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(ABSTRACT)

The effects of an aerobic walking program, from 22 to 30 wk

gestation, on aerobic fitness, riboflavin and thiain status, and

birth outcome were studied in 28 healthy, pregnant women, 24-36 yr

of age, receiving vitamin—mineral supplements. Aerobic capacity

was evaluated by measurements of heart rate (H) and relative

oxygen consuption (V02, ml/kg/min) during two submaximal tread-

mill walking tests (22 and 30 wk). H responses were significantly

lower for walking subjects (W; n=l8) compared to nonwalking (NW;

_ n=l0) at two (~2.9 METS) and four (~3.8 METS) min, and near

significant at six (~4.6 METS) min of the 30 wk tests. HR at two

min of exercise for NW subjects increased significantly from 22 to

30 wk. Oxygen consumption for W decreased significantly from 22 to

30 wk at two, four, and six min of exercise. Comparison of VOz

changes (22 to 30 wk) between W and NW indicated a significant °

difference at six min and near significance at four min.

Riboflavin and thiamin status, as determined by erythrocyte

glutathione and transketolase activity coefficients, was adequate

for 86% of the subjects with respect to riboflavin and 96% for



thiamin. There was a significant correlation (r = 0.58) between

aerobic activity scores and ETKAC values (W group). Participation

in a walking program slightly improved aerobic capacity without

affecting birth outcome or riboflavin and thiamin status in

pregnant women taking vitamin—minera1 supplements.
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CHAPTER I

INTRODUCTION

During the last few years there has been increased partici-

pation by women in recreational and competitive athletics. Many

woen, in order to improve appearance and physical and mental

health, are engaged in jogging progrms, aerobic exercise classes,

and other forms of physical exercise. The phy=iologically and

psychological benefits of regular exercise are well accepted in the

nonpregnant human population (NICHT, 1982). However, one area

unique to the female and receiving increased attention, is the area

of physical activity during pregnancy. Traditionally, physicians

have not prescribed exercise as a component of prenatal health

care. With the increased emphasis on physical fitness, physicians

are requesting clinical guidance for recommendations to pregnant

women on physical activity.

In September, 1982, the National Institute of Child Health and

Huan Development (NICHT) conducted a research planning workshop on

physical activity in pregnancy. This workshop, which was attended

by individuals in a variety of disciplines (i.e., obstetrics,
U r

nutrition, exercise physiology), was organized to assess the

current state of knowledge and the research priorities of studies

concerning the relationship of physical activity during pregnancy

and the health of the mother and child (NICH, 1982). One area of

future research which was regarded as a priority was the area of

1
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exercise during pregnancy and the effects on maternal stores of

various nutrients.

In general, physical activity and training increases nutrient

requirements for total kilocalories (kcal), amount of carbohydrate

in the diet, thiamin, riboflavin, niacin, iron, water, sodiu

chloride, and possibly chromium (Manjarrez and Birrer, 1983;

Nelson, 1982). Under normal health circumstances, increased

nutrient needs with physical activity can be met by eating more of

a varied diet (Nelson, 1982). Similarly, during pregnancy,

nutrient requir=~ents including energy are increased in order to

provide for optimal fetal growth and development, while preserving

maternal homeostasis. Gestational requirements are based on the

Recommended Dietary Allowances (RDA) of the National Research

Council (NBC, 1980). Most of the increased nutrient needs of the

pregnant woman can be met by eating more of a varied diet, with the

exception of folate and iron (Dwyer, 1982). There is a recommended

increased energy intake (300 kcal) for pregnant women; however,

little consideration was given to the increased energy cost of

exercise (Nagy and King, 1983). Therefore the stress of exercise

during pregnancy may increase demands beyond the present

recommendations for energy and other nutrients.

Animal studies have suggested the possibility that acute

exercise may jeopardize fetal oxygenation (Clapp, 1980) and fetal
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growth (Dhindsa et al., 1978). However, several investigators have

indicated that healthy pregnant woen can engage in moderate

aerobic exercise throughout pregnancy and improve or maintain

physiological fitness without compromising maternal or fetal health
l

(Collings et al., 1983; Erkkola, 1979; Dressendorfer and Goodlin,

1978).

Limited research is available regarding the effects of exercise

and improved physical fitness on maternal or infant nutrient

status. Intakes of the water soluble vitamins, riboflavin and

thiamin, are directly related to energy intake, as a result of

their roles in oxidative energy metabolism. Hence, the possibility

exists that the added stress of physical activity to the already

demanding state of pregnancy, may copromise riboflavin and thiamin

nutriture. Therefore, the intent of this study is to examine the

effects of a walking program during pregnancy (22 to 30 wk of

gestation) on: 1) aerobic fitness, as measured by heart rate (HR)

and oxygen consumption (VO2) during two submaximal exercise

tests; 2) maternal riboflavin and thiamin status, as measured by

erythrocyte glututhione reductase activity coefficients (EGRAC) and

erythrocyte transketolase activity coefficients (ETKAC),

respectively; and, 3) pregnancy outcome as determined by birth

weight, birth length, Apgar scores and duration of labor.



CHAPTER II

REVIEW OF LITERATURE

Physiological Agjustments of Preggancy

In order to discuss the effects of exercise during pregnancy on

physiological or nutritional parameters, some of the physiological

adaptations that occur during a normal healthy pregnancy were

investigated and are described.

Blood volue and cggposition. Plasma volume and erythrocyte

volue both increased during pregnancy, with plasma volume

increasing greater than red cell volume (Hytten and Leitch,

1971a). The result is a decreased erythrocyte concentration which

is sometimes referred to as the physiological an¤~ia of pregnancy. _ ‘

Total plasma protein concentration.decreased early in pregnancy and

was attributed to the :ignificant decline in albumin. In contrast,

most plasna lipid fractions, including cholesterol, phospholipid,

and free fatty acids, increased during pregnancy (Hytten and

Leitch, 1971a).

Cardiovascular respgnses. Similar to the response which
‘

occurred during exercise, cardiac output (Q) was increased

significantly during pregnancy from 4.5-5.0 to 6.0-7.0 liters/min

(l/min) by the first half of pregnancy (Bader et al., 1955).

Hytten and Leitch (197lb) have sumarized the data of several

investigators regarding Q during several stages of pregnancy. The

4



5

authors concluded that there was a significant rise in Q throughout

pregnancy and the measurement was dependent on the position in

which the subject was lying. A few researchers, reviewed by Hytten

and Leitch (1971b), reported a fall in Q in late pregnancy. Hytten

explained this decrease as the result of measurements being made in

a lying down position in which the uterus ;erious1y impedes venous

return through the vena cava. Therefore, suggestions have been °

nade to determine Q with the patient lying on her side. The

increased Q during pregnancy was the result of an increased heart

rate (HR) [Hytten and Leitch, 197lb; Knuttgen and Emerson, 1974]

and stroke volume (SV) [Hytten and Leitch, 1971b]. Hytten stated

that HR increased during pregnancy an average of 15 beats per

minute (bpm), which is similar to the postpartum (66 bpm) and

pregnancy (81 bpm) values reported by Knuttgen and Emerson (1974).

A few investigators (Erkkola, 1976; Bader et al., 1954; Blackburn

and Calloway, 1976b) indicated that HR increased approximately

three to seven bpm as pregnancy progressed.

In one recent study (Clapp, 1985), the author measured the

resting H of 10 wonen runners prior to and during pregnancy,

including a measur¤~ent each mo during gestation. The H increased

16 bpm, from one mo prior to conception to 36 wk gestation, with

only a five bpm increase from 16 to 32 wk gestation. Since Q and

H increased approximately, 1.5 1/min and 15 bpm, respectively,

over nonpregnancy values, SV must also increase (64 to 71 ml)

[Hytten and Leitch, 1971b]. This increase in SV was proportionally

a smaller increase than HR.
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Arterial blood pressure measurements made by Schwarz on 83

normal pregnant women indicated a decrease in systolic blood

pressure (SBP) by about 3-4 mm Hg below the nonpregnant level

(Hytten and Leitch, 1971b). However, there was a slight rise

towards nonpregnant levels near term. Similarly, diastolic blood

pressure (DBP) was observed at 4-5 mm Hg below the nonpregnant

level in early pregnancy and increased near term.

Electrocardiographic (ECG) changes during pregnancy are

attributed to changes in the position of the heart; these changes

were also sumarized by Hytten and Leitch (1971b). Some ECG

readings showed a flattened T-wave in lead III, occasional

depression of the S—T segment in both chest and limb leads, low

voltage QRS complexes, and deep Q waves, and the occasional

_ occurrence of U waves.

Respiratogy responses. Knuttgen and Emerson (1974) and Hytten

and Leitch (1971c) reported changes in selected pulmonary

parameters which occur with pregnancy. Hytten and Leitch listed

several studies which indicated that oxygen consumption (VO2)

· during late pregnancy was greater than postpartum values by ‘

approximately 30-60 ml/min. Knuttgen and Emerson demonstrated that

VO2 (ml/min) increased from 191 for postpartu women to 249 for

pregnant women at rest.
h

Similarly, Pernoll et al. (1975) and Bader et al. (1954)

demonstrated that as pregnancy progresses from approximately 20 to

38 wk resting V02 increased significantly. Pernoll indicated an

increase in resting VO2 from 278 ~l/min to 331 ml/min from the
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19th to the 40th wk of pregnancy, while Bader showed an increase of

138 ml/min to 150 ml/min during the entire gestational period. In

a recent review article (Gorski, 1985), the author stated that the

approximate 15-20% increase in resting VO2 above nonpregnant

values, was initially due to increased cardiac and renal energy

cost, and that later in pregnancy the increase was due primarily to

the rapidly growing fetus, the enlarging placenta and the uterus,

Also occurring during pregnancy was an increased minute

ventilation (Vs) [5.54 to 8.51 1/min], in excess of an

appropriate V0: response, which resulted in an elevated

ventilatory equivalent (28.3 to 33.2 1/min) [Knuttgen and Emerson,

1974]. Pernoll et al. (1975) also demonstrated that resting Vs

increases during pregnancy by approximately 50%. The increases in

Vs in pregnancy as compared to those of postpartum women was the

result of an increased tidal volume (0.37 1 to 0.56 1), with little

change observed in frequency of breathing (15.6 to 15.2

breaths/min).

Weight gain in preggangy. In the United States, the average

woman gains approximately ll kg during pregnancy (Gibbs and

Scitchik, 1980) and the weight gain is composed of the fetus,

placenta, amniotic fluid, uterus, breast, maternal blood and

maternal interstitial fluid. Collings et al. (1983) and Nagy and

King (1983) reported mean (K) weight gains of 14 kg and 13 kg,

respectively, in healthy pregnant women. Hytten and Leitch (1971d)

suggested from a review of several studies that the range of weight

gain was between 3.6 kg and 23 kg or more.
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Riboflavin and Thiamin Reguirements

During Preggancy

The increased metabolism during pregnancy increases the dietary

requirements for most nutrients including riboflavin and thiamin

(NRC, 1980). During gestation an additional 300 kcal/day is

recommended to cover the increased energy needs related to added

maternal tissues, increased maternal metabolism, and work '

associated with activity and growth of the fetus and placenta (NRC,

1980). Riboflavin in the coenzyme forms of flavin mononucleotide

(FMN) and flavin adenine dinucleotide (FAD), functions as

prosthetic groups of flavoenzymes in the oxidative degradation of

pyruvate, fatty acids, and aino acids, and also in electron

transport (Lehninger, 1975). Thiamin, as thiamin pyrophosphate

(TPP), serves as a coenzyme in carbohydrate metabolism, involving

the decarboxylation oft!-ketols (Lehninger, 1975).

‘ Therefore, the requirements of these vitamins have usually been

related to energy intake. The RDA for riboflavin during pregnancy

(22-50 yr) is an additional 0.3 mg/day or 1.5 mg/day and for

thiamin, an extra 0.4 mg/day or 1.4 mg/day. Dwyer (1982), as well

as a joint FAO/HH0 expert group (1965), suggested that an ordinary,

well balanced diet should adequately cover the modest increases for

these vitamins during pregnancy without supplementation. However,

Heller and coworkers (1974) recommended prenatal supplementation of

both riboflavin and thiamin. Heller found that 25% of 651 pregnant

women in the lst trimester, increasing up to 40% at term were
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significantly riboflavin depleted as determined by erythrocyte

glutathione reductase (BGR) [NAD(P)H: oxidized—g1utathione

oxidoreductase; EC 1.6.4.2] activation tests. He also suggested

that 25-30% of 599 pregnant women were thiamin depleted in respect

to erythrocyte transketolase (ETK) [sedoheptulose-7-phosphate:

D-glyceraldehyde-3—phosphate g1ycoa1dehyde—transferase; EC 2.2.1.1]

saturation measurements as compared to controls. Baker et al.

‘
(1975) measured the thiamin status in the blood of 174 pregnant

woen by a protozoological method and found that regardless of

vitamin supplementation, 35% of the women had marginal thiamin

status. Baker’s data supports the observations reported by Heller

et a1. (1974).

Ramsey et al. (1983) also investigated the riboflavin and

thiamin concentrations in maternal placenta, erythrocytes, and cord

erythrocytes of 54 Kenyan women. Using the EGR activation test,

R=»:ey reported that 72% of the women were deficient with respect

to maternal erythrocytes and 35% with cord erythrocytes. Thiamin

status was assessed by the ETK activation test and 59% of the women

were reported deficient as indicated by maternal erythrocytes, 15%

by placenta values, and 41% by cord erythrocytes.

Riboflavin and Thiamin Reguirements

with Exercise

Since riboflavin and thiamin requirements increase during

pregnancy as a result of increased metabolism and caloric intake,
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requirements for these vitamins may similarly be higher for

- individuals and athletes with increased energy expenditures and

caloric intakes. Requirements for riboflavin and thiamin are

elevated in active individuals with increased caloric intakes due

to the vitamins’ metabolic roles in energy metabolism (Nelson,

1982).

The data from several recent studies have suggested that

exercise training increases the requirements for riboflavin in

active normal weight young women (Belko et al., 1983), as well as

in moderately obese subjects (Be1ko et al., 1984; 1985). Belko and

coworkers (1983) d=~onstrated that 12 active normal weight women,

jogging from 20 to 50 min/day for six wk increased their riboflavin

requirements from a range of 0.62-1.21 mg/1000 kcal before exercise

to 0.63-1.43 mg/1000 kcal after exercise. The increased riboflavin

requirement was based on the mount of riboflavin needed in the

diet to achieve an BGR activity coefficient (EGRAC) within the

normal range of less than 1.20.

Belko et al. (1984) further determined that 12 moderately obese

women who participated in a dance exercise program five days/wk, 50

min/day for five wk, also had increased riboflavin requirements, as

indicated by increased EGRAC. The EGRAC increased from 1.28 j 0.11

(Y j SD) to 1.49 j 0.16 during the exercise period, which was

indicative of biochemical riboflavin deficiency. In addition to

the exercise related increase in riboflavin requirement, the

requirement was elevated during the nonexercise period, as

indicated by the increase in EGRAC from 1.28 j 0.11 (Y j SD) at the
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baseline period to 1.40 j 0.12 in the nonexercise period. These

data supported the earlier suggestion that healthy, active women

required more riboflavin than the 1980 RDA to achieve EGRAC

normality.

