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ABSTRACT

Crohn's disease (CD) is a chronic granulomatous inflammatory
process which may aéfect an& part of the gastrointestinal tract from
th; mough to the anus. The incidence of CD 1s rising at an alarming
rate, and the disease is associated with significant morbidity and as.
a result of a complex interactign of_numerogs pathophysiological
processes, these pétients with CD are at risk of developing numeérous
Anutrienf deficiencies. Uﬁfortunately, little is known of the contri-
“bution of nutrient intake to the development of these known deficien-
cies;'and even less is known of thqse nutrients which ma? be consumed
1; abnormal quanitities and which may in time léad to significant de-
ficiencies. Accbrdingly, a nutrient assessment was made on 47 con-—
secutive outéatienfs with'CD. Anthropometric measurements, nut;ienf
intake, and numerous hematological and bi;chemical'tests we?é made on
24 femaleé (F) and ?3 males (M) with Cb. The mean age of the CD
patients yaé 31 and 32 years for males and females, respectivély.
Two-thirds of the patients had ileocolitis. The mean Crohn's DTsease
Activity Index (CDAI) was 46 in males and 118 in Yemales. Rel;pive
body weight -(RBW) was very similar in the males_and females being 1027
and 100%, respectively. Arm muscle circumference (AMC) was 952 of the
standard in males and 987 of the standard AMC in females, with 25% of
both males and females'haQing a reduced AMC. The mean percent of -
standard tricebs skinfold (TSF) was 120% in males, with 1/3 having a
reducea TSF and 95% of the standard in females, with 1/2 having a
reduced TSF.

A detailed assessment of over 20 nutrients was obtainedhusing'the

48-hour dietary recall method. The mean nutrient ‘intake of males was

(iv)
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less than the recommended dietary allowance (RDA) fdf vitamin B6 and

folate, and in females was less than the RDA for vitamin B folaté,

6!

iron, calciuﬁ, and vitamin D. ‘However,_thére was a wide range of
intakes within each nutrient. Accordingly, the adequacy of intake was

R ‘calculated according to the full RDA, 2/3 RDA, 1/2 RDA, and 1/3 RDA.

Tl

gl,aFifty_percent or fewer of the male CD patients consumed the full RDA

"*é&fﬁr’energy (49%), vitamin A (48%), vitamin B6 (13%), and folate (0%),

" £

while SOZ‘or fewer of.the female p;tients consumed the full RDA of
energy (33%), calciﬁm (38%), iron (17%), vitamin A (50%), pantothenic
acid (38%), vitamin B6 (£3Z),,folate (8%), vitamin B12 (SQZ), and
vitamin D (30%4). Per 1000 kcal, males conéumed significantly less
vitamin A a%d folate'than did .females. The consumption of food groups
- by the CD patients was compafed to‘thét of Nutrition Canada, and it
was found that the CD group consumed about 70% more fruit than did
Nutrition Canada participants.

One-third or mqre.of the men had values less than the lower limit
of the reference value for toﬁa; lymphocyte'coﬁnt (TLC) (50%), traﬁs—
ferrin satu:ation (5OZ), serum iron (67%), serum carotene (38%), and
serum folate (37%). One-third or more of the womeﬁ had low values for
TLC (55%),Iserum iron (60%), transferrin saturation (68%), and serum
folate (50%).

Highly significant-(p < 0.01) correlations were found between
serum folate. and each of dietary fo1ate (0.59), vitamin C (0.52),

" vitamin B12 (0.58) and vitamin B6 (0.{7) in females ;nly.

