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ABSTRACT 

The Relationship of Diet to the Incidence of Clinical Signs 
of Fola.te Deficiency During Pregnancy in Priva.te and Clinic 

Patients 

Seven- day dietary records Here used to investigate dietary 

habits of private and clinic pregnant Homeno Statistically s:l.gnifi-

caut differences betw'een groups \vere found in the consumption of Cal-

ories and aIl nutrients except carbohydrate. Intakes of iron by clinic 

sub jec t.s in 1ate pregnancy \vere belo\v those recommended in the Canad-

ian Diè tary Standard o Diets of private patients provided greater 

quantities of both fo1ate and Bl2 than those of clinic patientso The 

better quality of diets of private patients Has attributed to a higher 

soc.io- economic s tatus 0 Diets of "normal" and "folate- deficient" sub-

jects '\V'ere not significantly differento No high correlation Has found 

bet\V'een any dietary components and clinical parameters of folate nutri" 

tion o The incidence of folate deficiency Has the same in both groups, 

8uggesting that in addition to diet, other factors are involved in 

the development of the deficiency during pregnancy. 
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I. GENERAL INTRODUCTION 

The high incidence of clinical signs of folate deficiency in 

pregnancy, ranging from a very mild deficit evidenced by low serum 

folate levels to severe megaloblastic anaemias, has motivated the ex

tensive studies on folate nutrition undertaken in the last several 

years. 

Lowenstein ~ al." (1966a) reported an incidence of 48% of lo~v 

blood folate levels and 25% of early megaloblastosis in an anaemic 

(iron-deficient) pregnant population attending the ante-partum clinic 

1 

of the Royal Victoria Hospital in MontreaL Subsequently, the same 

researchers investigated in detail the hematologic and nl1tritional 

status of a large group of normal ~vomen from a comparable population 

(Lmvenstein ~ al., 1966b)o The hematologic· study revealed the inci

dence of lmv blood folate levels to be approximately 50% in the patients 

unsupplemented with folic acid or vitamin B12 and megaloblastic bone

marrmv changes occurred in 26% of the cases o The fact that megalo

blastosis and lo~v blood folates appeared as frequently in non- anaemic 

as in anaemic pregnant women suggested that an insufficient intake, ex

cessive requirements and/or altered metabolism of folate was common in 

pr2gnancy. The dietary study of the non-anaemic pregnant population, 

performed by Moscovitch (1965) showed a suboptimal intake of total 

Calories, iron and folate, although the latter did not correlate signi

ficantly with the development of megaloblastic bone-marrow changes or 

with low blood folate values o 
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In order to confirm and ex tend these findings, it was decided 

by Lowenstein and co-workers to investigate a group of pregnant women 

under the care of private physicians. Basec1 on the assumption that 

the t,vo populations were from di.fferent socio- economic classes, the 

hypothesis that the incidence of folate deficiency signs would be 

lower, due to a better plane of nutrition, had to be tested. The 

author undertook the study of the dietary intake of these private pat

ients; a sample of the clinic population was also surveyed. The re

sults of the above mentioned investigation and of the concomitant 

hematologic findings are presented in this thesis. 



II. LITERA1URE REVIEW 

A. FOLIC ACID NUTRITION IN PREGNANCY 

1. Nature of Folie Acid and Natura11y Occurring Forms 
of the Vitamin 

It is now established that folie aeid, previously identified 

as norite eluate factor (Snell, 1940), vitamin Be (Pfiffner ~ al., 

1945), .b. casei fac tor from 1iver (Stokntad,l, 1943) and J.o casei 

factor from fermentation residue (Hutehings ~ alo, 1944), is a com-

bination of glutamic acld, para- amino- benzoie acid and a pteridine 

nucleus. Folie acid ls said not to oeeur in nature (Rabino'Vlitz and 

3 

Himes, 1960) a1though the subjeet remains eontroversia1 (naker et a1o, 

1964; Butterworth et _,;11., 1963). It was first obtained synthetü:u11y 

by Angier et al. (1945). 

The term "folate" is usua11)1 app1ied to folie aeid (pteroy1-

glutamic acid) and aIl its derivativeso Members of the folate group 

ine1ude pteroy1- trig1utamie acid, pterÇ>yl- heptaglutamic acid and the 

reduced forms: citrovorum factor (5-formy1 tetrahydro-folic acid), 

heat labile 10- formy1 tetrahydro- folie acid (Albrech and Broquist, 

1956), 5-methy1 tetrahydro-fo1ic acid, the major folate compound of 

mammaliaJ.l. liver (Larrabee ~ i!:.!., 1961) and a fel., others o 

Since the discovery of the vitamin, rapid progress has been 

made in the e1ucidation of the structure and distribution of the nat-

ura1ly occurring fo1ateso Pteroy1-trig1utamic acid was iso1ated from 

a variety of materials of animal and bac teria1 origin (Jukes and Sbnlc':'." 

stad, 1948) and pteroy1-heptag1utamic acid from yeast (Pfiffner et al., 
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1945). Citrovorum factor occurs in natural materials in both free 

(monoglutamate) and combined (polyglutamate) forms. However, tetrahydro-

folates, because of their susceptibility to oxidation, are found in 

relatively small amounts in nature. 

2. Metabolic Functions of Folate 

The folic acid group of vitamins are essential for many animal 

species including man. Their main function is to provide a power fuI 

stimulus to blood cell formation and maturation through the enzymatic 

reactions involving folic acid. 

The folic acid coenzymes participate :tn a variety of one-carbon 

transfer reactions, most of ~.,hich have been elucidated. It is gener-

ally accepted that the tetrahydro- folates are the active coenzymes o 

Some of the better knmvn reactions in which the folate coenzymes func-

tion are listed belo~.,: 

Interconversion of glycine and serine (Huennekens and Osborn, 

1959; Peters and Greenberg, 1957). 

- Conversion of homocysteine to methionine (Doctor ~ alo, 1957; 

Nakao and Greenberg, 1958) 0 

.. Phenylalanine oxidation to tyrosine (Kaufman, 1959). 

Synthesis of purines (Hartman and Buchanan, 1959) and pyrimi

dines (Greenberg and Humphreys, 1958). 

- Nucleic acid synthesis (Niewig et alo, 1954). --
3. Metabolic Interrelationships of Folate 

a. Vitamin Bl2 

The ability of patients ~.,ith vitamin B12 deficiency to derive 
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hematologic benefit from large doses of folie acid (Jruldl and Lear, 

1956) and vice versa (Zalusky.Q! al., 1962) provided evidence that fol

ate and vitamin B12 ,,,ere interrelated in blood formation. The exact 

site of this interaction, which has given rise ta various speculative 

theories (Noronha and Silverman, 1961; Herbert and Zalusky, 1962; 

Cooperman and Luhby, 1963; Gellene ~ al., 1964), is not as yet eluci

dated. 

Observations of Dickerman ~ al o (1964) and Foster (1966) pro

vided strong evidence that in most biologtcal systems, both folate and 

vitamin B12 ,,,ere involved in methionine biosynthesis. Furthermore, 

the possible need for B12 for adequate storage of folate ,vas indicated 

by Cox ~ al. (1958) ,,,ho found that theexcre tion of folie acid in the 

urine following a tes t dose ,,,as lo,,,er in pernicious anaemia patients 

than in normal patients. Concomitently, Dm"born ~ al. (1958) observed 

low liver levels of folie acid and citrovorum factor in vitamin B12 

deficient sheepo 

In vie,,, of the close relattonship existing bet,,,een folie acid 

and vitamin B12 metabolism, a relationship also exhibited in signs of 

deficiency of either vitamin, some aspects of the metabolislll of vita

min Bi2 will be reviewed briefly. 

Vitamin B12' in either native or crystalline form, is poorly 

absorbed from the gastrointestinal tract of even clinica11y healthy 

subjects (Siegel ~ al., 1961; Sullivan and Herbert, 1965)0 However, 

Heyssel ~ al. (1966) estimated that normal adults eating a diet con

taining 5 to 15 p.. go of the vitamin (Chung ~ al D , 1961) absorbed at 

least 5 ~go daily and that there may be an age-related decrease in 

the ability to absorb vitamin B12 " An increased absorption was 
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observed by Siegel et al. (1961) when the vitamin was offered aft.er 

feeding rather than on an empty stomach. Glass et al o (1954) showed 

that the percentage of utilization of B12 followed a regression curve, 

decreasing with increasing dosage levels, especially llThen the latter 

llTere beyond normal physiological range. 

Since a minimal daily intalce of 006 to 1.2 go of vitamin B12 

seemed adequate to main tain health and normal hemopoiesis in normal 

subjects operating llTith lOllT body stores, Boziam ~ aL (1963) proposed 

3 to 5 g. as the dietary requirement for a population. However, any 

additional needs imposed by pregnancy are not lcnown. 

Considerable amounts of vitamin B12 activity are destroyed by 

cooking, ranging from 23.7 to 89.6% (Baner jee and Chatter jea, 1963) 0 

Consequently, estimates of intake based on analysis of food prior to 

cooking should be interpreted with care. 

Vitamin B12 deficiency, manifested by subnormal serum B12 con

centrations (less than 120 g. per mL), was ShOll7ll by a number of 

v70rkers to deve10p in strict vegetarians (Holees et:: aL, 1955; Mehta ~ 

al., 196/~; Hines, 1966), and is due to the absence of animal protein 

in the diet, the major source of vitamin B12 (Herbert, 1963b)o Serum 

vitamin Bl2 levels of pregnant llTOmen llTere shown to be significantly 

low'er than those of non-pregnant normal women (Lowenstein et aL, 

1960), suggeséing sorne effect of pregnancy upon the metabolism of 

this vitamine 

b. Iron 

Vitale ~ aL (1966), studying the effects of iron deficiency 

on folate metabolism in rats, observed concurrent biochemical and 
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morpholog:l.cal changes due to folate deficiency, which he attributed to 

the decreased activity of the iron-dependent enzyme formimino-transferase. 

Similarly, Velez et: al. (1966) reported that iron deficiency produced 

a secondary folate deficiency. Chanarin (1966) suggested that iron de

ficiency might, of itself, adversely affect folate status and be of 

sorne importance in the pathogenesis of folate deficiency anaemia in 

pregnancy.' However, Lowenstein (1966) maintained that the incidence of 

macrogranulocytis was not significantly affected by the administration 

of iron; the author based his view upon observation of the same inci

dence of folate deficiency in iron-deficient and in iron supplemented 

patients. 

c. Ascorbic acid 

Ascorbic acid is functionally related to folic acid, not in actu

ally stimulating the transformation of folic acid to citrovorum factor, 

but merely in protecting the citrovorum factor from destruction (Doctor) 

1958). Herbert (1959) recognized the possibility of inadequate utili

zation of folic acid due to ascorbic acid deficiency. 

d. Other vitamins 

Riboflavin may be involved in folate metabolism. Foy and co

workers (1964, 1966) observed a decrease in serum folate and B12 but 

no megaloblasts in riboflavin deficient baboons; the addition of; ribo

flavin to the diet produced a decrease in serum B12 and a rise in serum 

folate values. Havely and Guggenheim (1957) observed that rats deficient 

in vitamin A, pyridoxine and riboflavin, were less able to retain folic 

acid and citrovorum factor in their livers than normal rats; moreover, 

the conversion of folic acid to citrovorum factor seemed to be impaired 
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in deficieney of thiamine, pyridoxine and riboflavino These findings 

are in contrast to work by Scott and Griffith (958) who observed no 

interaction in growing rats between folie aeid and any of the follmving 

vitamins - thiamine, riboflavin, pyridoxin and pantothenate. 

4. Dictary Folate and Assays for Folie Aeid 
Aetivity in Foods 

a. Nature of food folate 

TIle folie aeid found in foods of vegetable origin appears to be 

in one or other of the eonjugated forms (Toepfer et al., 1951; Stok:' 

stad, 1954), whi1e mueh of the folate in foods of animal origin, espee-

ially liver, is ln the form of the redueed monoglutamate with a methy1 

group in the N5 position (Herbert and Za1usky, 1962)0 The former points 

out to the need of liberating folie acid from the eonjugates during the 

digestion proeess o 

b. Fo1ate content of human dietaries 

Most estimates of di~tary folate aetivity are based on the tables 

pub1ished by Toepfer ~ al. (1951). Howevcr, it is like1y that data for 

folie aeid content of foodstuffs is too high beeause the microbio1ogieal 

assay organisms used in determining these values ~vere shmm to respond 

to a number of non- folate materia1s in food extrac ts 0 These compounds 

with folie acid-1ike activity in baeterio1ogiea1 assays may be inactive 

in human nutrition (Crosby, 1960), and eonversely, as postu1a.ted by 

Luhby and Cooperman (1963), foods contain eomplex derivatives (conju·· 

gates) whieh are not usefu1 for the micro-organisms but might be active 

for man. ButtenlOrth et alo (1963) obtained, with.§.. faecalis, a growth 

response in folie aeid-free medium to thymine, hypoxanthine, theobromine, 
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guanidine, guanosine, uric acid and others, in additi.on to at least ten 

derivatives. of pteroylglutamic acid. The grmvth of f. casei ~vas stimu

lated over a somewhat wider range of folic acid derivatives, including 

both methylated and triglutamate forms that did not support gro~vth of 

~. faecalis • 

.1. casei is the bacterium ~vhich behaves more human-like regarding 

folate. l t is clear, howevcr, that only a hllman assay can provide a. 

definite ans~ver as to the available felate in foods for man, expressed 

in pteroylglutrunic acid equivalence. ~ventually a ratio (activity for 

.1. casei/ ac tivi ty for man) might be definedo A large series of published 

investigations in.~icate that the folic acid activity of foods may be 

determined ~vith.2o faecalis follmving treatment ~vith a conjugase to 

give values which correspond very closely in most cases Hith those ob

tained by biological assay ~vith chicIes. The chicIe biological assay is 

at this time the most reliable, although costly and time-consuming, 

method for determining folate activity. Hmvever, Flynn (1964) reported 

that the results of 1. casei assays agreed ~'lell 'vith the chicIe assay 

but that..ê,. faecalis values did note In a subsequent collaborative 

study on folic acid assay methods, Flynn (1965) found that the highest 

values for folic acid activity in a fe~v food items ~vere obtained ~vith 

.1. casei in extracts containing potassium ascorbate, due to the pro-· 

tective effect of the latter on the activity of 5-methyl tetrahydro-

folic acid, which.2. faecalis cannot use o 

Conventional rats ~vere used by Asenjo (1948) as the bio- assay 

organisms for folic acid activity; a suIfa drug ~vas administen~d to pre

vent the intestinal synthesis of the vitamine Daft and HcDaniel (1963) 

s tressed that for the bio- assay using rats to be valid, coprophagy must 
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be prevented. It \"as observed, hm"ever, that in germ-free rats, folie 

acid deficiency could be produced much faster than in conventional rats 

(McDaniel and Daft, 1959). 

Folic a.cid assays by conventional methods using.2. faecalis as 

the test organism showed that ordinary American diets provided daily 

52 ! 14 }-Lg. of free folate activity (Butterworth et a.l o , 1963)0 Assays 

performed after conjugase treatment of the same diets with 'chicken pan" 

creas yielded 184 ± 67 p.,g. of total folate per day. Hm'1ever, it is not 

known whether these determinations were made on the cooked or uncooked 

dieto Additional inforluation on the daily total folate content of Amer

ican dietarieD \V'US provided by Chung et aL (1961)0 Thcir average cal

culated values (from food tables) were, for high cost, 10\'1 cost and 

"poor" diets, 120 ""g., 117 J-!g., and 30 0 8 }Ag., respectivelyo The anal

yzed values, obtained from assays using.§.. faecalis on the cooked food 

\'1ere 193 fA-g., 157 p..g., and 47 p..g. respectively, for the three types of 

diets mentioned previously. Santini ~ aL (1964) found somewhat com

parable values (65p,go of free and 140 JJ.g. of total folie acid) in 

cooked Puerto-Rican diets o Moscovitch (1965) reported a median total 

folate intake of 87 jJ-g. in a dietary study of pregnant women attending 

an antenatal clinic in Montreal; the estimate \'1as calculated from avail

able tables on folate activity of food and referred to the uncooked 

diets. 

The various reports on folate content of die taries offer very 

little basis for comparison o Sorne estimates were calculated from avail

able food composition tables, \'1hile others \'1ere derived from direct 

microbiological assays of diets. Moreover, in the latter case, differ

ent organisms and methods \'1ere used, free and/or total folate were 
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determined, and last but not least, sorne reports were on the basis of 

cooked, 'vhile others applied to uncooked diets. This latter decrepancy 

may be of major importance. In fact, Sch'veigert et al. (1946) reported 

cooking losses of folate ·r.anging ·from 50 to 90%. Moscovitch (1965) ob

served a 'vider range in the loss of free folate but of a smaller order 

(i.e., 10-65%). Most of the coold.ng loss ,vas shmm to be due to water 

extraction. Herbert (1963a) produced folate deficiency in normal sub

jects by extensively boiling their food, reducing the folate content of 

normal dietaries to less than 5 "",g. peT.' day. Ho'vever, Banerjee and 

Chatterjea (1964) found that dry cooking reduced the folic acid content 

of certain foods but also observed a rise in folùte activity after boil

ing. The authors attributed this increase to the possible destruction 

of an tnhibitor by boiling food - certain folate inhibitors are present 

in natural materials (Swenseid ~ al., 19L~7) - or to a better extraction 

of the vitamine Nevertheless, the latter observations are rather iso

lated. The great majority of worleers agree on the importance of coole·

ing and processing los ses of folate, although fe,v data are available at 

this time on folate activity of individual cooleed foodso Only recently 

did Ghitis (1966) publish a report of this type, where the extent of 

folate losses incurred in mille by heating and canning ,vas s tudied. The 

scarcity of information on folate losses due to cooleing may be attributed, 

at least partly, to the numerous complexities involved in the microbio

logical assays for folate activity. 

5. Dietary Folate Requirement 

The minimum daily adult requirement for folic acid was equated 

with tnat runount of pteroylglutamic acid required to main tain normality 
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of serum folate level, i.e., the earliest parameter of developing 

folate deficiency. Herbert's work (1962b) placed the minimal daily re

quirement for folic aci.d in the range of 50 pg. This value is in agree

ment Hith that of Sheehy and cO-'~'lOrkers (1960) \<lho estimated, through 

studies of individuals with tropical sprue, that man' s minimum require

ment ~..,as less titan 100 fAg. 

The determination of dietary requirements for folic acid is com

plicated by a lack of information on the availability of folates. Most 

studies on folate requirements ~.,ere done ~..,ith pure folic acid. The 

runount of folates absorbed from foods and utilizable by man remain to 

be estimated. Cro sby (1960) suggested that humans may have a specific 

requirement for pteroylglutrunic acid in view of the discrepancy observed 

bet~"een the runount of folate activity i.n diets and the amount of pure 

folic acid required for the treatment of tropical sprue. Nevertheless, 

many workers believe that the normal animal (including man) utilizes 

equally free folic acid and the naturally occurring conjugates (Herbert, 

1963b; Santini et al o , 196L~). 

There is sufficient evidence. to indicate that folate is synthe

sized by intestinal bacteria in man (Dzhelieva and Trufanov, 1964; Klip

stein and Samloff, 1966). However, the relative importance of this 

source of folate in the nutrition of the host has not yet been eluci

dated. 

The SaIlle obscurity applies to our knowledge of folate requirements 

for pregnancy. An increased need of this vitamin, as is the case for 

other nutrients, may be expected in the last part of pregnancy, when 

foetal growth is most rapida This higher requirement may have sorne 

bearing on the widespread incidence of folic acid deficiency during 
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pregnancy. However, many factors could be re'sponsible for the apparent 

deficiency and not until the metabolism of folates in pregnancy is fully 

understood will the specifie requirements for gestation be delineated. 

6. Folate Deficiency 

a. Nature and incidence 

Clinical signs of folate deficiency are far from uncommon during 

pre,gnancy, both in tropical (Das Çiupta, 1954; Berry, 1955) and in non

tropical areas (Lillie et al., 1954; Giles and Shuttle'vorth, 1958; 

Chanarin ~ al., 1959; Herbert, 1962[1; Amyot ~ aL, 1965; Lmvens tein 

~ a. 1. , 1966a; Lowenstein ~ al., 1966b). The defi.ciency may cove.r a 

very 'vide spectrum, ranging from a very mild deficit evidenced by low 

serum folate levels accompanied by moderate morphological changes in 

hemopoietic and epithelial ceUs to severe megaloblastic anaemia w-ith 

abnormaUy enlarged erythroblastic ceUs of the bone-marrowe The mech

nnisms by 'vhich folate ,deficiency signs appear are not completely clear. 

Hmveve1.", the development of megaloblastic anaemia as a result of the 

deficiency cau be easily explained in terms of lack of tetrahydro

folate d"ecreasing the supply of thymidilate required by the replicat

ing cell (Friedkin, 1963). 