Belko et al. (1985), using two different levels of riboflavin

intake, 0.94 mg/1000 kcal and 1.16 mg/1000 kcal, showed that

moderately obese woen, during exercise (bicycling) or nonexercise

periods required the higher level of riboflavin intake to maintain

a normal EGRAC. Increased riboflavin requirements were not shown

to be related to weight loss in the subjects. Succinate

dehydrogenase and palmityl CoA dehydrogenase are two enzymes that

require FAD as a cofactor; both have been shown to be increased

with endurance training (Belko et al., 1985). Therefore, increased

utilization of FAD may accompany endurance training and possibly

result in elevated EGRAC values. As a result of these studies, the

suggestion of increased intakes of riboflavin with exercise is

gaining attention even in the more popular magazines. For example,

Daphne Roe, a colleague of Belko, discussed the idea of increased

riboflavin requirements for women, in Health Magazine, entitled

"Ribo—Loading" (Roe, 1984).

A higher thiain requirement has also been associated with

increased energy expenditure. Sauberlich et al. (1979) reported

that young adult males, who consumed a high caloric diet (~ 3600

kcal), and at the same time increased physical activity to achieve

weight maintenance, required more (0.15 mg/1000 kcal) thiamin in

the diet to achieve ETKAC normality. Daum et al. (1949) also
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showed that subjects consuing an intermediate (0.6 ~g/day) or a

low thiamin diet (0.2 mg/day) for 3-19 wk had a decreased maximum

work output.

Available evidence suggests that there is no need or advantage

to riboflavin or thianin supplementation for athletes or active

individuals (Buskirk, 1981). Several researchers (Smith, 1976;

Buskirk, 1981; Nelson, 1982) have recommended selecting a diet from

a variety of foods to adequately cover the slight increases in

riboflavin and thiamin.

Physiological Responses to Exercise in

Preggant Animals

Many questions have been raised concerning the validity of

using experinental animals to study the effects of maternal

exercise on fetal well being in huans. In a s·»»ary report on

physical activity in pregnancy (NICE, 1982) the authors suggested

that studies using sheep and goats (animals which are traditionally

used) are of limited value because: 1) the magnitude of sympathetic

response appears to be less in quadrupeds than in humans; 2) sheep

and goats do not have the same susceptibility to venous pooling; 3)

their mechanisms of heat loss differ fro those of huans; and, 4)

cooperation can be enlisted only to a limited extent in

experimental animals and the various motivations determining human

exercise behavior cannot be studied.
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However, animal studies, investigating the effects of maternal

exercise, are beneficial because more information can be obtained

on fetal response and outcome, an area limited in human research.

Researchers have identified several important physiological changes

that occur during maternal exercise. One area of investigation is

that of uterine blood flow during :trenuous maternal exercise and

the possibility of fetal hypoxia (Clapp, 1980). Clapp demonstrated

in the untrained near term pregnant ewe, that exercise until

exhaustion resulted in a 25% increase in maternal HR, which was

directly related to a 28% decrease in uterine blood flow, without

evidence of fetal compromise. Sinilarly, Curet and coworkers

(1976) observed an increased HR in exercised pregnant ewes, but

observed no changes in total uterine blood flow in either trained

or untrained ewes. However, distribution of blood flow was altered

in favor of the placenta with an 8% increase in blood flow to the

cotylodons after exercise. This nay represent a physiological

adaptation mechanism for the fetus. Gorski (1985) in a review

article points out that at the present time there is no correlation

between increased intensity of exercise and decreased uterine blood

flow.

Another study conducted by Clapp (1983) demonstrated that

regardless of variations in uterine or umbilical blood flow during

strenuous maternal exercise, there were no significant differences

in O2 extraction by the fetus. This again may represent

compensatory mechanisms which protect the fetus during bouts of

strenuous exercise.
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Mottola and colleagues (1983) reported no significant

differences compared to controls in birth weight or histological

assessment of diaphragmatic muscles in pups born to rats mildly

exercised for one h/day for 18 days during pregnancy. Similarly,

Parizkova (1975) found no differences in body weights of the

offspring fro exercised pregnant rats. However, Parizkova

observed that the number of capillaries and muscle fibers were

higher in the heart muscles of off¤pring born to exercised mothers

compared to sedentary controls.

Parizkova et al. (1978) also demonstrated that maternal

exercise brought about significant changes in selected indicators

of lipid metabolism in the liver of the pups. Male and female pups

of mildly (14-16 m/min) exercised rat mothers had significantly

higher cholesterol concentrations (2.41 g/dl vs 2.17 g/dl, Y) in

the liver and lower lipid synthesis, while only male pups showed a

lower total lipid and fatty acid concentration in the liver when

compared to controls. These results suggested the possibility of

altered lipid metabolism in later life of the offspring born to

exercised mothers.

Nelson et al. (1983) and Smith et al. (1983) demonstrated that

progressive (0 to 60 min) maternal exercise (9.7 m/min) in guinea

pigs may be deleterious to the fetus. Nelson showed that maternal

exercise of at least 30 min duration correlates with decreased

fetal weight, while 15 min resulted in decreased placental weight

and placental diffusing capacity. Smith further d¤~onstrated that

placental diffusing capacity and maternal surface area in the



15

peripheral labyrinth are highly correlated and that both decreased

with increasing exercise.

The data of Dhindsa and associates (1978) suggested that

exercise in the pregnant pygmy goat may compromise fetal growth and

well being. The average birth weights of two sets of twins, born

to mothers exercised during pregnancy, were significantly lower

(1272 g vs 1592 g) than matched controls. The data suggested the

possibility that maternal exercise may jeopardize fetal oxygenation

and fetal growth.

Bell and coworkers (1982) have shown that acute exercise (2.5

km/h) in the pregnant ewe caused rapid and significant increases in

maternal glucose, lactate, pancreatic glucagon, corticosteroids

concentrations; no changes in insulin; and decreases in growth

hormone and enteroglucagon. Similarly, fetal blood glucose,

lactate and corticosteroids increased proportionally, accompanied

by rapidly increased insulin levels. The exercise induced changes

in maternal energy metabolism may result in increased fetal glucose

utilization.

While many animal studies have reported the effects of maternal

exercise on the offspring only, Wilson and Gisolfi (1980)

investigated the effects of exercise training on maternal aerobic

capacity, as well as on offspring aerobic capacity and mortality.

Rats that were trained by treadill walking had a higher V0z¤ax

(83.6 vs 67.0 ml/kg/min) and a greater offspring mortality rate

than nonexercised contro1:, while no influence was observed on

aerobic capacity of rat pups. Even though Wilson and Gisolfi
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(1980) d¤ onstrated an improved aerobic capacity of the pregnant

rats, the data similar to that reported by other investigators,

suggested the possibility that strenuous maternal exercise may be

harmful to the fetus.

Phygiological Respgnses to Exercise

in Preggant Women

Traditionally, physical activity has been restricted during

pregnancy in order to protect the mother and fetus from potential

physiological complications. More women are now engaged in aerobic

exercise programs during their pregnancy as a result of proposed

labor and delivery benefits, improved postpartu fitness, and for

continuation of already existing aerobic exercise routines. As

mentioned earlier, animal studies indicated that there may be risk

associated with maternal exercise, including reduced uterine blood

flow (Clapp, 1980), lower birth weights (Dhindsa et al., 1978) and

increased offspring mortality (Wilson and Gisolfi, 1980). Jopke

(1983) suggested that there are discrepancies between animal and

huan data with regard to maternal exercise. Animal studies

utilize extreme techniques such as shock treatment for exercise

motivation (Wilson and Gisolfi, 1980) and rigorous nonrealistic

exercise regimes. Therefore, data from pregnant animal studies

should be used with caution when interpreting the effects of

exercise in pregnant humans.
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Responses to acute exercise. The physiological and metabolic

responses to acute exercise during pregnancy have been reported by

a few investigators. Artal et al. (1981) measured SBP and HR in 23

nontrained pregnant women (34 wk gestation) before, during and

after 30 min of light [2.33 METS (Hetabolic Equivalents)] treadill

walking. There were significant increases in H (88 to 104 bpm),

and SBP (lll to 121 mm Hg) imediately following exercise. HR
'

recovered promptly after exercise, while SBP returned to normal

within 30 min, suggesting an appropriate cardiovascular response of

norml pregnancy. Artal and coworkers (1981) also reported

significant increases in plasma glucagon, norepinephrine and

epinephrine concentrations following exercise. The elevated levels

of these hormones returned to normal within 30 min of recovery,

reflecting normal metabolic responses to fuel utilization of light

exercise. Similarly, Rauramo et al. (1983) found increases in

maternal HR (93 to 157 bpm), SBP (120 to 148 mm Hg), epinephrine

and norepinephrine in 10 healthy pregnant women after 10 min of

submaximal bicycle exercise.

Guzman and Caplan (1970) measured V0z, Vs, HR, Q, SV, and

arteriovenous-oxygen (a-v0z) difference in eight healthy pregnant

woen after a bicycle exercise test conducted each mo from the lst

trimester until delivery. The testing, which consisted of three

exercise levels, produced increases in all cardiorespiratory

parameters except in VO2 where there was only a small

nonsignificant increase and in a—v02 difference where a decrease

occurred. HR, Q, and V: remained higher than controls throughout
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gestation, while V02 did not significantly change throughout

pregnancy. The lack of V0z increase may be the result of using

nonweight bearing exercise. The authors suggested that the

physiological responses to exercise in pregnant women were similar

to women in the nonpregnant state, except that the responses were

cumulative to an already established hyperkinetic state. They

further stated that the pregnant wman most likely reached her

maximum work capacity at a lower level of work than in the

nonpregnant state. Pernoll et al. (1975), in contrast, found an

increase in V02 throughout gestation in 12 healthy pregnant women

at rest, during, and after submaximal bicycle exercise. The data

suggested that V0: did increase with nonweight bearing exercise.

The author concluded that the increased VO2 was probably the

e result of decreased efficiency of performing light muscular work

during pregnancy.

In a case study of a 32 year old trained pregnant woman, _

Hutchinson and coworkers (1981) reported an increase in V0z after

10 min of submaximal treadmill running tested at monthly intervals

- throughout pregnancy. When V0: was expressed as relative VO:

(ml/kg/min), there was no significant increase, suggesting that

weight gain was responsible for the increased V02. HR,
‘

respiratory exchange (R), Va, and ventilatory equivalent

(Vs/VO:) all significantly increased throughout pregnancy,

greater proportionally than the body weight gain. The authors

concluded that as pregnancy progresses and body weight increases,

running becomes more stressful as indicated by the increased V02,
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Va, and HR. Hutchinson et al. (1981) recommended that as a

result of the increased stress, running speed or intensity should

be reduced.

Knuttgen and Emerson (1974) studied the physiological response

to pregnancy at rest and during treadill walking and bicycling.

The results, similar to Hutchinson’s, indicated that V02

increased throughout gestation at rest and for treadmill walking,

but not for cycling. The increases in Oz cost of treadmill grade

walking was due to the increases in body weight of the subjects.

The V:/V0: also increased during pregnancy at rest and during

both modes of exercise, suggesting overbreathing or

hyperventilation. At rest there were also increases in vital

capacity (VC) and inspiratory reserve (IB) with significant

decreases in expiratory reserve volue (EBV) and functional

residual volume (FBV). The authors suggested that when weight

lifting exercise was minimized, exercise does not impose a severe

physiological stress during pregnancy.

Collings and coworkers (1983) predicted VO2¤ax from H and

V02·values, using a submaximal bicycle exercise test, in eight

nontrained pregnant wumen. The authors showed that from 22 to 30

wk of pregnancy the women had nonsignificant decreases inabsoluteVO2¤ax

(1/min) and relative V02¤ax (ml/kg/min) of 4% (Y) and

10%, respectively. Dibblee and Graham (1983), however, showed that

unfit pregnant women had slight increases in predicted absolute

V02¤ax (2.17 1/min, Y, to 2.42 1/min) throughout pregnancy,

possibly the result of extra weight gain taxing the cardiovascular
°

system enough to improve fitness.
B
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Energy expenditure at rest and during selected aerobic

activities has been reported by Blackburn and Calloway (1976b) and

Nagy and King (1983). Blackburn and Calloway found that basal

metabolic rate (BMR) during pregnancy was significantly higher than

postpartum BMR and increased as gestation progressed. They also

demonstrated that energy expenditure increased 4-5 fold with
—

bicycling and 6-7 fold with walking over resting metabolism and the

increased energy expenditure paralleled weight gain during

pregnancy. H neasurements during exercise also indicated that

pregnant women were less fit for a defined work load as pregnancy

continued, and that the wo~en may compensate for the increased

energy expenditure with a slower work pace.

Nagy and King (1983) measured energy expenditure at rest and

self-paced walking, either longitudinally (early to late pregnancy)

or in a cross-sectional study. The cross-sectional study consisted

of three groups including nonpregnant, early pregnant, and late

pregnant. Similar to Blackburn and Calloway’s data, the BMR

increased approximately 28% during gestation. However, when

expressed as kcal/kg bw/h, there were no significant differences

due to stage of gestation. Total energy expenditure for self-paced

walking was 17% greater in the LP group compared to the EP group

suggesting that body weight, rather than pace, was the major

determinant of total energy expenditure. The authors also noted

that when the EP group was studied at 35 to 40 wk, their pace was

only 4.5% slower than at 15 to 25 wk gestation. Therefore, it is

possible that individual behavioral differences may influence pace

more than stage of gestation (Nagy and King, 1980).
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Responses to exercise training. The studies reviewed up to

this point basically investigated the response of pregnant women to

acute exercise at various stages of gestation. Recently there have

. been suggestions that pregnant women can maintain an exercise

program and improve aerobic capacity without compromising fetal

we1l—being. Collings et al. (1983), Erkkola (1976), and

Dressendorfer and Goodlin (1978), have demonstrated that nontrained

U
”

pregnant woen, who engage in regular aerobic activity, can improve

V02¤ax without deleterious effects on the fetus, while other

investigators (Pomerance et al., 1974a; Dale et al., 1982; Jarrett

and Spellacy, 1983) have shown that maternal exercise was not

necessarily beneficial for the mother or detrimental on birth

outcome. Ruhling et al. (1981) and Dibblee and Graham (1983)

demonstrated that women, aerobically trained prior to pregnancy,

can maintain, but not significantly improve, their aerobic capacity

during gestation.

Collings and coworkers (1983) reported that VO2max

(ml/kg/min) increased 8% (H) in pregnant women cycling three

days/wk for 13 wk at an intensity of 65 to 75% VO2¤ax. Pregnancy

outcome was not significantly different between the trained and

sedentary groups in regard to labor duration, Apgar scores, or

fetal growth. Erkkola (1976) found that physical work capacity

(PWC) was increased 18%, while H and SBP decreased slightly in

nontrained pregnant women performing various aerobic activities for

approximately 25 wk. The exercises were performed 3 days/wk at an

intensity which produced a HR of 140 bpm.
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Dressendorfer and Goodlin (1978) in a case study of a 27 year

old nontrained pregnant woman, demonstrated that functional aerobic

capacity was improved 10% with an average of 24.2 km of

jogging/wk. The weight bearing exercise, which was conducted

throughout pregnancy, produced no harmful effects on either the

mother or child.

Jarrett and Spellacy (1983) and Dale et al. (1982), using

retrospective questionnaire methodologies, investigated the effects

of running during pregnancy on birth outcome. Jarrett and Spellacy

concluded that healthy pregnant women who were accustomed to·

running could continue their activity during pregnancy without harm

to the infant. The data also indicated that the number of km run

during pregnancy decreased as pregnancy progressed. Dale and

coworkers (1982) found no significant differences between runners

with respect to maternal weight gain and neonatal delivery weight.

However, the authors did state that there was a suggestive trend in

the runners of failure to progress (pitocin augmentation) during

labor, resulting in increased Cesarean section rate.

