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ABSTRACT w ^ ^ " ^ 

Energy metabolism during the menstrual cycle, pregnancy and lactation in well 
nourished Indian women 

Thesis by 
Leonard Sunil Piers 

The measured basal metabolic rates (BMR) of present day Indian women were found 
to be comparable to published BMRs, measured in Indian women over 50 years ago, but 
7 percent lower than present European/American women. This can possibly be due to 
differences in body composition or climate. Schofield's equation, used to predict the 
BMR of women in the 18-30 age group from body weight, was found to over-estimate 
the BMR of young Indian women by approximately 9 percent. This commonly used 
equation also overestimates the BMR of young American women by almost 7 percent 
(Chapter 2). The BMR and the thermic effect of a meal (TEM) was measured in the 
pre- and post-ovulatory phases of a single menstrual cycle. BMR was not significantly 
different, however, the TEM was 18.5 percent higher (p < 0.05) during the post-ovulatory 
phase, as compared to the pre-ovulatory phase of the same menstrual cycle. This 
increment in the TEM is small in absolute terms and is unlikely to affect the energy 
requirements of these individuals (Chapter 3). Both pregnancy and lactation are 
energetically expensive and would appear to require substantial increments in energy 
intake. However, the measured increment in energy intake rarely appears to be adequate 
to meet all the costs of pregnancy and lactation. Therefore, saving of energy by an 
enhancement of the efficiency of maternal energy metabolism was postulated as a 
possible mechanism by which the costs of pregnancy and lactation are met. Therefore, 
the BMR and TEM were measured at 12, 24, and 34 weeks of gestation (Chapter 4), as 
well as, 12 and 24 weeks of lactation (Chapter 5), in a group of well nourished Indian 
women and compared to a group of non-pregnant, non-lactating controls. No energy 
saving was associated with either the BMR or TEM during pregnancy or lactation. 
However, the dietary energy intake, estimated at the same time as the metabolic 
measurements, appeared to be substantially increased during the last two trimesters of 
pregnancy and during the initial 24 weeks of lactation; and was apparently adequate to 
meet the extra energy expenditure associated with pregnancy and lactation. 
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Propositions 

1. Basal metabolic rates of well nourished Indian women in the reproductive 
age group are comparable to other well nourished populations. 

This thesis 

2. The thermic effect of a meal is significantly higher during the post-ovulatory 
phase of the menstrual cycle, as compared to the pre-ovulatory phase. 

This thesis 

3. It is conceivable that the higher luteal phase noradrenaline is causally 
related to the higher estradiol levels, leading to incomplete inactivation 
by reducing tissue uptake or competitive inihibition of catechol-O-
methyl transferase. 

Davidson et al. Clin & Exp Pharmac & Physiol 1985;12:489-493 

4. There is no energy saving associated with either basal metabolism or diet 
induced thermogenesis during pregnancy or lactation. 

This thesis 

5. Well nourished Indian women have a pregnancy performance comparable to 
well nourished women from developed countries. 

This thesis 

6. The total energy needs of pregnancy amount to 335 MJ or about 1.2 MJ/d. 
FAO/WHO/UNU 1985. 

7. The extra energy requirements for tissue deposition and milk production 
during pregnancy and lactation respectively are largely met by a 
commensurate increase in the energy intake. 

This thesis 

8. Present recommended energy intakes for lactation are too high for healthy 
Filipino women who show adequate lactational performance. 

Guiiermo-Tuazon et. al., Am J Clin Nutr 1992; 56:874-880. 

9. The chance that a player on his first throw of a pair of dice will get a double 
six is about 0.03, so an observer who sees this happen might believe that 
he had "statistically significant" evidence that the dice were loaded. 

Garrow in Energy balance and obesity in man, 1978. 

10. As you sow so shall you reap. 

11. Necessity is the mother of invention. 

12. You cannot make an omelette without breaking eggs. 
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Chapter 1 

INTRODUCTION 

The determination of the influence of ethnicity, climate, and environmental conditions 

on the requirements of populations in different parts of the world is becoming 

increasingly important. The possible adaptations that may allow an individual to survive 

in a particular environment needs to be established and benefits or disadvantages of such 

adaptations, when present, needs to be assessed. 

Nutritional requirements of individuals and population groups are matters of 

considerable importance to individuals as diverse as health care professionals, 

physiologists, economists, planners, policy makers, farmers, the food industry and 

bankers. It is often difficult to differentiate clearly between physiological and social 

requirements, and the requirements recommended by official bodies frequently tend to 

be influenced by the various interest groups. Even if physiological needs can be precisely 

estimated, it is not uncommon to add on an arbitrary safety allowance and perhaps adjust 

them to suit local dietary habits and practices. 

This thesis attempts to address the question of energy requirements of Indian women in 

the reproductive age group from a physiological and nutritional point of view. It is now 

been accepted by the Food and Agriculture Organization /World Health Organization 

/United Nations University (FAO/WHO/UNU) that estimates of energy requirements 

of individuals or populations groups, worldwide, should be based on measures of energy 

expenditure rather than estimates of energy intake1. The underlying reasoning being that 

both in developed and less developed countries actual intakes are not necessarily those 

that maintain a desirable body weight or optimal levels of physical activity, and hence 

health in its broadest sense. 

There are several physiological processes that account for energy expenditure over a day. 