A highly éiggificént (p < 0.000) correlation was found between
RBW and AMC in.both male (0.76) and female (6.77) patients. In fe-
‘males, only, the correlations between ﬁhe following pairs were also

(v) :



_ significant (p < 0.01): RBW vs TSF (0.63), RBW vs TLC (0.48) and AMC
vs TLC (0.66). | . | |

Patients were groubed according to energy‘intake less than the
RDA, equal to the RDA, or greater than the RDA in order to determine
the value of energy intake in predicting the occﬁrrence of low bio—'
"chemical and/or anthropometric parameters. However; energy intake
appeared to be of little predictive value, as the incidence of ab-

normal parameters was approximately equal in all categories. When

patients were grouped according. to RBW gfeater than 90%, qr less than -

90%, female Qg;patients with less than 90% RBW had a higher incidence
u‘i‘"yv 'ﬁ«g »‘ - '

The CDAI was\correlated:i;}'f
albumin (-0.64), and duratioﬁ of disease (0.57), and in females with
hemoglobin (-0.45) and serum ferritin (0.60).

Tﬂus, in the female CD patieqt, serum folate and relative body
weight can be used to identify the CD patient afvpossible risk of nu;
tritional deficiency and in need of nutritional counselling.

‘In conclusion, reduced nutfient intake is common in patients with
CD, and these patients should receive a full nutritional assessment

and individualized dietary counselling. \ ' ‘ R

(vi)
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1.  INTRODUCTION .

N
.

Crohn's disease, fifsg identified and described in 1932 by Crohn,
G;nzberg,,and Oppenheimer was once a tarify. However, severai epi-
demi&logical studie8 have shown that it is increasing at an alarming
\‘u;ate. In the U.S., Mille{ et al okserved a five-fold 1ncrease‘in the
\incideﬁée\pf Crohn's disease (CD) during a 14 year period (Miller et
al 19?4), ;;5\1 Sweden, Brahmé et al noted a two—fold increase frdm
one eigﬁt year period- to’ the next during 1955—1973 (Brahme et al
1975).

Described as a chronic, progressive, granﬁlomatous disorder,'CD
can occur.anywhere in the gastrointestinal tract from mouth to anus.
It is characterized by skip lesibns, tendenc& to fistulae formation,
and high incidence of recurrence afte; surgery. The etiology of CD is
'annqwn, though atteﬁpts to establish an etiology héve centered on
genetic factors, psychogenic factors, transmissibie agents, and
immunological f;ctors. | )

Nutritional disturbance is a cohgpn complication of Crohn's dis-
ease. The spectrum.of reported nutrient deficienciéb in CD ranges
from vitamin A.(Russell et al 1973) to zinc (McCléin et al 1980),
while‘sympgoms of deficiencies range from‘mild symptoms such as low -
serum fo;ate (Dyer et al 1972) or low leucocyte ascorbate concenfra—
tions (Hughes and Williams 1978) to severe symptoms such as scurvy

(Linaker 1979) or metabolic bone disease (von Westarp et al 1978).

Suggested mechanisﬁs for these nﬁtrient deficiencies include decreased

intake, absorption, and/or utilization; increased loss and/or require-
. S A

ment. However, because nufrient.intake is often unknown, the mecha-

<



nisms are Sometimes speculative and the role gf dietary intake in the
. hON \

nutrition defici&ncies of CD remains undefined. Logically, then, a
knowledge of dietary intake, as well as biochemical status is neces-
; A\

sary to enable health professionals to establish the etiology of nu- '

P 1S

trient deficienciés in CD. Thuéqhn investigative study of thevdietafy‘
intake of CD patients was conductéd with tﬁe following objectives:
1. To describe the nutrient 1ﬁtake of CD patients
2. To compare the nutrient intake of CD patients with that of
Nutrition Canada and the Recoﬁmended Dietary Aiiowance
3. To ideﬁtify the nutrients for which CD pa?ients are at risk
of consuming 1ess-than—ade;uate amounts. |
4,  To exémiﬁe the relationship between dietary intake, anthropo—
'metric measurements,”aﬁa biochemical parameters . ;
5. To select factors which could identify‘the CD patient at risk

of nutritional deficiency and in negd of nutritional counsel-

. ling.