Other investigators have shown that endurance exercise training

during pregnancy may have a detrimental effect on the fetus. Clapp

and Dickstein (1984) prospectively studied the effects of endurance

exercise during pregnancy on fetal outcome. In contrast to the

results of investigators reporting no influence of endurance

exercise training on fetal outcome (Dressendorfer and Goodlin,

1978; Collings et al., 1983; Dale et al., 1982; Jarrett and

Spellacy, 1983), Clapp and Dickstein (1984) suggested that pregnant
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women who maintained regular vigorous exercise through the third

trimester had an increased incidence of lower birth weight infants

(~500 g), shorter gestational periods (~8 days), and less

pregnancy weight gains (~4.6 kg). The authors further showed

that when women reduced strenuous exercise prior to 28 wk, the

incidence of these problems was less. Therefore, important factors

to consider when evaluating the consequences of a prenatal training

program are: 1) how long into the gestational period are the women

training (i.e. 28 wk or 35 wk), and 2) what is the performance

level during that gestational period.

Recent studies of Tafari et al. (1980) and Naeye and Peters

(1982) d=~onstrated that women who performed physical labor during

pregnancy had infants with lower birth weights than infants of

women who were less active. Tafari et al. measured birth weights,

maternal weight gains, and energy intakes of women who performed

hard physical labor and those who performed light work only. The

mothers who engaged in heavy physical labor and had energy intakes

below 70% of the WHO/FAO recomended standards, had infants with Y

_ birth weights of 3.06 kg. In comparison, women on similar caloric

diets, but less physically active, had Y infant birth weights of
i

3.72 kg. Naeye and Peters (1982) analyzed the data from 7,722

pregnancy outcomes and concluded that women who worked (standup

type) in the third trimester had newborns who weighed 150 to 400 g

less than newborns of women who stayed at home. Inadequate blood

flow from the uterus to the placenta was suggested as one possible

cause for the fetal undergrowth.



24

Exercise Testing and Fetal Heart Rate

Measurement of fetal heart rate (FH) in response to maternal

exercise testing has been utilized as a possible indicator of

uteroplacental insufficiency (Pomerance et al., 1974b; Collings et

al., 1983; Hauth et al., 1981; Dressendorfer and Goodlin, 1980;

Dale et al., 1982). Pomerance and coworkers (1974b) monitored the

FER in 54 pregnant women before and after bicycling to screen for

uteroplacental insufficiency. The exercise testing was

administered between 35 to 37 wk of gestation, and lasted six to

eight min until the women reached a HR between 130 and 180 bpm.

Four of ll infants that were found to be stressed during labor and

delivery, had altered FH of i16 bpm after exercise. Dressendorfer

and Goodlin (1980) exained FHR using the ultrasound method in five

trained pregnant women. Graded cycling exercise, at an intensity

which raised maternal HR to 80% maximum, resulted in an increase in

FH of 7 bpm. The authors stated that the increase in FH was

within the normal range (120 to 160 bpm) and, therefore, strenuous

aerobic exercise did not tend to produce fetal bradycardia or

tachycardia. Collings et al. (1983) also studied the effects of

cycling exercise on FH in nontrained women and observed small

increases in FH (144 to 148 bpm). Similar to Dressendorfer and

Goodlin’s observations, the FER values were within the normal range

(120 to 150 bpm) and there were no detrimental effects of the

slight FHR increased on pregnancy outcomes.
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In contrast to Dressendorfer and Goodlin (1980) and Collings et
h

al. (1983), and similar to Pomerance et al. (1974), Clapp (1985)

reported FHM elevations of approximately 16 bpm during treadmill

running in six trained pregnant women. However, the highest

reported FHM of 166 bpm, dropped 12 bpm by 10 min post exercise,

and was still considered relatively close to the normal range.

Dale and coworkers (1982) reported a transient fetal bradycardia in

three women during treadmill running, with the fluctuating patterns

returning to normal within the exercise session.

Weight Changes With Exercise

During Preghancy

Recommendations regarding exercise during pregnancy are

sometimes related to the possible benefit of weight gain control.

Hutchinson et al. (1981) reported a weight gain of 8.5 kg for a 32

year old pregnant runner, a value significantly below the

recommended weight gain (12.7 kg). Collings et al. (1983) however,

described an average weight gain of 15.8 kg for 12 pregnant women

who cycled for 13.4 wk, a value significantly higher than the
_

sedentary controls (14 kg). Clapp and Dickstein (1984) reported Y
i

weight gains of 14.6, 16.8, and 12.2 kg in sedentary, active, and

extr¤~e1y active pregnant women, respectively. Erkkola (1976)

found that 31 pregnant women, trained through various aerobic

exercises throughout pregnancy, had Y weight gains of 12 kg.

Apparently the effects of exercise on weight gain during pregnancy
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are dependent on the intensity and duration of the exercise, as

well as the type of exercise (weight vs nonweight bearing).

Sumarization of Literature

There are still many questions that need to be answered

regarding the effects of exercise during pregnancy. Future

research should investigate the effects of exercise during

pregnancy on nutritional status of both the mother and infant.

Studies should exwmine various exercise protocols and include

intensity, frequency, and duration of exercise, whether weight

bearing was involved, fitness of the subject prior to and during

pregnancy, progression of exercise through the gestational period,

and FH response. There are limited data regarding aerobic

capacity with exercise during pregnancy, as well as limited

information on labor and delivery parameters. In order to provide

adequate guidelines for physicians regarding exercise during

pregnancy and to protect the mother and fetus fron potentially

hazardous complications, more studies are needed. Therefore, this

study was conducted to provide additional information on the

effects of an aerobic training program (walking) during pregnancy

on aerobic capacity, riboflavin and thiamin status, and pregnancy

outcome. Not only will aerobic fitness be assessed using a weight
‘

bearing exercise test during two different trimesters (2nd and

3rd), but activity levels of the women will also be assessed using

activity questionnaires. Unfortunately, due to time and equipment
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limitations, the present study cannot evaluate, on a long term

basis, the effects of aerobic exercise during pregnancy, or monitor

FHR response to maternal exercise.



CHAPTER III

MATERIALS AND METHODS

l
Subject Recruitment Procedures

Twenty eight healthy Caucasian pregnant women in their 2nd

trimester (~22 weeks) were recruited from the Blacksburg,

Christiansburg area following approval of the study by the

Institutional Review Board (IRB) for Research Involving Human

Subjects. Subjects were recruited from prenatal exercise classes

through the Free University, Childbirth Education (Lamaze), and

private physicians referral from September, 1984 to August, 1985.

In addition, recruitment notices were announced in the Spectrum

Newspaper, the University Newspaper (The Collegiate Times), and the

Roanoke Times and World News. Flyers (Appendix A) describing the

study were placed in strategic locations in Blacksburg resulting in

many word of mouth referrals.

The w¤~en ranged in age from 24 to 36 yr and were apparently

free from any illness, disease, or physical limitation, a

prerequisite necessary to participate in the study. The subjects

and their physicians were given a written explanation of the study

and asked to sign a consent of participation and liability form

(Appendix B). The inclusion of the physicians’ signatures were

necessary to ensure their knowledge of the experimental protocol,

potential risk to the subjects, and their patient’s participation.

The women were told prior to participation that they could withdraw

28
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from the study at any time. Also, all potential subjects were

asked to complete a pre—experimental questionnaire (Appendix C)

which provided information regarding prenatal history,

vitamin—mineral supplementation, activity level, and general

information (adapted from Christakis, 1973).

In order to provide some control on vitamin intake and to

provide compensation for participating in the study, all subjects
I

were given a prenatal vitamin—mineral supplement (Natalins Rx),

approximately one month before the beginning of the experimental

period (22 wk). The vitamins were provided by Meade-Johnson

Pharmaceutical Division, Meade Johnson & Company, Evansville, IN;

the composition of the suppl=·ent is listed in Appendix E.

Experimental Design _

After approval by the IRB, subjects were recruited and assigned

to one of the two groups by their willingness to participate in

either group. The two groups included the exercise or walking

group (W) and the nonwalking group (NW). ‘0nce approval was

obtained from each subject and their private physician for

participation, the subjects were scheduled for exercise testing,

blood collection, and completion of dietary and activity

questionnaires. Exercise testing, blood collection and

administration of questionnaires were conducted on both W and NW

groups at approximately 22 and 30 wk of pregnancy. Those who

selected the W group participated in a walking program from 22 to
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30 wk of pregnancy. Those subjects assigned to the NW group tried

to maintain their same activity level without participating in the

walking program.

Physical Activity Level Assessment

' During the 22nd and 30th wk of pregnancy, the subjects were

asked to respond to a questionnaire which listed the activities

they had regularly participated in over the last 12 months

(Appendix D). The questionnaire used is a modification of a method

used by Reiff et al. (1967). The activity assessment helped

determine the activity level of the subjects prior to and during

the eight wk experimental period. A total activity score and a

total aerobic activity score were calculated for each subject at 22

and 30 wk of pregnancy. The activity scores for each individual

were determined using the following formula:

Score = activity factor x h/wk (Reiff et al., 1967).

Activity factor is a value of the approximate MET level for various

activities; values used were reprinted by the American College of

Sports Medicine from Fox et al. (1972). Hours/wk of activity was

determined by the following formulas: [(#mo x min)/60]/52 = h/wk if

frequency of activity performed was monthly, not weekly; however if

activity was performed on a weekly basis then the formula

[#mo x (#days/wk x min/day x 4)/60]/52 = h/wk

was used. After determination of the activity score for each

activity, all scores were added to give the total activity score
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for each subject. The total aerobic activity score was calculated

as the sum of activity scores for those activities which were

considered to be aerobic (ACSM, 1980).

Dietggy Assessment

Each subject completed a two-day dietary intake questionnaire

and a 24 h recall (Appendix F and G) at 22 and 30 wk of pregnancy, _

to provide estimates of riboflavin, thiamin, and kcal intake

(Sanjur, 1982; Christakis, 1973). The data base utilized to

estimate vitamins and kcal intakes was derived from the old and

updated version of the Agriculture Handook No. Eight, Agriculture

Research Division, United States Department of Agriculture (1963;

1976-84). The two—day dietary records included instructions and an

example to help assure more accurate records (Sanjur, 1982). Food

models were used when conducting the 24 h recalls to help subjects

better estimate serving sizes.

V Exercise Testing

Each subject performed two submaximal exercise tests; one

initial baseline test during the 2nd trimester (22 wk) and a 2nd

test after the exercise program during the 3rd trimester (30 wk).

A pilot study was conducted on one subject to determine the

appropriate submaximal exercise testing protocol. The exercise

test selected consisted of treadmill walking using a modification
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of the Balke-Ware maximal exercise protocol (Froelicher, 1983)

[Appendix H]. A11 subjects reported to the Health, Physical

Education, and Recreation (HPER) Human Performance Laboratory one

wk prior to the test in order to familiarize themselves with the

equipment. Familiarization included walking on the treadmill, use

of mouthpiece and noseclip, explanation of rate of perceived
_

'

exertion (RPE), and general explanation of the test. Familiari—

zation with the exercise equipment and the Borg RPE scale was

necessary in order to try and reduce stress in the subjects and

elicit more accurate data. Each subject was then instructed to

meet at the Human Performance Lab on the day of their test and to

allow sufficient time so that they would be as relaxed as possible.

After arriving, electrodes were placed on each subject with the

standard l2—lead for the H determination using electrocardiogram

recordings (Froelicher, 1983). The subjects were then instructed

to lay down and while resting, supine HR and BP were determined.

Standing resting H and BP were also recorded. Subjects walked on

the treadmill at 4.02 km/h, beginning with a 08 grade and

increasing 2.58 every two min (Appendix H). MET levels for minutes

and 8 grade of exercise are also listed in Appendix H (ACSM, 1980).

HR, Vs, fraction of expired Ü2 (Fsoz), fraction of
_

expired CO2 (Fkoz) and RPE were recorded every min, while BP

was taken every two min. Fsoz and Fscoz were determined by a

S-3A Oxygen Analyzer and CD—3A Carbon Dioxide Analyzer,

respectively, from Ametek, Thermox Instruments Division,

Pittsburgh, PA. Vx-: was measured using a Hewlett Packard model
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46303-A Digital pneuotachometer from High Point, NC. Subjects

exercised to either a H that approximated 80% of their age

predicted maximum H (~l50 bpm) [Fox, 1981], an RPE reading of

15, or until they requested to stop the test. After termination of

the treadmill walking, subjects laid down and H and BP values were

recorded for·four consecutive min post exercise.

In addition, immediately after the exercise, a small amount of

blood (0.1 ml) was obtained via fingerprick for determination of

lactic acid. A Model 23-L Lactate Analyzer from Scientific

Division, Yellow Springs, OH was used for analyses. At least two

values were obtained and an average recorded. The exercise tests

were completed when each subject was weighed.

Exercise Program

Exercise was individually prescribed for each woman

participating in the exercise group based on their age predicted

maximum heart rate. The target HR were calculated from a selected

percentage (70%) of the maximu HR (Fox and Mathews, 1981). The

subjects walked a minimum of three times/wk for approximately 30

min duration, at an intensity which approximated 70% of their

maximum HR. The walking sessions took place on campus and at other

convenient locations for the subjects. Several women in the study

arranged their walking schedules with each other to assure adequate

motivation. The walking sessions were initially supervised and

then it was the responsibility of the subjects to continue the
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walking program at the prescribed pace. Before the exercise

program began, each woman was instructed on how to quickly

approximate their HH by the palpitation method (Pollock et al.,

1972). At the end of 30 min of walking the subjects would check

their pulse rate for 10 sec and then multiply that value by six to

approximate bp~. Subjects were also asked to maintain records of

the frequency and duration of their walking program and the H

response. The length of the walking program was eight wk.

A11 of the subjects participating in the walking program

discussed with the author, during the activity questionnaire

interview, their success or difficulty in maintaining the

requirements of the walking program. Those subjects that did not

maintain the minimu requirements for the walking program of three

days/wk, for 30 min a session, at 70% of their maximum HR, were not

included in the W group. Participation in the walking program was

documented and recorded in the 30 wk activity questionnaire.

Blood Collection Procedure

Blood collection was conducted on both W and NW groups at the

beginning (22 wk) and end (30 wk) of the eight wk walking session.

A qualified technician obtained 20 ml of blood by venipuncture.

Vacutainers with Ethylenedinitrilotetraacetic acid (EDTA) added as

an anticoagulant were utilized to collect the blood and samples

were kept in ice for a maximum of 10 min until centrifugation. The

blood samples were transferred to plastic centrifuge tubes and
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centrifuged at 2000xg for 30 min at 0—5°C. ·After centrifugation,

the plasma was removed and frozen for further analyses. The

erythrocytes were washed with five times the volume of cold 0.9%

sodium chloride solution and centrifuged at 2000xg for 15 min at

0—5°C (Glatzle et al., 1970). After centrifugation, the cold

saline solution (supernatant) was discarded. This washing

procedure was repeated twice more to ensure adequate removal of the

buffy coat. After the erythrocytes had been washed three times, 10

ml of cold deionized water were added to 0.3 ml of erythrocytes.

h The erythrocyte solution was vortexed and centrifuged at 0—5°C

for 15 min at 2000xg. The supernatant was then transferred to four

dark colored glass vials and frozen for riboflavin and thiamin

analyses.

Biochemical Analysis

Riboflavin measurements. Riboflavin status was determined by a

modification of Glatzle and coworkers’ (1970) method utilizing
V

EGRAC measurements (Appendix I) [Fordyce, 1985]. The EGRAC data

represent the degree of stimulation from the in vitro addition of

FAD.