Vitamin B12 deficiency may also produce megaloblastic anaemia 

but ,far less frequently than folate deficiency. Vitamin B12 tissue 

stores may remain normal for many years 'vhereas folate stores w'ill re

main normal for little more than a month (Herbert, 1963b). 

bo Possible causes 

In additi.on to inadequate ingestion of folie acid, a deficiency 

state can be the consequence of impaired absorption or decreased 
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uti1ization of the vitamine 

The metabo1ism of folie aeid may be a1tered signifieant1y during 

pregnaney. l\1hi1e sorne workers found folate absorption to be normal in 

mega10b1astic anaemia patients (Girdwood and Delamore, 1961), others 

reported that it lvas deereased as a resu1t of pregnaney (Chanarin ~ 

al., 1959). Gi1es (1966) put forward the hypothesis that a mi1d degree 

of intestinal ma1absprption might exist in a proportion of the general 

population - this section of the population then 'tvou1d be predisposed 

to develop severe folie acid deficiency and megalob1astie anaemia 

during pregnaneyo 

An abnormal renal clearance of folie acid ,vas prop08ed as a 

possible exp1anation for the deficiency during pregnaney (Hytten and 

Leiteh, 1964) on the basis of observations made by Chanarin ~ a10 

(1959) and by Girdwood and De1amore (1961). However, Hansen (1966) 

interpreted thi8 inereased folie aeid e1imination as a normal phenom

enon in pt"egnancy 0 

The discrepancy bet'veen materna1 and foetal levels of serum 

fo1ate led Singh and Shinton (1965) to suggest a unidireetional trans

fer of folie aeid across the placenta, resulting in a probable iuter

ferenee 'vith the utilization of folie aeid for materna1 hemopoiesis. 

This would explain, at least partial1y, the rise in maternaI serum fo1-

ate observed a fe,,, 'veeks after de1iveryo 

Grossowiez et al. (1960) found that foetal b100d eontained eight 

times more eitrovorum factor than its materna1 eounterparto Ho,.;rever, 

total folie aeid in foetal b100d was on1y about t'vice that of the mater

na1 blood. These findings suggested that conjugated folates may be 

mobilized from materna1 red cel1s finding their 'vay through the placenta 
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to the foetus ~'lhere they are found main1y in metabolic.a1ly active forms. 

Large foetal demand could consequently be responsible for a relative 

folic acid deficiency in the mother. 

Badenoch g al. (1955) postulated that the cause of megaloblastic 

aenemia of pregnancy may be a resistance to the action of hemopoietic 

factors rather than a deficiency state. This vie~'l ~'las supported by 

Gatenby (1956) who observed that a fair proportion of patients with a 

normal diet developed megaloblas tic aenemia, ~'lhile many patients with a 

grossly inadequate diet failed to develop the deficiency disease o 

I-Im'lever, the great majori ty of ~'lorkers attribute the folate de

ficiency in pregnancy to the fai1ure to meet the increased requirements 

~"hich may be further e1evated by anorexia and vomiting. Although folic 

acid metabolism during pregnancy is not fully elucidated, it i8 probable 

from the observations of Giles and Shuttle~'lorth (1958), Ungley (1952), 

LO~'lenstein et al. (1966b) and Metz (1966) that a deficient diet, because 

of inadequate intake of folate or its destruction by extensive cooking, 

~'lill precipitate the appearance of clinical signs of folate deficiencyo 

c. Assessment 

i) Generalo- Various methods for detecting folic acid deficiency 

in non-pregnant subjects have been devised. These methods, hO~'lever, fre

quently give conflicting results in pregnancy. "It is still open to 

question whether the diagnosis of folic acid deficiency in pregnancy 

should be based on the ran.ge of normal variation in non-pregnants, or 

should be based on the values obtained from healthy pregnant and puer

peral women" (Hansen, 1966). 

ii) FIGLU excretiono- Many investigators accept the measurement 

of urinary excretion of formimino-glutamic acid (FIGLU) after a loading 
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dose of histidine as a sensitive index of folate deficiency (Luhby et 

al., 1958; Knowles et al., 1960; Kohn ~ al., 1961)~ A deficiency of 

folie acid due either to malabsorption or to dietary insufficiency re

sul ts in an increase of formimino- glutamic acid - tetrahydro- folie acid 

not being available to effect further breakdmm of FIGLU to glutmuic 

a.cid. The resulting accumulated FIGLU then is excreted in urine (Btoo

quist and Luhby, 1959). However, it is felt by many that FIGLU excretion 

cannot be relied upon as a test for folate deficiency in pregnancy since 

the metabolism of histidine seems to be altered, leading to decreased 

FIGLU excretion in the course of normal pregnancy (Hansen, 1966; Chan

arin, 1966). 

Furthermore, instances of folate deficiency ~vithout FIGLU excre

tion (Zalusky and Herbert, 1962) and of vitamin BV. deficiency accom

panied by FIGLU excretion (Silverman and Pitney, 1958; stocksland ~ 

al., 1966; Vitale and Hegsted, 1967) were reported. Vitale and Heg

sted (1967) attributed the latter effect to a decreased activity of the 

enzyme formimino-transferase in vitamin B12 deficiency. 

iii) Erythrocyte and serum folate ~evelso- Microbiological assays 

for folie acid activity in serum and red blood cells have been extensively 

used in the assessment of folate deficiencyo The technique adopted by 

Baker et al o (1959) from that described by Usdin et aL (1956) and by 

Jukes (1955) has been reported to provide a reliable index and a conven

ient way of recognizing the deficiency in man. However, most researchers 

have observed that about half of pregnant women had subnormal serum fol

ate values in their last trimes ter compared ~vith non-pregnant \Vomen of 

the same age. Nevertheless, Cooper and Lowenstein (1961) and Harper 

(1965) found that aIl patients ~vith serum folate values belmV' 300tnflgo 



per ml. almost certainly had folate deficiencyo The nOl'mal range of 

serum fo1ate has been establi.shed as being between 7 and 23 "lU/""g. ImL 

(Herbert ~ aia) 1960; I~ak ~ .& .. , 1961; Grossowicz.§!.!: aL, 1962; 

Water and Mal1in, 1962). 
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Cooper and Lo~venstel.n (1961) suggested that the assay for folic 

acid activity in red blood ce1Is might be 80mewhat superior to the 

serum assay as a measure of folic acid deficiency in that "l.t permits 

a sharper distinction of the lmver limit of the normal range than does 

the serum method." This cou1d be attributed to the we11-knmm fact 

that the major part of folate activity in the b100d resides in the cells. 

The t~vo methods may be complementary in the assessment of folate defi

ciency. Cooper and Lo~venstein (1966 ,) reported that lmv erythrocyte 

fo1ate concentration (less than 150tilf4g. lm!.) in patients with serum 

folate belmv 4. l mlAg. Iml. indicated that megaloblas tic or macrogranu

locytic changes ~vould be found in the bone-marrow. This confirmed the 

findings of Izak ~ al. (1961) 0 

B.. DIETILltY STUDIES OF HUMAN PREGNANCY 

1. Appraisal of Dietary Intake 

a. Dietary survey techniques and their reliability 

A number of techniques have been developed to obtain data on the 

dietary intake of individuals. The majority of these are modifications 

of the two basic dietary survey methods - (1) the reca1l meth.od and (2) 

the record or dietary diary. Qualitative and quantitative eva1uations 

of the various techniques are presented in many reports (Burke, 1947; 

Bransby et al., 1948a; Leitch and Ai tken, 1950; Young et aL, 1952a; 
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Ade1son, 1960; Tru1son and McCann, 1960; Young and Tru1son, 1960; Cellier 

and Hankin, 1963). The adequacy of a method depends primari1y on the 

purpcse of the investigation, the nutrient or nutrients to be assessed 

and th!:.' precision required. Consi.deration must a1so be given to the 

number of subjects invo1ved in the Btudy and the number of personnel 

avai.1ab1e to conduct the survey. 

A precise eva1uation of the composition of diets eaten by experi

mental subjects is feasib1e on1y under 1aboratory conditions, with a 

restricted number of individua1s, and is diffi.cu1t even then. Hm.,ever, 

many estimates of dietary intake have been derived from the dietary record 

which consists of a detai1ed, quantitative listing of all foods consumed 

by an indivi.dua1 over a given period of time. ThiG technique is the 

most wide1y used for research purposes, ,.,here a reasonab1y accurate 

assessment of the di.et is needed. 

Many authorities fee1 thata dietary record covering a period of 

se.ven consecutive days or 20 consecutive meals is the shortest 1ength 

feasib1e from the standpoin~ of accuracy. This period covers a week

end lvhen eating patterns are often modified (Cellier and Hankin, 1963). 

Ho,.,ever, Wa1ker (1965) fe1t that a1though eating patterns may change 

during week-ends, less accurate recording is a1so frequent. 'l'herefore, 

he used five-day records, covering Monday through Friday. Any period of 

record keeping longer than a week was sho,.;rn to decrease the subject 1 s 

accuracy in reporting subsequent food intake. Ade1son (1960) considered 

a second week unnecessary, since averages for one ,.,eek gave as satisfac

tory information about current diets as two consecutive ,.,eeks. 

When assessing the dietary intake of a large number of subjects 

and characterizing a group by its mean intake, a one-day record was 
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found most efficient (Chalmers ~ al., 1952)v '.Che same authors showed, 

hmvever, for individuals and for groups of 10 and 25 subjects, an in

crease in precision when the number of days in the dietary record was 

increased. Since there are difficu1ties in obtaining diet sheets for 

seven days - Burke (1947) fouud that the 10ngest period she could get 

the pregnant ,vomen in her s tudy to co- operate was three days - Cellier 

and Hanldn (1963) investigated the adequacy and re1iabil:i.ty of three

and four-day records as compared to seven-day records o mli1e the three

day records were clearly inadequate, the four- day diet sheets retained 

90% of the precision of the seven-day diet sheets for each of the major 

nuttientso lt "las emphasized, hmvever, that the bias introduced 'vhen 

the four-day records were adopted ,vas negligible only when the group was 

large enough, that is, in the order of 100 subjects. 

The recall method and the dietary history, estab1ished by Burke 

(1947) consist of interviewing the individuals in regard to their food 

habits 'vith the help of a more or 1ess extensive Hst of foods. The 

subject is asked to recall his food intake on the previous one, three, 

four or seven days or even to estimate an average consumption of foods 

on a month1y basis, this being performed 'vith the amount- and- frequency 

questionnaire o lt has been shmm that such "frequency studies" can 

supply usefu1 information a1though they cannot give more than a very 

rough approximation of the average food intake. A study of pregnant 

,vomen in Jerusa1em (Abramson ~ 210, 1963) showed that the amounts of 

foods consumed by these women correlated very weIl 'vith the frequency 

with 'vhich these foods ,vere eaten. A similar method used in England to 

study diet and heart disease showed that food frequency scores from the 

menu records correlated highly with the weights of the food consumed 
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(Harr et aL, 1961). The amount of accuracy and the representative 

value of such a technique depends largely on the co-operation of the 

subject, his ability to remember and estimate portions of foods and on 

the skill of the interviewer. Young (1959) believes in the value of 

good dietary intervieHS when taken by a ski lIed interviewer, provideù 

sufficient time is 1.:11lo,ved and adequate circumstances are chosen for 

the intervie,v. Nevertheless, Young ~ al. (1952b), in a comparative 

study of dietary survey methods, found almost unanimously for 10 nutri

ents and for aIl population groups studied, that the dietary recall or 

history method did not give the sarne estünate of intake for an individ

ual as the seven-ùay record. Similarly, Blake and Durnin (1963) found 

that the nutrient intake values obtained, in this case from elderly 

people, by a 24·· hour recall and a seven- day diary frequently shoHed 

TIluch discrepancy; hmvever, mean intakes of protein, calcium, iron and 

energy agreed fairly HelL Thomson (1958) observed that the recall 

procedure resulted in underestimation of the food intake and concluded 

that for reasonab le accuracy, a dietary survey of pregnant ,vomen should 

rely upon direct measurement of the food consumed. 

Yudl"in and Roddy (1966) found a short questionnaire method highly 

satisfactory for the assessment of sugar intake onlyo HOHever, they 

recognized that for estimating the intake of.all dietary components, 

the dietary record l'las indubitably more precise .. 

b. Conversion of food intake to nutrient intake 

i) Food composition tables.- The constant development of food 

tables is based on the concept that a single representative value for 

each food is serviceable to more users than several statistical expres

sions of the data (Hatt, 1962)0 By representative is meant the value 
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that most closcly approaches the content of a nutrient in one food on a 

year-round basis and in a given country. 

Among nutrition workers, there are two schools of thought in re-

gard to food tables. One tends to regard the figures in themselves a.s 

having the accuracy of atomic weight determinations; the other dismisses 

them as valueless on the grounds that the chemical composition of a food

stuff may vary so much that no figur.e can be a reliable guide to its 

compositiono The truth probably lies somewhere between these t~vo extremes. 

The usefulness and limitations of food tables ,vere discussed by Hhiting 

and Lever ton (1960), Mayer (1960), Harris (1962) and McNaughton (1963). 

There is a high degree of variability in the composition of 

samples of: the same food due to the influence of genetic inheritanc"'~, 

the soil, the stage of matur"ity and to factors which destroy or inacti

vate nutrients (Asenjo, 1962). Hopkins and co-workers (1966), however, 

recently reported that the variations in the nutritive value of crops 

associated 'vith gr.owth on different soi13 are of no practical signifi

cance in the American dietaryo 

Dietary intake values may be determined by laboratory analysis or 

calculated from food composition tables. It is not feasible in dietary 

surveys to resort to laboratory analyses of aliquot samples of the dieto 

An assessment of the possible discrepancy between analyzed and calculated 

values is therefore important for the interpretation of the data obtained 

by the use of food composition tables. Bransby ~ al. (l948a,b) found 

good agreement between calculated and analyzed values for Calories, fat, 

carbohydrate and calcium but less agreement for protein and irona They 

expressed the view that differences were in many instances so large as 

to throw doubt on the usefulness of individual results obtained by cal-

c ulationo 
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Whiting and Leverton (1960) studied the discrepancy between pro

tein and fat content of diets when ca1cu1ated from tables and when ana-

1yzed chend.cally. Ca1cu1ated protein values were within 10% of the ana·· 

1yzed values in 54% of the cases, but the fat determinations were within 

this range in on1y 25% of the cases. In a simi1ar experiment, Eag1es 

et al. (1966) reported that in 84% of the diets, the ca1cu1ated values 

for protein agreed with the ana1yzed values ~'lithin 10%; in the case of 

total fat, on1y 57% of the ca1cu1ated values agreed \lith the ana1yzed 

values; both fat and protein were overestimated by reference to food 

tables. Parente and co-~vorkers (1965), hm'lever, found that ca1cu1ated 

values for protein tended to be underestimated. Wa1berg and Adams 

(1965) and Manalo and Jones (1966) obtained a close approximation for 

aIl mineraI e1ernents except phosphorus and magnesiumo Unfortunate1y, 

it appears from a search of the 1iterature that no such comparative 

data are availab1e for vitamins. 

There is partial disagreement in pub1ished reports as to the 

differences that exist bet~veen various food composition tables o Ander

son et al. (1962) compared the nutrj.ent intake of 100 diets ",hen ca1cu-

1ated from t",o different food tab1es o Statistica11y significant differ

ences were found for four diet components, name1y calories, fat, niacin 

and iron, out of 11 components studied o However, Eag1es et a10 (1966) 

found no significant differences in the tables in common use ",hen 10 

nutritionists ca1cu1ated three out-patients' diets. 

ii) The nutritionisto- The va1idity of dietary intake measurement 

is difficu1t to assess. Nutritive values ca1culated from tables of food 

composition depend upon the nutritionist's interpretation of the descrip

tive items and approximate measurements reported in the diet records. 
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The c1oseneos of resu1ts obtained from different nutritionists may then 

depend upon similarities in their background or tratning, This source 

of variation may be e1iminated if al1 the computation is performed by 

the same nutritionist. It can othenvise be estimated by comparing 

the resu1ts obtained by severa.1 nutritionists calcu1ating the same 

dietary records 0 Eppright ~ al. (1952) compared ~.,eights of "s tandard" 

portions as i.ndependant1y estimated by three nutritionists. They found 

close agreement among nutritionists for certain [ltap1e items but a wide 

range of differences for composite dishes. Stee1e and Tucker (1952) 

reported statistica11y significant differences in two (iron and niacin) 

out of 10 nutrients, in two series of trials in 'vhich six nutritionists 

ca1cu1ated seven-day dietary records u Simi1ar1y, Eag1es ~ ~1. (1966) 

in a recent study found significant variation among nutritionists in 

ca1cu1uting three out-patients' dicts. 

2. Interpretation of Dietary Intake pata 

a. Dietary requirements and allmvances for pregnancy 

Know1edge of the optimum requirements of the mother and foetus 

during pregnancy is still far from complete, especia11y for the 1esser 

known vitamins. The 'recommended a110wances' for pregnancy depend more 

upon observations of the diets ordinarily taken by hea1thy pregnant 

,vomen 'vith a good reproductive performance than upon intimate knowledge 

of the physio10gical effects of the nutrients invo1ved. However, at 

present in this country, food habits or groups of pregnant women 'vhich 

resu1 t in intakes of nutrients simi1ar to those recommended in the Can

adian Dietary Standard (1964), are believed to be satisfactory. 

An understanding of the basis of the dietary standards formu1ated 
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in various countries by offici91l bodies or nutritionists in the last 

25 years is essential in or der to adequately interpret dietary survey 

data. A dietary standard is "a statement of amounts of Calories and 

various nutrients proposed as daily intakes" (Dietary Standard for 

Canada, 1964). Dietary standards generally include 'recommended allow

ances' or rec,onunended quantities of nutrients to maintain the health 

of the majority of individuals of a populationo These recommended in

takes are usually designed to afford a margin of safety over and above 

the minimum physiolo3ic requirements. Therefore, they are not intended 

for use in the assessment of nutritional status of individuals, but of 

large groups of people (Dietary Standard for Canada, 1964) 0 

I-Imvever, Krehl and Hodges (1965) proposed an arbitrary but recom

mendable approach: "In interpreting nutrient intakes, it is safe to 

suggest that those which are less than the Recommended i\llmvances may 

not be adequate at least for the continuous maintenance of good health. 1I 

b. Food habits during pregnancy 

Many factors - geographical, social, economic and cultural - com

bine to determine human dietary habits, which vary \videly between indi

viduals and between groups. Any changes, quantitative or qualitative, 

which may take place during pregnancy \vill be superimposed on pre

existing food habits. Taggart (1961) studied these changes in food habits 

in a pregnant population group. Half of the subjects reported a definite 

increase' in appeti te, generally during the firs t trimes ter. Increased 

thirst was even more common. Appetite seemed to return to normal during 

late pregnancy. Nausea and vomiting affected 50% of the patients in 

early pregnancy, accompanied by poor appetite and reduced food intake. 
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Cravings or aversions were reported by approximately t~vo thirds of the 

~vomen, ''lhereas Hankin and Burden (1964) observed the occurrence of 

cravings in half of the pregnant: ''lomen surveyed. These changes appar

ently bore no relationship to the patient 1 s knovl1edge of, or opinions 

about nutrition. Marr ~ al. (1955) observed social class differences 

in the consumption of orange juice, vitamin A and D concentrates, as 

weIl as in the consumption of mille during pregnancy. Similarly, Thomson 

(1959) observed that the me ml nutritive values of pregnant women's diets 

dimiuished ''lith falling social status. Hm'lever, the variability between 

individuals in aIl classes was large and there ''las considerable overlap 

between classes. The author also reported that a high proportion of 

subjects, even in the higher social class, were taking nutrients in 

mnounts lesD than those recommended by the British Medical Association 

(1950). Another important finding in that study ~'las that Thomson ob

tained apparently reliable data from 93% of the subjects in the higher 

social class (husbands in non-manual occupations), from 75/0 of the sub

jects in the middle class (husbands in skilled manual occupations) and 

from only 61% of the subjects in the lower social class (husbands in 

semi- ski lIed and unskilled occupations). Similarly, in a study of preg

nant ''lomen in Israel, Guggenheim et al. (1964) found that the diets 

eaten by the subjects belonging to the highest social class were signi

ficantly superior ~'lith respect to consumption of animal protein, calcium, 

vitamin A, riboflavin and ascorbic acid. They attributed the difference 

bet''leen groups to social class rather than to country of origine To 

complement these findings, Stevens and Ohlson (1967) observed in a group 

of medically indigent women, that these subjects used a limited variety 

of foods and that, in general, quality ''las achieved through quantity. 



26 

Darby ~ al. (1953) related their data to the trimes ter of preg

nancy in which the d:i..etary information was obtaineda The intakes deter

mined for the first t'\vO trimesters 'tvere slightly higher than for the 

third trimes ter. Cellier and Hankin (1963) observed no difference for 

carbohydrate and total Calories. Protein intake increased throughout 

pregnuncy but fat illtake was higher in the second than in the third tri-

mes ter. 

Thomson and Bille'tvicz (1961) found a positive correlation bet'tveen 

food intake, height and 'tveight gain during pregnancy. They observed 

higher average Calorie intake in tall women, ev en after corrections were 

made for differellces in body 'tveight. The Calorie intake of overweight 

and undenveight women were similar, which led the authors ta suggest 

that the relatively obese 'tvomen. 'tvere less active than the non-obese. 

c. Clinical sigllificance of the diet 

lt seems clear from aIl these surveys that patients differ Hidely 

in the ambunts and nutritive values of the diets they consume during 

pregnancy. The controversial question is whether these variations have 

any clinical significance. m1ile Burke (1943) found striking correlations 

between their dietary and clinieal findings in a study of "middle-class" 

American women, McGanity g alo (1954) found none in a study of 'tvomen of 

lI1.ow to moderate income ll in another area of the United States. Thomson 

(1957) expressed the vieY7 that IInone of the common disabilities of preg

nancy are deficiency diseases of classical type; sorne of these seem to 

be expressions of inefficient physiologie adaptation to pregnancy, due 

in sorne measure only to chronic and non-specific inadequacy or imbalance 

of the diet." Although it is the belief of many 'tvorkers that 'tvithin a 
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wide range of dietetic conditions, the human foetus will grow normally, 

if necessary at the expense of maternaI tissue, many reports have appeared 

to support the view that a low level of intake of the basic foodstuffs 

during pregnancy, ,.,ith presumably sorne degree of vitamin deficiency, ia 

associated with an increased incidence of congenital malformations. 

