the second
trimester (4991 kJ/day), while increasing in the third trimester (6779 kJ/day). Activity energy expenditure
decreased considerably in overweight women from the first trimester (3929 kJ/day) to the third trimester
(2056 kJ/day), while normal-weight women’s activity energy expenditure increased from the first trimester
(2965 kJ/day) to the second trimester (3362 kJ/day). Thereafter, it decreased to the third trimester (2056
kJ/day).

Figure 1: Change in energy expenditure from the first to the third
trimester of pregnancy categorized in normal and overweight
pregnant women
The energy balance during the first (–1375 ± 4548 kJ/day) and the third trimester (–1331 ± 3734 kJ/day)
were negative, while a minor positive energy balance was observed in the second trimester (380 ± 4212
kJ/day).
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Discussion
The aim was to determine the longitudinal changes that occur in energy intake and expenditure
throughout a pregnancy. As a characteristic of pregnant women, high variability is seen in energy intake
and energy expenditure, and thus, in pregnant women’s energy costs [4]. As such, recommendations in
terms of energy intake and habitual physical activity patterns should be population-specific and
determined by socio-economic and cultural factors that are specific to the population [4]. The subjects in
the current study were representative of the South African population in terms of ethnicity.

Energy intake
In this study, no significant changes were observed relating to energy intake throughout pregnancy.
Similarly, other studies reported non-significant increases in energy intake [1, 3, 46]. As per this study, the
participants presented with a negative energy balance in the first and third trimesters of their pregnancies,
which corresponds with previous studies [3, 46]. In spite of the negative energy balance, an increase in
weight was still observed. The findings are similar to that reported by a systematic review that found that
both women from developed and developing countries appear to only consume a quarter of the
theoretical requirement for additional energy, despite uniquely rapid weight gain [3].

Macronutrient intake
No statistically significant changes in macronutrient intake per trimester of pregnancy were observed in
this study. However, in a systematic review of developed countries, it was found that macronutrient intake
to increase during each trimester of pregnancy [47]. In contrast, carbohydrate intake increased from the
first to the second trimester even though a decrease was found from the second to the third trimester of
pregnancy in this cohort. Similar to carbohydrate intake, this cohort’s lipid intake increased from the first
to the second trimester and decreased from the second to the third trimester of pregnancy. Protein intake
decreased from the first to the third trimester in this cohort. The difference in macronutrient intake could
be attributed to the differences in developed and developing countries, whereas the availability of
additional food outside the normal intake is hampered by poverty.

Resting energy expenditure
Nonetheless, dietary insufficiencies in undernourished women might be diminished by energy-sparing
strategies to protect fetal growth [31]. One of the energy-sparing adaptations that occur is a decrease in
resting energy expenditure, which is also known as metabolic “flexibility” in the resting energy expenditure
during pregnancy [31]. In this cohort, resting energy expenditure declined from the first to the second
trimester, yet increased in the third trimester. It was also found that the increase in resting energy
expenditure in the third trimester is significantly correlated with higher body mass during pregnancy [25].
Although no statistically significant changes were observed in the change of resting energy expenditure
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throughout each trimester of pregnancy, a medium practically significant difference was observed
between the first and third trimester, as well as the second and third trimester. Again, this medium
practical significant difference emphasizes the contribution of resting energy expenditure to total energy
expenditure, whereas the contribution of activity energy expenditure tends to be relatively small and
constant from one person to another [25].

Activity energy expenditure
Another energy-sparing adaptation is a decrease in energy expenditure through physical activity [23, 25].
Despite non-statistically significant differences between activity energy expenditure throughout
pregnancy, a practical significant decline of activity energy expenditure was observed from the first to the
third trimester. A non-significant decrease in activity energy expenditure during pregnancy was also
found, which, in accordance with other studies, proves that physical activity declines during pregnancy
[25, 26, 48–53]. A decline in activity energy expenditure can be accounted for due to women shifting
toward less intense and more comfortable modes of activity, probably to avoid the risk of maternal and
fetal injuries as well as to accommodate an increase in body weight.

Energy expenditure of normal versus overweight/obese women
Differences relating to energy expenditure variables in normal versus overweight or obese women are
varying [4]. In agreement with [4] this study’s overweight or obese cohort, women’s total energy
expenditure was higher than that of the normal-weight women. The increase in total energy expenditure
can primarily be ascribed to the higher increase in resting energy expenditure in the overweight or obese
women compared to the normal-weight women [4, 25, 54]. Furthermore, activity energy expenditure
decreased more noticeably in overweight or obese women from the first to the third trimester, when
compared to normal-weight women. Finally, it was found that sedentary SA women tended to be above
the recommended weight-gain ranges, however, their study found physical activity to increase as the
pregnancy progressed [55].

Strengths and limitations of the study
The strengths of the study include the measurement of both dietary energy and macronutrient intake in
conjunction with energy expenditure data which has been captured by an objectively measured heart rate
accelerometer (ActiHeart®). When examining energy balance, data should include both energy intake and
energy expenditure data [3, 38].
The findings of this study should, however, be interpreted with some limitations in mind, such as the
reliance on self-reported data with the use of the semi-quantitative Food Frequency Questionnaire. Energy
intake underreporting amongst pregnant women should be acknowledged in dietary research [56].
Furthermore, due to the convenience sampling method applied, women who were more active might have
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been more interested to participate in the study. Activity energy expenditure data was captured during a
five-day period, which could have led to changes in the participants’ normal behavior during the study
period. Another limitation was the use of estimates of body composition. Lastly, the compliance to the
longitudinal design in the study was weak, especially pertaining to women measured from low socioeconomic areas, which limited the sample size of the study.

Conclusion
In conclusion, no statistically significant changes were observed in energy intake and expenditure during
pregnancy in women from the Tlokwe Municipality area. The additional energy expenditure in the third
trimester, mostly attributed to resting energy expenditure, was partly compensated for by the decrease in
activity energy expenditure. Energy-sparing adaptations may be more important in balancing the energy
budget of pregnant women in populations where restricted food intakes and demands of physical activity
are higher. It was found that overweight and obese pregnant women had a higher energy expenditure
compared to normal-weight pregnant women, primarily due to their higher resting energy expenditure.
However, their activity energy expenditure decreased more pronouncedly when compared to normalweight women. Variability in responses to energy requirements of pregnancy is essential in providing a
healthy pregnancy outcome for both mother and infant. Recommendations for future research include
the study of how variations in energy balance influence gestational weight gain and fetal growth.

Abbreviations
ACSM = American College of Sports Medicine
AEE = Active Energy Expenditure
BMI = Body Mass Index
cm = centimeter
DIT = Diet-Induced Thermogenesis
EB = Energy balance
EI = Energy intake
g/day = gram per day
HAPPY = Habitual Activity Patterns during PregnancY
kg = kilogram
kg/m2 = kilogram per square meter
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kJ/day = kilojoule per day
kJ/kg/day = kilojoule per kilogram per day
N = sample size

p = significance level
r = correlation coefficient
REE = Resting Energy Expenditure
SA = South Africa
SD = Standard Deviation
VO2 = oxygen consumption
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Figures

Figure 1
Change in energy expenditure from the first to the third trimester of pregnancy categorized in normal and
overweight pregnant women
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