Frozen erythrocytes were thawed the day of analysis and 0.1 ml

was used for analysis. Once a sample was thawed, it was used that

day or discarded. Each day of analyses, 2.0 mM B—nicotinamide

Adenine Dinucleotide Phosphate, Reduced Form (B-NADPH), 0.25 mM

FAD, and 7.5 mM Glutathione Oxidized Form (GSSG) were prepared
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fresh. Potassiu phosphate buffer, 0.1 M, was also prepared,

refrigerated, and heated to the optimal reaction temperature of

37°C before use. EDTA, 80 mM, was prepared fresh each wk. All

chemicals were ordered form Sigma Chemical Co., St. Louis, MO.

Triplicates were run on both samples with and without added

cofactor (FAD). The FAD stimulated tubes had each solution added

in the following order: 0.1 ml FAD, 2.2 ml phosphate buffer, 0.05

ml EDTA, 0.1 ml oxidized GSSG, and 0.1 ml hemolysate. The tubes

_ without FAD contained the same except that the 0.1 ml of FAD was

replaced by 0.1 ~l of deionized water. After 0.1 ml of hemolysate

was added to the first tube, the sample was covered with parafilm,

vortexed, and placed into the 37°C water bath for 20 min. The

hemolysate was then added to the other samples staggered by one min

intervals between each and the same procedure followed.

Variability in absorbance readings was reduced with careful

pipeting of the hemolysate. Two tubes containing 0.1 ml hemolysate

and 2.5 ml of phosphate buffer were used as blanks to zero the

spectrophotometer. After the 20 min incubation period, 0.1 ml

NADPH was added to each tube, vortexed, and ab=orbance immediately

measured at 340 nm on a Bausch and Lomb Spectronic, 2000

Double~Bea Spectophotometer from Bausch—Lomb Analytical Systems

Division, Rochester, NY. Each sample was timed after the initial

reading and then measured again after 10 min. Between each sample

reading the Peltier Thermoelectric Flowcell, which was utilized to

maintain samples at 37°C, was cleaned with 37°C phosphate

buffer to prevent sample carry—over.
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In order to determine the EGRAC, the final absorbance was
_

subtracted from the initial absorbance to determine the change in

absorbance (L\Abs) over a 10 min period. The Y of the L§Abs was

taken for the three tubes with added FAD and this value divided by

the Y L\Abs of the three samples without added FAD. EGRAC values

of 1.00 to 1.19, 1.20 to 1.39, and greater than 1.40 represented

adequate, marginal, and deficient riboflavin status, respectively

(Glatzle, 1970). A saple was re—run if there was a greater than

5% error among triplicates.
1

Thiamin measurements. Thiamin status was determiued by a

modification of Smeets and coworkers’ (1971) method utilizing ETKAC

measurements (Appendix J) [Fordyce, 1985]. The ETKAC values

represented the degree of stimulation from the in vitro addition of

TPP.

Frozen erythrocytes were thawed the day of analysis and 0.075

ml was used for analysis (0.1 ml for blank). In order to keep

absorbance readings within a reasonable range, the lesser amount of

hemolysate was used and brought up to volume with Tris buffer.

Once a sample was thawed it was used that day or discarded.

TPP 10 mM, 10 MM B—Nicotinamide Adenine Dinucleotide Reduced

Form (B—NADH), and (1—g1ycerophosphate-dehydrogenase triosphosphate

isomerase, type III (C¥GDH—TPI), were prepared fresh each day,

while ribose—5—phosphate (2.5% solution) and 0.1 M Tris buffer were

prepared and stored until needed. The ribose—5—phosphate which was

stored frozen, was heated to 37°C before use. All chemicals were

ordered from Sigma Chemical Co., St. Louis, MO.
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Triplicates were run on both sets of samples with and without

added TPP. The TPP stimulated tubes had each solution added in the

following order: 0.1 ml TPP, 2.42 ml ribose—5—phosphate, 0.075 ml

h¤~o1ysate, 0.02 ml GDH—TPI, and 0.10 ml B-NADH. The tubes

without TPP were the same except that the 0.1 ml TPP was replaced

with 0.1 ml extra ribose—5—phosphate. After 0.1 ml of NADH was

added to the first tube, the sample was covered with parafilm,

vortexed, and placed into a 37°C water bath for 15 min. The NADH

was then added to the other samples staggered by 30 sec intervals

between each and the same procedure followed. Two tubes containing .

0.1 ml of hemolysate and 2.52 ml of Tris buffer were used as blanks

to zero the spectrophotometer. After the 15 min incubation period

each tube was removed individually from the water bath, absorbance

measured on the Bausch and Lomb Spectronic 2000 at 340 n, timed,

and placed back in the water bath for 25 min. Between each reading

Tris buffer was used to clean the flowcell to prevent sample

carry—over. Similar to the BGR methodology, the thermoelectric

flow cell was utilized to maintain the 37°C temperature of the

samples while measuring absorbances. After the 25 min incubation

period samples were removed and absorbances again measured.

In order to determine the ETKAC, the final absorbance was

subtracted from the initial absorbance to determine the change in

absorbance (AAbs) over the 25 min incubation period. The Y of '

the AAbs was taken for the three tubes stimulated with TPP and

this value divided by the Y AAbs of the three samples without

added TPP. Similar to EGHAC, values of 1.00-1.19, 1.20-1.39, and
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greater than 1.40 represented adequate, marginal, and deficient

thiamin status, respectively (Fordyce, 1985). A sample was re—run

if there was a greater than 5% error among triplicates.

Preggancy Outcome _

Each subject was given a postpartu questionnaire after their

30 wk exercise test and asked to complete and return the form after

delivery (Appendix K). The questionnaire included parameters

similar to those reported by Dale et al. (1982) and Collings et al.

(1983). The parameters were weight gain (kg) during pregnancy,

infant birth weight (kg), infant length (cm), one and five min

Apgar scores, and duration of lst and 2nd stages of labor (min).

Statistical Methods

[
All data were analyzed by the Statistical Analysis System (SAS)

l
[SAS Institute Inc., 1985]. Mean values and standard deviations

(SD) were calculated for all parameters. Analysis of variance
”

(ANOVA) was used for statistical comparison of all variables

between W and NW at 22 and at 30 wk.

Paired "t" tests (Hinkle et al., 1979) were used for within

group comparisons of data at 22 wk and data recorded at 30 wk,

after the 8 wk experimental period. The "t" test was used to

determine the statistical significance between changes in dependent

variables in the W group compared to the changes for the NW group.
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In order to determine the significant differences between HR values

at rest, two, four, and six min, as well as V02 at two, four and

six min, repeated measures analyses were used (Morrison, 1976).

Pearson product moment correlation coefficients were also used to

determine if relationships existed between all variables.

Correlations were considered significant at the 0.05 level or

lower.
_



CHAPTER IV

RESULTS AND DISCUSSION

Subject Description

Twenty eight Caucasian pregnant women volunteered for the study.

Individual data for each variable measured in this study at 22 and

30 wk and at postpartum are listed in Appendices L, M, and N.

Table 1 lists the age, height, and weight values for the

pregnant women participating in either the W or NW groups. The ages

and heights of the subjects in both the W and NW groups were

similar, with no significant differences between the two groups.

The height/weight values, for all subjects, based on the publication

by the Metropolitan Insurance Company (1983) on recomended

height/weight, approached the recommended ranges for medium frame

females 25 yr of age or older. There were no significant

differences in prepregnancy weight values or weight values at 22 and

30 wk gestation. Subjects in both groups had a significant increase

(p<0.000l) in body weight from 22 to 30 wk. The increase in weight

for the W group was nonsignificantly greater than the weight gain

for the NW group.

Collings and coworkers (1983) reported age and height values for

20 pregnant women and their data were similar to the values listed

in Table l for this study. The authors, however, did not report

41



42

TABLE 1

Age, height, and weight values for walkers and nonwalkers

weißt
Group Age Height Prepregnancy 22 wk 30 wk A

vr cm ks

Walking 28.4 167.3 59.4 66.7* 70.9* 4.19
(n=18) ;3.2 ;6.7 ;8.4 5.7 ;8.4 5.48

Non-
walking 27.3 166.5 62.8 68.4** 72.3** 3.83
(¤=10) g·_3.4 i5.4 jl0.6 j9.9 j·_9.9 j1.46

Values represent Y j SD.

*•**Values in the same line with like superscripts are significantly
different (p<0.0001).
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pregnancy weight gain values for the experimental period of 22 to ~

34 wk gestation.

Due to the readily available population within Blacksburg and

the University, recruitment of the subjects was focused on the

immediate area. Also, subjects were required to meet at the

University to participate in the exercise tests and blood

sampling. As a result, most subjects were from the immediate area

and had similar economic, educational, and occupational

backgrounds. All subjects participating in the present study

except one had at least two years of college education, and most

had graduated from four year universities. Individual occupations

included secretaries, students, and homemakers. If subject

recruitment had been conducted in a metropolitan area or areas

surrounding Blacksburg, a more diverse pregnant population may have

been obtained. Unfortunately, pregnant women who abstained from

vitamin—mineral supplements were not available for this study.

The study was initiated at 22 wk of pregnancy to avoid a

potential high risk period, since most miscarriages occur earlier

in the lst trimester of pregnancy. Also, many pregnant women

_ experience nausea or vomiting early in pregnancy, and the 22 wk

starting period avoided this probl¤~. During the eight wk l

experimental period, none of the subjects reported any symptoms of

nausea or other signs of distress during exercise testing or the

walking program.

Three subjects reported previous miscarriages, while the other

25 subjects indicated no history of obstetrical complications. The
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subjects reporting a previous miscarriage were allowed to partici-

pate in the study only through the consent of their physicians.

Physical Activity Assessment

Total activity scores. Women were asked to respond to

questions regarding their total activities including occupational

and recreational related physical activities for the past year.

The time span of one year was used to calculate the activity score

in an attempt to control for any seasonal differences.

There were no significant differences in total activity between

W and NW groups, perhaps the result of large SD, even though the W

group had higher activity scores (Table 2). Both W and NW groups

showed a nonsignificant decrease (p<0.37, p<0.63, respectively) in

total activity from 22 to 30 wk gestation. One major co~ponent of

the total activity score for most subjects was housework and this

activity score appeared to remain constant for most subjects from

22 to 30 wk of pregnancy. Other activities contributing to the

total activity scores included bicycling, swimming, dancing,

running, calisthenics, stretching, and farming.

Blackburn and Calloway (1976b) reported activity patterns of
l

mature pregnant women from 20 to 40 wk of gestation. Occupations

' of the pregnant women in his study were similar to those in the

present study and included mostly students, homemakers, and

secretaries. Similar to the present study, house cleaning did not

significantly decrease throughout gestation; however, walking and
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TABLE 2

Total activity scores for walkers and nonwalkers at
22 and 30 wk gestation

Group 22 wk 30 wk A _

Walking 38.0 36.9 -1.09
; 21.6 i 20.4 i 5.05

Nonwalking 28. 8 28. 1 -0 . 71
i 15.3 i 14.6 i 4.46

Values are ll j SD.
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cooking for subjects in B1ackburn’s study appeared to decline but

not significantly. Review of NW subjects’ activity records in the

current study indicated that the small amount of walking was

maintained throughout the eight wk experimental period. Blackburn

and Calloway did not report recreational activity patterns of the

subjects.

Approximately 20 of 28 subjects in the present study noted that

after 30 wk gestation their involvement and pace in activities

began to decrease. Jarrett and Spellacy (1983), and Dale et al.

(1982), through the use of activity questionnaires, demonstrated

that the number of miles run by pregnant women significantly

decreased from the 2nd trimester until term. Therefore, even

though there were no significant decreases in total activities from

22 to 30 wk gestation in the present study, the possibility exists

·
that from 30 wk gestation to birth that there may have been a

decrease in total activity.

Aerobic activity scores. Listed in Table 3 are the total

aerobic activity scores for both W and NW groups. There were no

significant differences between W and NW groups; however, the W

group tended to have higher values at both 22 and 30 wk (p<0.20 and

p<0.09, respectively). Similar to the total activity scores, large

SD may be responsible for the lack of significant differences.

Even with the slight increase in aerobic activity with W and the

small decrease for NW from 22 to 30 wk, there were no significant

differences (p<0.l8), when comparing changes in aerobic activity

scores between W and NW. The walking program used in this study
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TABLE 3

Total aerobic activity scores for walkers and
nonwalkers at 22 and 30 wk gestation

Group 22 wk 30 wk A

Walking 11 . 4* ll . 6** 0 . 23*
I 8.4 I 8.1 I 1.49

Nonwalking 6. 9 6. 2b -0 . 76**
I 9.1 I 7.2 I 2.33

Values are Y I SD

°Values in the same colunm with like superscripts approaches
significance (p<0.20).

°Values in the same column with like superscripts approaches
significance (p<0.09).

°Values in the same column with like superscripts approaches
significance (p<0.l8).
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Vwas designed to provide minimal frequency, duration, and intensity,

necessary to improve cardiovascular fitness and to avoid potential

obstetrical co~p1ications. Therefore, the walking program

contributed only slightly to the total aerobic activity score. A

typical woman participating in the walking program three times/wk,

for two mo, 30 min/session, at 5.6 km/h, could expect an activity

score increase of 1.15 (Reiff et al., 1967). Therefore, other ~

aerobic activities could possibly mask the walking activity scores

of the subjects. A pregnant woman participating in the walking

program in the current study, could possibly have had a decrease ini

aerobic activity score, even with the added score fro« the walking

program, if other aerobic activities were decreased. The aerobic

activity score in the present study may be ~ore useful for

interpretation of changes in aerobic activity levels when the

training program is more rigorous and results in a larger

individual score.

Dietagy Assessment

Two—day dietary records and 24 h recalls were compared using

paired "t" tests to determine if riboflavin, thiamin, and energy

intakes were significantly different. The paired "t" comparisons

between 24 h recall and two-day dietary records were conducted at

both 22 and 30 wk. There were no significant differences between

the two-day records and the 24 h recalls, and, as a result, both

were combined and three day averages for riboflavin, thiamin, and
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energy intakes were used in statistical analyses. The intakes of

riboflavin, thiain, and energy for W and NW at 22 and 30 wk are

reported in Table 4. There were no significant differences in

riboflavin, thiamin, or energy intakes between W and NW at 22 wk.

At 30 wk, vitamin intakes were similar; however, energy intakes

were higher (p<0.05) for subjects in the W group vs subjects in the

NW group.‘ From 22 to 30 wk gestation, there were no significant

changes regarding intakes of riboflavin, thiain, or energy for W

· and NW subjects.
v

Riboflavin and thiamin requir¤~ents were also expressed on the

basis of caloric intake (mg/1000 kcal), since these vitamins have

roles in energy metabolism (NRC, 1980). Riboflavin intakes for

women participating in the W group were approximately 1.2 mg/1000

kcal and 1.1 mg/1000 kcal at 22 and 30 wk, respectively, which were

close to 160% of the RDA for this nutrient (~0.7/1000 kcal) [NRC,

1980]. Similarly, Y intakes for riboflavin of 1.1 mg/1000 kcal and

1.0 mg/1000 kcal, for subjects in the NW group (22 and 30 wk,

respectively), were also higher than the RDA (~150%). In

contrast, thiamin intakes of women in W group were approximately

100% of the RDA or 0.6 mg/1000 kcal. For NW subjects, intakes of

thiamin were approximately 0.65 mg/1000 kcal and 0.59 mg/1000 kcal

at 22 and 30 wk, respectively. The recommended energy intake for

pregnant women 23-50 yr, is approximately 2300 kcal (NRC, 1980).