Hm.,ever, in attempting to relate the clin:i.cal events of pregllancy to the 

mother r s diet, the past dietary pattern has to be cOllsidered as weIl as 

that at the Urne of pregnancy. The nutritional statua of a pregnant 

,.,oman is a function of he!' diet before pregnancy to the same degree as 

during pregnancy. As pointed out by Miller and lvoollam (1960), there is 

need for further investigation of maternaI nutrition during pregnancy, 

",ith particular emphasis on the possible importance of minor degrees of 

vitarnin deficiencies in the first three months of pregnancy. 

d. Statistical aspects of dietary surveys 

For the statistical analysis of data to be valid, systematic 

error and bias must be avoided in aIl steps of the investigation. Woolf 

(1954) and Trémolières (1963) discussed the !cinds of error ",hich can be 

associated ,.,ith the statistical analysis of dietary surveys. Error may 

be introduced because of bias in the selection of the population sarnple, 

in the srunpling periods, in the estimation of foodstuffs eaten and in 

the estimation of nutrients. 

In surveys, especially dietary surveys, it is difficult to obta.in 

a statistically valid sample. Adelson (1960) expressed the vie,., that a 

representative sample is more easily obtained if the recall technique 

is used because the subjects are required to cooperate only for the period 

of the intervie,." whereas the participants filling a dietary diary or 
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record have to perform duties for at 1east a fmv days 1ength of time at 

mea1s. As pointed out by many workers, accurate weighing and measuring 

of food, lvhich must for practica1 reasons be undertaken by the subjects 

themse1ves, ca11s for care, patience and a certain ski11. Therefore, 

any samp1e lvhich inc1udes care1ess and uninte11igent subjects, as \ve11 

as conscientious and co-operative subjects will yie1d a number of in

accurate and incomp1ete records to be compared with high1y accurate 

diet sheets., 

The samp1ing periods are of great impor tance for the subsequent 

interpretation of the data since the dietary intake during the period 

samp1ed is assumed to be representative of the usua1 eating pattern of 

an individualo It is a recognized fact that the amount of different 

foods consumed varies from day to clay and from Heek to week (Yudkin, 

1951). It if) then possible for a person to have an intake of any of 

the dietary components which is apparent1y adeqaate in one week and in

adequate in another. Data based on dietary intake of a fe,v days or even 

a lveek shou1d consequent1y be interpreted l'li th caution. Hmvever, Thom

son (1958) found that the week1y variation in the diet of a given sub

ject is 1ess than the variation bet'veen subjects, whi1e the diet of an 

individua1 appeared to retain its main nutritiona1 characteristic in 

two wide1y separ ated weeks 0 

'When a survey is more comp1ex in structure, the kind of errors 

to be considered are corresponding1y increased. Thus, if nutritiona1 

status is to be corre1ated 'vith social class or economic resources, 

there 'vill be additiona1 errors of samp1ing, of possible wrong assess

ment of income or attribution ta social c1ass (Woolf, 1951~). 
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The nutritional status of a group is usually judged by comparing 

its estimated average intake of a nutrient with a standard requirement. 

Superimposed on the possibility of excessively hi.gh or low standards, 

is the fact that groups 'vith a deficient average intake may still con

tain members getting more than the standard; conversely, groups ~vith 

averages above the standard might contain some members with a deficient 

intake. The greater the spread about the mean, the less representative 

~vill be the average intake values. If the results of a dietary survey 

are to be justly interpreted, figures for averages must consequently be 

supplementec1 by information on the spread about the mean; the orthodox 

mensure of relative spread is the coefficient of variation (tvoolf, 1954). 

In spite of the inherent variabilities of the material and sub

jects, the great majority of ~vorkers believe that dietary intake data 

do provide useful guides for interpreting nutrient intake within reason

able limits. The applica.tion of statistical methods to such data, al

though it is a controversial subject, is justified by many researchers. 

According1y, an accurate knowledge of the actual intake is not synony

mous with the evaluation of nutritional status (Thomson, 1957). The 

conclusion of adequate supply or deficiency is justified only ~vhen in

takes are extremely higb. or lowo 
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III. OBJECT OF RESEARCH 

'l'he primary objectives of the investigation were: 

a) to. study the relationship bet~veen diet and the appearance of 

clinical signs of folie acid deficiency during pregnancy 

b) to compare in this respect two pregnant population groups of 

Montreal - clirdc patients and private patients 

c) to further compare these t~vo groups with the population of 

clinic patients investigated by Moscovitch (1965). 

Consequently, the research involved (1) a study of the food 

habits of the subjects \vith particular emphasis on their intake of 

folie acid and other nutrients related to its functions, and (2) a 

comparison of the dietary intake of the normal pregnant women ~vith that 

of the group which exhibited clinical signs of folie acid deficiency. 
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IV. EXPERIMENTAL PROCEDURE 

A. ASSESSING THE NUTRIENT INTM<E 

1. Collection of Dietery Intake Data 

a. Sampling procedure 

The women attending the public antenatal clinic of the Royal 

Victoria Hospital constituted the "clinic population ll to be surveyed. 

Only those coming to the clinic before the 29th week of their preg

nancy and considered normal when clinica1ly examined ,,,ere included in 

the project. Although aIl the "lOmen \"ho met these requirements were 

automatica1ly en1isted in the hematological study, only those ,,,ho vol

unteered to contribute to the dietary survey formed the clinic group 

studied by the author. The patients ,,,ere random1y assigned to three 

groups: E, F and G. Members of group E, considered a control group 

for the hemato10gica1 studies, received dai1y a po1yvitamin-minera1 

tab1et containing 75 mg. of elementa1 iron; group F received the same 

standard supplement plus 200 microgrruns of folic acid dai1y and Group 

G, the standard supplement except that it contained 10 mg. of pyri

doxine instead of 3 mg. as in groups E and F, and contained no folie 

acid. The composition of these supplements is shown in Appendix Table 

1. The patients ,,,ho were prescribed special diets by the physician were 

excluded from the study; their food habits had to be changed and wou1d 

not have been representative of their usua1 eating patterns. Those who 

only needed dietary advice because of inadequate food habits were so 

instructed, but on1y after they had first provided the author with a 
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dietary sheet. During the course of the study, no attempt was made to 

regulate diets or amounts of weight gained during pregnancy. 

The "private" patients ,vere pregnant women under the care of the 

obstetricians participating in this cooperative study. They were re

ferred to the author after the y had agreed to contribute to the survey. 

They recelvcd the srune supplement as group E: a polyvitamin-mineral. 

tablet daily containing iron but no folic acid. 

The distinction made bet'veen "clinic" and "private" patients was 

relative and arbitrary. A1though it was assumed that subjects attending 

the public c1inic were from a 10'ver economic c1ass than those under the 

care of private physicians, this criterion \vas not infa11ib1e. The 

choice of attending an out-patient c1inic or seeing a private obstetri

cian is sometimes a function of the importance various people attach to 

medica1 care. 

A control group which ,vas initia11y p1anned ta be a stratified 

samp1e of healthy non-pregnant ,vomen, because of technica1 difficu1ties, 

was 1ater restricted ta a sma11 group of hospita1 workers - i.e., nurses, 

student nurses and 1aboratory tebhnicians. 

b. The nutritionist 

In order ta reduce the error introduced 'vhen different nutrition

ists are invo1ved (Eag1es et al., 1966), the author carried out a11 steps 

of the dietary study. These included interviews of patients, estimation 

of dietary intakes and ca1cu1ation of'nutrient intakes. 

c. Timing of interviews 

An attempt ,vas made to interview the c linic patients inc 1uded in 

the survey on their first visit to the c1inic, a1though this \vas not ahvays 



33 

possible. Sorne patients ignored or forgot the request that was made to 

see the nutritionist before they 1eft. In a few cases, the interview had 

to be postponed unti1 the next visit because of 1ack of time on t!1e part 

of the patient. In addition, since the study started in ear1y September, 

1965, and the nutritionist commenced the dietary study in October of the 

same year., sorne patients cou1d be seen on1y at a more advanced stage of 

their pregnancy. Medical examinations 't'lere schedu1ed every month for 

the pregnant 't'lomen attending the c1inic and from the 32nd week of preg

nancy, every fortnight. Some women missed their appointments, thus de-

1aying their dietary intervieHS unti1 a month 1ater. An attempt 't'las 

made by the nutritionist to see each patient every time she came to the 

clinic. The interviews were he1d in the antenatal clinic of the Royal 

Victoria Hospital every Monday, Tuesday and Thursday from one to five 

p.m., and during the period October, 1965 to December, 1966. 

Genera11y the private patients were interviewed in the hospita1, 

in an office adjacent to the hèmato10gy laboratory. As soon as one 

subject 't'las referred to the hematology clinic, an appointment 't'las made 

for her to see the nutritionist,· at a time suitable to both. It 't'las 

often possible for the patient to save a trip by having her appoint

ment coincide with her visit ta the obstetrician. This was possible if 

his office 't'las in the hospital - othen'lise, the interview 't'las arranged 

to coincide 't'lith her schedu1ed appointment for hemato10gica1 tests. 

The nutritionist interviewed a few patients in their homes. This was 

done when it 't'las inconvenient or impossible for them to come to the hos

pital soon enough because of distance or emp10yment outside the home. 

The investigation of private patients covered a period of 16 months: 

from October, 1965 until February, 1967. 
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The control subjects vIere interviewed in the hospital, at a time 

\'Then they could visit the nutritionist ,.,ithout interfering ,.,ith their 

work. There was no definite timing for the intervie,." which in aU 

cases lasted from 15 to 30 minutes, depending on the ability of the 

individuals to understand the tasks 'ole asked them to perform. 

d. Survey techniqne 

The seven-day dietary diary was the only investigational technique 

used to obtain reU.able quantitative data on food intake. It was ac

cepted as inevitable that sorne subjects ,.,ould not cooperate adequately. 

Hm.,ever, according to many workers, seven days is the shortest feasible 

length of time from the standpoint of accuracy. Much time and thought 

\-lere given to explaining to the patients the purpose of the study and 

the value of their cooperation. Motivation had to be created so that 

the subjects \-lould respond favorably and produce reliable records. The 

size of the sample would have increased if less detailed and demanding 

methods had been used and if the quality of the information had not 

been obtained at the expense of quantity. 

On the first contact ,.,ith the nutritionist, the patient was in

formed of the study, its purpose and of the tasks she was expected to 

perform. She ,.,as then allmved to decide ,.,hether to accept to cooperate 

in the study or to withdraw. No pressure ,.,as imposed on her. The ,.,ill

ing subject was subsequently carefully instructed about the record keep

ing procedures. 

Each patient was provided with a "kit" containing an eight-ounce 

scale, a set of measuring cups and spoons and a booklet to be filled in 

according to instructions given on the front page. This booklet con

tained seven one-day recording sheets in addition to the "instruction 
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sheet" and lastly, a "sample sheet" to illustrate the way in which var

ious foods should be recorded (see Appendix, Forms i to iii). The rec

ord for ms , in either French or Eng1ish, i'lere designed to avoid any sug

gestion as to the types or amounts of food that shou1d be eaten, as i'las 

pointed out by Young (1959). The patients i'lere asked to record, quali

tatively and quantitative1y, their food intake for seven consecutive 

days. Fish, meat and cheese had to be weighed because measuring these 

foods is impractica1 and inadequate. Edib1e and inedible waste was 

weighed and a suitable deduction made. A11 the other items were re

corded in fluid ounces or units idth the exception of salt, pepper, dried 

herbs and water 0 Foods iolere weighed or measured after coolcing o Inform

ation pertaining to the cooking method and the brand name a1so had to 

be recordedo For composite dishes, recipe cards were provided origin

al1y but iolere soon discarded, for the reason that too many forms to be 

filled confused or frightened the subjects. Ingredients, amounts and 

number of servings obtained from recipes subsequently iolere entered at 

the baclc of the diet sheeto Meals or snacks consumed outside the home 

iolere to be recorded in estimated amounts. The importance of recording 

accessory items such as cooking fat, salad dressings, gravies, sugar, 

other Sioleets and aIl beverages, i'las stressed o 

After the instruction i'las comp1eted and aIl the patients 1 ques

tions ansi'lered, a general information sheet iolas completed by the nutri

tionist (see Appendix, Form iv)o This form, in many iolays similar to 

that used by Moscovitch (1965), contained the usual information such as 

address, nationa1ity, age, number of children, occupation, ioleight, height 

and expected date of de1iveryo Specifie information pertinent to the 

dietary background iolas obtained from the questions on food 1ikes and 
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dislikes, the proportion of meals eaten at home Dr outside in one week 

and the occurrence of nausea and vomiting during the course of preg

nancy. Space was saved under "comments" for noting any idiosyncrasies 

of the patient with regard to her food habi.ts and any other significant 

fac tors. This section was also reserved for the intervie,,,el'! s evalua

tion of the probable reliability of the record, the cooperation of the 

subject and of her ability to understand the record-keeping procedure. 

On t.he subsequent visit, which generally took place between two 

to four weeks after completion of the dietary t"ecord, the dietary sheets 

,,,ere checked by the nutritionist ,,,ith the help of the patient. Hhenever 

possible, omissions or errors ,,,ere detected and additional information 

,,,as obtained if required. In the case of lack of details concerning 

amounts, the size of él.Lï "average" portion. ,,,as inserted, or preferably 

the size of the serving of that specific food consumed on another day. 

Only to that extent could memory be relied upon, especially ,,,hen the 

diary had been completed long before the return interview. Records which 

exhibited an obvious lack of information, accuracy or care ,,,ere discarded. 

The ,,,omen who kept a first record adequately ,',ere aslced to lceep 

a second one, at least three months later, in order to compare intakes 

at different stages of pregnancy. The same dietary study technique was 

used. The second interview took much less time, however, the patient 

being already familiar ,,,ith the recording process o If the first record 

was weak in certain respects, the second instruction stressed these 

special points. 

The same basic technique, that is, the seven-day dietary diary, 

,,,as used for the control subjectso Hm"ever, slight modifications had 

to be introduced because most of the members of this group ate at least 
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one mea1 outside the home every day~ Consequent1y, the majority of the 

records did not consist of ~oJeighed or measured food intake but of esti-

mated portion sizes of different foods eaten. l'he "genera1information 

sheet" (Appendix, Form v) inc1uded questions on marital status, living 

conditions and eating places, in addition to the basic information con-

tained in the pregnant ~oJomen 1 s "genera1 information sheet." The com-

p1eted records were checked in the previous1y described manner. The 

subjects were not requested to keep a second record. 

2. Calcu1ating Ca10ric and Nutrient Intakes from 
Seven-Day Dietary Records 

a. Preparation of a food 1ist 

In addition to fo1ate and vitamin B12, of major interest in this 

study, a1l nutrients for which reconunended intakes have been estimated, 

exc1uding vitamin D, ~oJere considered in order to give more scope to the 

survey. The "ske1eton" of the food table was obtained from the Home 

and Garden Bulletin No. 72 of the UoS.DoA. (1964). The 500 foods listed 

are the ones common1y used and most of them are in ready-to-eat form, 

raw or cooked. The ~oJeight in grams is sho~vn for an approximate measure 

of each food given in cups, ounces, pounds, a piece of a certain size 

or sorne other unit easily recorded by an individua1 at home" Values for 

Calories and nutrients ~oJere extracted from the table, for each food 

listedo Additiona1 items had to be added to cover the wide variety of 

foods consumed by the subjects under the study. The accessory tables 

referred to in or der to complete the food 1ist 'oJere those in common use 

(Church and Church, 1963; Watt and Merril1, 1963; and Nutrition Division, 

Department of Hea1th and We1fare, Ottawa, 1960). The entire 1ist con-

tained 764 food items o 
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Values for folic acid content of foods 1;vere obtained primarily 

from the monograph of Toepfer ~ al. (1951) and from a few partial tables 

(Aitken and Duncan, 1960; Hardinge and Crooks, 1961; Kierna.t et al., --
1964). No important 1;vork has been published on the folate content of 

foods sinee Moscovitch (1965) prepared a table of folate activity of 

food items from the existing literature for the study of dietary intake 

of pregnant 1;'lOmen. The summary of nutrient content of meats published 

by Kiernat.§..!: al. (1964) includes more data than the one published prev-

iously (Sch1;veigert and Payne, 1956), but figures for total folic acid 

content are for rmv foods and are taken from existing tables. Conse-

quently, as is the case for vitamin B12 content of die taries, "total" 

folate values of the subjccts r diets could be compared 1;vith the fig-

ures obtained by Moscovitch (1965). The figures that were extrac ted 

from the above mentioned tables of folie acid content were those ob-

tained from microbiological assays using Lactobaci1lus ~ as the test 

organism: these bacteria are the ones 1;vhich give the best estimate of 

the Il total " folate content (Herbert, 1961). lVhen available, figures for 

"total" folate after treatment of the samples 1;vith chicken pancreas de-

conjugating enzyme 1;vere used. 

T\vo major tables (Kiernat et alo, 1961~; Lichtenstein ~ al., 1961) 

1;vere referred to in completing the food list 1;vith vitamin B12 content of 

foods. Figures from the Lactobacillus Leich!,llannii assay were used. 

Although the figures representing the folic acid and vitamin B12 

content of foods are primarily for raw foods, no correction was attempted 

for the lOBS or gain in weight of individual foods during cooking, as 

previously reported by Hoscovitch (1965). It is felt that this correction 

gave an estimate of the "total" folate which is much too high and 1;vhich 
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is hardly representative of the amount of the vitamin actually ingested. 

In the present study, the "apparent" fola.te and vitamin B12 content of 

diets was estimatedD For example, if three ounces of cooked meat appeared 

in a record, the "total" folate and vitamin B12 figures \V'ere those 

listed for three ounces of raw meat, and in certain instances where data 

~V'ere available, of cooked meat. The tables for folie acid and vitamin 

012 activity in foods are far from complete; many items have not been 

assayed and data for cooked foods aLe almost non-existant. In spite of 

these shortcomings, since figures for the main dietary sources of the 

vitamills \V'ere available, the estimation of the apparent total folate and 

vitamin Bl2 of dietaries was considered satisfactory for the comparison 

of the t\V'o population groups under study. 

The Consumer and Food Economies Research Division of the United 

States Department of Agriculture (196LJ.) described a set of punched cards 

carrying the nutritive values per specified food unit as pubU.shed in 

the Home and Garden Bulletin No. 72 (1964). The six- digit identifica

tion llumbers for aIl the foods were used as described and the items 

added to the food list \V'ere assigned identification numbers fol1o\V'ing 

the same procedure. One IBM card was punched for each food item (see 

Appendix, Fig. 1)0 

b. Coding of food intake records 

An identification number (9 digits) \V'as assigned to each subject. 

The subject line number (3 digits), the age group (1 digit), the tri-

mes ter of pregnancy (1 digit), the reliability (for discussion on assess

ment of reliability, see Chapter V, B, 1) of the information (1 digit) 

and the number of previous pregnancies (1 digit) constituted the 
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'identification number devised for further sorting and statistical ana

lyses. The identification code for the "control" subjects ca:rried seven 

digits: line number (3 digits), age group (1 digit), living conditions 

(1 digit), reliability (1 digit) and status (1 digit). 

The diet list of each individual was then converted to a code 

suitàble for the computation of the data on the IBM 1620 at Macdonald 

College, McGill University. Each food item was recorded as its identifi

cation code. The amount listed in the dietary record ~vas c.onverted to 

a multiple of the unit appearing in the food lista A field of four digits 

~vith t,vo decimals was allocated for this factor. For example - the nu

tritive value of mille appearing in the table is for one cup (8 fluid 

ounces). If the subject has recorded half a cup of mille, the identifi·· 

cation number for mille being 001111, the coded item becomes 001111 0 0 50. 

The intalee of aIl foods over the seven days ~vas coded in a similar manner, 

as a continuous list, without treating days separately. The average 

daily intake of each nutrient ,vas desired and no attempt was made to 

compare the intake of different days. The complete list was subsequently 

punched on cards. 

c. Computation of the data 

An IBM program ,vas set up to compute the total Calorie and nutrient 

intake over the seven days and the average daily intalee of Calories and 

nutr ien ts for each pa tien t. The food lis t decle was 'fir s t s tored in the 

memory of the computer after which the individual consumption cards were 

read into it according to the instructions given in the program (see 

Appendix, Chart i). A fetching operation, followed by a series of multi-

plications and additions and finally a division of the total intake by 

7 were the major instructions given in the programo 
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d. Statistical analyses of dietary intake data 

As reconnnended by l-1oolf (195'-1.), the mean values for the intalte of 

Calories and nutrients ~vere supplemented with standard devi"ations and 

coefficients of variation. Dietary intake comparisons were made between 

private and public patients, bct~'leen pregnant ~'lomen and "control" sub:'" 

jects, bet~veen groups E, F and G ~\Tithin the clinic population and bet~'leen 

trimesters of pregnancy "t'lithin the two groups of pregnant women. The 

significance of the dif.ferences observed ~vas tested using the unpaired 

and paired lit" test (Cochran and Cox, 1961). The chi- square test \'las 

used to evaluate the incidence of folate deficiency signs in both groups 

of pregnant women. Correlations betHeen the intakes of various nutrients, 

and the serum and erythrocyte levels of folie acid and vitamin Bl2 \'lere 

studied. 