In a sedentary individual the largest component (approximately 70%) is basal 

metabolism, which can be studied by measuring the basal metabolic rate (BMR). 
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It is the rate of energy expenditure measured in the post-absorptive state under highly 

standardized conditions2: 

- at complete rest (immobile), lying down, shortly after awakening 

- in thermoneutral state 

- 12 - 14 hours after the last meal (viz. post-absorptive) 

- awake, at sexual repose and emotionally undisturbed 

- without disease or fever 

The BMR does not correspond to the minimal energy expenditure as erroneously 

reported in the literature. Energy expenditure can be further lowered by drowsiness, 

sleep, and meditation. The term resting metabolic rate (RMR) is the rate of energy 

expenditure at rest under non standardized conditions, i.e. not in a post-absorptive state, 

either lying down or comfortably sitting down, possibly postprandial (after meals of 

variable composition), with possible previous physical activity. Therefore, the RMR is 

usually greater than the BMR. It is, however, often used interchangeably with BMR, a 

practice that should be avoided. 

The component of energy expenditure associated with the ingestion, digestion, 

absorption, transport, storage and oxidation of food is termed diet induced thermogenesis 

(DIT), and can be studied by measuring the thermic effect of a meal (TEM). An 

additional component of this process is the stimulation of the sympathetic nervous system 

by the food substrates and hormones secreted in response to feeding. However, even 

after taking into account all possible processes associated with food intake the associated 

energy expenditure is seldom more than 10 percent of the total 24-hour energy 

expenditure. 

The third component of the 24 hour energy expenditure is the energy expenditure 

associated with physical activity (PA). This component is, perhaps, the most variable and 

accounts for an increasingly greater share of the total 24-hour energy expenditure, as 

individuals become more physically active. 
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The basal metabolic rate 

The basal metabolic rate (BMR) forms the basis for assessing the 24-hour energy 

expenditure using the factorial method1. Schofïeld et. al.3 compiled the available BMR 

data world wide and developed a series of predictive equations for BMR from a simple 

anthropometric measure such as body weight. These age and sex specific equations are 

being increasingly used and recommended for the estimation of energy expenditure and 

by extension energy requirements, both at the community and population level4. In the 

analysis of Schofield et. al.3 it was observed that the BMR of Indian males and females 

of all ages, in the database, were almost 13 percent lower than their age, sex and weight 

matched European/American counterparts. This was thought to constitute an ethnic 

feature of this population. 

Henry and Rees5 reviewed the BMR measurements made in the tropics and using data 

not previously evaluated by the Schofield report3 demonstrated that the BMRs of people 

living in the tropics were significantly lower than that predicted by Schofield's3 equations. 

However, the deviation seen in tropical women in the 18-30 age group (-3.8%, n=350) 

was smaller than that seen in tropical men of the same age group (-10.8%, n=1174). 

However, the phase of the menstrual cycle at the time of the BMR measurement was not 

taken into account. These discrepancies in results between the older Indian data analyzed 

by Schofield et. al. and current estimates by Henry & Rees5, are not merely academic 

since they have important implications in assessing energy requirements of this 

population. 

In this thesis a study on the BMR of Indian women in the 18-30 age group is presented 

(Chapter 2). All subjects being prospectively measured during the same phase of the 

menstrual cycle. This data is then compared to values already published in the literature 

for European and American women. 

The menstrual cycle 

Women in the reproductive age group are a particularly vulnerable group. In a world 

that is rapidly changing, the role of the woman in society is being altered dramatically. 

In addition to the stress and strain of motherhood women are entering the work force 
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in ever growing numbers. Therefore, it is becoming increasingly important to keep their 

special requirements in mind when arriving at norms for this particular population. 

Relatively little is known about how the menstrual cycle affects energy and substrate 

metabolism. It is, therefore, an area of considerable interest at the present. Changes in 

nutritional requirements in individuals at different time points was listed as a priority 

area of research in the most recent report of the FAO/WHO/UNU joint expert 

consultation1. Cyclical changes in energy expenditure and intake, associated with the 

different phases of the menstrual cycle, would not only have a significant influence on 

the design of nutritional and physiological studies requiring a pre-menopausal control 

group, but also in the determination of the energy requirements in these individuals, as 

well as, the population as a whole. 

Alterations in energy expenditure over the course of the menstrual cycle have been 

reported by several workers6"9. All these studies report an increase in the basal metabolic 

rate (BMR) or sleeping metabolic rate (SMR) in the post-ovulatory (luteal) phase of the 

menstrual cycle. However, other reports have failed to demonstrate any increase in the 

BMR10. Most of these studies, however, were carried out over the course of more than 

one menstrual cycle, therefore the observed differences may have been influenced by the 

between-cycle variability, rather than a true difference between the pre- and post-

ovulatory phases of a single menstrual cycle. 

The study presented in this thesis was carried out to establish if there were changes in 

the Basal Metabolic Rate (BMR), the Thermic Effect of a Meal (TEM), and dietary 

energy intake over the course of a single menstrual cycle, as well as, between the same 

phase of two consecutive menstrual cycles, in well nourished Indian women in the 

reproductive age group (Chapter 3). 

Pregnancy 

Women are under tremendous physiological stress during pregnancy. Practically every 

organ system is affected and pre-pregnant norms are no longer applicable. For the 

assessment of maternal nutritional status during pregnancy, weight gain has been used 
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as an indicator. Weight gain during pregnancy has been positively correlated to the birth 

weight of the infant11"13 and the chances of having an infant with a low birth weight are 

reduced with adequate weight gain during this period. On the other end of the spectrum 

is the fact that excessive weight gain is related to pathological conditions such as 

toxaemia14 and obesity15"17. It, therefore, becomes important to establish the norm for a 

given population as weight gains at both the extremes could have undesirable effects, 

both on the mother and the foetus. 