Mean energy intakes for women in the W group at 22 and 30 wk (Table

4) approached the recommended intake; however, women in NW group

had adequate intakes at 22 wk and lower than the recommended energy

intake at 30 wk.
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TABLE 4

Dietary lntakea of riboflavin, thianin, and energy
for walkers and nonwalkere at 22 and 30 wk gestation

22 wk Q wk A
Group riboflavin thianin ergy riboflavin thianin energy riboflavin thiuin energy

_ (az) (at) (kcal) (as) (ac) (kcal) (as) (as) (kcal)

Walking 2.74 1.38 2273.8 2.55 1.37 2328.2* -0.18 -0.01 54.4
g 0.88 g 0.34 g 403.8 ; 0.83 ; 0.37 ; 425.1

_·•;
0.59 ; 0.41 g_ 476.3

Nonwalking 2.50 1.47 2251.9 2.09 1.17 2025.1* -0.24 — -0.28 -112.0
; 1.48 g 0.79 g 522.1 g 1.26 ;+_ 0.39 ; 296.0 _·; 0.67 g 0.62 ; 402.7

A11 values are Y; SD.

*Values in the aus column with like superscripta are sigzuificantly different at p<0.05.
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Riboflavin and thiamin intakes for subjects in this study were

comparable or slightly higher than the reported intakes of 2.2 mg

(riboflavin) and 1.1 mg (thiamin) for a reference 70 kg pregnant

women (Lu et al., 1981). Energy intakes for pregnant women in this

study were higher than the reported E values of 2065 kcal

(Blackburn and Calloway, 1976a) and 1500 kcal (ßibblee and Graham,

1983).

Dietary intakes of riboflavin, thiamin, and energy appeared to

be adequate when compared to the RDA’s for the nutrients. Even

with the decreased caloric intake for NW subjects at 30 wk,

riboflavin and thiamin intakes (mg/1000 kcal) were adequate and the
r

Y’s approached 100% of the RDA. Vitamin supplaments, which

contained 3.00 mg of riboflavin and 2.55 mg of thiamin (Appendix

E), a1:o contributed to the total intake for these nutrients, but

were not included in the estimtions given in Table 4.

Exercise Testing

Including both exercise tests at 22 and 30 wk, 91.1% of the

subjects exercised to 80% of their maximu H, 7.1% to an RPE of

15, and 1.8% until they requested to stop the test.

The subjects who exercised to an RPE of 15 were in the W group,

while the one subject who requested to stop the test was in the NW

group.

HR measurements. The HR responses at rest and during two,

four, and six min of submaximal treadmill walking are listed in
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Table 5 for both W and NW groups. The HR responses for all

subjects during submaximal exercise appeared normal as both groups

showed gradual HH increases (p<0.05) with elevated intensities.

However, at 30 wk gestation, there were no significant differences

between HR at two and four min of exercise for both groups.

There were significant correlations between resting HR, and HR

at two min, four min, and six min of exercise for W at both 22 and

30 wk (Table 6). Similarly, there were significant correlations

for NW between H at two min, four min, and six min of exercise at

22 and 30 wk gestation; however, resting HR was not significantly

correlated with the H at two, four, or six min during 22 wk

gestation, but was significantly correlated with HR at four min of

exercise at 30 wk. Regardless, most H values appeared to be

positively correlated, and suggested that subjects apparently had a

normal physiological HR response to increased intensity of

exercise.

Resting H values for the W and NW groups at 22 wk of gestation

were similar to the Y HR values of 85, 81, and 82 bpm, reported by

Collings et al. (1983), Knuttgen and Emerson (1974), and Blackburn

and Calloway (1985), respectively. The differences in resting HR

between W and NW groups at 22 wk were not significant; however, at

30 wk gestation, the resting HR approached statistical significance

(p<0.07) [Table 5]. The increases in E resting HR, of 4.12 bpm and

7.80 bpm, for W and NW respectively, were not statistically

significant regardless of the lower HR increase in the W group.

Similar to data reported by Erkkola (1976), Clapp (1985), and
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TABLE 5

Comparison of heart rate measurements at rest and during two,
four and =ix min of a submaximal treadmill walking test* for

„ walkers and nonwalkers at 22 and 30 wk gestation

HR METS 22 wk 30 wk A
(~) W NW W NW W NW

bpu ·

‘
rest 1.0 80.9 85.7** 85.3**** 93.5**** 4.12 7.80

I 8.3 I 7.5 I 11.0 I 10.9 I 11.9 I 13.4

2 min 2.9 118.5* 120.7*** 117.8** 127.0*-** -0.67* 7.11*
I 9.2 I 6.9 I 11.9 I 7.5 I 9.28 I 7.32

4 nin 3.8 125.0* 126.8** 122.3** 13l.8¤** -2.67* 5.22*
I 10.5 I 9.5 I 12.8 I 6.7 I 10.83 I 10.08

6 min 4.6 133.4* 134.6* 130.6*** 139.1** -2.83* 4.44*
I 8.9 I 10.8 I 12.2 I 9.2 I 10.86 I 11.98

A11 values are Y I SD. .
’

*Conducted at 4.02 km/h with a 2.5% grade increase every two min.

*******¢Va1ues in the same colunn with like superscripts are significantly
different at p<0.05. '

****‘Values in the same line with like superscripts approaches significance
at p<0.07.

**‘**Va1ues in the same line with like superscripts are significantly
different at p<0.05.

. ,...... . *Va1ues in the same line with like superscripts approaches significance
at p<0.13.
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° TABLE 6

Heart rate correlation coefficients* for walkers and nonwalkers
at 22 and 30 wk gestation

Walkers Nonwalkers
H 22 wk 30 wk 22 wk 30 wk

l' P · I' P I' P I' P

rest-2 min 0.47 0.05 0.72 0.001 0.18 NS 0.26 NS

rest-4 min 0.56 0.02 0.66 0.004 0.16 NS 0.65 0.04

rest-6 min 0.46 _ 0.06 0.56 0.02 · 0.55 NS 0.58 0.08 ‘

2-4 ain 0.76 0.0002 0.83 0.0001 0.95 0.0001 0.63 0.05
”

2-6 min 0.67 0.003 0.86 0.0001 0.87 0.003 0.52 NS

4-6 min 0.82 0.0001 0.88 0.0001 0.93 0.0003 0.76 0.01

‘
1Corre1ation coefficients of heart rate response. during a submaximal treadmill
walking test at 4.02 km/h with a 2.5% grade increase every two min.
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Blackburn and Calloway (1985), as pregnancy progressed resting H

increased and was within the reported range of three to seven bpm.

There were no significant differences between W and NW in HR

response at two, four, or six min of walking during the 22 wk

exercise test. However, at 30 wk gestation, the HR for W were
n

significantly lower at two (p<0.05) and four min (p<0.05) of

exercise and approached significance at six min (p<0.07). Hence,

the author concluded that subjects in the W group tended to be

working less than NW subjects for a given exercise intensity during

the 30 wk walking tests. Subjects in the W group had

nonsignificant decreases in H for two, four, and six min of

exercise after the 8 wk walking progrm, while NW subjects had

nonsignificant increases at four and six min and a significant

increase at two min (p<0.05) of exercise. Comparing HR changes

between W and NW groups, values were significantly different at two

min (p<0.05) and approached significance at four (p<0.07) and six

min (p<0.13) of exercise.

Several investigators have suggested that pregnant women

participating in a recommended training program can improve their

aerobic capacity similar to their nonpregnant counterparts

(Collings et al., 1983; Dressendorfer and Goodlin, 1978; and

Erkkola, 1976). H changes with training include a decreased

resting HR, decreased submaxi~al exercise H, and an increased

maximal H (McArd1e et al., 1981). Resting H in the W group in

the current study did not decrease as a result of the walking

program; however, the increased H H (4.12 bpm) was not of the
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magnitude of the increased Y H for the NW group (7.80 bpm). As

mentioned previously, resting H increases with advancing

gestational age (Blackburn and Calloway, 1985). Therefore, if

subjects in the W group did actually manifest training adaptations
4

as a result of the walking program, the absence of a lowered

resting HR at 30 wk may have been the result of the resting HH

increases with pregnancy..

The lower HR response for W at two, four and six min of

submaximal exercise during the 30 wk tests indicate the possibility

of a HR training effect. In a recent study, Blackburn and Calloway

(1985) demonstrated that similar to resting HR, H increased 3-7

bp from 20-28 wk gestation, to 29-36 wk gestation, in response to

submaximal treadmill walking (4.83 km/h). Therefore, the

possibility exists that subjects participating in the walking

program in the present study had a slightly improved HH response

(Table 5) after the 8 wk walking program, as indicated by the

slight decrease to no change in the values. Subjects in the W

group may have just maintained or slightly improved their previous

H response to submaximal exercise, while subjects in the NW group

probably had a diminished HR response. Similarly, Ruhling et al.

(1985) reported that a trained pregnant runner maintained her HR

throughout pregnancy for a given exercise load. Guzman and Caplan

(1970) also demonstrated that nontrained pregnant women had

significant increases in HR of approximately 4 bpm during several

stages of cycling exercise from 20 to 35 wk gestation. Collings et

al. (1983) suggested that as a result of increased weight, pregnant
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women not engaged in regular aerobic activity, show a decreased

capacity for aerobic exercise.

Subjects in the W group were trained by walking, an exercise

similar to the testing protocol (treadmill walking), thereby

accommodating the training specificity recommendation. There is

the possibility that if an alternative exercise test was used such

as cycling or swi~~ing, HR responses may have been different.

QQ2 measurements. Absolute vo; (1/min) was measured at '

two, four, and six min of submaximal exercise during the 22nd and

30th wk of pregnancy (Table 7). Si~ilar to the report of Guzman

and Caplan (1970), the V02 increased significantly (p<0.05) with

elevated intensity of exercise. However, at the lower intensities

of exercise (two and four min), there were no significant

differences in V02 for the NW subjects. Significant correlations

were determined between V0z at two, four, and six min of

submaximal exercise for both W and NW at 22 and 30 wk gestation

(Table 8). Similar to the H responses, subjects apparently had a

normal physiological response to exercise as VO2 levels increased

with elevated intensity of exercise.

There were no significant differences in VO: between W and NW

subjects at both 22 and 30 wk gestation. Changes in V0: from 22

and 30 wk for both W and NW were also reported in Table 7. There

were no significant changes in V02 for W, while the changes in

VO2 for NW subjects were also nonsignificant at two and four min

but approached significance at six min (p<0.l0). Comparison of the

changes in V02 from 22 to 30 wk between W and NW indicated
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‘ ’ TABLE 7
l

Comparison of relative V0: measurements during two, four and
six min of a submaximal treadmill walking test* for
walkers and nonwalkers at 22 and 30 wk gestation

vo; METS 22 wk 30 wk A
» (~) W NW W NW W NW

1/min

_ 2 min 2.9 0.70* 0.64* 0.67* 0.72* -0.02 0.04
1 0.12 1 0.17 1 0.10 1 0.14 1 0.07 1 0.18

4 min 3.8 0.79 0.68* 0.75* 0.77* -0.01* 0.06*
1 0.12 1 0.10 1 0.12 1 0.12 1 0.09 1 0.13 _

6 min 4.6 0.82* 0.76*** 0.81* 0.87•f¢ -0.01* 0.08*
1 0.12 1 0.13 1 0.12 1 0.13 1 0.12 1 0.12

All values are Y 1 SD.
u

*Conducted at 4.02 km/h with a 2.5% grade increase every two min.

**¢***Values in the same column with like superscripts are significantly
different at p<0.05.

¢'**Values in the same line with like superscripts approaches significance
at p<0.l0.
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I TABLE 8

V0: correlation coefficients* for walkers and nonwalkers
at 22 and 30 wk gestation p

Walkers Nonwalkers
V0: 22 wk 30 wk 22 wk- 30 wk

' !° P F P !° P F P

p 2-4 ain 0.80 0.0001 0.62 0.006 0.80 0.01 0.78 0.01 '

2-6 min 0.73 0.0006 0.64 0.004 0.72 0.03 0.43 NS

4-6 min 0.86 0.0001 0.84 0.0001 0.93 0.0003 0.78 0.01

*Corre1ation coefficients for V0: responses during a submaximal treedmill
walking test at 4.02 kn/h with a 2.58 grade increase every two min.
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differences which approached significance (p<0.l0) at four and six

min of exercise.

Subjects participating in the W group had similar V02 values

for both the 22 and 30 wk exercise tests, regardless of weight

gain. Women in the NW group also tended to have similar V02

values at 22 and 30 wk; however, as indicated, their values

approached an increase at six min (p<0.l0). Guzman and Caplan
“

·

(1970) reported small nonsignificant increases in VO2 from 20 to

35 wk gestation for nontrained pregnant women during three bicycle

ergometer workloads. The lack of significant change in V0z in

Guzman and Cap1an’s study may have been the result of using a

nonweight bearing exercise. Hutchinson et al. (1983), however,

dmonstrated that the V02 required to run at 9.6 km/h increased

linearally from the 3rd through the 8th mo of pregnancy. The V02

values paralleled weight gain during pregnancy, which suggested

that weight gain may have been responsible for the increased

V02. In the present study, weight gain (Table 1) for W and NW

were very similar; in fact, the weight gain for the W subjects were

slightly higher (Y, 4.19 vs 3.83). Therefore, if weight gain were

responsible for the increased V02 values during exercise with

advanced gestational age, the changes in VOz from 22 to 30 wk for

W and nw may have been more similar.

In order to assess changes in VO2 values and control for

weight gain, relative V02 (ml/kg/min) values at two, four, and

six min of submaximal exercise were calculated (Table 9). Similar

to the changes in absolute VOz, relative VO: values increased
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TABLE 9

Comparison of relative VO: measurements during two, four and
six min of a submaximal treadmill walking test* for
walkers and nonwalkers at 22 and 30 wk gestation

V02 METS 22 wk 30 wk A
(~) · w uw w uw w uw

ml/kg/min

2 min 2.9 10.4** 9.4 9.5** 9.8° -0.89 -0.01
3 1.2 3 1.7 3 1.2 3 1.6 3 0.95 3 2.5

4 min 3.8 11.4*** 10.1°* 10.5** 10.5* -0.875 0.365
3 1.5 3 1.3 3 0.9 3 1.5 3 1.35 3 1.92

6 min 4.6 12.4** 11.3* 11.5** 11.8** -0.88* 0.55*
3 1.5 3 1.3 3 1.2 3 1.2 3 1.72 3 1.64

All values are Y-i SD.

*Conducted at 4.02 km/h with a 2.5% grade increase every two min.

**°°•Values in the same column with like superscripts are significantly
different at p<0.05.

_ *Values in the same line with like superscripts are significantly different
at p<0.00l.

*Va1ues in the same line with like superscripts are significantly different
at p<0.01.

***Values in the same line with like superscripts are significantly different
at p<0.05.

5Va1ues in the same line with like superscripts approaches significance at p<0.07.
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significantly (p<0.05) with elevated intensity of exercise for both

groups except between two and four min of exercise in the NW

group.

There was a significant difference (p<0.05) in relative VOz

between W and NW during 22 wk gestation at four min of exercise,

while values at 30 wk were similar for both groups. From 22 to 30

wk, relative VOz decreased significantly for W at two min

(p<0.00l), four min (p<0.0l), and ¤ix min (p<0.05). In contrast,

there were no significant changes from 22 to 30 wk for the NW

group. Comparing the changes in relative V02 from 22 to 30 wk

between W and NW, there was a significant difference at six min

(p<0.05) and a near significant different at four min of exercise

(p<0.07). The lack of significant difference at two min can

pos:ibly be explained by the large standard deviation (j 2.5).

Oxygen consumption during steady state, submaximal exercise is the

same or slightly lower with training (Fox and Mathews, 1981).