Bo HEMATOLOGICAL TESTS 

In addition to the routine blood tests, the Hematology and Vita

min Research Laboratories of the Royal Victoria Hospital performed the 

following tests: serum and erythrocyte folates, serum vitamin R12 and, 

in a fe~'l cases, FIGLU excretion. Bone marrm'l aspirates were exa'llined 

by hematologists fOL" morphological changes charact.eristic of megalo

blastic anaemia. Serum was assayed for folate and vitamin B12 at 38 

weeks of pregnancy, 7 days post-partum and 6 ~'leeks post-partum. Ery

throcytes \'lere assayed for folate at the same intervals of time.. Only 

the 381:h \Veek of pregnancy data \Vere used in the study being reported. 

The procedure follo\Ved for these determinations ''lere previously described 

(Cooper and Lowenstein, 1961, 1964; Mollin and Ross, 1952). 



V. RESUI,TS AND DISCUSSION 

A. SIZE AND CHARACTERISTICS OF THE GROUPS STUDIED 

1. Private Pregnant l.Jomen 

Fifty-four private patients were interviewed by the nutrition

ist. Fifty k.ept one or more dietary records for seven days. ~.,o pat

ients had to be deleted from the project for lack. of cooperation, one 

for illness and one because of language difficulties. The initial goal 

~.,as to intervie,., 100 pregnant ,.,omen referred to the Hematology Depart·· 

ment of the Royal Victoria Hospital by private obstetricians o Hm.,ever, 

due to a sIm., rate of admission to the s tudy, the final number of sub

jects ,.,as half what it was first expected to be o It 'was realized that 

such a small sample made statistical inference uncertain and reduced the 

possibility of performing tests of significance on various comparisonso 

Nevertheless, for 50 cooperative subjects, among ",hich 15 produced two 

dietary records, dietary intake characteristics and general trends in 

food habits could be detected with reasonable assurance. 

The age distribution of the private patients is presented in Fig

ure 1. Ages ranged from 19 to 40 years, ,.,ith a mean of 270 The major

ity of the subjects were between 20 and 30 years of age. The average 

,.,eight of these patients ,.,as 124 pounds and their average height ,.,as 

64 inches. Patients reported their weight as of before pregnancy; there

fore slight bias might have been introducedo The average height value 

corresponded within 0.5 ino with that reported by Thomson (1959) for 

101 pregnant women of the higher social class studiedo 
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Figure II, illustrating the distribution of patients according 

to number of previous pregnancies, shoHs that 52% of the subjects ~"ere 

primiparous, Hhile the highest number of pregnancies reported in this 

group \vas six. 

The English speaking group constituted 86% of the total and the 

French on1y 4%.. Although 10% of the subjects ~"ere from different ethnie 

origins, they ,,,ere fluent in either French or English.. Four teen ,,,omen 

had employment outside the home, on a full- or part- time basis .. 

2. Clinic Pregnant Women 

The pregnant Homen attending the antenatal clinic ,,,ere much less 

cooperative than the private patients Hith respec t to the dietary study. 

This ,,,as evidenced by the small proportion of pati~nts ,,,ho agreed to 

keep a dietary record for seven days. In fact, from a total of Hell over 

150 intervie\Vs, only 46 subjects ,,,ere included in the studyo Because 

the population attending a public cl1nic in Hontreal comprises a large 

number of inunigrants, many ,,,omen could not participate due to language 

difficulties .. 

When a large number of observations i8 desired from a clinic pop

ulation group, it is probably preferable to use survey techniques \Vhich 

do not require too much Hork from the subjects. Hoscovitch (1965), for 

instance, in a study of a simi1.ar group, obtained more data from dietary 

histories, three- and four-day dietary diaries than from seven-day diet

ary records. In the present survey, hm"ever, the technique applied te 

the tHO distinct groups being investigated had to be identical to mini

mize the difference attributable to variations in the experimental pro

cedure. The private group (50 patients) and the clinic group (46 subjects) 
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FIG. 1. Age distribution of private patients 
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FIG. II. Number of previous pregnancies of private patients 

28 56% 

_ 24 48% 
I-d 
ID 
li 

c.o 20 
l~O% _ n 

~.J (D 
0 t:I Q) rt . ..., 
.0 

32% 0 
==' 16 ~h c.o 

4-1 rt 
"-~I\! 0 

0 rt 

... 24% _ Pl 

al 12 
1-' 

~ o~ 
0 

Z 

~ 
ç:: 

- 8 16% - "CI 

~ 
4 

~ ~ 
8% _ 

~ ~. fiZZ7J !)~ZZ7~ 0 
0 1 2 3 4 6 

Number of previous pregnancies 



45 

cou1d be compared on the basis of parity in the samp1e sizes and in the 

survey technique emp10yed. 

The age distribution was rough1y siml1ar in the three c1inic 

groups (see Figure III). For a genera1 average of 24 years of age, most 

subjects were bet~veen 17 and 25; the first two age groups formed 64% of 

the total number of subjects. The c1inic group ~vas considerably younger 

on the average than the private group for which the mean age ~vas 27 u 

This cou1d have been due to the fa.ct that the c1inic receives a high 

proportion of unmarried pregnant women, as can be seen in Table 1. If 

the five subjects for which no information was avai1able concerning 

marital status are exc1uded, 22% of the c1inic patients were single. 

Average weights and heights of the c1inic patients (Table 2) 

were comparable to those of the private patientso The distribution of 

c1inic patients according to number of previous pregnancies (Figure IV) 

shmved that 21 subjects, or 47% were primiparous. This compared to 52% 

in the private group. 

Fifty- t\Vo per cent of the clinic patients were Eng1ish speaking 

and 39% French speaking. Since the majority of them \Vere Canadians, 

the dietary intake data w'ere not biased by the inclusion of many subjects 

from a foreign cultural background and basica11y different food habits. 

On1y eight c1inic patients or 17% were working outside the home, 

as compared to 28% of the private subjects. If the assumption holds 

that c1inic patients usua11y be10ng to a 10wer socio-economic c1ass than 

private patients, it ~ou1d be said, on the basis of this observation, 

that ~vomen who worIe do nat genera11y do so for financia1 reasons o 
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'fABLE 1. Harital status of clinic patients 

Group E 

Group F 

Group G 

Total 

Married 

7 

11 

lL~ 

32 

Single 

3 

6 

o 

9 

Unknown 

2 

l 

2 

5 

TABLE 2. Average weight and height of clinic patients l 

Group E 

Group F 

Group G 

Total average 

t'leight (lbs.) 

123.8 

122.7 

115.3 

121.0 

Height (in.) 

63.2 

64.4 

63.0 

63.7 

lNo information l'las available for one patient in Group G. 
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3. Non-pr~,.gnant Control Sub jects 

This group, contraxy to expectations, Has unfortunate1)f too sma11 

to be of any comparative value and lolaS subsequent1y exc1uded from the 

c1inica1 investigation. HOl-lever, since nine subjects provided a dietary 

journal, their nutrient i.ntake Has assessed, a1though most 1ikc!ly it loJiI.8 

not rGpresentative of a stratified samp1e of non-pregnant Homen. 

Ages ranged from 19 to 32 Hith an average of 23 years. Their 

average 'oJeight and height loJere 127 pounds and 64 inches, respective1y. 

Tw·o Here married and aIl of them Here Horking at the Royal Victoria Hos-

pita1 - five as nurses or student-nurses and four as 1aboratory techni-

cians. They Here a11 eating a minimum of one mea1 outside the home every 

day. Consequent1y, records inc1uded a higher proportion of estimated 

values than those of the t~oJO pregnant groups. 

Bo NUMBER, DISTRIBUTION AND RELIABILITY 
OF THE DIETARY RECORDS 

1. Private P~tients 

Fifteen patients (30%) loJere able to keep t~oJO records, giving a 

total of 65 records. Fourteen diaries Here filled in the first, 33 in 

the second and 18 in the last trimester of pregnancy. It ~oJas first in-

tended to obtain a minimum of tHO records from each patient to allmoJ 

comparisons of nutrient intakes by individua1s at different stages of 

pregnancy. HmoJever, it soon became apparent that this Has rather di ffi-

cul t to accomp1ish. Sorne patients claimed 1ack of time because of chilr.l-

l'en or Hork. A feloJ patients moved out of the city, Here prescribed 

special diets or joined the study short1y before it had to be terminated o 



Finally, in a few cases, patients simp1y admitted that they ,.,ere not 

,.,illing to keep il second dietary diary. 
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Yudkin (1951) sho,.,ed a high variation in intakes of various nu

trients when a seven-day record 't.,as kept by the same individual at the 

beginning of each month throughout the year. Differences observed be

tween intakes ln trimesters of pregnancy may then be the mere ref1ection 

of this variation of intake, or of the seasona1 variation in eating pat

terns, superimposed on the true variation due to pregnancy. For this 

reason> comparison of intakes bet,.,een trimesters cou1d be of doubtfu1 

re1evance. Consequent1y, in this study more importance l'las attached to 

the average dai 1y die tary in take der i ved from one or two records, Hi th

out reference to the stage of gestation, a1though the latter was consid

ered for eva111ation of diets by comparison with Dietary Standards which 

reconunend different leve1s of intake for the latter part of pregnancy" 

When t,.,o records were submitted by one patient, the average of the t~.,o, 

llndoubted1y more representative of an individual' s dietary pattern, .vas 

used in the computation of group averages. Of the 15 patients ,.,ho sub

mitted two dietary sheets, four ke.pt these in the first and third, one 

in the first and second and ten in the second and third trimesters of 

pregnancy. 

Records were rated for their re1iability. The first category 

("1'1) iuc 1uded die t shee ts ~.,hich provided as much de tai 1 on amoun ts, 

description and cooking methods of food as can possibly be expected from 

subjects on self-chosen diets. Most records .fa11ing in this category 

(45 or 69%) l'lere from women who l'lere not emp10yed outside the home and 

consequent1y for • .,hom it l'las feasib1e to measure and ,.,eigh their food 

at every meal. Records l'lhich often inc1uded approximate measures of the 



51 

food eaten or a large amount of exotic foods l'lithout the necessary in

formation on ingredients, number of servings, etc., were rated "2". 

The 14 diaries (22%) comprised in thiH group came primarily from w'ork

ing l'lomen and from patients belonging to a foreign ethnic group. Re

cords Here rated "3" l'lhen they exhibited a lack of information or doubt

ful reliabiU.ty, although the nutrient intakes could still be estimated 

with reasonable assurance. Omissions l'lere frequent or a decline in the 

quality and quantity of recording could be observed tm'lards the end of 

the seven-day periodo Hhether this decline l'las due to a progressive 

lacl<:. of interest or to mere coincidence c.ould not be established. Six 

records, or only 9% of the total, l'lere so rated. Rating dietary sheets 

in sllch a manner may be subjected to criticism on the grounds that sub

jectiveness may play an important role and that the reliability groups 

may l'lell overlapo However, it l'las felt that even an imperfect assess

ment of the reliabiU.ty of the information l'laS necessary if comparisons 

betl'leen groups considered different according to certain criteria w'ere 

to be made. 

2. Clinic Patients 

The number and distribution of records for groups E, F and G, 

and for stage of pregnancy, are given in Table 3. 'D:velve records l'lere 

provided by members of group E, 21 by members of group F and 18 by mem

bers of group Go Eight records l'lere filLed in the first, 25 in the 

second and 18 in the last trimes ter of pregnancyo Only five clinic 

patients kept two records of their food intake o This is likely a dir

ect result of the reduced cooperation obtained from clinic patients com

pared to that of private patients. This discrepancy lilas also evident 
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from the assessmellt of the reliability of records shown in Table 4. Of 

a total number of 51, 28% of the records '{vere rated "1" as comï-'ared to 

69% of the records from the private group; 37% l'lere rated "2" \vhile 22% 

of the private patients' J:ecords Ivere so rated. Category "3" included 

35% of the clinic records but only 9% of the private records. 

30 Control Subiect~ 

One record 'ivas prov:l.ded by each subjec t included in the si:.udy. 

Of the nine records, one l'las rated "1", five "2" and three "3". This 

l'las so because, as mentioned previously, these Ivomen did not eat regu

lar ly at home and provided rather imprecise records 0 

Cu DIETAllY FINDINGS 

1. Pregnant Homen - Private vs Clinic Patients 

a. Comparison of food habits 

Thirty per cent of the private patients and 50% of the clinic 

patients reported the occurrence of nausea and vomiting, usually at 

the beginning of their pregnancy. This l'las rather consistent Ivith an 

incidence of 50% observed by Taggart (1961). HOlvever, a careful exami

nation of dietary records revealed that food habits differed consider

ably in the t'tvO groups 0 Private patients seemed to have more regular 

eating patterns than clinic patients Ivho often skipped meals, especi

ally breakfast. In addition, a l'lider variety of foods appeared in the 

diets of private patientso Concomitantly, Stevens and Ohlson (1967) 

observed that medical1y indigent pregnant l'lomen used a limited variety 

of foods and aehieved quality through quantity. The consumption of 

organ meat and other protein foods, of dark green V(!getables and of 



TABLE 3. Number and distribution of dietary records obtained from 
c1inic patients 

________ ~S~t~a~ge of pregnancy 

53 

1st trime 2nd trime 3rd trime 

Group E Number of records 0 9 3 

Subtota1 :::: 12 

Group F Number of records 4 9 8 

Subtota1 :::: 21 

Group G Number of records 4 7 7 

Subtota1 :::: 18 

Grand total = 51 8 25 18 

TABLE 4. Re1iabi1ity of dietary records obtained 
from c1inic patients 

Group 
Reliability 

"1 " "2" "3" 

E 3 3 6 

F 7 7 7 

G 4 9 5 

Total 14 (28%) 19 (37%) 18 (35%) 
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fresh fruit ~vas more frequent in the private than in the clinic group 

despite the fact that organ meats and dark green vegetab1es were a1most 

equa11y unpopu1ar in both groups of pregnant women o These observations 

are in accordance ~vith those of Hankin and Burden (1964) ~vho found that 

most frequent1y dis1iked foods included liver and other organ meats, 

turnips and spinach. lt cou1d a1so be noticed that sweets and starchy 

foods constituted a re1ative1y more important part of the diets of clinic 

patients. 

b. Comparison of average dai1y Calorie and 
nutrient intakes 

Average dai1y Calorie and nuLTient intakes of private patients 

are sUl1Unurized in Table 50 As recommended by Hoo1f (1954), ranges, 

standard deviations and coefficients of variation have been inc1uded to 

provide information on the variability associated Hith intalees and hence 

to better characterize the data. Ranges ~vere wide for most nutrients, 

giving rise to high standard deviations and coefficients of variation. 

Thomson (1959) investigated the diet of pregnant ~vomen in relation 

to social c1ass. Her reported average dietary intalees of subjects be-

10nging to the highest social stratum were higher than those of the pri-

vate group in this study with respect to Calories, fat, carbohydrate, 

calcium and vitamin A but lo~ver for protein, riboflavin, niacin and 

ascorbic acide 

Average dai1y dietary intalees of c1inic patients ar.e shmm in 

Table 6. A1though there was no reason to suspect differences in the 

nutritive value of diets consumed by members of groups E, F and G since 

c1inic patients had been randomly assigned to experimenta1 groups, in-

talees were ca1cu1ated separate1y for respective groupso The observed 
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TABLE 5. Average dai1y Calorie and nutr1.ent intakes of private 
patie.nts (50 subjects) 

Mean Range St. Coeff. 
deviation variation I~ 

Ca.1ories 2100 1328-3390 484 23 

Protein (gm. ) 87 59-125 18 20 

Fat (gm. ) 97 35-195 27 28 

Carbohydrate (gm. ) 228 107- 38l~ 61 27 

Calcium (mg.) 1069 385-1898 407 38 

Iron (mg. ) 13.0 7.9- 21. 9 3.3 25 

Vitamin A (1. u. ) 9135 2543-22722 5383 56 

Thiamine (mg.) 1.2 0.5- 2.3 0.3 30 

Riboflavin (mg. ) 2.2 o. 9-l~. 2 0.8 36 

Niacin (mg.) 15.3 8.0- 27. 7 l~. 1 27 

Ascorbic acid (mg.) 127 31-281 58 46 

Fo1ate (!.tg. ) 86.5 36.9-157.1 26.1 30 

Vitamin Bl2 (/Ag.) 9.8 2.2-29.0 6.5 69 



Calories 

protein (gm. ) 

Fat (gm. ) 

Carbohydrate (gm. ) 

Calcium (mg.) 

Iron (mg.) 

Vitamin A (1. U.) 

Thiamine (mg.) 

Riboflavin (mg. ) 

Niacin (mg.) 

Ascorbic acid (mg.) 

Folate (~. ) 

Vitamin Bl2 (pg. ) 

TABLE 6. Average daily Calorie and nutrient intakes 
of clinic groups E, F and G 

Group E Group F Group G Observed "tif values l 

(12) (18) (16) E vs F E vs G E vs G 

l729±84l l63S±479 1925±512 0.35ns 0.72ns 1. 70ns 

6l±20 65±16 69±16 0.59ns 1.l4ns 0.74ns1 

88.±53 72±20 84±22 1.00ns 0.25ns 1. 67ns 

l84±86 19l±69 23 L:.+8 0 0.24ns 1. 57ns 1. 67ns 

6661378 792±384 790±276 0.89ns 0.96ns 0.02ns 

9.8±2.8 9.9±2.9 Il. 1±2. 7 0.95ns 1.24ns 1.25ns 

6001±4637 5165±2945 4792±32l9 0.74ns 0.77ns 0.35ns 

O. 9±0. 3 1.0±0.3 1.l±0.3 
, 

0.9Ins- 1. 72ns l 1. OOns l 

1. 42:0.7 1.S±0.5 1. 6±0. 5 0.45ns 0.87ns 0.59ns l 

12.3±3.6 12.1±3.4 12.9±3.2 0.15ns 0.46ns 0.73ns 

80±53 86±44 73±33 0.32ns 0.35ns 1.00ns 

66.7±29.2 65.6±30.5 65.9±24.0 0.09ns 0.08ns 0.03ns 

4.0±3.9 4.4±2.4 4. 3±2. 7 0.32ns 0.23ns O.llns 

~ 

l"t" test for equal variance and une quaI number of observations (unmarked values ,vere for uneq<lal variances 
and unequal number of observations). 

1.11 
0\ 
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differenc~s becween groups were tested for significance u31ng the un-

paired "t" test for unequa1 number of observations and unequul or equaJ. 

variance (Cochran and Cox, 1957). The differences l ,vere not statisti-

ca11y significant (P<.05), indicating homogeneity of the c1inic popula-

tion surveyed. Therefore, average Calorie and nutrient intakes for the 

clinic group as a who1e were used for comparison between private and 

clinic patients. 

Intake values for the complete clinic group, appearing in Table 7, 

'vere considerably low'er than those reported in previous studies of com-

pat"ab1e populations of pregnant ,vomen (Thomson, 1958; Stevens and Ohlson, 

1967), with the exception of niacin and ascorbic acid. In addition, in-

takes reported by Stevens and Oh180n (1967) were higher than those of 

private patients in the present study for Calories and for aIl nutri-

ents except vitamin A, thiamine and ascorbic acid. 

Statistically significant (P<.Ol or <.05) differences were found 

bet,,,een dietary intakes of private and c1inic pregnant ,,,omen (Table 8), 

,,,here, ,,,ith one exception, the intakes of the former were higher. Only' 

mean carbohydrate: intakes, although higher in the private group, ,,,ere not 

significantly different. The differences observed in Calorie and nutrient 

intakes could not be attributed to differences in body size or age since 

average heights, ,,,eights and ages ,,,ere comparable in the two groups. 

Ho,,,ever, the fact that 69% of the private patients but only 28% of the 

lIn this thesis, whenever differences are tested for significance, 
the leve1 of significance, follo,,,ing the observed "t" value, is indi
cated as follows: 

non significant 
significant (P~.05) 
highly significant (pc. Dl) 

= 
= 
= 

ns 
'"'J'( 

"4'~~'( 



TABLE 7. Average dai1y Calorie and nutrient 
intakes of c1inic patients 

Mean Range St. 
deviation 

Calories 1760 879- 3696 603 

Protein (gm. ) 65 34-106 17 

Fat (gm. ) 81 . 34- 227 33 

Carbohydrate (gm. ) 204 91- 398 79 

Calcium (mg.) 759 252-1815 3L~6 

Iron (mg.) 10.3 5.1-17.1 2.8 

Vitamin A - (LU. ) 5254 1771-18604 3495 

Thiamine (mg.) 1.0 0.5-1. 7 0.3 

Riboflavin (mg.) 1.5 0.8- 2.9 0.6 

Niacin (mg.) 12. L~ 4.8-19.2 3.3 

Ascorbic acid (mg. ) 80 13-183 43 

Folate (]Ag.) 66.0 21. 4-160. 9 27.4 

Vitamin Bl2 (lAg·) 4.3 1.1-15.9 2.8 

58 

Coeff. 
variation % 

34 

26 

41 

39 

L~6 

27 

67 

31 

40 

27 

53 

42 

66 



TABLE 8. Comparison between average dai1y Calorie and 
nutrient intakes of private and c1inic pat:i.ents 

Calories 

Protein 

Fat 

Carbohydrate 

Calcium 

Iron 

Vitamin A 

Thiamine 

Ribof1avin 

Niacin 

Ascorbic acid 

Folate 

Vitamin B12 

(gm.) 