The weight gain in pregnancy is accounted for by the weight of the foetus, placenta, 

amniotic fluid, uterus, breasts, blood, maternal fat stores, and extracellular extravascular 

fluid18. In energetic terms the cost of laying down this tissue, as well as, the energy 

content of the protein and fat making up the tissue has to be assessed. This assessment 

is best made by studying, longitudinally, women in the reproductive age group, who are 

not pregnant or lactating, who subsequently become pregnant. Studies in normal, well 

nourished, women living in industrialized countries have demonstrated that they do not 

increase their energy intake by large amounts during pregnancy19'20. It is also claimed that 

women in many developing countries achieve a successful pregnancy outcome in spite 

of being chronically undernourished21. This has prompted investigators the world over 

to look for energy savings associated with the physiological processes that constitute the 

24 hour energy expenditure, such as basal metabolism, diet induced thermogenesis and 

physical activity. 

The energy cost of pregnancy is assessed from the cumulative increase in the BMR over 

non-pregnant, non-lactating values or values obtained very early in pregnancy; in addition 

to the maternal fat stores, and deposition of protein and fat in maternal tissues. The 

increase in energy intake is also assessed from the cumulative increase in energy intake 

over either non-pregnant, non-lactating or early pregnancy values. 

There is some evidence that the BMR is reduced during early and mid-pregnancy22"27, 

enabling the mother to save energy that could, possibly, be channelled towards meeting 

the cost of pregnancy. However, reports on Asian women28, and well nourished Western 

women20'29"33 have not been able to demonstrate these changes. No mechanism has been 
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postulated for the reduced BMR in any of the studies that have reported these 

reductions. In their review on human energy metabolism Schoeller & Fjeld34 are of the 

opinion that the BMR is not reduced to compensate for the added energy costs of 

pregnancy. However, what seems to be a common factor in all the above mentioned 

studies is the existence of large between individual variability. This would give the 

impression that any single recommended figure would have very little value to an 

individual but would only be useful for population based recommendations. 

The study presented in this thesis (Chapter 4) was designed to assess, longitudinally, the 

changes in anthropometry, BMR, TEM and energy intake in a group of well nourished 

Indian, women over the course of a normal pregnancy. Comparison with a group of non­

pregnant, non-lactating controls provides an assessment of energy sparing that may be 

associated with the components of the 24-hour energy expenditure studied, which could 

possibly account for the discrepancy observed between the energy cost of pregnancy and 

the extra energy intake over the corresponding period. 

Lactation 

Lactation is also thought to impose a substantial stress on energy metabolism and the 

FAO/WHO/UNU joint expert consultation1 estimated the energy cost to be almost 3.1 

MJ/d. There is, however, some evidence that this may be an overestimate of the true 

requirement, as adaptive changes in energy metabolism may occur during lactation that 

may reduce its cost. The increment in energy intake during lactation does not appear to 

be large enough to account for its entire cost35"39. However, the BMR appears to be 

reduced in lactating women, as compared to non-lactating postpartum subjects, by 

approximately 210 kJ/d (50 kcal/d), at 9 weeks postpartum37; or remain unchanged when 

compared to measurements made after lactation had stopped3940, thus indicating a 

possible enhancement of metabolic efficiency during this period. However, other 

longitudinal studies have demonstrated a rise in energy expenditure of approximately 5 

percent above the pre-pregnant baseline41,42. An association was found between 

postpartum body mass index (BMI), (but not the breast milk output), and the increase 

in BMR. Indicating that the increment in BMR associated with breast milk production 

is lower in thinner, as compared to fatter women. Once again there seems to be a large 
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between individual variability, making it difficult to recommend a single value. 

The other possible source of energy during lactation is from maternal fat stores that are 

built up during pregnancy. Several studies have demonstrated fat mobilization during 

lactation35'36'38'39. Reduction in the cost of physical activity may also have a role in 

subsidizing the cost of lactation36'38. The study presented in this thesis (Chapter 5) 

attempts to uncover energy sparing associated with the BMR and TEM that could, 

possibly, help in subsidizing the energy cost of lactation. 

Outline of thesis 

This thesis presents the results of studies on the BMR conducted on non-pregnant, non-

lactating Indian women in the reproductive age group in Chapter 2. A comparison of the 

BMR, TEM and energy intake is made between the phases of a single menstrual cycle 

and between the same phase of two consecutive menstrual cycles in Chapter 3. Changes 

in the BMR, TEM, anthropometry and energy intake over the course of a normal 

pregnancy, in a group of well nourished Indian women are compared to a non-pregnant, 

non-lactating control group, together with an assessment of the energy cost of pregnancy 

in Chapter 4. In Chapter 5 the same group of women are followed through the first six 

months postpartum, and changes in BMR, TEM and energy intake are compared to the 

pregnant state, as well as, to a group of non-pregnant, non-lactating controls. A general 

discussion of the work carried out, results and conclusions are presented in Chapter 6. 
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Chapter 2 

BASAL METABOLIC RATES OF INDIAN WOMEN1 

Leonard S. Piers and Prakash S. Shetty. 

ABSTRACT 

Basal Metabolic rates (BMRs) in 60 Indian women resident in Bangalore and aged 18-30 

years were measured during the mid-follicular phase of the menstrual cycle. The data 

were used to obtain a predictive equation for BMR from body weight. The BMR 

measurements were comparable to BMRs of Indian women reported more than 50 years 

ago, while they were 9.2 percent lower than Schofield's equation and 4.2 percent lower 

than that predicted by the equation of CKJ.Henry & D.G.Rees (1991) Eur J Clin Nutr. 

45, 177-185. The equation obtained in this study predicts closely the BMRs of American 

women but underestimates BMRs of European women compared with figures recently 

reported in the literature. 