Whether considering the significantly decreased relative V02

values for W at two, four, and six min of exercise or the

comparison of VO2 changes between W and NW (four and six min),

the data support the possibility that women participating in the W

group had a slight training effect. Blackburn and Calloway (1985)

recently demonstrated that VO; increased from 18.3 (Y) to 19.2

ml/kg/min from 20-28 wk to 29-36 wk gestation during treadmill

walking at 4.83 km/h and a 10% grade. Subjects participating in

the W group in the present study, and treadmill walking at 4.02

km/h on a 5% grade (6 min), had a significant decrease (p<0.05) in
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V0z from 12.4 (Y) to 11.5ml/kg/min from 22 to 30 wk gestation.

Therefore, the possibility exists that with endurance training

during pregnancy, aerobic capacity can be improved.

Pernoll et al. (1975) stated that increased VOz during

pregnancy may be attributed to the increased work associated with

hyperventilation. In a review article Lotgering et al. (1985)

suggested that the added weight of pregnancy causes a lower

efficiency during treadmill exercise and may result in increased

VO2. The improved relative V0: response to submaximal exercise

with subjects in the W group may be associated to training

specificity (walking) and enhanced mechanical efficiency during
i

treadmill walking.

As mentioned earlier, Collings et al. (1983) demonstrated that

pregnant women not engaged in regular aerobic activity, had

decreased functional aerobic capacities (nonsignificant) from 22 to

34 wk gestation. Subjects in the NW group had no change in

relative V0: and an increase in the HR at two min of exercise

only from 22 to 30 wk. Therefore, subjects in the NW group

appeared to maintain their aerobic capacity over the eight wk

training program.

Lactate, exercise test duration, and RPE measurements. Lactate '

and exercise test duration are reported in Table 10. There were no

significant differences in lactate values between W and NW at 22 or

30 wk gestation. However from 22 to 30 wk gestation, lactate

values for W increased significantly (p<0.02) while no change was

observed for NW. Changes in lactate from 22 to 30 wk were compared
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TABLE 10

Coparison of lactate, exercise test duration, and RPE for
walkers and nonwalkers at 22 and 30 wk gestation

22 wk so wk A
W NW W NW W NW

Lactate 2.7* 3.0 - 3.2* 2.8 0.62** -0.33**
(mole/1) g 0.9 g 0.78 ; 1.2 g 1.3 5; 0.86 g 1.26

Duration V 10.3 9.7 10.8 9.2 0.53 -0.44
(ain) ; 2.3

‘
i 1.7 5_ 2.7 g 2.5 5 1.97 g 1.94

RPE 12.8 13.8 13.3 14.2 0.56 0.44
; 1.4 5; 1.9 5_ 1.8 5_ 1.3 5_ 2.12 5_ 1.01

All values Y ;+_ SD.

*Values in the same line with like auperscripts are significantly
different at p<0.02.

‘

**Values in the same line with like superscripts approaches
significance at p<0.06.
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between W and NW and the difference approached significance

(p<0.06). ‘

There were no significant differences in exercise test duration

between W and NW at 22 or 30 wk gestation. Also, no significant

l

changes in duration from 22 to 30 wk were apparent, regardless of

the slight increase (p<0.28) for W (Y, 10.3 to 10.8).

RPE values, which represented the rate of perceived exertion

prior to the termination of the exercise tests, are also reported

in Table 10. Subjects in the W group had nonstatistically lower

RPE values at 22 wk (p<0.l3) and 30 wk (p<0.l9).

Lactic acid production during submaximal exercise decreases

with endurance training (Fox and Mathews, 1981). Hence, subjects

participating in the W group would have been expected to have a

decrease in lactate from 22 to 30 wk. Lactate production is re-

lated to intensity of exercise; therefore lactate to MET level (MET

level prior to termination of exercise) ratios were calculated in

an attempt to explain the increased lactate values for the W group.

These data appeared similar to the lactate results listed in Table

10, and therefore, are not reported. Exercise test duration were

not held constant at 22 and 30 wk; however, intensity of each test

was controlled as subjects were exercised to 80X of their maximum

HH. The slight increase in duration from 22 to 30 wk (Y, 10.3 vs
U

10.8) may possibly explain the significant increase in lactate

observed for the W subjects. Subjects in the W group may have

reached anaerobic threshold, since training adaptations may have

been minimal and anaerobic threshold may not have been increased.
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For both groups of subjects, there were significant negative

correlations (22 wk , r = -0.69, p<0.000l; 30 wk, r = -0.52,

p<0.006) between resting HR and duration of exercise. The

possibility exists that the women with lower resting HR were better

trained for treadmill walking. Similarly, for the W group only,

there were significant relationships (r = 0.57, p<0.002) between

duration of exercise and total aerobic activity scores at both 22

and 30 wk. The data indicated that subjects who performed more

aerobic activity over the last year could walk for longer periods

of time during the treadmill tests.

. Bioch¤~ica1

Riboflavin measurements. EGRAC values for W and NW at 22 and

30 wk gestation are reported in Table ll. There were no

significant differences in EGRAC values in regards to gestational

age or participation in the walking program. Similarly, comparing

the changes from 22 to 30 wk in EGRAC values between W and NW,

there were no significant differences. Ramsey et al. (1983) and

Heller et al. (1974) reported Y_EGRAC values in erythrocytes of

pregnant women, of 1.31 and 1.17, respectively. The EGHAC values

reported in Table ll approached the values reported by Heller et

al., but were lower than those reported by Rmsey et al. In both

studies, there was no mention of vitain-mineral supp1¤~entation. ·

The European subjects in Heller and coworkers’ study, as well as

the Kenyan population in Ramsey and associates’ study, probably did
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TABLE ll

EGRAC measurements for walkers and nonwalkers
at 22 and 30 wk gestation _

Group 22 wk 30 wk A

Walking 1.08 1.07 -0.02
I 0.09 I 0.08 I 0.08

Nonwalking l . 04 1 . 06 0 . 02
I 0.08 I 0.10 I 0.09

All values are Y I SD.
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not consume vitamin—mineral supplements. Lack of subject

supplementation in these two studies could possibly explain the

discrepancies in EGRAC values between the two studies and the

present investigation. Heller et al. also demonstrated that Y
”

EGRAC values were similar at 19 to 36 wk gestation (1.17), but were

marginally deficient (1.20) by term. The author’s results support

the suggestion that riboflavin requir¤~ents increase as pregnancy

progresses. Similarly, the data in Table 11 indicated no

significant changes in EGRAC from 22 to 30 wk gestation for

subjects in the present study; however, no measur¤~ents were made

after 30 wk and conclusions about riboflavin status for subjects at

term cannot be made.

Ramsey and coworkers (1983) reported that 72% of the pregnant

Kenyan subjects were biochemically deficient in riboflavin, as

indicated by high EGRAC values (g 1.20). Heller et al. (1974)

also showed that 33% of the women participating in his study were

riboflavin deficient at approximately 22 wk gestation and 42%, near

term. In the present study, two subjects (W) at 22 wk and three

subjects (2 W; 1 NW) at 30 wk, were marginally deficient (g 1.20).

Both subjects at 22 wk had intakes of riboflavin which met the RDA

and total activity (21.5 and 9.9) and aerobic activity (3.1 and

4.3) levels which were not unusually high. One of the two subjects

at 22 wk, after the 8 wk walking program, had an EGRAC level in the

marginally deficient range. Two other subjects (1 W; l NW) at 30

wk had marginally deficient riboflavin status, as indicated by

EGHAC values, and both had riboflavin intakes that exceeded the
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RDA. One subject (NW), sw=~ almost everyday during pregnancy and

had a high total activity score (50.9) and aerobic activity score

(25.1). The other subject (W) at 30 wk had a high total activity
_

score (41.3) and a somewhat higher aerobic activity score (12.7),

compared to other subjects in the study. She had been engaged in

running (16 km/wk) prior to participation in the study, but then

eliminated running and participated in the walking program. Only

two of the four subjects with EGRAC values indicative of marginal

deficient riboflavin status appeared to be extremely active as

indicated by total activity and aerobic activity scores. However,

the possibility that activity level was associated with EGRAC

status exists.

A11 of the subjects with marginally deficient EGRAC values were

given the Natalin vitamin—mineral supplement one mo prior to

participation in the study. Therefore, riboflavin intakes which

met the RDA, in addition to that in the vitamin—mineral supplement,

were not sufficient to prevent marginal riboflavin deficiency which

was observed in these four subjects. Evaluation of EGRAC status at

term in the present study would have been of interest in

determining if the vitamin—mineral supplement would have prevented

the onset of biochemical riboflavin deficiency during a time in

which Heller and coworkers (1974) reported a greater incidence of
V

deficiency.

Belko et al. (1983) have demonstrated that normal weight

nonpregnant women, after beginning an aerobic exercise program,

required approximately 0.20 mg/1000 kcal more riboflavin to achieve



· 70

normality in regards to EGRAC. The sae investigators (Belko et

al., 1984) reported that moderately obese women required more

riboflavin during exercise (0.80 mg/1000 kcal to 1.16 mg/1000

kcal), independent of weight loss. The results of the present

study show no significant effects of a walking program during

pregnancy on EGRAC values, but all subjects took vitamin-mineral

supplements. There were no significant correlations between EGRAC

· and other variables measured in the study. The lack of any

significant changes in EGHAC may be the result of the vitamin-

mineral supplement, but also a minimal aerobic training program.

In contrast, the aerobic training programs in Belko et al. studies,

were more rigorous, involving jogging or dance five to six days/wk,

for approximately 20 min a session. Also, dietary intakes of

riboflavin without including the amounts from the supplement, for

most of the subjects in the present study, were above the RDA.

Future studies investigating the effects of exercise during

pregnancy on riboflavin status should include: 1) exercise programs

which are slightly more rigorous (increased frequency and duration)

than the walking program in the present study; 2) an additional

status measurement such as urinary riboflavin excretion after a

test dose; 3) inclusion of supplemented and nonsupplemented groups;

and, 4) riboflavin status measurements at term. If riboflavin

requirements should increase with advancing gestational age (Heller

et al., 1974) and with exercise (Belko et al., 1983), there may be

a need to examine the effects of vitamin—mineral supplementation in

the pregnant population.
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Thi=~in measurements. ETKAC values are listed in Table 12 for

W and NW. Twenty—two wk ETKAC values were similar for W and NW

groups; however, at 30 wk gestation, values for subjects in the W

group were slightly higher than the NW group and approached

significance (p<0.06). ETKAC values for W from 22 to 30 wk

gestation increased from a Y value of 0.92 to 0.99, which was a

near significant (p<0.06) change. No significant changes (p<0.37)

occurred in ETKAC values for NW over the 8 wk experimental period.

Comparison of the changes in ETKAC from 22 to 30 wk between W and

NW indicated a difference that approached significance at the
U

p<0.l0 level.

Heller et al. (1974) reported K ETKAC values higher (~1.13)

than the
K’s

of 0.89 to 0.99 reported in the present study. The

discrepancies between their data and ETKAC values from the present

study may be explained by vitamin—mineral supplementation of

subjects in the current study. The authors made no mention of

supplementation, while subjects in the present study were all given

Natalin vitamin—mineral supplements. Also, they found no change in

K ETKAC values from the 7th to the 36th wk of pregnancy. However,

. as mentioned previously, subjects in the W group in the present

study had a slight increase in ETKAC which did approach

significance at the p<0.06 level. The possibility exists that the
l

slightly elevated ETKAC values may have been the result of

participation in the walking program.

Nagy and King (1983) demonstrated that energy expenditure for

400 m of self paced walking, conducted at five wk intervals,
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TABLE 12

ETKAC measurements for walkers and nonwalkers at
22 and 30 wk gestation

Group 22 wk 30 wk A

Walking 0 . 92° 0 . 99° ** 0 . 06°
· I 0.15 jf; 0·.15 , I 0.13

Nonwalking 0 . 93 0 . 89** -0 . 04°
I 0.10 I 0.14 I 0.13

A11 values are Y I SD.

a·°Va1ues in the same line or column with like superscripts
approaches significance at p<0.06.

**Va1ues in the =··· column with like superscripts approaches
significance at p<0.10.
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significantly increased (p<0.05) from 15 to 40 wk gestation in a

longitudinal study of six pregnant women. Increased energy

h expenditure was explained by the increased body weight and not pace

of walking. Blackburn and Calloway (1985) reported that energy

expenditure slightly increased for pregnant women during treadmill

walking from 20 to 36 wk gestation. Sauberlich et al. (1979)

reported that there was a significant relationship between thiamin

requirement and caloric intake and expenditure in adult males.

Subjects who consumed 3600 kcal/day and at the same time increased

their physical activity to maintain their present weight, had

increased thiamin requirements as determined by ETKAC and urinary

thiamin excretion. Dau and colleagues (1949) also showed that

young adults consuing an intermediate to low thiamin diet (0.63

mg/day to 0.20 mg/day), from three to 19 wk, tended to have a

decreased maximum work output.

As mentioned previously, TPP is directly involved in energy

metabolis~ as a result of the vitamin’s role in the oxidative

decarboxylation of pyruvic acid to acety1—SCoA and (1—ketoglutarate

to succinyl—SCoA. The recowmended allowance for energy in pregnant

women is increased 300 kcal above nonpregnant requirements (NAS,

1980). Dietary thiamin and energy intakes met or approached the

RDA for most of the pregnant women in the present study.

Therefore, the increased caloric requirement, in addition to the

potential increased energy expenditure of the walking program, may

result in increased utilization of thiamin. Even though there may

have been increased utilization of thiamin as indicated by the
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increased (p<0.06) ETKAC value in the W group at 30 wk, most values

were still within the range classified as being adequate.

The possibility exist that if subjects participating in the W

group had abstained from vitamin—minera1 supplementation, ETKAC

values may have been higher and ~aybe even be classified as

marginally deficient. Unfortunately, nonsupplemented pregnant

women were not available for the present study.

Horwitt (1984) suggested the changes in ETKAC values should be

interpreted with care. He stated that in using indirect analyses

of vitamin concentration in the blood, one has to depend upon the

constancy of the enzyme concentration in the erythrocyte. McLaren

et al. (1981) showed that stressful situations, such as alcoholism,

can cause differences in apoenzyme levels in the erythrocyte.

Regardless, ETKAC measurements are one of the most reliable and

sensitive indicators of thiamin status (Smeets et a1., 1970).

Ramsey et al. (1983) reported that 59% of a pregnant Kenyan

population were thiamin deficient, as measured by ETKAC, while

Heller et al. (1974) indicated that approximately 30% were

deficient at 25-30 wk gestation. Baker and coworkers (1975), using

a protozoologic method for status assessment, found that 30% of a

low to middle income pregnant population, taking a vitamin—minera1

supplement (1.5 to 15 mg of thiamin) were thiamin deficient. The

authors did not indicate how long supplements had been taken.

Including both groups of W and NW in the present study at 22 and 30

wk, only one subject (W group) at 30 wk was classified as

marginally deficient (g 1.20 < 1.40), with a value of 1.29. The
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subject was a runner who ran approximately 6 km/day until 22 wk

gestation and then stopped running and participated in the walking

program. Regardless, she did have a total activity score (42.8)

and an aerobic activity score (24.0) which were generally higher

than those of most of the subjects at 30 wk in the study. The

thiamin intake for the subject was only 75% of the RDA, not .

including her thiamin intake from the vitamin- mineral supplement.

Conclusions cannot be drawn regarding one subject; however, similar

to the subject (swimmer) that was marginally riboflavin deficient

at 30 wk, in the present study, total activity and aerobic activity

levels appeared to be higher for this woman. Even though one

subject had marginally deficient levels, in contrast to the

findings of Baker et al., the vitamin-mineral suppl¤~ent in this

study may have negated the possibility of a significant nuber of

this pregnant population becoming marginally deficient or deficient

in thiamin.