(gm. ) 

(gm. ) 

(mg o ) 

(mg.) 

(LU.) 

(mg. ) 

(mg. ) 

(mg. ) 

(mg.) 

<pg. ) 
<f'g. ) 

Private group 
(50) 

2100 .± 48/. 

87 ± 18 

97 ± 27 

228 ± 61 

1069 ± L.07 

13.0 ± 3.3 

9135 ± 5383 

1.2 ± 0.3 

2.2 ± 0.8 

l5.3±4.l 

127 ± 58 

86.5 ± 26.1 

9.8 ± 6.5 

Clinic group 
(l.6) 

1760 ± 603 

65 ± 17 

81 ± 33 

204 ± 79 

759 ± 3L.6 

10.3 ± 2.8 

525L. ± 3L.95 

l.0±0.3 

1.5 ± 0.6 

12.4 ± 3.3 

80 ± L.3 

66.0 ± 27.4 

4.3 ± 2.8 

Observed 
"t" values 

3.03 ~h~ 

6.11 ~.~~'( 

2.59 * 
l.66 ns 

L •• 03 ~';"J'( 

L •• 33 .. '.:~~ 

4.22 #';jt.; 

3.33 ~'(~': 1 

L •• 90 j':"k 

3. 84 M~ 

4.54 -'kj': 

3.75 #'.:a.k 

5. L~6 ~t.:""Jt.: 

l"t" test for equal variances and unequal number of observations 
(unmarked values were for unequal variances and unequal number of 
observations). 

59 
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clinic patients submitted highly reliable records may have had sorne 

bearing on the marked discrepancy obtained between groupso For that 

reason, average intakes of Calories, protein, fat and carbohydrate were 

computed ~'lithin each group according to the reliability score. From 

Télble 9, it appears that these values tended to decrease slightly ~'lith 

falling reliabili.ty, this being even more evident for the clinic group. 

It is therefore possible that for a larger proportion of clinic than of 

private patients, inaccurate or incornplete recording may have resulted 

in lm'ler estimates of intake. However, the possibility that the assess

ment of reliability ~'las affected by the quantity of recorded foods is 

not excluded. Consequently, these means may be real or may be the re

suIt of the assumptions ~'lhich had to be made in scoring the dietary 

records for reliability and in analyzing more doubtful dataa The same 

question was raised by Thomson (1958) ~'lho observed that doubtful subjects 

~'lere, on the average, socially, intellectually and clinically inferior 

to reliable subjects and that their diets also tended to be somewhat 

inferior. 

The daily caloric intakes in this survey ranged from less than 

the probable basal energy expenditure to almost 4,000 Calories. Only 

\'lith the help of an accurate T,·my of assessing the reliance that can be 

p laced on such data T,'lould it be possible to accept these extremes as 

real or as resul ting from under- or over- es timation. HOT,'lever, values 

sunnnarized i.n Table 9 are consistently hi.gher for the private group 

than for the clinic group, suggesting that despite the possible effect 

of unequal quality of the information obtained from both categories of 

subjects, private patients had a better diet, qualitatively and quanti

tatively, than clinic patients. This further supports the findings of 
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TABLE 9. Comparison betw'een average dietary intakes of private 
and clinic patients grouped on the basis of reliabi1ity 

Private 
patients 

Clinic 
patients 

Re1iabi1ity No. of 
index patients 

"1" 35 

"2" 10 

"3" 5 

"1" 12 

"2" 18 

"3" 16 

Protein 
Calories (gm.) 

2107 86 

2183 94 

1887 87 

1928 71 

1817 67 

1570 59 

Fat 
(gm. ) 

97 

103 

92 

93 

77 

74 

Carbohydrate 
(gm. ) 

234 

230 

184 

213 

22l~ 

174 
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Thomson (1959) that with fa11ing social status, the mean nutritive value 

of pregnant lvomen' s diets diminished. 

Moscovitch (1965) studied the diet of pregnant lvomen attending an 

antenata1 public c1inic in order to relate dietary and c1inica1 findings 

of fo1ate and vitamin B12 nutrition.. On the basis of: simi1arity of ob

jectives and parity of the c1inic groups investigated, resu1ts of this 

previous survey and of the present survey were comparedo Moscovitch 

used various dietary survey techniques. Hmvever, only data. obtained 

from seven-day dietary :t'ecords were compared ldth the findings of the 

present study. Table 10 provides a comparison of average dai1y intakes 

of Calories and of seven nutrients for clinic groups belonging to cach 

surveyo In genera1, Moscovitch obtained higher values, but the differ

ences were not significant (1)<.05) for Calories, carbohydrate and iron 

intakes. Protein, fo1ate and vitamin B12 consumption were significant1y 

(P<.05 or < 001) higher in the ear1ier study. On1y ascorbic acid and fat 

intakes lvere higher in the present c1inic group, a1though not signifi

cant1y (P<.05) so" Discrepancies in fo1ate and vitamin B12 consumption 

by the t\vO groups of clinic subjects were undoubted1y intensified by 

the fact that Moscovitch estimated fo1ate and vitamin B12 content on 

the basis of uncooked diets, whereas "apparent" folate and Bl2 intakes 

(see Experimental Procedure, section 2,a) were measured in this study. 

Exc1uding folate and vitamin Bl2, differences observed in the dietary 

incakes of these comparable groups of pregnant women cau only be ex

plained conjecturally. They may reflect rea1 differences in food intake, 

incomplete recording by the present clinic group or a different estima

tion by the nutritionist of intakes \vhen only average servings were re

ported o The last variable could be the most important one since Eag1es 
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TABLE 10. Comparison between average dietary intakes of t\vO clinic 
population groups, estimated from seven-day dietary records 

Present study 
No. of subjects:46 

Calories 1760 ± 603 

Protein (gm. ) 65 ± 17 

Fat (gm.) 81 ± 33 

Carbohydrate (gm. ) 204 ± 79 

Iron (mg. ) 10.3 ± 2.8 

Ascorbic acid (mg. ) 80 ± l~3 

Folate <}tg. ) 66.0 i- 27 .l~ 

Vitamin B12 (pg. ) 4.3 ± 2.8 

Moscovitch's study 
(1965)1 

No. of subjects:26 

187l~ ± l~59 

75 ± 18 

77 ± 20 

223 ± 67 

11.l~ ± 3.6 

75 ± 37 

97.0 ± 57.6 

12.7 ± 15.3 

Observed 
"t" values 

0.90ns 

2. 36~'( 

0.6 l ms 

1.09ns 

1.38ns 

0.52ns 

2.58·'" 

2. 78~td: 

IStandard deviations were calcu1ated by the author from reported stand
ard error of means. 
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et al. (1966) observed that the variation encountered among nutrition---
ists in calculating the same diets ivas sometimes large enough to reach 

significance. 

A further comparison iVas made bef:i.leen intakes of private patients 

in this study and of clinic patients studied by Moscovitch (1965). Table 

Il shows that Calorie, carbohydrate and iron intakes ivere highet' in the 

private than in the clinic group, although the differences i'lere not sig-

nificant (J?(o 05) 0 HOi"ever, the diets of private patients supplied sig-

nificantly (P(.Ol) more protein, fat and ascorbic acid. Folate and vita-

min B12 intakes iVere slightly higher, but not significantly so (P(oOS) 

in the clinic group. It can consequently be inferred iVith reasonable 

assurance that private patients have on the average, better diets than 

pregnant iVomen attending a public clinic since differences ,vere appar-

ent iVhen comparing intakes of the private group ''li th those obtained in 

tiVo separate studies of clinic pregnant ''lomen o 

Co ~vithin- group variability: comparison of 
coefficients of variation 

Hithin-group variability is best assessed by the coefficient of 

variation, iVhich is the ratio of the standard deviation over the mean o 

It can be seen from the first part of Table 12 that the private group 

'vas more homogeneous than the clinic group, in i'lhich coefficients of 

variation were higher than in the private group for Calories and for all 

nutrients except niacin and vitamin B120 Coefficients of variation ,vere 

especially large, in both groups, for calcium, vitamin A, ascorbic acid 

and vitamin B12 intakes, indicating a tendency of the data to be skeiVed o 

Coefficients of variation obtained in previous dietary surveys 

are presented in the second part of Table 120 The same trends i'lere 



TABLE 11. Comparison bet'veen average dietary intakès of private 
patients and of cUnic patients from a previous study 

65 

Private patients 
No. of subjects:50 

C1inic patients 
(Moscovitch, 1965) 
No. of subjects:26 

Observed 
"t" values 

Calories 2100 ± 484 1874 ± 459 2.0 ns 

Protein (gm. ) 87 ± 18 75 ± 18 2. 79~'~·k1 

Fat (gIll. ) 97 ± 27 77 ± 20 3. 70~~~': 

Carbohydrate (gm. ) 228 ± 61 223 ± 67 0.32ns 

Iron (mg. ) 13.0± 3.3 11.4 ± 3.6 1.88ns 

Ascorbic acid (mg. ) 127 ± 58 75 ± 37 4. 7 3~':;': 

Fo1ate (IAg. ) 86.5 ± 26.1 97 ± 57.6 0.64ns 

Vitamin B12 (J-I.g. ) 9.8 ± 6.5 12.7 ± 15.3 0.93ns 

l"t" test for equa1 variances and unequa1 number of observations (un
marked values ,vere for unequa1 variances and unequa1 number of obser
vations). 



TP~LE 12. Comparison of coefficients of variation of Calorie and nutrient intakes 

Calories 
Protein 
Fat 
Carbohydrate 
Calcium 
Iron 
Vitamin A 
Thiamine 
Ribof1avin 
Niacin 
Ascorbic acid 
Fo1ate 
Vitamin B12 

Present study 
C1inic Private 
Group Group 

34 23 
26 20 
41 28 
39 27 
46 38 
27 25 
62 56 
31 30 
40 36 
27 27 
53 46 
42 30 
66 69 

Previous studies 
Stevens and Oh1son Hoscovitch Guggenheim et aL 

(1967)1 (1965) (1964.)T -

24 26 30 
26 27 29 
27 30 
28 29 
43 44 
26 33 31 
62 14 
27 44 
39 50 
28 41 
41 60 6 

52 
91 

1Coefficients of variation \'lere ca1cu1ated from the data by the author. 

Cellfe~and-Hankin 

(1963) 

21 
22 
25 
26 

22 

48 

0\ 
0\ 
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observed with respect to variabi1ity, a1though Guggenheim et a10 (196l~) 

obtained much sma11er variation in the consumption of vitrunin A and 

ascorbic acid. Hmvever, the survey invo1ved pregnant ~vomen from Israel 

and it is 1ikel.y that different food habits ~vou1d be ref1ected by a 

somewhat different pattern of variabi1ity. Neverthe1ess, whenever data 

were avai1ab1e for comparison, coefficients of variation for calcium, 

vitamin A, ascorbic acid and vitamin B12 intakes were in fair1y good 

agreement in a11 other studi.es for which values appear in Table 12. 

According1y, Chappel (1955) observed, in long-term individual surveys, 

that intakes of vitrunin A and C ~vere generally more variable than those 

of othey: nutrients. Especia1ly for these t~vo vitamins, a seasonal vari

ation in intakes (Harris and Oliver, 19l~3) may be responsible for the 

high coefficients of variation obtained. 

The within-group variability observed in the present study being 

comparable to that of previous studies of homogeneous population groups, 

it was felt that no benefit would be obtained by regrouping the data 

according to certain criteria sueh as age and body ~veight of subjects 

and season. Fur thermore, groups ~vere not large enough to allmv sueh com

parisons. 

d. Correlation be~veen componen ts of diets 

Very few comprehensive investigations of the correlation betHeen 

nutrient contents of dietaries have been reported previously, apart from 

correlation bet~veen intake of energy and single nutrientl:i, such as pro

tein. A search of the 1iterature revea1ed that data on correlation be

tHeen nutrients Here avai1able in three dietary surveys: the McCance 

Sur vey (McCance et aL, 1938); measuring the diets of pregnant Homen; 

the Carnegie Survey of fami1y diets (Rowett Research Institute, 1955) 
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and the Aberdeen Survey (Thomson, 1959) inc1uding lJ89 primigravidae. AlI 

three surveys were done in various parts of the United Kingdom. 

Tables 13, 14 an.d 15 illustrate 1inear correlation and regression 

coefficients between the components of diets of private patients, c1inic 

patients and women of the Aberdeen survey (Thomson, 1959) respective1y. 

The three tables fo11o~v the same pattern.. In each ce1l, the top figure 

is the correlation coefficient between the "pair" of nutrientso The 

midd1e figure is the regression coefficient of the variable in a given 

row on the variable in a given columno The bottom figure is the standard 

error of the estimateo The HcCance and Carnegie Surveys (refo cit .. ) ~.,ere 

not used for comparison because the former did not inclnde such data for 

any vitamin and the latter exc1uded riboflavin and niacin~ 

lt is apparent from Tables 13 and 14 that almost a11 dietary com

ponents were highly corre1ated - 1. e", in both privatc and clinic pat

ientso HO\vever, the correlation ~vas usua11y higher in the c1inic than 

in the private groupo Coefficients of correlation shmm in Table 15, 

pertaining to the Aberdeen Survey (refo cit.), were in better agreement 

with those of the actual clinic' patients than of the private patients .. 

The Aberdeen Survey included a high proportion of subjects from a 10w 

economic class. lt is therefore possible that, because of. reduced var

iety of foods consumed, dietary components are more high1y corre1ated in 

lo~ver incorne groups 0 

Regression coefficients obtained in both studies vlere of the same 

or der .. The discrepancy ~vhich can be observed between a11 figures involv

ing calcium is on1y apparent and is due to the use of mi11igrams as the 

unit in the present survey and of grams in the previous surveyo However, 

despite the high proportion of significant coefficients, regression 



Calories 

Protein (r) 0.69 
(b) 0.025 
(S.E.) 12.8 

Fat 0.90 
0.05 

11.8 

Car.bohydrate 0.90 
0.114 

26.1 

Calcium o .l~2 
0.36 

368 .l~ 

Iron o. 7l~ 
0.005 
2.21 

Vitamin A 0.29 
3.19 

5156.8 

Thiamine 0.54 
0.0004 
0.29 

Riboflavin 0.50 
0.0008 
0.69 

Niacin 0.57 
0.005 
3.39 

Ascorbate 0.29 
0.035 

55.3 

TABLE 13. Linear correlation (r) and regression ( 
the diets of pri 

Protein Fat Carboh. Calcium Iron 

0.56 
0.85 

22.4 

0.52 0.66 
1.80 1.49 

52.0 45.9 

O. 6l~ 0.26 o. 1~~2 
ll~. 65 3.93 2.79 

311.4 392.5 369.2 

0.75 0.59 0.64 0.19 
0.137 0.071 o. 03l~ 0.002 
2.17 2.63 2.52 3.21 

0.55 0.18 0.20 0.32 0.50 
164.9 36.45 17.89 4.25 829.9 

1+506.3 5291. 5 5270.9 5098.2 4650.1 

0.57 0.46 0.46 0.26 0.69 
0.011 0.006 0.003 0.0002 0.07, 
0.28 0.31 0.31 0.33 0.25 

0.81 0.35 0.42 0.86 0.46 
0.036 0.010 0.005 0.002 0.11: 
0.47 0.75 0.73 0.41 0.71 

0.68 0.50 0.42 -0.02 0.85 
0.158 0.077 0.028 -0.0002 1.08 
3.03 3.58 3.75 4.14 2.16 

0.40 0.15 0.29 0.13 0.49 
1.28 0.312 0.279 0.019 8.63 

53.1 57.2 55.3 57.3 50.5 



1 (r) and regression (b) coefficients bet~veen components of 
the diets of private patients 1 

1. Calcium Iron Vitamin A Thiamine Ribof. 

---------------------

0.19 
0.002 
3.21 

0.32 0.50 
4.25 829.9 

5098.2 4650.1 

0.26 0.69 0.51 
0.0002 0.073 0.00003 
0.33 0.25 0.30 

0.86 0.46 0.67 0.51 
0.002 0.113 0.0001 1.17 
0.41 0.71 0.59 0.69 

-0.02 0.85 0.53 0.70 0.33 
-0.0002 1.08 0.0004 8.38 1. 71 

4.14 2.16 3.52 3.0 3.9 

0.13 0.49 0.50 0.57 0.32 
0.019 8.63 0.005 96.13 23.54 

57.3 50.5 50.02 47.3 54.7 

69 

Niacin Ascorbic a. Fo1ate 

0.1.~8 

6.68 
50.8 



Table 13 (cont'd) 

Calories Protein Fat Carboh. Calcium Iron 

Folate 0.38 0.64 0.14 0.39 0.33 0.71 
0.021 0.94·2 0.132 0.167 0.021 5.70 

24.1 19.9 25.8 24.0 2l~. 6 18.2 

Vitamin B12 0.27 0.66 0.20 0.12 0.49 0.44 
0.004 0.240 0.049 0.013 0.008 0.883 
6.30 4.9 6.4 6.49 5.7 5.9 

lCorre1ation coefficients of .28 and over were significant (P<.05). 
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Ile 13 (cont' d) 

:alcium Iron Vitamin A Thiamine Ribof. Niacin Ascorbic a. Fo1ate 

0.33 0.71 0.58 0.53 0.54 0.59 0.53 
0.021 5.70 0.003 39.82 17.64 3.69 0.237 
A.6 18.2 21.2 22.2 21.9 21.2 22.2 

0.49 0.44 0.86 0.45 0.82 0.42 0.38 0.57 
0.008 0.883 0.001 8.60 6.72 0.662 0.043 0.143 
5.7 5.9 3.4 5.8 3.7 5.9 6.1 5.4 



Calories 

Protein (r) 0.86 
(b) 0.02 
(S.E.) 8.54 

Fat 0.91 
0.05 

13.56 

Carbohydrate 0.93 
0.12 

28.35 

Calcium 0.70 
O.l~O 

248.18 

Iron 0.80 
0.004 
1. 67 

Vitamin A 0.49 
2.87 
3038 

Thiamine 0.72 
0.0004 
0.21 

Ribof1avin 0.76 
0.0007 
0.36 

Niacin 0.72 
0.004 
2.31 

Ascorbate 0.l~6 

0.03 
37.8 

TABLE 14. Linear correlation (r) and regression (b) ( 
the diets of clinic 

Protein Fat Carboh. Calcium Iron 

0.72 
1.41 

22.8 

0.80 0.71 
3.77 1.71 

47.4 55.5 

0.83 0.57 0.67 
17.27 6.01 2.97 

193.67 286.3 256.7 

0.79 0.62 0.82 0.59 
0.13 0.05 0.03 0.005 
1. 71 2.19 1. 58 2.26 

0.50 0.42 0.l~8 0.58 0.58 
104.2 16.61 21. 3 5.84 727.4 

3031 3175 3064 2846 2846 

0.67 0.56 0.74 0.52 0.81 
0.012 0.005 0.003 0.0004 0.09 
0.22 0.26 0.21 0.26 0.18 

0.85 0.62 0.74 0.93 0.70 
0.03 0.01 0.005 0.001 0.14 
0.29 0.l~4 0.37 0.20 0.40 

0.71 0.64 0.67 0.43 0.83 
0.14 0.06 0.03 0.001+ 0.98 
2.35 2.50 2.46 3.00 1. 87 

0.49 0.37 0.45 0.55 0.55 
1. 26 0.48 0.24 0.07 8.48 

37.06 39.59 38.05 35.71 35.48 



and regression (b) coefficients betHeel1 cOll1ponents of 
the diets of clinic patientsl 

Calcium Iron Vitamin A Thiamine Ribof. 