^European Journal of Clinical Nutrition 1993; 47: 586-591. 
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INTRODUCTION 

It is now well accepted that estimates of energy requirements of individuals or population 

groups worldwide, are to be based on measures of energy expenditure rather than energy 

intake1. For this purpose measures or estimates of basal metabolic rate (BMR) form the 

basis for assessing 24-h energy expenditure using the factorial method. Schofield, 

Schofield & James2 had compiled the available BMR data world wide, over the last 60 

years and developed predictive equations for BMR from a simple anthropometric 

measure like body weight. These age and sex specific predictive equations are being 

increasingly used and recommended for the estimation of energy expenditure and hence 

energy requirements, both at the community and population level3. 

During this exercise it was observed that the BMRs of Indians (which comprised a 

proportion of the total database) were 12.8 percent lower in males and 12.9 percent 

lower in females of all ages, as compared to their age, sex or weight matched 

European/American counterparts2. It was implied that this reflected an ethnic feature 

of this population although an extension to other populations living in the tropics was not 

made. Prospective measurements made by us, had revealed that Indians males in the 55-

60 kg body weight range were only 5-6 percent lower in their BMR from Schofield's 

predictive equation4. Henry & Rees5 reviewed BMR measurements made in the tropics 

and using data not previously evaluated by the FAO/WHO/UNU1 report, demonstrated 

that the BMR of people living in the tropics were significantly lower than that predicted 

by Schofield's equations2. However, the deviation seen in tropical women (-3.8%, n=350) 

aged 18-30 years was smaller than that seen in tropical men (-10.8%, n=1174) of the 

same age. This disparity may be explained on the basis of the cyclical changes in BMR 

recorded during the menstrual cycle, which would account for a difference of up to 8.5 

percent between the pre and post-ovulatory phases6. If the BMR of female subjects from 

tropical and temperate regions, used in the analysis were not all measured at exactly the 

same stage of their menstrual cycles the variations due to the menstrual cycle would 

make the detection of any difference between the two groups more difficult. These 

discrepancies in results, between the older Indian data analyzed by Schofield et. al.2 and 
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current estimates by Henry & Rees5, are not academic since they have important 

implications in assessing the energy requirements of this population. In this article we 

reexamine this question by comparing the BMRs, all prospectively measured during the 

same phase of the menstrual cycle, of Indian women with BMRs of Indian women 

reported in the literature7 and with BMRs of European and American Women, in the 

18-30 age group. 

SUBJECTS AND METHODS 

All BMR's were measured in duplicate, under standard conditions8, using a Hartmann 

& Braun Metabolator that was validated against other indirect calorimetry systems9. All 

measurements were made between 6:30 and 8:30 a.m. in a room where temperatures 

ranged from 24 to 29 ' C and barometric pressure from 679 to 690 mm Hg. Each BMR 

was measured over ten minutes with a ten to twenty minute break between 

measurements. The BMR was considered to be technically valid if the two consecutive 

BMR measurements were within ± 3 percent of their mean. On an average replicates 

were within 0.7 percent in this study. For comparative purposes we also predicted BMR 

from the following equations for women aged 18-30 years: 

1. Schofield et. al.2 

BMR (kj/d) = 54.5 x Body weight + 2513.5 

2. Henry & Rees5 

BMR (kj/d) = [{0.048 x Body weight (kg)} + 2.562] x 1000 

Comparisons were made with estimates of BMR using the equation derived from the 

prospective measurements made in this study, along the lines earlier reported10. 

Subjects 

For the purpose of this study, we selected only those subjects with access to ad libitum 

energy and protein intakes, in the 18-30 age group. All subjects were non-smokers and 

were not on medication of any kind. They were free from disease and were weight stable 

for the previous 6 months (± 1 kg of current weight). The Current Indian Women (CIW) 
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in this study were all residents of Bangalore. All BMR's were measured on the 7th or 

8th day of the menstrual cycle (The first day of menstruation being taken as Day 1). 

The BMR and anthropometric data on Past Indian Women (PIW, n=52) was obtained 

from published values7. The BMR and anthropometric data on Current 

European/American Women (CEAV, n=52) was obtained from publications over the 

last decade (Ravussin et. al.11, n=5; Morgan12, n=6; Schutz et. al.13, n=8; Owen et. al.14, 

n=15; Bingham et. al.15, n=2; Weststrate16, n=16). No mention was made of the phase 

of the menstrual cycle at the time of BMR measurement in these studies. 

Statistical Analysis 

Comparisons between 'Measured BMR' and 'Predicted BMR' were made on the basis 

of 'paired t-tests'. Comparisons between CIW, PIW and CEAW were made using a 

'One-way Analysis of Variance' (ANOVA). An 'Analysis of Co-Variance' (ANCOVA)17, 

to adjust for differences in body weight between groups was used to compare the BMR 

among the groups. The data on American and European women were compared by 

'unpaired t-tests'. A regression of the measured BMR of CIW on their body weight was 

obtained, using the method of least squares. Differences were considered to be 

significant at p^O.05 level for all statistical procedures. 