2. LITERATURE REVIEW

2.1 Standard Group

2.1.1 Discussion of Nutrition Canada

Like the present study, Nutrition Canada (NC) attempted to assess
nutritional status of Canadians“by clinical evidence, anthropometric
measurements,‘5iochemical determinations, and dietary intake, and,
therefore, would seem to be an apprppriate Standard Group for compari-
son of nutrient\intake with gastrointestinal pétients. Whenever pos-
~sible, comparisoh of the CD group was made to the Prairie population
of the NC survey. |

In the survey, biocpemical and clinical parameters were categor-
ized into three fisk groups (high, low, moderate), indicating the
probability that malnutrition exists or will develop. Simiiarly,
dietary intakes for each nutrient were categorized into three groups.
Adequate levels of intake were defined as those amounﬁs of a particu-
lar nutrient pr@viding a desirable margin of safety; less-than-
adequate le§els, above Fﬁe ninimum requirement, but below the desir-
able amognt; and inadequate levels, an amount below the minimum‘re-
quirement. The "adequate” classification corresponds closely to the
recomnended daily nutrient intake of the Canadian Dietary Standards
(Canada, Department of Nationél Health and Welfare, 1975) and the
Recommended Dietary Allowances (National, Research Council, Washington,
D.C., 1980) (See 2.1.2 for further discussion of ﬁecommended Dietary

Allowahces).



The results of the NC survey indicated the following nutritional

problems in adults over 20 years of age:

(1)

(11)

(111)

(iv)

(v)

(vi)

Fifty percent or more of adults were overweight, despife
the fact that there was very little difference in caloric
intake between those of no;malland above normal weight.
Ten to 13% of men and 14 to 347 of women had serum cho-
lesterol levels that placea them in.the high risk cate-
gories.

In the over 65 yearé group, total serum protein levels
indicated that 6% of men and 97 of women were at moderate
and high risk. However, prote%n intakes indicated an
even higher risk, as 27% of men and almost 38% of women
had intakes of less—than-adgquate or inadequate.

Poor dietary intakes of iron were indicated in‘15—35% of
men and 56-76% of women. Low values for hemoglobin, mean
corpuscular hemoglobin concentration, and % transferrin
saturation classified 6-18 % of men and 7-31X% of women at
risk of iron defi;iency.

Serum.f$late levels were strikingly low, indicating a
moderate to high risk of developing folate defiéiency in
about 607 of both men aﬁd womén- Dietary folate was not -.
calculated at that time, due to the dearth of information
regagding the folate content of foods.

About 207 of women were found to have inadequate calcium

.intakes. Serum calcium concentrations were found to be

in the normal range, though this is to be expected since



serum calcium levels do not drop until very late in
calcium deficiency.

(vii) Vitamin A intake was generally satisfactory in thé popu-
lation, but did become increasingly inadequate with age;
though serum retinol levels were near or within the
normal range in the géneral population.

(viii) Although vitamin C intakes were adequate, serum valuyes
for vitamin C indicated that 267 of adults were at high
to moderate risk of vitamin C deficiency.

(ix) Thiamin intakes in relation to energy intakes indicated
that 507 of women and 40% of men had less-than-adequate
intakes. Urinary thiamin levels showed that over 20% of
men and 107 of woﬁén were at risk of developing thiamin
deficienéy./

(x) Riboflavin intakes vere marginal, especially among women,
but urinary riboflavin levelé were normal for all adults.

(x1) Moderate thyroid enlargement, particularly in women, was

. observed in clinical assessment by physicians. H6Wever,
this finding was not interpreted to indicate iodine de-
ficiency, as urinary iodine values were within acceptable
limits. ‘ .

From the foregaing resulSQ\.it is obvious that even in the
general population there is some evidence for nutritional deficiency

and/or riék of nutritional deficiency and this should be kept in mind

when considering the nutritional -status of other groups.

l
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In comparing the results of the CD study to that of the NC sur-
véy; it should be recognized that there are certain limitations which
require a brief discussion.

Firstly, we are comparing the intake of a diseased group to that
of a healthy group. However, increased nutrient requirement of the CD
group has not been quantified and, indeed, for some nu;rients an in-
creased requirement 1is only speculative. 3564, at present, it is
necessary to work within the limitation of comparing nutrient intake
of CD patients to that of a healthy group.