0.59 
0.005 
2.26 

0.58 0.58 
5.84 727.4 
2846 2846 

0.52 0.81 0.53 
0.0004 0.09 0.00005 
0.26 0.18 0.26 

0.93 0.70 0.73 0.64 
0.001 0.14 0.0001 1.19 
0.20 0.40 0.38 0.l~3 

0.43 0.83 0.57 o. 7l~ 0.61 
0.00/+ 0.98 0.005 8.12 3 .. 61 
3.00 1. 87 2.73 2.25 2.64 

0.55 0.55 0.51 0.63 0.59 
0.07 8.48 0.006 89.44 45.48 

35.71 35.48 36.64 33.06 34.31 

Niacin Ascorbic a. Fo1ate 

0.43 
5.50 

38.5 



TABLE Ill- (cont' d 

Calories Protein Fat Carboh. Calcium Iron 

Folate 0.61 0.73 0.43 0.65 0.67 0.73 
0.03 1.2 0.36 0.22 0.05 7.19 

21.6 18.7 24.72 20.9 20.39 18.68 

Vitamin B12 0.36 0.42 0.24 0.39 O. L~9 o. L~5 
0.002 0.07 0.02 0.01 0.004 0.45 
2.63 2.55 2.73 2.60 2.46 2.51 

Correlation coefficients of .30 and over were significant (P<.05). 
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TABLE lA (cont' cl 

Calcium Iron Vitamin A Thiamine Ribof. Niacin Ascorbic a. Folate 

0.67 0.73 0.62 0.57 0.67 0.59 0.58 
0.05 7.19 0.005 52.20 33.14 4.88 0.37 

20.39 18.68 21.45 22.45 20.26 22.11 22.36 

O. L~9 0.l~5 0.72 0.38 0.70 0.42 0.39 0.40 
0.004 0.45 0.0006 3.56 3. 5l~ 0.36 0.03 0.04 
2.46 2.51 1.96 2.60 2.01 2.55 2.59 2.57 



Calories 

Protein (r) 0.86 
(b) 0.027 
(S.E.) 8.3 

Fat 0.89 
0.043 

11. 3 

Carbohydrate 0.92 
0.133 

29 .l~ 

Calcium 0.69 
O. OOOL~ 
0.241 

Vitamin A 0.32 
2 .l~ 
3671 

Thiamine 0.78 
0.0004 
0.150 

Ribof1avin 0.72 
0.0007 
O. 3l~7 

TABLE 15. Li.near correlation (r) and regression (1 
the diets of pregnant '''4 

Protein Fat Carboh. Ca1c lum V:l. tmUJ 

0.80 
0.52 
9.8 

0.71 0.65 
0.156 1. 9/+ 

11. 5 56.5 

0.76 0.63 0.59 
0.016 0.008 0.003 
0.215 0.259 0.269 

0.3'1' 0.33 0.22 0.l~4 

79.8 51. 3 11. 6 51.90 
3697 365l~ 3775 3/+74 

0.79 0.71 0.68 0.55 0.34 
0.013 0.007 0.002 0.l~3 5059 
0.159 0.181 0.188 0.216 36l~5 

0.91 0.68 0.57 0.84 0.48 
0.028 0.014 0.004 1.25 3747 
0.211 0.368 0.407 0.272 3393 



id regression (b) coefficients betHeen components of 
1 of pregnant ,",omen (Thomson, 1959)1 

:a1clum V:l.tmnin A Thiamine Ribof. Niacin 

) .l~4 
1. 90 
3/+74 

).55 0.34 
) .l~3 5059 
>.216 36l~5 

>.84 0.48 0.71 
~. 25 3747 1.36 
>.272 3393 0.35 
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Table 15 (cont'd) 

Calories Protein Fat Carboh. Calcium . Vitamin 

Niacin 0.64 0.71 0.62 0.52 0.3 /1. O. L~5 
0.004 0.12 0.07 0.02 2.87 619 
2.12 1.95 2.18 2.37 2.60 3464 

Ascorbate. 0.35 0.33 0.27 0.34 0.39 0.35 
0.02 0.64 0.34 0.14 . . 37.2 0.003 

29.5 29.7 30.3 29.6 28.9 - 29.4 

AU c.orrelation coefficients ,,,ere significant (P<,.01). 
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Lb1e 15 (cont'd) 

Calcium . Vitamin A Thiamine Ribof. Niacin 

0.3 /1- O. L~5 0.71 0.65 
2.87 619 7.63 3.61 
2.60 3464 1. 95 2.08 

0.39 0.35 0.36 0.37 0.32 
37.2 0.003 44 .. 3 23.7 3.63 
28.9 - 29.4 29.3 29.1 29.8 
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coefficients could not be used in estimàting an individual's intake of a 

given nutrient if the other member of the "pair" is kno~·m because of ex-

tremely large values for the standard errors of estimate o Increasing 

the number of observations commensurately reduces the sizeof error. 

'fhis is the reason for lo~ver standard errors of estimate in the Aberdeen 

Survey, ~vhich included 489 pregnant ~vomeIl, compared to 50 private and 46 

clinic patients included in the present study. 

High correlation values between dietary components suggest that 

in interpreting dietary survey data, intakes of Calories or of any nutri-

ent should not be considered independently. Differences in the intalce 

of il given dietary component ,vould imply proportional differences in 

other components \vith \17hich it is highly correlated.. The caloric value 

of diets being highly and significantly (P( .05) correlated \vith aIl 

other nutrients, it follo,vs that a reduction in caloric intalces will 

automatically be accompanied by a reduction in intakes of most nutrients .. 

This is evidenced in Table 16, in which are presented average daily nu-

trient intalces at various levels uf caloric intakes o Subjects consuming 

less than 2000 Calories daily hac! nutrient intalces appreciably 100ver 

than when the caloric value of diets was over 2000 or 2500 Calories; 

this was especially true in clinic patients .. 

Similarly, since dietary folate was highly correlated with pro-

tein and iron content of diets, 10r.; 111takes ·f one should result in lo,v 

values fOl' the others.. A high con4 elation Cover 007) ,vas also observed 

bet~veen vitamin B12 and vitamin A, and betw'een vitamin B12 and riboflavin 

intakes. However, vitamin B12 and protein ,vere more highly correlated 

in the private group than in the clinic group. It is likely that more 

animal protein ,vas consumed by private than clinic subjects, since 



Calorie No. of 
intakes subjects 

2500 10 

2000-2500 19 

2000 21 

2500 6 

2000-2500 8 

2000 32 

TABLE 16. Average dai1y nutrient intakes at various levels 
of Calorie intakes 

Protein Fat Carb. Calcium Iron Vit.A Thiam. Ribof. Niac. 
gm. gm. grn. mg. mg. LU. mg. mg. mg. 

Private Patients 

108 117 307 1220 17.1 13960 1.4 2.8 20.2 

91 1G:! 238 1213 13.5 10169 1.3 2.5 15.4 

75 76 181 866 10.5 6442 0.9 1.7 12.9 

Clinic Patients 

93 133 348 1180 14.5 7-118 1.4 2.2 17.0 

97 102 268 975 12.5 8341 1.2 1.9 14.9 

57 65 161 625 9.0 4132 0.8 1.2 11.0 

Ase.a. Fo1ate 
mg. }Ag. 

151 102.3 

145 91.1 

99 74.8 

120 100.3 

87 84.1 

71 55.1 

Vit.B12 
p.g. 

13.9 

11.2 

6.6 

5.1 

6.9 

3.5 

-....J 
0\ 



vitamin B12 is found mainly in animal protein foods. 

e. Proportion of total Calories derived from 
protei.n, fat and carbohydrate 

77 

For the private and clinic groups, mean percentages of total Cal-

ories de:rived from protein, fat and carbohydrate are sho\Vll in the upper 

part of Ta.ble 17. 'fhe contribution of protein to Calories was higher in 

dietaries of private than of clinic patients. Conversely, the diets of 

clinic subjects supplied relatively more Calories in the form of carbo-

hydrate than did diets of private pat:i.ents. 

The contribution of protein tmvards Calori.es seemed markedly 

higher in both population groups than reported previously by Dole (1959) 

from the statistics of food consumption in 32 nations, and by Thomson 

(1959) for a large population of pregnant ,.,omen. It \vas, in addition, 

higher than the average Canadian diet (Nutrition Division, 1959), in 

Hhich protein supplies approximately 12% of total Calories o However, 

if intakes are broken dmm ,.,ithin each group according to calorie values 

of diets (Table 17, lm.,er part), it becomes apparent that percentages 

of Calories supplied by protein tended to increase \vith decreasing ca1-

oric intakeo Therefore, for diets supplying 2500 Calories and over 

daily, the protein contribution tm'lards Calories \vas comparable, at 

least for the clinic group, with the average value of Canadian diets, 

\.,hich supply 3000 Calories per dayo Nevertheless, consistent1y higher 

percentages of protein Calories could be observed in the private group, 

a.t all levels of total Calorie intakes o Moreover) carbohydrate supplied 

more Calories than fat in the clinic group whereas the proportion of 

total Calories derived from fat and from carbohydrate in diets of pri-

vate subjects Has rough1y similar. 
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TABLE 17. Mean pereentages of Calories derived from protein, fat and 
earbohydrate in the diet of private and clinie patients 

Per cent of total 
No. of Calories derived from 

subjeets Protein Fat Carbohydrate 

Private group 50 17.1 41.9 41.0 

Clinie group 46 15.3 41.1 43.6 

Private group 

Daily calorie intake 

2500 and over 10 (20%) 15.6 42.5 l~1. 9 

2000 - 2500 19 (38%) 16.9 l~2. 5 40.6 

under 2000 21 ( 1~2%) 17.9 l~O. 9 41.2 

C1inie group 

Dai1y calorie intake 

2500 and over 6 (13%) 12.8 41.2 46.0 

2000 - 2500 8 (17%) 13.7 40.6 45.7 

under 2000 32 (70%) 16.1 41.2 42.7 



f. Average daily Calorie and nutrient intalces in 
each trimes ter of pregnancy 

79 

Di<.~tary records ,vere grouped according to the trimester of preg-

nancy during Hhich they had been kept and intalces averaged for each 

trimester, lvithin each of the t,vo groups. Table 18 illustrateü diet-

ru:y intaltes of private patients in each trimester and in Table 19 simi-

lar data are found for clinic patients. Differences betVleen trirnesters, 

Hith respect to Calorie and nutrient content of diets of private patients, 

'vere not statistically significant (P(.05). HOVlever, intalces of Calor-

ies and most nutrients in the first and second trimesters lvere slightly 

higher than in the last trimes ter of pregnancy and in this respect the 

results agreed 'vith the findings of Darby et _aL (1953). Cellier and 

Hankin (1963) reported that protein intakes significantly increased 

throughout pregnancy and that fat intake lvas significantly higher in 

the second than in the third trimester. lt is possible, on the basis 

of previous observations, that if three dietary sheets had been sub-

mitted by each subject of the present study, individual comparisons 

betVleen intakes at various stages of pregnancy \vould have given differ-

eut resultso Nevertheless, because of individual variation in food 

consumption from 'veek to 'veek (Yudkin, 1951), comparisons bet'veen in-

takes of individuals or groups in trimesters rnay not be very divergent.. 

The slight reduction observed in food intake of private patients by the 

end of pregnancy could very 'vell be due to subjects 1 se1f-regulation of 

eating patterns in order to avoid excessive gain of Vleight or else to 

an increased appetite during the first part of pregnancy, as ,vas pro-

posed by Taggart (1961). 

A someHhat different trend ",as observed in clinic patients o 1n-

takes of Calories and of a fe", other nutrients tended to be elevated in 



TP~LE 18. Average dai1y Calorie and nutrient intakes of private patients; comparison 
betvleen trimesters of pregnancy 

First 
Trimes ter 

Second 
Trimes ter 

Third 
Trimes ter Observed IIt" values 

"'""-" 

(14) (33) (18) 1st vs 2nd 2nd vs 3rd 1st vs 3rd 

Calories (gro. ) 2180 ± 709 2087 ± 417 2057 ± 475 0.46 ns 0.22 ns 0.56 ns 
Protein (gm. ) 90 ± 21 86 ± 18 84 ± 20 0.63 ns 0.36 ns 0.82 ns 
Fat (gro. ) 99 ± 42 98 ± 21 96 ± 26 0.09 ns 0.28 us 0.23 ns 
Carbohydrate (gro. ) 240 ± 79 225 ± 57 226 ± 65 0.65 ns 0.05 ns 0.54 ns 
Calcium (mg. ) 1056 ± 427 1084 ± 457 998 ± 383 0.01 ns 0.71 ns 0.40 ns 
Iron (mg.) 13.4 ± 4.0 12.7 ± 3.1 12.8 ± 3.9 0.59 Ils 0.10 ns 0.44 ns 
Vitamin A (1. u.) 10383 ± 5046 8615 ± 5404 8714 ± 5568 1.38 ns 0.06 ns 1.15 ns 
Thiamine (mg. ) 1.2± 0.4 1.1 ± 0.3 1.1± 0.3 0.88 ns 0.25 ns 
Ribof1avin (mg. ) 2.3±0.7 2.2 ± 0.9 2.1±0.7 0.42 us 0.45 ns 0.83 ns 1 
Niacin (mg. ) 16.7 ± 5.4 15.1 ± 3.5 14.9 ± 4.3 1. 66 ns 0.17 ns 1.06 ns 
Ascorbic acid (mg. ) 143 ± 57 119 ± 59 140 ± 85 1.31 ns 0.93 ns 0.12 ns 
Fo1ate (Mg· ) 91. 3± 33.1 83.7 ± 24.8 83.6 ± 25.5 0..78 ns 0.01 ns 0.72 ns 
Vitamin B12 (p.g.) 10.2 ± 5.8· 9.8 ± 7.1 7.9 ± 5.6 0.20 ns 1.06 ns 1.13 ns 

111tll test for equa1 variances and unequa1 number of observations (unmarked values were for unequal variances 
and unequal number of observations). 

CXl 
o 



TABLE 19. Average daily Calorie and nutrient intakes cf c1inic patients; comparison 
between trimesters of pregnancy 

First 
Trimes ter Observed "t" values 

....... _~"',' 

(8) 

Second 
Trimestér 

(25) 

Third 
Trimes ter 

(18) 1st vs 2nd 2nd vs 3rd Ist vs 3rd 

Calories 1708 ± 510 1704 ± 538 1781 ± 724 0.02 ns 0.44 ns 0.29 ns 
Protein (gm. ) 68 ± 15 63 ± 16 64 ± 20 0.81 ns 0.18 ns 0.57 ns 
Fat (gm. ) 78 ± 20 76 ± 27 85 ± 43 0.22 ns 0.79 ns 0.57·ns 
Carbohydrate (gm. ) 194 ± 77 201 ± 77 201 ± 83 0.22 ns1 0.10 ns 
Ca1éium (mg. ) 630 ± 315 511 ± 427 830 ± 406 0.85 ns 2.49* 1. 36 ns 
Iron (mg.) 12.2 ± 3.1 9.9 ± 2.4 10.0 ± 3.4 1. 21 ns 0.11 ns 1. 63 ns 
Vitamin A (IoU .) 4531 ± 2581 5024 ± 3369 5700 ± 3873 0.43 ns 0.60 ns 0.91 ns 
Thiamine (mg.) 1.0±0.3" 1.0 ± 0.3 0.9 ± 0.3 1.11 ns 1 0.79 ns 1 

Riboflavin (mg.) 1.4±0.5 1.4± 0.5 1.6 ± 0.6 1.18 ns 0.91 ns 
Niacin (mg. ) 13.5 ± 2.0 11.8 ± 3.2 12.3 ± 3.6 1. 79 ns 0.47 ns 1. 09 ns 
Ascorbic:. acid (mg. ) 69 ± 55 83 ± 44 74 ± 40 0.66 ns 0.70 ns 0.23 us 
Fo1ate ~g.) 64.5 ± 16.1 65.8 ± 27.1 64.4 ± 34.2 0.17 ns 0.14 us 0.10 ns 
Vitamin B12 ]Ag.) 4.5± 2.4 3.8 ± 2.8 4.2±2.7 0.70 us 0.48 us 0.29 us 

l"t" test for equa1 variances and unequa1 number of observations (unmarked values were for unequa1 variances 
and unequal number of observations). 

co 
t-' 



82 

the third trimes ter, in relation to carlier pregnancy (Table 19).. HOH

ever, d:f.fferences Here statisticully significllnt (P( .. 05) only for cal

cium. Higher intakes of calcium by clinic patients in late pregnancy 

Here probably caused by increased consumption of milk. 

It can be said that in both groups of pregnant ~'lOmen, there Has 

no evidence of any marked increase of appetite.or food incake during the 

last part of pregnancy, as might be lnferred from accepted standards of 

energy requirements during p'regnancy (see Section D, 1). 

2. Non-pregnant Cqntrol Subjects 

Average daily Calorie and nutrient intakes of nine control sub

jects are summarized in Table 20. Protein supplied llfo 1 .. %, fat, 39.7% 

and carbohydrate, I .. S.9% of total Calories. Carbohydrate intakes Here 

higher in this group than in the private grouiJ; ho~·,ever, for Calories 

and aIl other nutrients, the values Here lmver 0 In addition, mean 1n

takes of calcium, thiamine, ascorbic acid and folate Here ~ess than 

observed in the clinic group. The control group ~vas unfor.tunately much 

too small to al1o~v any .statistical comparisons or inferences concerning 

t18ual dietary intakes of non-pregnant healthy young females. Very ir

regular eating habits ~vere detectable from dietary records submitted 

by members of this particular group. Hmvever, the pattern of ~.,ithin

group variability ~.,as roughly similar to that of the pregnant groups, 

Hith vitamin A, ascorbic acid and vitamin Bl2 consumption shoHing the 

highest coefficients of variation. 

A comparison ~.,ith the Canadian Reconunended Dietary AIIOt'Jallces for 

Homen bet~'leen 18 and 3S years of age, involved in light activity, re

vealed that intakes ~vere adequate, according to this Standard, for aIl 
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TABLE 20. Average dai1y Calorie and nutrient intakes of control 
subjects and comparison with the Canadian recommended 

Dietary A11ot.,ances 

Mean intake as 
Standard Coefficient percentage of 

Mean deviation of Canadian Dietary 
variation A11ot.,ances 

% 

Calories 1995 394 20 83 

Protein (gm. ) 72 18 25 185 

Fat (gm. ) 88 20 23 

Carbohydrate (gm. ) 232 51 22 

Calcium (mg. ) 755 253 3L~ 151 

Iron (mg.) 11. 2 2.9 26 112 

Vitmnin A (LU.) 6248 3979 64 169 

Thiamine (mg. ) 0.9 0.2 22 129 

Riboflavin (mg. ) 1.6 0.5 32 133 

Niacin (mg.) 13.9 4.9 35 199 

Ascorbic acid (mg.) 71 26 37 237 

Folate <Jeg. ) 60.5 19.9 33 

Vitamin B12 (pg.) 6.2 5.0 80 

83 
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nutrients but did not meet the proposed intalces for Calories (Table 20). 

However, Calorie requirements, as presented in most dietary stundards, 

are for a certain level of physical activity and it seems that they are 

set too high for the amount of activity of sorne indi-viduals. Conse-

quently, since nutrient intalces met the Canadian requirernents, control 

subjects lilcely consurned sufficient amounts of Calod.es. 

Do ASSESSMENT OF DIETARY ADEQUACY OF THE PREGNANT 
GROUPS STUDIED 

1. Comparison of Calorie and Nutrient Intalces ,.,ith the 
Canadian and American Recornrnended Dietary Allmvances 
for Pregnancy 

The Cauadian and American Dietary Standards differ ~.,idely in 

their Reeommended Allo,.,ances for Calories and for a fe,., nutrients .. 

This diserepaney cornes from a different definition of dietary allmvances .. 

Hhereas the reeommended intakes of the Ca.nadian Standard (196l~) are in-

tended to "give reasonable assurance of health for the majority of Can-

adians ,.,ithout encouraging excess," the dietary allowances of the Amer-

iean Standard (1964) ",.,ill main tain good nutrition in .~c:.ntially aIl 

healthy persons in the United States under current conditions of living .. " 

Consequently, the margin of sufficiency over and above average physio-

logieal requirements, intended to cover individu al physical and biochem-

ieal variation, is mueh more generous in the latter than in the former 

!)ietary Standard with the exception of recommended daily Calorie intalces, 

whieh have been recently adjusted dm.,m.,ards in vie,., of the progressive 

deeraase in aetivity of most people living in the United States .. 

The Canadian and American Reeonunended Dietary Allot.,ances for 

various stages of pregnancy are listed in Table 210 The levels of intalce 



TABLE 21. Canadian and American Recommended Dietary Allo",ances for various stages: Qf pregnancy 

lst trimes ter 2nd trimes ter 3rd trimes ter 
Cano Standard P.m. Standard Cano Standard Am. Standard Cano Standard P.m. Standard 

Calories 2400 2100 2400 2300 2900 2300 

Protein (gm. ) 39 58 39 78 49 78 

Calcium (mg.) .5 .8 .5 1.3 .7 1.3 

Iron (mg.) 10 15 10 20 .13 20 

Vitamin A (1. U .) 3700 5000 3700 6000 4200 6000 

Ascorbic Acid (mg. ) 30 70 30 100 40 100 

Thiamine (mg.) 17 .8 .7 1.0 .85 1.0 

Riboflavin (mg.) 1.2 1.3 1.2 1.6 1.45 1.6 

Niacin (mg.) 7 14 7 17 8.5 17 

~-~ 

co 
VI 
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appearing under "Canadian Standard" are those recommended for Homen 

approximately 25 years of age, w'eighing 124 pounds and meu8uri.ng 6702 

inches and involved in light activityo Only allolvances for the third 

trimes ter of pregnancy are higher than for non-pregnant females o The 

American Allmvances are for lvomen 25 years of age? lveighing 128 pounds 

and measuring 64 inches~ They are intended for persons normally active 

in the climate of the countryo Additional intakes are recommended for 

pregnant lvomen by the second trimester, accounting for the lvide differ-

ences betlveen the Canadian and American Dietary Allmvances during this 

stage of pregnancy. 

Average daily Calorie and nutrient intakes of private and clinic 

patients in relation to the Canadian and American Dietary Allolvances are 

illustrated in Figures V, VI and VII for the first, second and third 

trimes ter of pregnancy, respectively. Intakes of both groups during 

the first trimester lvere above the Canadian Standard for .all nutrients. 