RESULTS 

There were significant differences (p<0.01) in age, height, weight, BMR on a one-way 

analysis of variance (ANOVA) between all three groups i.e. CIW, PIW and CEAW 

(Table 1). The BMIs of the CEAW were significantly higher (p<0.01) than either the 

CIW or the PIW, while, there were no difference between the CIW and PIW. On an 

analysis of co-variance (ANCOVA) of the BMR, in order to adjust for differences in 

body weights between groups, there was no significant difference between the CIW and 

PIW. The adjusted BMR of the CEAW, however, remained significantly higher (p < 0.01) 

by 6.7 and 9.1 percent, as compared to CIW and PIW respectively. 
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Figure 1. Regression of BMR on body weight 

A regression equation of BMR on body weight was also generated using those CIW 

subjects with BMI * 18.5 (n=38). BMR was then predicted for all CIW subjects (n=60) 

using this equation. The mean difference of the predicted BMR from the measured BMR 

was not statistically significantly between the two groups (BMI * 18.5, 7.2 kJ/d vs BMI 

< 18.5, 12.3 kJ/d). Also, an ANCOVA of the BMR, to adjust for the differences in 

weight between CIW with BMI ;> 18.5 (n = 38) and those with BMI < 18.5 (n=22), 

showed no significant differences. Since the BMRs were comparable when adjustments 

for the differing body weights were made, all the 60 data points (Fig. 1) were used in the 

generation of the following prediction equation: 

BMR (kJ/d) = Weight x 45.46 [± 11.36] + 2479.7 [± 557.4] 
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Table 2 shows that the equations of Schofield et. al.2, and Henry & Rees5 over-predict 

BMR of CIW by 9.2, and 4.2 percent respectively. The BMR of PIW7 were similarly over 

predicted by these equations. On selecting women with BMI's ^18.5 from the CIW 

(n=38) and PIW (n=26), the BMR was still significantly over predicted (p<0.01) by the 

equations of Schofield et. al.2, and Henry & Rees5 (CIW: +9.5% and +4.4% 

respectively, PIW: +11.6% and +6.9% respectively). 

The current equation closely predicts the BMR of PIW but significantly under predicts 

(p<0.05) the BMR of the CEAW by 6.3 percent. The estimates of BMR for CEAW 

using the equation of Schofield et. al.2, were significantly higher (p<0.05) than the 

measured BMR reported in the publications. However, there was no statistically 

significant difference between the measured BMR, of European and American women, 

and that predicted by the equation of Henry & Rees5. The body weights of the American 

women11'14 (Mean ± SD, 56.6 ± 7.2 kg) were not significantly different from those of the 

European women12131516 (59.3 ± 6.6 kg) on an independent t-test. The BMR of the 

American women1114, however, were significantly lower than that of the European 

women12131516 (p=0.05)(Mean ± SD; American: 5.2 ± 0.8 vs European: 5.6 ± 0.6 

MJ/d). The equation of Schofield et. al.2 significantly over predicted (p<0.05) the BMR 

of American women1114 (Mean ± SD, 6.8 ± 10.7%) while accurately predicting the 

BMRs of the European women12'131516. The equation of Henry & Rees5 closely predicted 

the BMR's of both European12131516 and American women1114, while the current Indian 

equation significantly under predicts (p<0.05) European women's121315'16 BMR (Mean 

± SD, -8.3 ± 12.0%) but closely predicted the BMR of the American women1114. 

DISCUSSION 

The requirements of energy for individuals, communities or population groups worldwide, 

necessitate the assessment of 24 hour energy expenditure1. Towards this end BMR's are 

being increasingly measured or predicted, since they now form the basis of the factorial 

approach for estimating total energy expenditure. The prediction of BMR from a simple 
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anthropometric parameter like body weight, was an attempt to estimate BMR, when 

actual measurements were unavailable1. 

The suggestion of Schofield et. al.1 that both Indian men and women had lower BMR's 

than their European/American counterparts was a restatement of an often reported 

observation18"22. Since these observations were made over 60 years ago, we were 

interested in reassessing this ethnic feature. On adjusting for differences in body weight, 

current Western women (both European and American) have significantly higher BMRs 

than Indian women in this series. This difference was of the order of 6.7 percent, even 

after adjustments for differences in body weight were made. Differences in the BMR 

measured during the different phases of the menstrual cycle, possibly play an important 

role since they can contribute to as much as 8.5 percent of the variation in the same 

subject6. All the women in our study were measured in the mid-follicular phase (on the 

7th or 8th day following the onset of the menstrual period). The exact time point of the 

BMR measurement is not available for the studies used for the compilation of 

European/American data, as such details were not provided. 

It is not unlikely that the Western women have a greater proportion of their body weight 

made up of muscle and viscera, with their inherently higher energy expenditure, as 

compared to, their Indian counterparts. Indian women thus may have lower fat free mass 

(FFM) as compared to their Western counterparts. This would, perhaps, explain in part 

the current findings of a lower BMR in them. Banerjee23 had earlier concluded that on 

correcting for active tissue mass or cell solids, there were no differences between Indians 

and Western subjects in their BMR. As data was not available on the body composition 

of the CIW and PIW this comparison has not been made here. 

The equation of Henry & Rees5 closely predicts the BMR of European and American 

women, while significantly over predicting the BMRs of Indian women (both current and 

past) (Table 2). This may well be due to the fact that no consideration was given to the 

period in the menstrual cycle when the measurement of the BMR was made in the data 

collated by Henry & Rees5. The equations of Schofield et. al.2 significantly over predict 

the BMR of Indian women (both current and past), as well as, European and American 
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women in the data set. Although several factors may be involved in producing such 

differences, it is not unlikely that such results are an artefact of the sample used to 

derive the equations; an explanation proposed by Schofield himself though not 

emphasized strongly24. The over-prediction suggests that current BMRs of both Indian 

and Western populations have are lower to BMRs of Western subjects of identical body 

weights, measured over 60 years ago. This could signify that well nourished females in 

the 18-30 age group have a lower active tissue mass now for the same body weight world 

wide as compared to sixty years ago. Alternatively, as suggested by Soares & Shetty25, if 

the active tissue masses are similar, then overall, there must be a lowering of its 

metabolic activity. The latter could be due in turn, to either a lowering of the activity per 

se, or to a relatively greater proportion of active tissue mass being comprised of organs 

with a relatively lower activity at rest such as muscle mass, as compared to visceral tissue, 

in both Indian and Western individuals as compared to their counterparts 60 years ago. 