Statistical comparison between any group and NC was not possible
due to the manner in which the NC results were published. This was »
particularly limiting in comparing the intake of food groups.

It should be remembered that the NC survey commenced nine years
priér to the present study. ‘Due to a variety of factors such as
increased food costs and health awareness, the potential for somewhat
different food habits of Canadians now, as compared to nine yéars ago,
is an important consideration.

There are several inconsistencies related to the biochemical
interpretive standards and results of NC which require discussion.
for example, a low serum folate concentraQion was reportgd in 60% of
NC participants, thOughvfolate deficiency is rare in‘the Canadian
population (Thompson and Hoppner 1979). The interpretive standards .
used by NC for some of the biochemical tests, including serum folate,
are rather high by today's standards. Indeed, it has been recognized °*
that in view of today's lower limit of normal serum folate concentra-

tion in healthy individuals, a considerably smaller proportion of



Canadians would be classt{fied at risk of developing folate deficlency
(%hompaon and Hoppner 1979).

The report that more than twice as many women a8 men had high
serum cholesterol concentrations 18 surprising and inconsistent with
the current literature. For example, the well-known Framingham Study
(U.S. Public Health Service, 1968) reporté that serum cholesterol
levels are high in more men than women, which 18 consistent with
results of several other North American studies of heart disease.

The bilochemical results relating to iron status indicated that as
many as 20% of Canadian males were at risk of developing iron defici-
ency. In clinical practice, however, iron deficiency in males is
quite rare, and when present, is almost invariably symptomatic of
disease.

Finally, the reason for moderate thyroid enlargement, particular-
ly in the ftairies, was not understood at the time of public;tion of
the results of NC, particularly since urinary iodine values ranged
from normal to high. However, re-examination of the data revealed
tﬁat a change in the system of recording goiter, which was implemepted
during the course of the survey, had not been incorporated' into the
processing for the NC survey (Murray 1977). Thus, the prevalence of
goiter is much lower than previously reported, and the incidence of
goiter in the Prairie provinces is similar to that in other regions of

Canada.

2.1.2 Recommended Dietary Allowances

Recommended dietary allowances (RDA) 1980 were used as a standard

for comparison in the present study. However, the methods by which



. i
the data were derived and the limitations of the RDA should be kept in
mind. RDA are defined'(page 1,_RPA 1980) as,
“the levels of intake of essential_nutrients considered, in
the judgement of the Committee on Dietary Allowances of the

'Food and Nutrition Board on the basis of available scienti-

“fie knowledge, to be adequate to meet the known nutritional’
needs of practically all healthy persons”

~ The recpmmendationsQare_actuallykestimates_df nutrient require—
ments which are based én'a number of criteria including: nutrientd
intake of a normal, healthy.population; biochemical measurements,
nutrient balance studieséﬁthe aécunt cf a nutrient required towcorrect
deficiency symptoms‘ and/or extrapolation from animal studies. The
estinates of nutrient requirements derived by use of one or more ofq
these techniques are then increased to exceed the requirements of the
majority of individuals within the population. In reﬁbmmending that
level of a nutrient which will meet the needs of nearly all healthy
{individuals,'it w0uld; undouhtedly, be more scientifically valid>to
detennine the putrient requirementsiof.a sample of individuals within
the populaticn,’the average’nutrientvrequirement,\and the variability
-'within-that sample. While this method has been used for the estima;,
tf%nQOf someﬁnutrient‘requirements of the adult, the inherent prac—
'ticalvlimitatidns_and‘ethical implications make this kind, of experi—
mentation difficult. Thus, thOugh the RDA is valid for grOups within
.a population the nutrient requirements of individuals are generally
unknown.anduthe/RDA may “exceed the nutrient_intakes which many indivi-
. duals require. Therefore, in an individual whe consumes less than the