Although Calories did not measure up to the Canadian Reconunended Allmv-

ances, it is felt that the energy supply of diets Has adequate in most 

cases since the activity of the subjects l'las rather limited o During 

the second trimes ter, values for iron ,vere be1ol'l the Canadian Standard 

in the cU.nic groupo Dietary iron of the 1ast trimester of pregnancy 

l'las slightly inferior to the Canadian requirements in the private group 

and l'laS probably inadequate in the clinic groupo This l'laS aiso observed 

by Hoscovitch (1965) for diets of c1inic pregnant ''lomeno Iron intakes 

l'lere often found insufficient during pregnancyo Therefore, supplement-

ing the diet lvith iron is nOH a conunon practiceo In addition, c1inic 

patients 1 diets lvere suboptimal in thiamine during 1ate pregnancy, 

according to the Canadian Standard" 
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FIG. V. Average daily Calorie and nutrient intakes of priva'te and' 
clinic patients in the first trime~ter of pregnancy in re
lation to Canadian and American recommcndcd dietary allcn'lances 
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FIG .. VI. Average daily Calorie and nlltrient intakes of private and 
clinic patients in the second trimester of pregnancy in: re
lation to Canadian and American Recommended Dietary AlloH
ances 
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FIG. VIr'. Average daily Calorie and nutrient. intakes of private and 
c1inic patients during the 1ast trimester of pregnancY'in 
relation to Canadian and American Recommended Dietary AllOt.,r-
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The American Standard being set much higher than the Canadian 

Standard in aIl trimesters of pregnancy, average intakes did not meet 

90 

the American requirements for many nutrients D Intakes of clinic patients 

met the American allm'mnces only for protein, thiamine and riboflavin in 

the fir st tr imes ter, for thiamine in the second tr imes ter and fOL' r ibo

flavin in the last trimcDter. Intakes of private patients \Vere belo,,, 

the American Standard for iron in the first trimester, calcium, iroll 

and niacin in the second trimes ter and protein, calcium, iron and niacin 

in the last trimester of pregnancyo These results are quite different 

from those of Stevens and Ohlson (1967) \vho found that the estimated 

lIleau values for nutrients in 129 medically indigent pregnant \Vomen met 

or exceeded the 1958 American Dietary Allmvunces for pregnancy, except 

for calcium, irOll and ascorbic acid in the youngest and oldest groups 

of subjects. 

I3ecause of the \"ide spread of values around means in the t,vu 

groups of pregnant \Vomen studied, percentages of groups 'vhose intalce~ 

,,,ere belmv the Canadian Recommended Dietary Allmvances have been de ter

mined and are listed in Table 22 G A high proportion of cHnic patients' 

diets did not meet the requirements and this is most evident for iron 

in aIl trimesters and for calcium and vitamin A in the first trimester o 

Most patients belonging to either group had energy intakes lmver than 

those proposed in the Canadian Standardo The significance of the latter 

findings ,vas discussed previouslyo Recommended dietary allo\Vances for 

persons of the same age, sex and degree of activity provide at best an 

approximate estimate of individual requirements, ",hich vary according 

to basal metabolism, muscular efficiency and other factors" In addition, 

requirements are in direct relation to the energy value of diets. 
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TABLE 22. Proportion of private and c1inic patients \'7ith dietary intakes be1o"iV the Canadian Recommended 
Dietary Al1Q1va..."lces 

Stage of 
pregnancy 

Ist trime 

2nd trime 

3rd trime 

C1inic 

Private 

Clinic 

Private 

Clinic 

Private 

Calories 

(%) 88 

(%) 64 

(/0) 88 

(%) 76 

(%) 94 

(%) 100 

Protein Calcium Iron 

0 50 50 

0 7 21 

8 32 60 

0 6 15 

22 39 83 

0 17 61 

Vit. A Thiam. Ribof. Niac. ABc. a. 

50 13 38 0 25 

7 7 0 0 0 

24 16 44 4 16 

12 0 0 0 0 

39 44 44 Il 17 

17 22 22 66 Il 

\0 
t-' 
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Consequently, it ivould be wrong to conc.lude that percentages shOiVll in 

Table 22 indicate the proportion of truly "deficient" diets. HOiVever, 

it can be said that feiv diets of clinic patients ioJere manifestly ade

quate in terms of reconnnended intakes for "optimum" nutrition. 

2. Folate and Vitamin B12 Consumption 

The exact requirements for folate and vitamin B12 have not been 

defined as yet for normal adults. Therefore, the adequacy of intakes 
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of these vitamins by pre[;,'llant ivomen, for iVhom requirements are increased, 

can only be assessed through comparisons ivith intakes of healthy preg

nant iVomen consuming diets adequate iVith respect to aIl other nutrients. 

lt was previously shown (see Section D, 1) that the private pat

ients had much better diets than the clinic patients, according to the 

Canadian or American Recommended Dietary Alloivances 0 Consequently, it 

can be inferred that their consumption of folate and vitamin B12 was on 

the average adequate unless extremely high requirements for these tHO 

vitamins have to be met during pregnancyo Mean and median fclate and 

vitamin Bl2 intakes of private and clinic patients are shown in Table 

23. lt can be seen in this table that diets of clinic patients supplied 

less folate and vitamin B12 than those of private patientso A lOiver 

consumption of organ meats and dark green vegetables by clinic patients 

may be reflec ted in these lOiver values 0 Medians ivere at the left of 

means, except for folate intakes of clinic patients. HOHever, because 

of the high coefficients of variation associated with averages of both 

vitamins, a distribution table may be more representative of intakes. 

Table 24 shoHs that only 6% of the private patients but 32% of the 

clinic patients had folate intakes lower than 50.}~go, a value recommended 
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TABLE 23~ Mean and median folate and vitamin Bl2 intakes of 

private and clinic patients 

93 

Private patients Cliuie patients 

Folate ()Ag. ) Mean 86.5 ± 26.1 66.0 ± 7 .l~ 

Median 84.4 66.0 

Vitamin Bl2 (}~g. ) Mean 9.8 ± 6.5 4.3 ± 2.8 

Median 7.3 3.4 

TABLE 24. Distribution of fo1ate and vitmuin Bl2 dai1y intakes of 
private and e1inie patients 

Private patients Clinie patients 
No. of % of No. of % of 

subjeets group subjeets group 

Fo1ate intakes 

100 JAg. and over 15 30 4 9 
50 - 100 JAg. 32 6lf 27 59 
under 50 p. g. 3 6 15 32 

Vitamin Bl2 intakes 

10 P-g. and over 19 38 2 4 
5 - 10 Itg. 16 32 10 22 
under 5 }Ag. 15 30 34 74 



by Herbert (1962b) as the minimal daily intake fD:': non-pregnant adults. 

Three to five p.g. of vitamin B12 daily ~"as proposed by Bozian et al. 

(1963) as the dietary requirement for a normal population. Seventy per 

cent of the private group had vitamin B12 intakes above five l'.go daily 

~"herea8 74% of the clinic group consumed less that five P,g. per d'ay. 

Inview of these findings, it is possib1y safe to suggest that 

those subjects whose diets were estimated to contain less than 50 fJ"g. 

of folate daily ~"ere more prone to develop a deficiency. This ~"ould be 

so particularly if the hypothesis of decreased abso!:'ption (Chanarin ~ 

al., 1959; Giles, 1966) or decreased utilization of folate during preg-

nancy (Singh and Shinton, 1965) is true~ Hïth respect to vitamin B12' 

it is ve"ry unlikely that patients consuming 1ess than five p.g. of the 

vitamin daily ~"il1 become deficient, even if vitamin B12 is poor1y 

absorbed (Siegel ~ aL, 1961; Sullivan and Herbert, 1965) or much 

higher requirements have to be met during pregnancyo This is so, since 

body stores of the vitamin ~"ere shown to remain normal for many years 

even when the diet ,,,as poor in B12 (Herbert, 1963b). 

The average values for folate intake of both private and clinic 

patients ~"ere 10,,,er than reported in previous studies u Chung (1961) 

obtained a daily average of 193 }lg. of folate in high cost diets, ~"hen 

microbiological assays ~"ere performed using ~o faeca1is as the test 

organism. Hhen the folate content of the same diets ,,,as calculated 

froIft a food composition table (Toepfer ~ al., 1951), the values ,,,ere 

definite1y lower (120 /-tg.), but remained higher than folate intakes 

calculated in the present study. However, private and clinic patients' 

diets contained substantially more folate than the "poor" diets calcu-

lated by Chung (1961), which contained 30.8 JAg • . of the vitamin dai1y. 
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In addition, it w'as 5.nteresting to note that in Chung' s lvork, mean cal-

culated values were consistently below the analyzed values for folate in 

cooked diets. On tbe basis of these observations, it may be suggested 

that the discrepancy occurring bet~veen calculated and analyzed results 

for folate content of dietaries is due primarily to lacl\:. of data on 

folate content of many food items and only to a lesser extellt, to absence 

of information on the los ses of the vitamin during cooldng. Othenvise, 

cal.culated values ~vould have been consis tently greater than the analyzed 

values. 

Similarly, the average vitamin B12 intakes of the t~vo pregnant 

groups in the present study ,vere lo'ver than the average conten.t of high 

cost (31.6 p.g.) and lo~v cost diets (16 0 0 !.tg.) analyzed by Chung (1961), 

although they fell 'vithin the range of these analyzed values. l-Imvever, 

Jolliffe and Peterman (1956) observed that a good diet may furnish as 

little as six p.g. of vitamin B12 daily. On this basis, it ~vould appear 

that private patients' diets could be considered adequate whereas diets 

of clinie patients ~vere slightly suboptimal 'vith respect to vitamin B12. 

E. CLINICAL FINDINGS 

1. Group Averages for Serum Folate, Erythrocyte 
Folate and Serum Vitamin B12 Levels 

The hema.tological results are not presented and discussed at 

length in this thesis. Only the data pertinent to the study of the re-

lationship bet~veen diet and folate deficiency ,·,ere used o The hematolog-

ical aspects of this joint clinical and nutritional study are expected 

to be published later. 

Serum folate, erythrocyte folate an.d serum vitaminB12 values LIre 
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summarized in Table 25. Lo'venstein and co-'vorkers (1966b) expressed the 

view that medians may better characterize groups than means because of 

the slee'vedness of the data and a1so .because, wi th the method used, serum 

folate values belmv 2.5 mpgo/ml.could not be quantitatedo To obtain 

serum folate averages, an arbitrary value of 2.0 mfg. was given to fol

ate levels falling belo,v 2.5 m,tg. Iml., other'vise bias would have been 

introduced if aIl these had been excluded from calculations. The number 

of observations vœ:ied from group to group and Hithin any given group 

for the various parameters otudied. This is due to the fact that data 

for the 38th 'veele of pregnancy lvere sometimes missing or, in a felv cases, 

the gro\vth of micro-organisms used in assays was inhibited by detergents 

or by antibiotics. lt should also be pointed out that the clinical find

ings herein presented, except when other"lise mentioned, do not per tain 

on1y to patients from whom dietary information was obtained. Converse1y, 

for some patients lvho supplied diet sheets, clinical data ,vere not avail

able. Hmvever, it is felt that the sample groups of private and clinic 

patients surveyed by the author ,vere reprefJentative of the private and 

cliuic populations, so that a parallel cou Id be drmvn between dietary 

and clinical findings of respective groups. 

lt cau be seen in Table 25 that, l'lith the exception of clinic 

group F lvho received supplemental folic acid, median folate levels ,vere 

only slightly above 3 0 0 mpg. lm la , a value considered by Cooper and LOlv

enstein (1961) and by HaLper (1965) to be indicative of mild folate de

ficiencyo Hean erythrocyte folate levels lvere slightly 'lo,ver in clinic 

groups E and G than in the private group. AlI groups l'lere comparable 

lvith respect to serum vitamin B12 values. lt is evident from this table 

that clinic group F had higher serum folate and erythrocyte folate means 
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TABLE 25. Hemato1ogica1 findings in the private and c1inic groups at 38th Heek of pregnancy 

Private patients C1inic Eatients 
Group E Group F Group G 

Serum fo1ate 1eve1s (mfg./m1.) 

Mean 4.4 4.1 7.0 4.2 
St. dev. 2.7 2.1 4.6 3.2 
Coeff. var. (%) 61.3 50.2 65.7 76.1 
Median 3.6 3.4 5.7 3.6 

Number of observations 39 41 44 44 

Erythrocyte folate 1eve1s (mrg./m1.) 

Ne an 226 216 326 213 
St. dev. 119 119 113 124 
Coeff. var. (%) 52.7 55.1 34.7 58.2 
Hedian 188 168 282 189 

Number of observations 38 41 44 44 

Serum B12 1eve1s (jJ-JJ.g. Iml.) 

Mean 201 198 222 198 
St. dev. 92 101 117 77 
Coeff. var. (%) 45.8 51.0 52.7 38.9 
Median 200 162 200 200 

Number of observations 38 38 38 43 

\.0 
-..J 



and medians. Ho~.;rever, it seems the folate supplementation did Ilot 

appreciably affect the levels of serum vitamin B12 and that pyridoxine 

supplements did not seem to have any affect. 

The statistical analysis of differences bet~.;reen groups with re-

gard to serum folate, eryf-hrocyte folate and serum Bl2 levels ~.;ras per

formed using the "t" test; results appeat' in Table 26. It can be secn 

that the private group did not diffel: .Jignificantly (P<.05) from group 
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E for average values of the parameters s tudiedo Similarly, since group 

E and group G showed no significant (P(.05) differences, values of the 

latter group were not significantly (~(.05) different from those of the 

private groupD Hm"ever, differences observed between group F and aIl 

other groups with respect to folate levels ~.;rere highly significant 

(P(.Ol); as could be expected from the results shmm in Table 25. The 

effect of folate supplementation on the major clinical p:lramcters of 

folate nutrition is therefore evidento 

2. Incidence of Folate Deficiency Signs in 
Private and Clinic Patients 

The proportion of patients in each group exhibiting signs of 

folate deficiency is sho~m in Table 270 A mild deficiency (serum folate 

below 3.0 m~g. Iml.) appeared in 1+4% of the private patients, 41% of 

. cU.nic group E, 16% of group F and 34% of group G. Low erythrocyte fol-

ate levels (belmv 150 mJtg. lm!.), indicative of a more advanced folate 

deficit, appeared in 21% of the private group, 37% of clinic group E, 

20% of group F and 34% of group G. However, low erythrocyte folate 

levels were not necessarily associated ~vith low serum folate values, al-
, 

though in the majority of subjects, these observations were concordant 



\J 

TABLE 26. Observed "t" values for differences in average serum folate, erythrocyte folate and serum B12 
levels of private and clinic patients 

Serum folate 

Erythrocyte 
folate 

Serum B12 

Private group 
vs 

Clinic group E 

0.56 ns 

0.37 !lS 

0.14 ns 

Private group 
vs 

Clinic group F 

3. 2 li .... ': 

3. 89i .... '. 

0.88 ns 

private group 
vs 

Clinic group G 

0.31 ns 

0.49 ns 

0.16 ns 

Group E 
vs 

Group E 

4.087 .... ': 

4.377.-7. 

0.96 ns 

Group E 
vs 

Group F 

0.17 ns 

0.11 ns 

Group F 
vs 

Group G 

3.337>"* 

4.487:..'· 

1.08 ns 

\0 
\0 



TABLE 27. Incidence of folate deficiency signs in private 
and clinic patients 

100 

Private patients Clinic Eatients 
Group E Group F Group G 

% % % % 

Low serum folate 
levels (3.0 mpg. Iml.) L~l~ Ifl 16 3/f 

Lm\' erythrocyte 
folate levels 
(150 mJlg. Iml.) 21 37 20 34 

Lo~., serum ll12 
1eve ls (100 f~P. g. Iml. ) 8 8 11 0 

He.galob1astic 
bone-marrm., 13 (16) 26 (2L~) 23 (26) 23 (22) 
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(r=0.7l)0 Low serum B12 levels (belot-l 100 P/.tg./mlo) Here much l~ss 

COlI'lllOll in aIl groups. It ia suggested that these lO~\T serum B12 values 

\-lere not associated 'vith a deficiency of vitamin B12 since serum vitamin 

Bl2 levels of pregnant ''lomen l'lere shown to be in general significantly 

lOl'ler than those of non-pregnant normal ~'lomen (Lmvenstein ~ aL., 1960). 

The incidence of megaloblastic transition of the bone-marrm'l seemed 

10~'ler in the private group than in the clinic groups. HO~'lever, the num-

ber of bone-marrm'l smears examined in the private group l'laS smaller than 

that in other groups. Folate supplementation of group F did not appear 

to decrease the incidence of megaloblastosis although, as l'las mentioned 

previously, it certainly had an effect on serum folate and erythrocyte 

folate levels. As a result, the incidence of lm'l serum and lm'l erythro-

cyte folate levels Has decreased in group F; this can be seen in Table 

The incidence of folate deficiency signs in groups not receiving 

folate supplements ,vas studied by application of the chi-square test. 

The contingency table and chi- square value for each parame ter of folate 

nutrition being considered are presented in Table 280 None of the chi-

square values Has s tatistically significant (P(.05). In vieH of these 

findings, the incidence of folate deficiency signs lvas taken as being 

comparable in private and clinic patients not supplemented l'lith. folie 

acido 

Fo COMPARISON BETHEEN DIETARY AND CLINICAL FINDINGS 

1. Comparison Betlveen Dietary Intakes of "Normal" 
and "Folate-deficient" Patients 

The incidence of folate deficiency signs Has found comparable in 
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TABLE 28. Comparison of incidence of folate deficiency in private and clinic (groups E and G) patients; 
contingency tables and chi~square values 

LOI-] serum fo1ate 
Normal serum folate 

Low erythrocyte folate 
Normal Il " 

LOIv serum B12 
Normal serum B12 

Hegoloblastic bone marrOlv 
Normob1astic Il Il 

Private patients 
No. of subjects 

, 
17 (15.4).l. 
22 (23.6) 

-;2 = 0.95 with 2 df, ns 

8 (11.7) 
30 (26.3) 

~2 = 2.50 ,'7ith 2 df, ns 

3 (1.9) 
35 (36.1) 

X2 = 2.45 with 2 df, ns 

2 (3.6) 
14 (12.4) 

)(2 = 1. 43 Hi th 2 df, ns 

lEÀ"pected values are uithin parentheses. 

C1inic patients 
Group E Group G 

No. of subjects No. of subjects 

17 (16.2) 15 (17.4) 
24 (24.8) 29 (26.6) 

15 (12.7) 15 (13.6) 
26 (28.3) 29 (30.4) 

3 (1.9) o (2.1) 
35 (36.1) 43 (40.9) 

7 (5.4) 5 (5) 
17 (18.6) 17 (17) 

1-" 
o 
N 
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the complete private and clinic groups not receivillg fola.te supplements. 

However, restricted comparison bet\vecn only private and clinic patients 

for whom sorne information on dietary intake and on folate clinical status 

at the 38th week of pregnancy ,;vas available, regardless of the vitamin 

supplements received, gave some,;"hat different resultso Such information 

,;vas available for 3.8 private and 36 clinic patients. It ,vas found that 

40% of the private group but only 33% of the clinic group ,vere free from 

any symptom of folate deficiency. Hmvever, this difference \vas not 

statistically (P(.05) significant. In order to determine if the diets 

of these "normal" subjects ,vere different from those of the individuals 

considered "folate-deficient" on the basis of serum folate, erythrocyte 

folate and for bone-marrmv morphology, dietary intalces were compared 

vJithin the private group and the clinic group. "Normal" private and 

clinic patients ,vere not grouped in order to compare their intakes to 

those of "folate- deficient" private and clinic pregnant ,vomen because 

of the previously found differences bet\·men the private and cUnic group 

with respect to diet. Dietary intakes of private patients regrouped 

according to their folate nutritional status are ShO\Vl1 in Table 290 The 

diet of these t~vo sub- groups was not significantly different, as evi

denced by the observed "t" values, not reaching significance at the 5% 

level of proba.bilityo However, there ';'laS a. trend to,,,ards higher con" 

sumption of iron, vitamin A, thiamine, ascorbic acid, folate and vita

min Bl2 in the "normal" group of private patients. The highest discrep

ancy observed Has in ascorbic acid intakes o Statistically speaking, 

significant differences could not be demonstrated, probably due to the 

high variation in intakes among individuals 0 Ho\vever, these results may 

be indicative of a lo,;ver intake of ascorbic acid, folate and vitamin Bl2 



) TABLE 29. Comparison b(':t~l7een dietary intaltes of "normal Il and 
IIfo1ate·· deficient" private patients 
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"Normal" IIFo1ate-deficient" Observed "t" 
private patients Private patients values 

(16) (22) 

Calories 1995 .± 415 2202 ± 556 1. 31 ns 

Protein (gm.)· 84.± 17 86 -1- 18 0.35 ns 

Fat (gm. ) 92 .± 24 104 ± 29 1.40 ns 

Carbohydrate (gm. ) 217 ± 52 241 ± 70 1.22 ns 

Calcium (mg. ) 950 ± 350 1027 ± 369 0.65 ns 

Iron (mg. ) 13.5 .± 3.5 12.6 + 3.3 0.80 ns 

Vitamin A (IoU o ) 9318 ± 5770 7887 ± l~079 0.87 ns 

Thiamine (mg.) 1.2.:! .. 0.4 1.1±0.2 0.91 ns 

Ribof1avin (mg.) 2.1±0.7 2.1 + 0.6 

Niacin (mg.) 15.2 ± li·. 7 15.2±l~.0 

Ascorbic acid (mg. ) 145 ± 54 118 + 5l~ 1. 53 ns i 

Fo1ate (pg. ) 89.5 ± 21.4 80.2 ± 19.9 1. 37 ns 

Vitamin B12 ()te. ) 9.7±5.6 7 .l~ ± l~. 5 1. 35 ns 

l''t'' test for equa1 variances and unequa1 number of observations (un
marked values lolCre for unequa1 variances and unequai number of ob
servations). 
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by "folate de:Ùc:f.ent" subjects. 