Another factor that may be responsible for the over prediction could be that the BMR's 

of American women in this data set were 4.7 percent lower than their European 

counterparts, though this difference did not reach statistical significance. On separating 

the American from the European data the equation of Schofield et. al.2 accurately 

predicts the BMR of the European women while significantly over estimating the BMR 

of the American women by almost 7 percent. This pattern of a lower BMR as compared 

to estimates based on Schofield's equation, is also seen in American males of the same 

age group, when compared to Europeans10. 

These possibilities though interesting to examine in their own right, should not distract 

us from the fact that with the use of the generally accepted Schofield or 

FAO/WHO/UNU1 equations, we could well be over-estimating energy requirements. 

The results of this study indicate that the BMR of CIW are only about 6-7 percent lower 

than CEAW. Thus an ethnic feature, as suggested by Schofield et. al.2 seems to be 

unlikely, as this lower BMR may be explained by several factors such as climatic 

influences, diet, or perhaps due to differences in the amount and/or composition of the 

active tissue mass. When the American data was separated from the European, the 

current equation, as well as, the equation of Henry & Rees5 accurately predicted the 

BMR for Americans while the European data appeared to be significantly higher than 



Basal metabolic rates of Indian women 29 

that predicted, an observation made earlier for men10. There is reason to believe that the 

currently recommended predictive equations for BMR of Schofield, Schofield & James2 

would significantly over-estimate the energy requirements of well nourished populations 

all over the world. International agencies that deliberate on these matters should review 

these suggestions, since they are important for all future food policy decisions. Further 

studies with accurate measures of body composition would go a long way in determining 

the existence of any true difference in the BMR of Indian women from their Western 

counterparts. For the prediction of BMRs of well nourished Indian women, in the 18-30 

years age group, we propose the use of the present equation. 
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Chapter 3 

THE BASAL METABOLIC RATE AND THERMIC EFFECT OF A MEAL IN THE 

PRE- AND POST-OVULATORY PHASES OF THE MENSTRUAL CYCLE IN WELL 

NOURISHED INDIAN WOMEN 

Leonard S. Piers, Sumita N. Diggavi, Juliet Rijskamp, Joop M. A. van Raaij, Prakash S. 

Sherry and Joseph G. A. J. Hautvast 

ABSTRACT 

The basal metabolic rate (BMR), thermic effect of a standard test meal (TEM) were 

measured on two occasions, in each phase (pre-ovulatory and post-ovulatory, as 

confirmed by plasma levels of progesterone and estradiol) of a single menstrual cycle, 

using indirect calorimetry, in a group of 13 well-nourished Indian women. A single 

measurement of the BMR and TEM was also made in the pre-ovulatory phase of the 

following menstrual cycle. There was a significant (p < 0.05) increase in the TEM (Pre­

ovulatory: 6.72 ± 1.57 vs post-ovulatory: 7.96 ± 1.48 %) of 18.5 percent during the luteal 

phase of the menstrual cycle. This amounted to a 23 kJ difference over 5 hours. There 

was no significant difference in the BMR. Fasting plasma glucose, insulin, thyroid 

stimulating hormone (TSH), tri-iodothyronine (T3), thyroxine (T4) measured in 5 of the 

subjects in both phases of the same menstrual cycle were found to be comparable. 

Dietary energy and macro-nutrient intakes measured in all subjects in both phases of the 

menstrual cycle were also found to be similar. Changes in the BMR between consecutive 

menstrual cycles were small, as was the total energy expenditure following ingestion of 

the test meal. We conclude that the changes in energy expenditure in relation to the 

BMR and TEM over the course of a single menstrual cycle, and between two consecutive 

cycles, are small. In nutritional terms the significant rise in post-ovulatory TEM is small 

and is unlikely to alter energy requirements in well-nourished women from the 

reproductive age group. 
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INTRODUCTION 

Alterations in energy expenditure over the course of the menstrual cycle have been 

reported by several workers1^. All these studies report an increase in the basal 

metabolic rate1'4 (BMR), sleeping metabolic rate (SMR)3, or total energy expenditure 

(TEE)2, in the post-ovulatory (luteal) phase of the menstrual cycle. However, other 

reports have failed to demonstrate any increase in the BMR or the thermic effect of a 

meal (TEM)5. Reported increases of between 7-16 percent of the TEE2'6 during the 

post-ovulatory period would require a significant increase in energy intake during this 

period. 

Changes in nutritional requirements in individuals at different time points and 

whether these requirements have wide validity or are influenced by factors such as 

ethnicity, climate, or adaptation were listed as priority areas of research in the report 

of the joint Food and Agricultural Organization /World Health Organization 

/United Nations University (FAO/WHO/UNU) joint expert consultation7. Cyclical 

changes in energy expenditure and intake, associated with the different phases of the 

menstrual cycle, would not only have a significant influence on the design of 

nutritional and physiological studies requiring a pre-menopausal control group, but 

also in the determination of the energy requirements in these individuals, as well as, 

the population as a whole. However, before these differences are extrapolated to all 

population groups more evidence from different parts of the world is necessary. 