There was a significant correlation (r = 0.58, p<0.0l) between

ETKAC and aerobic activity scores in the W group at 22 wk

gestation, but not in the NW group. There were no significant

correlations of thiamin status and other variables for the NW

group. There appears to be a trend in the data which supports the·

possibility of a relationship between participation in aerobic

activities and ETKAC values. Similar to riboflavin, future studies

should examine the effects of: l) a more demanding or longer

duration training program on the thiamin status; 2) comparison of

supplemented and nonsupplemented pregnant women; and, 3) thiamin
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status measurements at term. Finally, additional status

measurements of thiamin (urinary thiamin excretion with test dose)

could possibly assist in interpretation of ETKAC data, especially

values not within the normal range.

. Preggancy Outcome

Table 13 summarizes the postpartum parameters in the W and NW

groups. There were no significant difference between the two

groups regarding any of the parameters. Several researchers

reported that there was no significant relationship between birth

outcome and phy:ica1 fitness (Pomerance et al., 1974a) or endurance

training during pregnancy (Collings et al., 1983; Dibblee and

Graha, 1983; Jarrett and Spellacy, 1983; Ruhling et al., 1985).

In contrast, Clapp and Dickstein (1984) reported that women who

„ maintained their preconceptual exercise habits above a minimu

conditioning level, well into the 3rd trimester, had infants which

weighted less by 500 g (X). Those women were compared to pregnant

women who stopped exercising prior to 28 wk gestation. Naeye and

Peters (1982) also showed that women who continued standup work

»during the 3rd trimester, had newborns that weighed 150 to 400 g

less than newborns of mothers who stayed at'home.

In the present study, activity level was determined up to 30 wk

gestation, with no assessment of activity level from 32 to 40 wk

gestation. The possibility exists that activity levels or other

maternal factors during the time period of 30 wk gestation to
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TABLE 13

Postpartun paraneters for walkers and nonwalkers

birth birth weight Apgar Apgar Labor lst Labor 2nd
Group weight length gain 1 min 5 min stage stage

(ks) (m) (ks) (min) (min)
Walking 3.4 52.2 14.4 8.5 9.2 496.6 177.2

g 0.7 g 2.4 ;+_ 3.1 g 0.6 g 0.6 g 416.8 i 425.0

Nonwalking 3.7 52.5 13.2 8.7 9.2 269.3 51.0
; 0.5 g 2.1 ; 1.7 ; 1.0 i 0.7 g 124.7 g 36.8

All values are Y j SD.
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delivery, could have influenced pregnancy outcome. Therefore

future studies should include documentation of the intensity and

level of activity during the 3rd trimester until birth. The

information could further help elucidate the relationship between

fitness and activity level during pregnancy and birth outcome.

There are still many questions regarding physical fitness and

labor and delivery par¤~eters. In a review of physical fitness and

delivery, Gorski (1985) discussed the possibility that intensive

sport activities stiffen the pelvis, therefore making labor more

difficulty. She also stated that some obstetricians are of the

opinion that the strengthened abdominal muscles in athletes may

possibly be beneficial during the 2nd stage of labor. The walking

program in the present study is probably not comparable in

intensity to the intensive sports activities discussed in Gorski’s

review. Regardless, there were no significant effects of the

walking program on labor duration or type of delivery. Labor

duration data does include one woman with a 29 h labor, which is

partially responsible for the high SD for the W group.

Four women, two in the NW group and two in the W group, had

Cesarean deliveries. One of the subjects in the W group had a

Cesarean, perhaps as a result of carrying twins, while the other

subjects reported failure to progress as responsible for Cesarean

delivery.·

Pearson product moment correlation coefficient analyses were

conducted on the postpartum parameters vs 22 and 30 wk data, and no

significant relationships were observed. Lack of significant
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correlation with labor duration may have been the result of large

SD. Metcoff et al. (1981) suggested that nutrient intakes

(excluding riboflavin and thiamin) and maternal characteristics

such as weight gain and age, are related to fetal outcome. In the

present study, no significant correlations regarding dietary

intakes, riboflavin or thiamin status, weight gain, or age with

birth outcome were apparent. The small sample size in this study,

in combination with the lack of a diverse population, may have

contributed to the lack of significant relationships.

The literature appears to recommend moderate aerobic exercise

during pregnancy excluding exercise which involves weight lifting

activities. The intensity of the exercise should probably be

recommended on an individual basis and depends on the initial

fitness level of the woman. Also, studies of active or trained

pregnant women have demonstrated that there is little effect on

birth outcome, whether detrimental or beneficial, as a result of

increased exercise.

In the present study, participation in a walking program had no

apparent influence on birth outcome, while mothers had a slight
’

improvement in aerobic capacity. Riboflavin and thiamin status

were not affected as a result of the participation in the walking

program, even though there was a slight increase in ETKAC values

for the W subjects. There are still many unanswered questions

regarding the relationships between maternal aerobic exercise,

vitamin status, and birth outcome. Future studies should consider

the following factors: 1) longer duration and increased frequency
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of aerobic exercise programs including assessment until term; 2)

greater control of subject fitness levels prior to participation;

3) inclusion of both vitamin—mineral supplemented and nonsupple-

mented groups; and, 4) larger sample size.



CHAPTER V

SUMWARY AND CONCLUSIONS

The two groups of'subjects participating in the present study,

W and NW, were similar in age, height and prepregnancy weight.

Both W and NW subjects had significant (p<0.000l) weight gains

after the eight wk experimental period of 4.19 kg and 3.83 kg,

respectively.

Total activity and aerobic activity scores appeared to be

higher for the W group but not significantly. Lack of significant

differences may have been the result of large SD.

Dietary intakes of riboflavin and thiamin were similar for the

two groups, with most subjects consuing at least 100% of the RDA.

Prenatal vitamin—minera1 supplements, whieh were taken by all

subjects, were not considered with dietary intakes and provided

3.00 mg and 2.55 mg of riboflavin and thiamin, respectively.

Energy intake: for the two groups were similar at 22 wk; however,

at 30 wk the NW group had a significantly lower (p<0.05) energy

intake.

‘
H responses to a submaximal treadmill walking test were

significantly or near significantly lower for W compared to NW

after the eight wk walking program (30 wk). The lower HR response

was evident at two (p<0.05) and four (p<0.05) min, and near

significant at six (p<0.07) min of exercise. While the values for

81
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the W group decreased nonsignificantly from 22 to 30 wk, the HR

response at two min of exercise for the NW group increased

significantly (p<0.05). Also comparison of HR changes from 22 to

30 wk between W and NW indicated a significant difference at two

min (p<0.05) and near significant differences at four min (p<0.07)

and six min (p<0.l3). For several exercise intensities (~2.9,

~3.8, ~4.6 METS), subjects in the W group apparently had

improved HR responses when compared to the responses of the NW
‘

group.

Relative V0z measurements during submaximal treadill walking

decreased significantly for the W group after the eight wk walking

program. Responses at 30 wk were significantly lower than 22 wk

values at two min (p<0.00l), four min (p,0.0l), and six min

(p<0.05) of exercise, while values for women in the NW group

increased nonsignificantly. Comparison of changes in relative

V02 as a result of the walking program, between W and NW,

indicated a significant difference at six min (p<0.05) and a near

significant difference at four min (p<0.07). These data, in
l

conjunction with the HR responses, tend to support the hypothesis

that pregnant women can improve their aerobic capacity with ·

participation in a walking program. The improvement was slight and

may have been more substantial had the frequency, duration, and

intensity of the walking program been increased.

No significant differences were observed between W and NW in
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regard to EGRAC or ETKAC; however, there was a near significant

increase (p<0.06) in ETKAC for subjects in the W group after the

eight wk experimental period. Mean values for EGRAC and ETKAC in

both groups were well within the normal range. However, even the

inclusion of vitamin—~ineral supplements and riboflavin intakes

that were 100% of the RDA, four subjects (3 W; 1 NW) had EGRAC _

values indicative of marginal riboflavin deficiency. One subject

(W) with a dietary thiamin intake approximately 75% of the RDA, had

an ETKAC value indicative of marginal thiamin deficiency. Two of

the subjects who were marginally deficient in riboflavin and the

one woman marginally thiamin deficient, had total activity and

aerobic activity scores higher than most subjects in the present

study. The possibility exists that there may be a relationship

between high total activity or aerobic activity levels and

increased utilization of riboflavin and thiamin.

Participation in the walking program had no significant

influence on birth outcome parameters, whether beneficial or

detrimental. Similarly, there appeared to be no relationship

between birth outcome and vitamin status or other variables

investigated in the study.

In conclusion, pregnant women participating in the walking

program had a slight improvement in aerobic capacity, without any

apparent benefits or risk to the developing fetus. The majority of

women engaged in the maternal aerobic exercise program and taking

vitamin—mineral supplements, were apparently not at risk for
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clinical riboflavin or thiamin deficiency; however, even vitamin-

mineral supplementation was not sufficient to prevent marginal

riboflavin or thiamin deficiency in 17% of the present population.
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APPENDIX B

Subject Code Number

CONSENT FOR PARTICIPATION
in

Nutrition, Pregnancy, Exercise Study
Virginia Polytechnic Institute and State University

I have received a verbal explanation of the study and have had an opportunity to
ask questions regarding the procedures. I understand the following:

° Purpose:

The purpose of this study is to provide information on the effects of exercise
training and B-vitamin supplementation during pregnancy on cardiovascular fitness,
riboflavin, thiamin, and vitamin B-6 status and on birth outcome.

I a a healthy, white, _.__.._.._..pregnant woman, aged 19-29, in my second tri-
mester (about 22 weeks). Prior to pregnancy, my weight was within 201 of my ideal
weight. I do not have any illness, disease, physical limitation,or previous his-
tory of obstetrical complications. Descriptions of physical activity, 3 day die-
tary intake, and general information will be provided. I will participate in one
of the following groups which include exercise,B-vitamin supplemented; exercise,
non-supplemented; sedentary, B-vitamin supplemented; and sedentary, non-supple-
mented. Participation in the non-supplemented group will be allowed only if I vo-
luntarily abstain from B-vitamin supplementation. If possible, the type (brand)
of vitamin supplement will be controlled for those participating in the vitmin
Bwwßmwudymp.

Submaximal exercise tests will be administered two times: one initial baseline
test during the second trimester and a second test after the exercise program and
during the third trimester. The tests will be conducted on a treadmill apparatus
in the Human Performance Laboratory. The walking intensity will be determined via
a pilot study conducted prior to the exercise testing. These are not maximal ex-
ercise tests and the intensity during the tests will not exceed 701 of maximal ox-

I
•

ygen consumption (voz max). Heart rate, oxygen consumption (voz), and blood pres-
sure will be monitored during each exercise test. A physician will be on call and
available during the entire exercise testing period. I will have the opportunity
to report to the performance laboratory before the exercise test to familiarize
myself with the equipment.

Participation in the exercise groups will include 8 weeks of physical training in-
volving walking for 30 minutes a day, 3 days a week. The intensity of the walking
will approximate 60-701 VO2 max or less. The walking will take place at a conve-

_ nient location in the area, will be supervised, and blood pulse rates recorded in
_ order to assure my safety and to assure a proper training intensity. Before the

exercise program begins, I will be instructed on how to quickly approximate my
· heart rate. I will be encouraged to discuss any discomfort or feelings regarding

the exercise with the investigators.

A qualified technician will obtain blood samples (20 ml) prior to the two exercise‘
testing sessions. The investigators will use the blood to assess my thiamin,
riboflavin, and vitamin B-6 status.
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Hy physician or I will provide information regarding labor, delivery, and birth
outcome. The parsmeters will include duration of pregnancy, weight gain during

. pregnancy, duration of first and second stage of labor, infant length, infant
birthweight, and Apgar scores.

All information obtained in the study will be held strictly confidential and will
be used for statistical purposes only.

No compensation will be offered if injury is incurred as a result of my participa-
tion in this project. The probability of injury is very low. I will be expected
to advise the researchers of any medical problems that might arise in the course
of the study and I am free at any time to withdraw consent and discontinue parti-
cipation in the project. A physician will be on call and available if necessary
during the entire testing period.

Any inquiries I may have concerning the procedures utilized in this study will be
answered at any tüme.

I understand the above and agree to participate in this study.

(Date) (Name)

(Date) (Physician)

Principle Investigators: Dr. Judy Driskell
(961-5939)
Richard Lewis
(961-5375)

u
Chairman, Institutional Review Board for Research Involving Human Subjects: Dr.
Charles Waring (961-5283).
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APPENDIX C

PRE-EXPERIHENTAL QUESTIONNAIRE

NAH CODE NO.

ADDRESS DATE

raom: uuuaaa (norm/onxca) - _

PHYSICIAN°S nmz (ou cuuxc)

HEIGHT HEIGHT PRE-PREGNANCY HEIGHT

.HEEKS GESTATION *EDC AGE . RACE

. NUHBER OF PREVIOUS PREGNANCIES

1. Have you had.any history of complicated pregnancy or delivery? Yes No
Not applicable
If yes, please describe

’

2. Do you or have you had any illness or disease? Yes No
If yes, please describe

3. Do you take vitamin or mineral supplements? Yes No
_ If yes, please specify what brands and for how long

4. Do you take any other nutritional supplements? Yes No

If yes, please specify what type of supplement, the brand name and for how long

5. Did you take vitamin, mineral or other nutritional supplements before you
became pregnant? Yes No
If yes, please specify

6. Are you on a special diet? Yes No
If yes, please specify what kind

7. Did you take oral contraceptives? Yes No
If yes, please specify what kind and for how long. Also include the dates
during which the contraceptives were used (i.e. for 1 year 8/82-8/83)

Do you take any kind of medication? Yes No
If yes, please specify the medication and for how long

*Expected date of confinement.
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-2-

9. How physically active are you? (**See activity level guide)
sedentary light moderate very active exceptionally active

10. Do you attend any child birth or prenatal exercise classes? Yes No‘
If yes, please specify what kind of class and for how long

11. Do you plan to be out of town soon? Yes No
If yes, please specify when and for how long

12. Hhat approximately is your family income per year?

under 5,000 10,000-15,000
5,000-8,000 15,000-20,000
8,000·10,000 over 20,000

13. How many individuals are in your fanily?

14. Hhat is your occupation?
‘

15. Hhat is your education level?

_ 12 or less 1-2 years college
4 years college graduate school

**Activity Level

GuideSedentary- Virtually no activity during the day (sitting at a desk all day).
Little or no activity upon returning home (reading, watching TV). No
exercise program.

Light - Office workers with some movement around office, most professional persons
(doctors, lawyers, teachers, secretaries). Some form of mild exercise 1-2
times per week (tennis, Jogging 1/2 mile, golf).

Moderate - Light industry workers, active students, building workers (excluding
heavy laborers), homemakers, light farm workers. Some form of mild
exercise 3 times per week (Jogging one mile, hard tennis, swimming,
cycling 5-10 miles).

Very Active · Heavy farm worker, heavy manual laborers, mine workers, steel
workers. Strenuous exercise program 4-5 times per week (Jogging 5
miles, swimming a mile, hard cycling 15-20 miles).

Exceptionally Active - Lumberjacks, blacksmiths, very strenuous exercise progran
6-7 times per week (marathon running, swimming long
distances, hard long distance cycling 50+ miles).
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· APPENDIX D

PREGNANCY, NUTRITION, CODE NO.