Table 30 summarizes dietary intakes of unormal" and "folate- de-

ficient" clinic patients. Groups E, F and G \Vere combined o "Folate-

deficient" i.ndividuals had slightly 10\Ver intakes of aH nutrients except 

fat and carbohydrate. Hm.,ever, differences Her(~ much smaller than be-

t\<leen "normal" and "folate-defid.ent" private patients and aIl "t" values 

~.,ere belm., 1.00. In addition, it could be obscrved that "normalrr cUnic 

patients still had. mean intakes inferior to "folate-deficient" l'rivate 

patients. It appears from Table 31 that the diet of "folate- deficient" 

private patients supplied significantly (P<'oOS·'or P<.Ol) more Calories, 

protein, fat, riboflavin and vitamin B12 than did diets of "nornwl 11 

clinic patients. Hm.,ever, calcium, iron, vitamin A, thiamine, niacin, 

ascorbic acid and folate intakes of both groups being compared ,.,ere not 

significantly (p(.OS) different. "Folate-deficient" private patients 

~'lCre consequently more comparable to "normal" clinic patients ~.,ith re-

spect to diet than ~.,ere the t~.,o ~.,hole groupso Therefore, diets of "fol-

ate-deficient" subjects \Vere slightly inferior to those of "normal Il sub-

jects \Vithin the private and c1inic groups, but the lo~.,er quality of 

clinic patients' diets \Vas apparent, even \Vhen a parallel ,.,as drm<lU 

betHeen dietary intakes of "folate-deficient" private patients and 

"normal" clinic subjects o 

20 Correlation Bet~.,een Dietary Components and 
Clinical Parameters of Folate Nutrition 

No definite or statistically significant differences could be 

found bet,.,een diets of "normal" and "folate- deficient" pregnant vlOmen 

in this study. HOHever, since the demarcation line beb.,een IInormality" 
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TABLE 30. Comparison bet~"een diet8.ry intakes of "normal" and 
"fo1ate-deficient" c1inic patients 

"Normal" "Fo1ate-deficient" 

106 

C1inic patients C1inic patients Observed lit" 
(12) (2".) values 

Calories 1655 + 523 1781 ± 588 0.65 ns 

Protein (gm.) 66 ± 15 65 ± 18 0.19 ns 

Fat (gm. ) 75 ± 23 79 ± 25 0.48 ns 

Carbohydrate (gm. ) 189 ± 78 213 ± 85 0.85 ns 

Calcium (mg.) 808 ± l~12 708'± 317 o. 7l~ ns 

Iron (mg.) 1O.6'± 3.3 10.4'± 2.9 0.18 ns 

Vitamin A (LU.) 6013 .± 5115 l~878 ± 2999 0.71 ns 

Thiamine (mg.) 1.0± 0.3 0.9 ± 0.3 0.91 11s l 

Riboflavin (mg.) 1.6±0.7 1.l~ ± 0.5 0.95 ns 

Niacin (mg.) 13.3.±3.7 12.2 ± 4.0 0.82 ns 

Ascorbic acid (mg. ) 86 ± 38 73 ± l~6 0.90 ns 

Fo1ate (~g. ) 73.7±37.9 62.9 ± 2l~. 2 0.90 ns 

Vitamin Bl2 (Jtg. ) 4.6 ± 3.7 4.l±2.7 0.l~2 ns 

l"t" test for equal variances and unequa1 number of observations (un
marked values Here for unequa1 variances and unequa1 number of ob
servations). 
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TABLE 31. Comparison bet,.,een dietary intakes of "folate- deficient" 
private patients and "normal" clinic patients 

"Folate-deficient" "Normal" 

107 

private patients CU.nic patients Observed "t" 
(22) (12) values 

Calories 2202 ± 556 1655 ± 523 3. 50~"'~'( 

Protein (gm. ) 86 ± 18 66 ± 15 l~. OO~·d.· 

Fat (gm. ) 104 ± 29 75 ± 23 3. 7 6~'(~'~ 

Carbohydrate (gm. ) 241 ± 70 l89±·78 2. 39~': 

Calcium (mg. ) 1029 ± 369 808 ± l~12 1.90 ns 

Iron (mg.) 12.6 ± 3.3 10.6 ± 3.3 2.06 ns l 

Vitamin A (LU.) 7887 ± l~079 6013 ± 5115 1. 38 ns 

Thiamine (mg. ) 1.1±0.2 1.0±0.3 1. 30 ns 

Riboflavin (mg.) 2.1 ± 0.6 L 6 ± 0.7 2.08,'; 

Niacin (mg.) 15.2±4.0 13.3±3.7 1. 67 ns 

AseorbiÇ. acid (mg.) 118± 54 86 ± 38 0.23 ns 

Folate (p.g.) 80.2 ± 19.9 73.7±37.9 O. 7l~ ns 

Vitamin TIl2 (/Ag.) 7.4 ± 4.5 l~.6±3.7 2.33,'; 

l"t" test for equal variances and unequal'-number of observations (un
marked values Here for unequal variances and une quaI number of ob
servations). 
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and "deficiency" w-ith respect to folate nutrition during pregnancy is 

rather difficult to drmv, an attempt ~vas made to correlate directly the 

dietary intakes of certain nutd.ents Hith the levels of folic acid in 

serum or erythrocytes, or of vitamin Bl2 in serum. Private patients 

and clinic patients belollging to group E received the same daily vita

min and mineral supplements. Clinic group F ~.,as supplemented w-ith fol

ate and group G received supplements containing no folic acid but higher 

amounts of pyridoxine than those given to other groups. For that reason~ 

the study of any relationship bet~.,een dietary components and the clini

cal parameters of folate nutrition involved only subjects receiving the 

same supplements - private and clinic patients from group E. For 32 

private patients and six clinic patients (group E), full information, 

dietary and clinical, ,vas available o Since bone-marrmv samples cou Id 

be obtained only from a small number of patients, the correlation be

t'vE":~n nutrients of diets and bone-marrmv morphology (megaloblastic or 

normoblastic) could not be studiedo 

Table 32 shmvs the correlation (r) and regr.ession (b) coeffi

cients w-hich ,.,ere found bet,·men dietary components W'hich may be related 

to folate (i.eo, protein, iron, riboflavin, ascorbic acid, folate, vita

min Bl2)' and serum folate, erythrocyte folate and serum Bl2 levels o 

As can be seen in this table, there ,vas a lmv but significant correla

tion (P(.05) bet,.,een dietary ascorbic acid and serum folate and be

t,.,een the same dietary component and erythrocyte folate values. It is 

believed that Hith a greater number of observations, dietary folate and 

vitamin Bl2 might both have been significantly correlated w-ith serum and 

erythrocyte folate levels o Fur thermore , it is interesting to note that 

the correlation betw-een dietary folate and serum B12 \Vas higher than 
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TABLE 32. Linear correlation· (r) and regression (b) coefficients 

bet~.,een dietary componemts and b100d findings in pri
vate patients and in group E of clinic patients 

Dietary components 

Protein (r) 
(b) 

Iron (1') 
(h) 

Ribof1avin (1') 
(b) 

Ascorbic acid (r) 
(b) 

Folate (1') 
(b) 

Vitamin Bl2 (r) 
(b) 

Serum 
folate 

-.008 
-.0009 

.10 

.073 

.10 

.357 

.33':'-

.013 

.25 

.025 

.. 2l~: 
~122 

Erythrocyte 
folate 

.009 

.05 

.15 
l~. 97 

.08 
12.7 

• 35~': 
.658 

.28 
1.35 

.25 
6.035 

Serum B12 

-.07 
-.319 

.03 

.826 

.16 
19.5 

-.05 
-.067 

.20 

.72 

.09 
1. 71 
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bet~V'een dieti3ry vitamin B12 and serum B12 values, although these coef-

fici.ents ~vere not statistically significant (P(.05). 

The inability to show a high or significant relationship bet~veen 

diet and any of the cU.nical findings of folate nutrition could be 

attributed to a high variability of serum and erythrocyte folate levels 

and to the lol'l sensitivlty of the survey technique for estimating folate 

intake. . In addition, folate levels in serum, or erythrocytes may weIl 

reflect the intake of the vitamin and/or other nutrients in the fel'l 

days prior to blood tests taken during the 38th ~veek of pregnancy. 

Dietary records l'lere sometimes obtained in the last trimes ter of preg-

nancy and often before, so that values obtained from these diet sheets 

may not be representative of the intake shortly before the blood tests 

\vere performedo Hmvever, Moscovitch (1965) found no correlation be-

t\V'een dietary folate ingested prior to blood tests and serum folate 

levels. 

The present findings lead to the belief that there is a possible 

relationship betl'leen cer tain dietary componerL ·:s, such as ascorbie aeid, 

folie acid and vitamin B12; and the folate clinical status durlng preg-

naney. Ho~vever, only further investigation will permit a clarification 

of the importance of this relationship. 
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VIo SUMMARY 

The relationship of diet to the incidence of folate deficiency 

in a private and clinic population of pregnant \'1omen was studied. The 

investigation involved first the apprai.sal of dietary intake, secondly 

the assessment of dietary adequacy and lastly a comparison bet\'1een diet-

ary and clinical findings in the private and tn the clinic group. 

A seven-day dietary record \'1as obtained from 50 pregnant \'1omen 

under the care of private obstetricians and from 46 pregnant women 

attending the antenatal clinic of the Royal Victoria Hospital, Montreal. 

The diets of private patients supplied significantly (P<.Ol) more Cal-

ories, protein, calcium, Iron, vitamin A, thiamine, riboflavin, niacin, 

ascorbic acid, folate and vitamin Bl.2 than did diets of clinic patients. 

The observed discrepancy in the Calorie an.d nutrient content of diets 

came from notable differences in. the food habits of the private and 

clinic patients. Dietary intakes by the clinic patients \'1ere, in gen-

eral, lo\'1er than reported by Moscovitch (1965) for a comparable clinic 

group. A comparison of dietary intakes at various stages of pregnancy 

revealed that in neither group \'1as there a significant (P (.05) increase 

in Calorie and nutrient intake in late pregnancy. An exception \Vé.l.S the 

intake of calcium in the clinic group. 

Dietary al1Ol'1ances for pregnancy '{Vere used as guidelines in the 

assessment of dietary adequacyo According to the Canadian Dietary 

Standard (1964), the diets of pregnant women w'ere adequate in a11 tri-

mesters of pregnancy, although average Iron intakes in the third tri-

mes ter were slightly below the Canadian recommended allOl'1anceo The 
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diets of clinic patients were weIl below the Canadian Standard for iron 

in the la.st trimes ter and were borderline in the second trimester lvith 

respect to this nutrient~ It is helieved that caloric intakes were in 

general sufficient hl vielv of the amount of activity of most sv.bjects, 

although they did not meet the values recornmended in the Canadian Diet

ary Standard. 

Average daily folate and vitamin TI12 intakes ~vere respcctively 

86.5 ftg. and 9.8 p.g. in the private group, and 66 v O fg. and 4.3 fg. in 

the clinic group. These values lvere lmver than reported in previous 

studies (Chung, 1961; Moscovitch, 1965). Six per cent of the private 

p<.~tients and 32% of the clinic patients had folate intakes belo~v 50 1{g. 

daily, the minimal requirement for non-pregnant subjects (Herbert, 1962). 

Thir ty per cent of the private group and 7L~% of the clinic group con

sumed less thnn 5 ~g. of vitamin B12 per day, a level considered ade

quate for a population (Bozian et al., 1963). 

Hmvever, serum folate, erythrocyte folate and serum B12 levels 

lvere not significantly (P'.05) different between the private patients 

and the clinic patients not receiving folate supplements. In addition, 

the incidence of any clinical sign of folate deficiency w'as not signifi

cantly (P~05) higher in the clinic group. Nevertheless, of the subjects 

fOT lvhom dietary and clinical data Vlere available, 40% of the private 

group compared to 33% of the clinic group lvere free from any symptom 

of folate deficiencyo Die ts of "fola.te- deficient" patients lvere slightly 

inferior to those of "normal" patients \vithin each group, but differences 

lvere not statistically si.gnificant. (P'o05). In addition, "folate

deficient" private patients had diets lvhich supplied significantly (P (05 

or P(.Ol) more Calories, protein, fat, carbohydrate, riboflavin and 
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vitamin B12 than diets of "normal" clinic patientso 

Dietary component~ were not significant:1y (P<.Os) corre1ated ~'1ith 

any parameter of fo1ate nutrition, 't'1ith the exception of ascorbic acid 

which sho~'1eù a 10\'1 but significant (p(.OS) correlation with both serum 

fo1ate and erythrocyte fo1ate 1eve1s. 

) 

) 
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VII. CONCLUSIONS 

The follo't'ling conclusions may be drmm on the basis of the find

ings in the present study: 

1. Diets· of private patients were of a better quality than those 

of clinic patients. The observed discrepancy in dietm:y intakes 't'las 

attributed to a difference in socio-economic status of a private and a 

clinic population group. 

2. Diet may nat be the major determining factor in the develop

ment of folate deficiency during pregnancy. This conclusion l'las reached 

since intakes of "normal" and of "folate-deficient" patients in this 

study 't'lere not s taUs tically different (P (. 05), and since the incidence 

of clinical signs of folate deficiency was comparable in the private 

and clinic groups. 
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APPENDIX TABLE i. Composition of vitamin-mineral supplements given 
to clinic patients 

Vitamin:minera1 supplements given to 
Group E Group .F Group G 

Ferrous fumarate 225 mg. 225 mg. 225 mg. 
(elemental iron 75 mg.) 

Vitamin A 5000 I. U. 5000 I.U. 5000 I.U. 

Vitamin D 800 I.Uo 800 1.U 0 800 IoU. 

Thiamine mononitrate 2.0 mg. 2.0 mg. 2.0 mg. 

Riboflavin 2.0 mg. 2.0 mg. 2.0 mg. 

Pyridoxine 3.0 mg. 3.0 mg. 10.0 mg. 

Niaeinamide 10.0 mg. 10.0 mg. 10.0 mg. 

Aseorbie aeid 75 mg. 75 mg. 75 mg. 

Folie aeid 0.2 mg. 
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APPENDIX FORH i 

INSTRUCTIONS FOR YOUR FOOD RECORD FORMS 

1. Record aIl the food you eat for seven days, starting on lofednesday. 

2. Before you eat anything, be sure to fi11 in the column A: pescrip
tion of food and the column B: Amount served. Use measuring cups 
and spoons. 

3. For meat, fish and cheese, use a scale. 

4. Do not forget also to record the fat used in cooking, one pat of 
butter = 1 level teaspoon. 

5. Record in level, not rounded measure. 

6. In the column A: 
for juices: 

- for bread: 

Description of food, indicate, for example: 
fresh (how many fruit used), canned or frozen 
kind, whole wheat, white enriched, rye. 

7. Ahvays measure the food when cooked, right before eating. 

8. After eating, measure the amounts of food left on the plate and 
record in the Column C: Amount left. For meat or fish, 'veigh the 
amount left, including bones. 

9. You can calculate column D: Amount eaten by subtracting Column C 
from Column A. 

10. For mixed dishes, give the recipe at the back of the day-sheet. 

Il. For meals eaten out, record estimate portions eaten. 

12. Your cooperation in this study is most appreciated. please try to 
be as accurate as possible. Thank you. 
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APPENDIX FORM ii. 

ONE-DAY DIETARY RECORD 

Name _____ . ___ _ Day of the lveek"---__ Date_._ .. , ______ _ 

Amount 
(A) (B) (C) (D) (E) (F) 

Description of Food Served Left Eaten Cooking Method Brand 

i-. 

) 

') 
, .. 
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) APPENDIX FOruM iii. 
"SAMPLE SI-IEET" 

Name --------------------- Day of lveek Date -----------

Amount 
(A) (B) (c) (D) (E) (F) 

Description of Food Served Left Eaten CGoking Method Brand 
Orange Juice, Frozen ~ cup - ~ cup Birdsey e 

without sugar 

White .L'oas t 2 sliees - 2 sUces 

Butter 2 tsp. - 2 tsp. 

Orange Marma1ade 1 tbsp. - l tbsp. Shen'if f 

Coffee 

Cream, light l oz. - l oz. 

Sugar l tsp. - l tsp. 

Sand,,,iches: ,,,hite bread 
2 sli. - 2 sH. 

Tomato 1 small - 1 smal1 

layonnaise 1 tsp. - 1 tsp. 
1 

Lettuce 1 1eaf - 1 1eaf 

Chocolate 1 bar - 1 bar Aero 

Ginger Ale (8 oz. ) 1 bott1e - 1 bottle Canada Dry 

Beef Consomme 1 cup - 1 cup Campbell 
oi1 

pork Chops, 2 4 oz. 1 oz. 3 oz. !!'ried in 2 tbsp. 

Green Beans l- cup - l.- cup Aylmer 
2 '2 

Butter 1 tsp. - 1 tsp. 

Mashed Potatoes + Milk L cup - L eup 2 '2 

& Butter 

Apple pie 1/6 - 1/6 Pillsbur y 

Milk, skim 1 cup - 1 cup 
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APPENDIX FORM iv. 

GENERAL INFORMATION SHEET 

Name: Date ------------------------
Address: Nationality ---------
Phone Number: Language spoken most 

frequent1y ________________ _ 
Occupation: Homemaker -----

Re1igion~ _______________ __ 
Other 

E. D. C. _________ _ 

l'1eek of pregnancy ~oJ'hen first seen: ___ _ 
No children -------

F amily: Boys: Ages 

Girls: Ages 

No Yes No. 
Previous pregnancies -- Freguency of /week 

Trim. Nausea Vomiting , 
Stillbirths ) lst 

Deaths 2nd 

3rd 

Food Likes Food Dislikes 
Age: Height~ ___ _ 

Frame: Sma1l_Medium_Large_ 

Fish: Fish: \veight (before preg. )_idea1_ 

Fruit: Fruit: Cooking: herself __ other __ 

Vegetable: Vegetab1e: No. of ·meals eaten outhoJ'eek_ 

Date Comments 



APPENDIX FORH v. 
GENERAL INFOIDll\TION SHEET (Non-pregnant 'Homen) 

N~e -------------------------------
Age _____________ __ Food Likes Food Dislikes 

Address __________________________ ~ Phone No. ---- Heats Heats 

Occupation Religion Fist-l. Fish 

Language spoken most frequently Fruit Fruit 

Single Harried~ ___ _ Other ____________ _ Vegetable Vegetable 

Heigh t:....-. __ _ l.;re igh t. ___ _ Ideal \o[t. ______ _ Other Other 

Living conditions for the last year: Date Seen~ _____________ _ 

1. Alone Comments: ----------
2. Family No. or people;...... ____ __ 

3. residence ----------
Hea1..s Eaten Host Frequently 

1. At home __________ _ 

Cooking: herselr;...... ___ __ Other ----------
2. Restaurant -----------
3. Institution ----------

----------------------._------

'-..J 

1-' 
W 
W 
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APPENDIX FIGURE i. CARD DESIGN FOR FOOD LIST 

Description 

Food identification number 
lVeight, gm. (1 decimal) 
Calories (",hale No.) 
Protein, gm. (,,,hale No.) 
Fat, gm. (,,,hale No.) 
Carbohydrute, gm. (",hale No.) 
Calcium, mg. (",hole No.) 
Iron, mg. (1 decimal) 
Vitamin A, IoU. (in tens) 
Thiamine, mg. (2 decimals) 
Riboflavin, mg. (2 decimals) 
Niacin, mg. (1 decimal) 
Ascorbic acid, mg. (,,,hale No.) 
Folate, g. (3 decimals) 
Vitamin B12' g. (3 decimals) 
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Card 
Columns 

1 - 6 
7 - 10 

1.1- 15 
16 - 20 
21 - 25 
26 - 30 
31 - 35 
36 - L~O 

41 - 45 
46 - 50 
51 - 55 
56 - 60 
61 - 65 
66 - 72 
73 - 80 



) I.B.M~ PRO GRAM 

C DELISLE HELENE PC12 
CALORIE AND NUTRIENT INTAKES OF PRIVATE AND CLINIC PATIENTS 
DIMENSION R(15) ,F(350) ,G(350) ,Y(l6),PQ(14) ,QQ(14) 
DEFINE DISK(15,1600) 
1=1 

5 REAn 1 ,R 
IF (R(1»2, 3, 2 

2 RECORD (L) R 
GO TO 5 

3 REAn 10, X 
IF(X)500,501,500 

501 CALL EXIT 
500 LL=l 

20 READ Il, Y 
IF (Y(l» 14,15,14 

. 1l~ LM=LL+7 
DO lS J J=LL, LM 
JX=2~':(JJ- LL+1) 
F(JJ)=Y(JX-1) 

lS G(JJ)=Y(JX) 
LL=LL+S 
GO TO 20 

15 DO SO N=1,14 
SO PQ(N)=O.O 

1=1 . 
105 II=F(1)/1000.0 

FETCH(II)R 
DO SI N=1,14 

SI PQ(N)=PQ(N)+G(I)*R(N+1) 
IF (F(I+1» 100,100,101 

101 IF (I-LM) 102,100,102 
102 1=1+1 

GO TO 105 
100 DO lOS N=1,14 

QQ(N)=PQ(N)/7.0+0.0005 
lOS PQ(N)=PQ(N)+0.0005 

PRINT 110,X,PQ,QQ 
GO TO 3 

1 FORMAT(F6.0,F4.0,11F5.0,F7.0,FS.0) 
10 FORMAT(F 10.0) 
Il FORMAT(S(F6.0,F4.2» 

110 FORMAT(SHOPATIENT,F11.0/SH TOTAL ,7F16.3/ SX,7F16.3//SH MEAN 
1 7F16.3/ SX,7F16.3///) 

END 
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