This study was carried out to establish if there were changes in the basal metabolic 

rate, thermic effect of a meal and dietary energy intake over the course of a single 

menstrual cycle, as well as, to establish if there were any large between-cycle 

differences in the BMR and TEM, in well nourished Indian women from the 

reproductive age group. 
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SUBJECTS AND METHODS 

Study design (Table 1) 

Twenty healthy non-pregnant non-lactating women in the reproductive age group 

were recruited for the study. The study consisted of two parts. The first part consisted 

of a paired comparison of anthropometry, basal metabolic rate (BMR), thermic effect 

of a meal (TEM), substrate oxidation rates, fasting plasma hormone and substrate 

levels and dietary intakes between the pre-ovulatory phase of the menstrual cycle (i.e. 

between days 6-10 of the menstrual cycle, the first day of menstruation being 

considered as day 1) and the post-ovulatory phase of the same menstrual cycle (i.e. 

between days 21-25 of the menstrual cycle). All metabolic measurements were made 

on two occasions in each phase of the menstrual cycle. The second part consisted of a 

comparison of the anthropometry, BMR, TEM and substrate oxidation rate in the 

pre-ovulatory phase of two consecutive menstrual cycles (i.e. between days 6-10 of the 

menstrual cycle). As metabolic measurements were only made on a single occasion in 

the pre-ovulatory phase of the second menstrual cycle (i.e. between days 6-10 of the 

menstrual cycle) , these were compared to the measurements made on the first 

occasion during the corresponding phase of the previous cycle. 

Subjects 

Subjects were either from the middle or upper socio-economic class, as assessed by 

Kuppuswamy's8 urban socio-economic assessment scale; were non-vegetarians with ad 

libitum access to food. All subjects were non-smokers, in good health, weight stable, 

and were not on any kind of chronic medication or oral contraceptives. The subjects 

were recruited from amongst the staff of St. John's Medical College and Hospital, or 

by personal approach. 
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Table 1. Study Design 

Phase of 
menstrual cycle 

Occasion 

Height 
Weight 
Mid-arm 
circumference 

Skinfold 
thicknesses 

BMR 
TEM 
Fasting blood 
sample 

Dietary intakes" 

Pre-< )vulatory 
phase of first 
menstrual cycle 
(day 

1 

X 

X 

X 

X 

X 

X 

-

X 

6-10) 

2 

-
X 

-

-

X 

X 

X 

-

Post-ovulatory 
phase - of first 
menstrual cycle 
(day 

1 

-
X 

X 

X 

X 

X 

-

X 

21-25) 

2 

-
X 

-

-

X 

X 

X 

-

Pre-ovulatory 
phase of next 
menstrual cycle 
(day 6-10) 

1 

-
X 

X 

X 

X 

X 

-

-

"Measured intakes recorded for 5 consecutive days prior to metabolic measurements 
in each phase of the menstrual cycle 

Methods 

Energy expenditure was measured by respiratory gas exchange measurements using a 

'ventilated hood'. The ventilated hood measurement system consisted of a plastic 

hood which surrounded the subject's head and a soft plastic collar surrounding the 

neck and shoulders. A fixed flow (50 1/min) of room air was maintained through the 

hood by connecting the outlet of the hood through a calibrated rotameter (Fischer 

Controls, UK) to a suction pump. A small sample of air (1 1/min) was drawn off from 

the outlet of the rotameter for minute to minute estimation of oxygen (02) and 

carbon-dioxide (C02) concentrations using a paramagnetic oxygen analyzer (Servomex 

540 A, Taylor Instruments, UK) and an infra-red carbon-dioxide analyzer (Type SSI, 

Analytical Development Co., U.K.) respectively. 0 2 and C0 2 concentrations of the 

room (reference) air were monitored every hour for 10 minutes, prior to the start of a 

metabolic measurement. Moisture content and temperature were measured by means 

of a dew-point hygrometer of the optical condensing type (General Eastern Systems, 

1100 DP, USA), and a mercury thermometer placed in the air stream emerging from 
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the rotameter, respectively. Atmospheric pressure was measured by means of a 

mercury barometer at the start of each measurement protocol. Oxygen consumption 

(V02) and carbon-dioxide production (VC02) rates (calculated for STPD conditions, 

standardized for temperature, pressure and dryness), Respiratory Quotient (RQ = 

VC02/V02), and energy expenditure9 were calculated from this data and recorded 

every minute using a computerized data acquisition and storage system10. The gas 

analyzers were calibrated before the start of each measurement using pure nitrogen 

(100%) (Indian Oxygen Ltd., Bangalore) for 'zero', and a mixture of carbon-dioxide 

(1%), oxygen (21%) and nitrogen (78%) (Bhoruka Gases Ltd., Bangalore), for the 

'span' setting. These calibration gases were passed through the analyzers at the end of 

the measurement protocol, 6 hours after the initial calibration, to check for 

instrument drift. All data was subsequently corrected for instrument drift during this 

period. This measurement system had been validated against other methods of 

measurement of oxygen consumption11. Calibration using the N2 infusion technique12 

yielded a net discrepancy of less than 0.4 percent in the estimation of oxygen 

consumption. Ethanol burns conducted at regular intervals over the duration of the 

study produced energy expenditures within ± 2 percent of expected values. Room 

temperatures were maintained between 24 and 29 * C on all days of the study , while 

barometric pressures ranged from 681 to 692 mm Hg. 