EXERCISE STUDY DATE
ACIIVITY SCORE

EXERCISE ACTIVITY LEVELS

1. Dancing Frequency minutes
(includes aerobic { of months intensity
dancing) { of days/week activity factor 6.4

· 2. Bicycling Frequency minutes
_ { of months intensity

{ of days/week activity factor 5.0

3. Swimming Frequency minutes
_ { of months intensity

{ of days/week activity factor 4.0

4. Gymnastics Frequency minutes
{ of months intensity
{ of days/week activity factor 10.5

5. Stretches Frequency minutes
{ of months intensity
{ of days/week activity factor 4.5

6. Golfing Frequency minutes
{ of months intensity
{ of days/week activity factor 5.0

7. Baseball or Frequency minutes
Softball { of ~onths intensity

{ of days/week activity factor 3.0

8. Basketball Frequency minutes
{ of months intensity
{ of days/week activity factor 8.0

9. Waterskiing Frequency minutes
{ of months intensity
{ of days/week activity factor 6.0

10. Soccer Frequency minutes
{ of months intensity
{ of days/week activity factor 12.0

11. Frisbee Frequency minutes
{ of months intensity
{ of days/week activity factor
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12. Walking Frequency minutes
(circle) # of months intensity
Outdoor: # of days/week activity factor 5.0

s) slowly -
b) moderately
c) rapidly
d) upstsirs

13. Tennis Frequency minutes
# of months intensity
# of days/week activity factor 7.0

14. Running Frequency minutes
# of months intensity
# of days/week activity factor 14.0

15. Skating, Ice Frequency minutes
# of months intensity

‘
A # of days/week activity factor 7.0

16. Skating, Roller Frequency minutes
# of months intensity
# of days/week activity factor 7.0

4
17. Hiking or Frequency minutes

Mt. Climbing # of months intensity
# of days/week activity factor 8.0

18. Bowling Frequency minutes
# of months intensity
# of days/week activity factor 3.0

19. Calisthenics
4

Frequency minutes
(Prenatal Class) # of months intensity

# of days/week activity factor 4.5

20. Farming or Frequency minutes
. Gardening _ A # of months intensity

» # of days/week activity factor 3.7

21. Snowskiing Frequency minutes
# of months intensity

A # of days/week activity factor 8.0

22. Horseback Riding Frequency minutes
# of months intensity
# of days/week activity factor
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I
23. Housework Frequency minutes

(Standup work) # of months intensity

- # of days/week activity factor

24. Canoeing Frequency minutes
# of months intensity
f of days/week activity factor

25. Ping Pong Frequency minutes
# of months intensity
# of days/week activity factor

26. Pitching Horseshoes Frequency minutes
# of months intensity

- # of days/week activity factor

27. Racquetball ° Frequency minutes
# of months intensity
# of days/week activity factor

28. Weight Lifting Frequency minutes
# of months intensity
# of days/week activity factor

29. Wood cutting Frequency minutes
‘ ' # of months intensity

# of days/week activity factor

30. Volleyball Frequency minutes
# of months intensity
# of days/week activity factor 4.0

31. Other Frequency minutes
(Please specify) # of months intensity

# of days/week activity factor
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APPENDIX E
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APPENDIX F

PREGNANCY, NUTRITION, EXERCISE STUDY
TWO DAY DIETARY FOOD RECORD FORM

DATE OF RECORD SUBJECT CODE NO.
DAY OF WEEK TAKEN: M T W TH F S SUN ZCIRCLE)

‘

Please list all the foods and drinks you have consmed for two consecutive days. Make

sure that at least one of the two days occurs on a typical weekday. Please be sure to

record the amount you eat (for example, 1 mediu potatoe, 1-8 oz. glass of milk, 2 slices of

bread, 1/2 cup of peas), and the cooking method (for exaple, hamburger-baked with no fat,

or fried in 2 tbs. of margarine). Also list the time and activity (for example, 8:00 am,

watching T.V.) while eating. If foods are eaten out, such as at McDonalds, just list the
' food, amount, time of day and the activity (for example, l Big Mac, 1 small fry and l large

_ coke, 2:00 pm, no activity). To insure accuracy, try to record food eaten immediately after

each meal.

FOOD AND BEVERAGE OONSUMD

' DAY OF WEEK TAXEN: M T W TH F S SUN (CIRCLB)
WHAT DID COOKING TIME OF ACTIVITY

CODE NO. YOU BAT? AMOUNT METHOD DAY WHILE BATING

Exaple: Eggs 2 med. fried 7:30 a.m. talking with
Oil 1 tbs. family

BREAKFAST

SNACK

LUNCH

SNACK

DINNER

...-4.-SNACK

ANY OTHER .

TIME



102

FOOD AND BEVERAGE CONSUMED

DAY OF HEEK TAKEN: H T H TH F 8 SUN (CIRCLE)

WHAT DID COOKING TIME OF ACIIVITYCODE NO. YOU EAT? MOUNT METHOD DAY WHILE EATINGExample: Eggs 2 med. fried 7:30 a.¤. talkigg withOil 1 tbs. famil
BREAKFAST

suAcx‘

i'LUNCH

SNACK

DINNER

SNACK ‘

ANY OTHER
- TIME
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APPENDIX G

PREGNANCY, NUTRITION, EXERCISE STUDY

. 2l•·HGJR RECALL QUESTIONNAIRE

DATE OF RECORD SUBJECT OOIE NO. ‘

DAY OF MEER TAKEN: M T W TH F S SUN (CIRCLE)

. FOOD AND BEVERAGE OONSUMED

WHAT DID CO(KING TIME OF ACIIVITY
CODE NO. YOU EAT7 AMOUNT METHOD DAY WHILE EATING

BREAKFAST ,

SNACK

LUNCH
'

SNACK

DINNER

SNACK

ANY OTHER
TIME
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APPENDIX H

Modificaticn of Ba1ke—Ware '
Maximal Exercise Test

Min Speed (km/h) Grade (X) ~METS

0 4.02 0 2.9
1
2 2.5 3.8 ~
3 „
4 5.0 4.6
5
6 7.5 5.5
7
8 10.0 6.3
9

10 12.5 7.2
11
12 15.0 8.1
13
14 17.5 8.9
15
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APPENDIX I

Glutathione Reductase
- For Riboflavin Determination

With Cofactor Without Cofactor Blank
2 tubes 2 tubes 2 tubes

0.1 ml FAD --——— ———-—
-——-- 0.1 ml D—HzO --—-—

l
2.2 ml Phosphate 2.2 ml Phosphate 2.5 ml Phosphate

Buffer Buffer Buffer

0.05 ml EDTA 0.5 ml EDTA —————

0.1 ml Oxidized 0.1 ml Oxidized -————
Glutathione Glutathione

**0.1 ml Hemoly:ate 0.1 ml H¤~o1ysate 0.1 ml Hemolysate

*Heated to 37°C before use

#*0.4 ml RBC/4 ml D—HéO - centrifuge
l0’

Q 1000xg, take supernatant

(1) Incubate 20 min Q 37°C to bring the mixture to opital temp.

(2) Add 0.1 ml —NADPH to the first 4 cuvettes, stir with plastic
stirrer, set time for

l0’
and measure ABS 6 340 nm. (initial)

(3) Add 0.1 ml —NADPH to the second set of cuvettes, stir, set
timer for

l0’
and read (initial)

(4) After
l0’

measure ABS 6 340 nm. again (final)

NOTE: Only 2 or 3 sets of cuvettes can be handled between the reading
of the first and the final reading of the first set.

Calculationsz Each subject has 6 tubes:
2 w/cofactor (+a, +b)
2 w/out cofactor (—a, —b)
2 blanks - use to zero spectrophotometer - No NADPH
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gg Sam le Initial ABS Final ABS AABS X ABS COEFFICIENT

with +a .585 .531 .054
cofactor .0535

+b .522 .469 .053
1.09

—a .560 .511 .049
without .049
cofactor —b .538 .489 .049

ACCEPTABLE MARGINAL DEFICIENT

up to 1.20 1.20 — 1.40 1.40 +

B2 SOLUTIONS

(1) POTASSIUM PHOSPHATE BUFFER: 0.1 m, Ph 7.4. Dissolve 16.41 g
KZHPÜH (diabasic) and 0.79 g
KHzPO4 (monobasic) in approx. 800
ml D—Hz0, adjust pH with 2 N HC1,
qs to 1 L with D—HéO

(2) -NADPH — 2.0 mM Dissolve 16.6 mg of -NADPH in 10.0
ml 1% Sodium Bicarbonate
— prepare fresh each day

(3) GLUTHATHIONE, OXIDIZED 7.5 mM Dissolve 46 mg of Glutathione
in 10.0 ml 1 % NaOH
— prepare fresh each day

(4) FAQ - 0.25 Mm Dissolve 2.4 mg of FAD in 10.0 ml
D—H:O, keep the tube covered with
aluinu foil‘
- prepare fresh each day

(5) EDTA — 80 mM — Dissolve 1.6 g EDTA in D—H20,
qs to 50 ml

‘
— stable for 1 week when refrigerated

(6) SODIUM BICARBONATE 1% (w/v) Dissolve 5.0 g NaHCO¤/
500 ml D—HäO

(7) NaOH 1% (w/v) Dissolve 5.0 g NaHCO¤/
500 ml D—HéO

(8) HC1 - 2 N 166 ml conc HCL/1000 ml D—HéO
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APPENDIX J

Transketolase Method
For Determination of Thiamin

With Cofactor Without Cofactor Blank
2 tubes 2 tubes 2 tubes

0.1 ml TPP -—-—— -————

#2.42 ml Substrate (H-5-P) 2.52 ml Substrate (H—5—P) —————~ ”

##0.075 ml Hemolysate 0.075 ml Hemolysate 0.100 Hemoslyate

_ 0.02 ml —GDH—TPI 0.02 ml —GDH;TPI —————

0.10 ml —NADH 0.10 ml -NADH —————

--—-- —-——— 2.52 ml THIS
BUFFEH

#Heated to 37°C before use

#*0.4 ml HBC+ 4 ml D—Hé0 — centrifuge
l0’

G 1000xg, take supernatant

(1) Incubate 25 min Q 37°C to bring the mixture to optical temp.

(2) Measure ABS. 6 340 nm (initial)

(3) Place samples back into 37°C incubator for 20 min.

(4) Measure ABS 6 340 nm. again (final)

Calculations: Each subject has 6 tubes:
2 w/cofactor (+a, +b)
2 w/out cofactor (—a, —b)

' 2 blanks - use to zero spectrophoto~eter
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. __ ACTIVITY
gg Sample Initial ABS Final ABS ZÄABS X ABS COEFFICIENT

with +a .585 .531 .054
cofactor .0535

+b .522 .469 .053
1.09

—a .560 .511 .049
without .049
cofactor —b .538 .489 .049

ACCEPTABLE MAHGINAL DEFICIENT

up to 1.20 1.20 — 1.40 1.40 +

SOLUTIONS — THANSKETOLASE - B1

(1) THIS BUFFEH 0.1 M, pH 7.6. Dissolve 12.12g THIZMA HC1 and
2.78g THIZMA BASE in D—H:0, adjust pH with HC1,
qs to 1 L with D—HzO

(2) SUBSTHATE RIBOSE — 5 - PHOSPHATE, BARIUM SALT
— Dissolve 1.0 g H—5—P in 2.0 ml 2N HC1 + vortex

until dissolved.
— Add 1.0M SODIUM SULFATE until all Ba++ ions are

precipitated (approx 2.7 ml)
- Centrifuge at 2000xg for 15 min.
— Transfer supernatant to a clean test tube
— Adjust pH of supernatant to 7.6 with 10 N NaOH,

then 1 N NaOH
- qs with THIS BUFFEH to 190 ml

(3) 2N HCL — 166 ~1 conc HC1/1000 ml D—HzO

(4) SODIUM SULFATE — 1.0 M
. 14.2 g NazSO¤ (anhydrous)/100ml D—HéO

(5) 10 N NaOH 100 g/250 ml D—HcO
1 N NaOH ' 10 ml 10 N NaOH 90 ml D—HéO

(6) TEE
— 10 mN- — Dissolve 30 mg in 6.5 ml THIS BUFFEH

— prepare fresh each day

(7) B-NADH — 10 mM — Dissolve 46.2mg in 6.5 ml THIS BUFFEH
— prepare fresh each day

(8)(X—GDH—TPI — a) 7.4 mg protein/ml — pipette out
138 Ä/lml THIS BUFFEH

b) 8.2 mg protein/ml 124 )\/lml THIS BUFFEH
c) 12.0 mg protein/ml 85 Ä/lml THIS BUFFEH
d) 19.8 mg protein/ml 50 Ä/lml THIS BUFFEH
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APPENDIX K
Post Partum-DeliveryQuest i onnai re

1 NAME
Birth Weight (g) ______ . __

Birth Length (cm) __ _ . __

Apgar Score1 min ___ ·
5 min __ __ '

Duration of Labor ‘
1st stage (min) ____ ‘

2nd stage (min) ________ —

Weight gain (kg) ___ . _
(during pregnancy) l

Delivery Date
V

Type of Delivery

Send to: Richard LewisDept. Human Nutrition 8 FoodsWallace Hall '·VPI&SU
Blacksburg, VA 21+061
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APPENDIX N .

Post—Partum Datal
’

zä /\

¤ ¤ cl ¤o M o M
M L M 5 M 5S M ¤ ¤ ¤ M~« M~M. w m M M M 0 0M c 0 5 5 M 0 M 0

A 0) GJ QD S! ¤0 5 00
H 3 A •-4 rx A •-4 Ih ’U

N 'U @0
. > w E M w I I M M~« .¤.M .¤ 0 .¤.& M M M 0 M 0

M v M v cßv w II! O O0 M M M w m .¤ M ¤·¤m ~a M 0 ¤ m 0 0 0 ¤< m m 3 < <_ A·—
Mum

Walkersz
1 26 3.0 53.3 10.4 9 9 270 20

· 2 27 3.4 51.4 12.7 9 9 240 75
3 27 2.8 49.5 16.4 9 10 1750 1757‘ 4 27 4.1 55.2 9.6 8 9 570 15
5 31 3.4 55.0 15.9 9 10 340 83
6 31 4.2 53.3 15.9 8 10 _ ,
7 30 4.6 52.5 13.5 9 9 180 20
8 24 4.2 54.0 17.7 8 9 330 60

13 gg ä.? 49.3 20.5 9 9 540 60
· 5- 14- 9 9 530 O11 32 3.1 50.2 15.5 8 9 315 25

12 28 3.0 49.5 11.8 8 9 1230 30
13 31 3.7 52.1 15.9 8 9 360 150
14 23 3.8 52.7 11.4 9 10 360 90
15 26 3.1 53.3 10.5 9 9 480 40
16 · 28 3.5 53.3 11.4 9 10 210 60
17 25 3.3 54.0 17.3 7 8 240 240
18a 29 2.3 47.0 ° 18.2 . . .
18b 2.2 49.5

Nonwalkers

19 25 4.1 56.5 12.3 9 10 390 120
20 29 4.7 54.6 12.7 8 9 . .
21 30 2.9 52.1 14.1 8 8 450 · 67
22 24 .... . . .
23 31 3.5 50.8 15.9 10 10 255 45
24 21 3.6 52.1 12.3 10 10 _ . .
25 26 3.4 50.8 10.5 9 9 300 60
26 28 3.5 54.0 12.9 8 9 250 5
27 32 3.7 50.8 15.8 9 9 120 30
28 27 3.9 50.8 12.7 7 9 120 30

1Observat:ions 6, 18, 20 and 24 had Cesarean delivery and
therefore, labor durations were not reported.

zübservation 18 included twins (a,b).