RDA, a deficiency may not occur, but with low intakés over'a'peridd of

time, the. risk of developing a nutrient deficiency increases. In
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2.2 ‘Methods to Assess Dietary Intake

s

addition, the body can adapt somewhat to lower levels of nutrient

intakes. - For example, a decrease in basal metabolic rate accompanies

starvation and the percentage of a nutrient such as calcium absorbed

 from the gut lumen increases witﬁ lower levels of intake (Harper et al

-1979).' Finally, it must be.stressed that the RDA apply to healthy

t

populations and do not cover increased requirements due. to. the use.of

medication or chronjc disease such as CD.
. ) ,

G

I

There is no 'ideal method for assessment of dietary intakes and
each method has its own,advantages“and»disadvaﬂtages. In decidiﬁg
which method to use, the purpose of the study must be clearly defined.

2.2.1 Food Recordé

A record of food intake can be kgpt by each subject for a speci-

_fieﬂ period of from 1-7 days. The intake may simpi& be recorded, or

weighed and recorded. While this method elimfhates error'due't6 

 memory, as may occur in the recall method, it does require greater

cooperation on.thé-part of the . subject. -Tﬁus, it Qay introduce a bias
;;gainst the»less—motiVatgd,.pooply—educated,'and low-intelligence )
people. It has been shown that as‘thewlength of the food.record
incgeases? the accuracy of'recordingvdecreasesf(Gersovitz et al 1978).
In addition, with an increasing‘number of meéls being eaten away from
Lhome, weighing food intakes may not be feasible.‘

Thé 7-day food £ecofd is assumed tb be more representative, and

therefore mpre‘valid than the 24-hour recall. Hoﬁever, in a grouﬁ of

non-institutionalized elderly subjects eating at a congregate centre,

~



10

s

Gersoviti'et.al (1978>\found'the”24—hour diet recall to be as accurate
as the 7—day diet record, as determined by the paired t4fest. "More-
over, Young et alA(1952).staté that for groups of 50 or more wherg.a
10% er?orlwouid be aéceptable, the‘24fhour reéall p£0vide7 a conveni-
ent substitute for the 7-day record. ‘Iydeed,lﬁarr (i971) reports -
'greater'than'a‘1OZ;error with only a four-day record. When classi-
fying the range of individual intakes intb tﬁirds, Marr found that not
more than 1% would be grossly miscla;sified (i.e. actually in. the téb
third,. but classified in the bottom third and vice versa), but that‘
oniy BOZ'woﬁld be correctly classified, when compéred to their actual
;ntakes. Thus, validity of this techniﬁue reﬁain; a.concern. ~Mor¢—
ovef, it has beenh suggested that individuals may alter their food |
habits to fit theif precoﬁceived notion 6f what'they should coﬁsume

(Gersovitz et al L978).

2.2.2 Twenty—-four Hour Recall

The validity and reliabilitylof‘the 24-hour recall have been
frequently questioned (Balogh_et al 1971, Beaton ef al 1979) with
regar& to whether or notbthe individua} can accurately rémember.what
he ate and whether'one day's intake is aétually représgntative of an
individual's habitual intaké. Balogh et al (1971) showed tﬁat four
recalls Qe;e necesgary if in halfvfhe-population,v;he mean caloric
intake could be reéofded as within + 20%Z of the true mean.» ;Or 6ther_
nutrients;,the number offZé—thrlrecalls‘required vas much -higher.
However, ant et al (1979) found very iittle differencé in nutrient

intake between 5 dietary recalls, with the exception of vitamin A.:

This difference in vitamin A is not'sﬁrprising, as vitamin A is con-



~centra£ed in feiatively few foods, and day—to—day intake varies con;
siderably. Other workers have reportedAa day-to-day variatioﬁ in
nutrient intake Qith the 24-h0uf recall; as well as a strong sex
difference (Béaton et al 1979; Yudkin‘1951)_ Beaton and co-workers
found that.women ate moré.on Sunday than on weekdays. However, both
tﬁis‘day—to—day effect énd the sex difference in absolute nutrient
intake disappeared when expressed as nutrient éqncentrétion. .Further;
more, the f;ct that men and women ate differeﬁt quantitiesnpf food
provides a_stroné basis for statistical anaifsis Sy sex. Two recent
researchers attempting to elucidate the accuracy and limifa;ions of
the 24;hour fgcail have shown similar findings (Gersovitz.et al 1578,
Madden et al 1976). Both studies surveyéd the intake of>hénhinstitu—
. tionalizea élderly subjecés eating at a congregate centre. To test
_ internal vglidity, the 24-hour recalled intake was compéred with the
actual intake.oflnutrienté. In the paired t-test, no significant
differences were found between mean recalled intake and mean actual
intake, with the excépfion\of energy and prétein’in Madden's and
Gérgpvitz's studies,zreépectively. Iﬁ both of these former studies,
,regression analysis démonstrated the."flat-slope syndrome"} in which
recalled intakes tend to overestimate intakes below the mean and
underestimate those above\the mean. Thus the 24-hour recall.&@uld
seidom indicate a difference wﬁere none exists. For group comparison,
however, fhgré is a danger of false negative, thgt is, failing to '
-detect an actuél difference between groups.

Thus, for large groups, the 24-hour recall is the most practical

because of its wide applicability to populatioﬁ groups, regardless of -

11



. age, education, and intelligence. "Becausé an interview generally
takes ‘'only about one hour, tgis method attains a high participation
rate. Moreover, bias of infake by‘the pafieﬁc is often avoided if
‘fhérévis no pfior knoﬁledge’of the interview. It was the method
chosén for bbth’the Ten-State Nutrition Survey (1969-70) and the
Nutrition Canada Survéy (1970—72).

The 48;houf recall, an extrépdlation.of the 24-~hour recall has
been used by at least one other group of researchers (Smith and Gee»
1979). It was suggested that thi; method ﬁinimize; the efror due to
day-to—day Y;riation in nutriént intakehand obtains a more representa-
tive intakei‘while not taxing Fhe memory much more than the 24—h6ur
r;call. Ho&ever, research has not been conducted to confirm whether
the 48-h6ur recall is more représentative than one 24—hour intake, or
indeed, two 24-hour intakes. ;

The recall ﬁethod was the method_chogen in the present study for
assessment of dietary intake,lpartly because of the si;e‘of~the group.
Although the CD group totalled only 47, it was éelécted‘from a larger
groﬁp of 154 gastrointestinal oﬁtpatients, all of whom had assessments
of dietary in;ake. Another éonsidera?ion was that by using the recall
method, nutrient intake could be assessed by means of a one-~hour in-
terview at the time of the patient's vis%t to the clinic. Thus; par-
ticipation rate was essentilally 100%, Méreover,vthg patienf had no’
pﬁior knowledge of the interview, and therefore, could not change his
food iﬁtake to comp;y with his preqonﬁeived idea gf a "géod diet”.

The 48-hour recall was chosen over the 24-hour recall, partly to-

. achieve some representation from both weekends and weekdays. -Also,



since some patienté were from out-of~town and trévelied as much as a
full day prior to the clinic visit, food intake during the preceding
24_hoﬁrs might not be representative df their usual intake.

2.2.3 Food Frequency"

Frequency of consumption of various food groups is sometimes used

to assess the quality of diet. ‘Beéause this method does not define
portions, it is only an estimate, and as such, is usefui to describe
the eating habits of a populétion, but cannot be used to prediqt
nutrient intakés.‘ Hunt et ‘al (1979) compared results of a food fre-
quency questionnaire with mean nutrient.intakes from 5, 24-hour re-
~calls. These two méthods gave similar mean éstimates of carbohydrate
and célorie intake, but the data on other nutrients were from 6-88%
g?eater with the food ffeguency queétionnéire. While the food fre-
quency method may not be useful in estimating the nutrient intake of
an individual, it may serve as a useful adjupct Fo other methods;tand
if used to supplement a 24-hour recali,.would partly overcome the
common criticism.that the 24—hour‘recalled intake may ﬂotvreﬁrésent a
typical day's intake. However, like other methods, this method does

depend on the recollective skills ofithe subject.