The measurement protocol employed was as follows (Figure 1). Subjects were 

instructed to complete their evening meal by 19:30 hours, and to be in bed by 22:00 

hours on the night prior to the metabolic measurements. On the morning of the 

metabolic measurement they were instructed to wake between 6:00 and 6:30 hours, 

complete their toilet and empty their bladder while noting the exact time. They were 

then transported to the laboratory by the department vehicle. On entering the 

laboratory all subjects were instructed to rest in bed for 30 min. prior to the start of 

the BMR measurement. At the end of this mandatory rest period the basal metabolic 

rate was measured for 30 min, after an initial 10 min period to allow 0 2 consumption 

to stabilize while within the ventilated hood. Basal metabolic rate (BMR) was 

calculated by obtaining the mean energy expenditure over this 30 min period. 
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Figure 1. Measurement protocol 

Following the measurement of the BMR the hood was removed. A lasting blood sample 

(10 ml) was collected from the antecubital vein using aseptic precautions for the 

estimation of glucose using the orthotoluidine method, insulin, triiodothyronine (T3), 

thyroxine (T4), thyroid stimulating hormone (TSH) using locally available RIA kits 

(Bhabha Atomic Research Centre, Bombay, India), while estradiol and progesterone 

were measured using DPC RIA kits (Diagnostic Products Corporation, Los Angeles, 

USA) in 5 subjects. 

The subjects were then instructed to void. The voided urine volume was noted and then 

acidified with concentrated hydrochloric acid (1 ml acid per 100 ml urine). An aliquot 

was stored for estimation of total urinary nitrogen (TUN) excretion, over the preprandial 

period, by the micro-kjeldhal method13. (All urine voided during the postprandial period 

together with the final urine sample obtained at the end of the metabolic measurements, 

was collected in the same manner, for estimation of TUN excretion, over the 

postprandial period.) 

Following the collection of the basal urine sample the subjects were served a standard 
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test meal which consisted of tinned milk powder, rice cereal and sugar, together with a 

glass of lemon juice. The cereal was mixed with the powdered milk and part of the sugar 

and made up to 200 ml with water. The remaining sugar was mixed with 200 ml of water 

to which lemon juice was added for flavour. Together this provided 1.88 MJ (450 kcal) 

of energy, with 10 percent of the energy being derived from protein (11.2 g/100 g), 15 

percent from fat (7.6 g/100 g) and 75 percent from carbohydrate (84.2 g/100 g). Energy 

and nutrient composition was derived from the manufacturer's product information. All 

tinned products were used well before their date of expiry and produced by the same 

manufacturer. 

After the ingestion of the meal, the ventilated hood was replaced and the 0 2 

consumption and C02 production were measured intermittently for the next 5 hours. The 

second thirty minutes in each hour were considered to be a 'measurement period' and 

representative of the energy expenditure for the entire hour; the initial 30 min being 

designated as a 'rest period'. The subject was instructed to lie awake and motionless in 

the recumbent position during the 'measurement periods'. Between the 'measurement 

periods', i.e. during the 'rest periods', they were also asked to lie quietly in bed though 

some movement and reading was permitted. Ten minutes prior to the start of each 

'measurement period' they were instructed to rest motionless to allow their 0 2 

consumption to stabilize, while within the ventilated hood, in preparation for the next 

'measurement period'. 

The thermic effect of the standard test meal (TEM) was calculated by obtaining the 

mean increment in energy expenditure during the 'measurement period' (30 min) in each 

hour (which was considered representative for the entire hour) above pre-meal basal 

values. The cumulative increment in energy expenditure for the 5 hours following the 

ingestion of the test meal was expressed as a percentage of the energy content of the 

meal. The post-meal total energy output (PMTEO) was calculated by obtaining the total 

energy expenditure during the 5 hours after the ingestion of the test meal14. Substrate 

oxidation rates were calculated during the pre- and postprandial period in each subject, 

using total oxygen consumption (V02), carbon-dioxide (VC02) production rates and total 

urinary nitrogen (TUN) excretion during the pre and postprandial periods15. No 
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correction was made to the protein oxidation rate to take into account any change in the 

blood urea pool between the fasted and fed states. Non-Protein Respiratory Quotients 

(NPRQ) were calculated after subtracting the oxygen consumed (PV02) and carbon 

dioxide produced (PVC02) in protein oxidation, using the formulas of Jequier et. al.16, 

from the measured V02 and VC02 of the subject [(VC02-PVC02)/(V02-PV02)]. 

On completion of all metabolic measurements for the day, anthropometric measurements 

were made for assessment of nutritional status. These included height, weight, skinfold 

thicknesses (biceps, triceps, subscapular, supra-iliac) and mid-arm circumference (MAC). 

Height was measured using a moveable anthropometer (Nivotoise, France) and recorded 

to the nearest 0.1 cm. Body weight was measured on a digital weighing scale (Soehnle, 

Germany) and recorded to the nearest 100 g. Subjects stood upright with the head in the 

horizontal plane, in light indoor clothing. For the measurement of the skinfold 

thicknesses (biceps, triceps, subscapular, supra-iliac) a Holtain skinfold calliper 

(Crymmych, U.K.) was used. All the skinfolds were measured on the right side of the 

body and recorded to the nearest 0.2 mm. Every skinfold was measured in triplicate and 

the mean of these 3 values was used for calculation. Fat mass (FM) was calculated after 

estimating percent body fat from the sum of four skinfolds and applying the formula of 

Durnin & Womersley17. Fat free mass (FFM) was estimated from the difference of 

weight and FM. 

A week prior to the metabolic measurements the subjects were visited at home and 

provided with two separate household measures of known volume, together with a tape 

measure, to measure the volume of all solid and liquid food consumed. In addition a 

booklet was provided on each occasion to record the time of the meal, a general 

description of the food/drink consumed, details of any unconventional food item eaten, 

the exact volume consumed as measured in the household measures provided and 

dimensions of solid food that could not be measured in the measures provided. All 

subjects were instructed by a trained dietitian as to the proper use of the household 

measures and the type of detail required in the description of the food items or 

beverages being consumed. The method of recording this information in the booklet 

provided was demonstrated in a simple example on the initial page of each booklet. No 