0 2.2.4 Dietary History

This method, first described by Burke in 1947, attempts to estab-
lish the "usual consuﬁption":of a subject by interview. Like the 24~
hour recall and food freduency methods, it depends heavily upon the
memofy and cooberétion of the subject; Bging relatively time-
consuming, as.well, renders this method unsuitable for a large number

of'subjects. Maﬁy researchers feel that the diet hiétory tends to

13
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‘overestimate intakes (Youkf et al 1952). However, this may depend on

the relative! weight of a sﬂpject, as anothef researcher found that' fat
people claim to eat less than thin people (Lincoln 1972). The most
limiting aspect of this méthod,.however, is the degree of training

required to obtain repeatable results. Indeed, Burke (1947) estimated

/s

that even qualified nutritionists would require several months train-

‘ing to accurately estimate an indiyidual's habitual 1htake by the

dietary history method.

2.3 Use of Laboratory Parameters for Assessment of Nutritional Status

Laboratory indices are indicators .of body metabolism at a given

’

point in time, and as such provide the biochemical basis necessary for
objective assessment of nutritional status.
Laboratory measurements used to evaluate nutritional status

include: levels in blood an&'urine, abnormal metabolic products in

-

blood or urine, alterations in activities of certain blood enzymes,

metabolites in urine, and saturation or load tests. However, it is

important to recognize that there are certain limitations .to all bio-

+

chemical measurements, and the f0110wing'points should be kept in

mind. Firstly, urinary excretion levels vary more than plasma levels Wy,

and, therefore, are less definitive (Christakis 1973). Biological

levels fluctuate from time to time, giving rise to a variation within
individuals gnd=between individuais, which may Be within normal
"limits”. Moréover, variations in bi;chemical measurements of some
nutrients exist between sex, age, and race. Although the "limité"

themselves, which are selected as éut-off points for certain dggrees



of risk of deficiency are based on current, scientific knhowledge, such

knowledge is never complete in the scientific sense. us, decisions

s

regarding critical levels will be somewhat arbitrary. Finall&, it

Cmust be remembered that the finding of an abnormal 1ochemica1.test
does not define the mechanism of nutrient deficie Y, aﬂd the altered
nutritional state may be’dué to a primary deficigncy or may‘be secon-
dary to pa;holpgical condifions or a deficiénc of a metabolically-
related thrient. This section (2.3) will diécuss the use of labora-
tory parameters in normal individuals, while the pathogeneéis of nu-
tritional deficiency ié CD will be discussed in a iater section (2.6).
2.3.1 Folate “
Significant reserves of body fOlape afe contained in ;he liver:
5-10 ng/g wet livefl(Sauberlich,et.al 1974). Studies indicate thét
'serﬁm folate levels cSrrelate reasoﬁably well with liver biopsy and,
therefpre, thét serum folate ievels do provide an indication of body
stgres‘(Leevy"et al 1965). Ho&ever, though serum folate is an easy,
gérly, and sensitive measureﬁént, it is thougﬁt to indicate recent
dietary intake, while red cell folate is considered to reflect long . *
term tissue folate stores. In considering the biochemical ‘and . hemato-
logical changes that take place during dietary deprivation of folate
(Herbert 1962) one notes that low serum folate levels occur as early
as 22 days after folate deprivation. Low red cell fol2re levels occur
after approximately 123 days, indicating folate deficiency at the time
of erythrocyte formation, <ome four months previous, and megaloblastic

anémia occurs shortly there =  about 134 days. However, a low

red cell folate does not suic Lotween megaloblastié anemia due




\
. \
12 deficiency. Because vitamin B

1s a cofactor in the synthesis of methionine from homocysteine, in

to folate deficiency or vitamin B 12

/
which folate functions to transfer the methyl group, a vitamin B12
deficiency traps folate in the methyltetrahydrofolate form (Herbert
and Zalusky 1962). This may result in low red cell folate, but ele-

vated or normal serum folate (Herbert }967)._ However, a low serum

folate, in addition to a low red cell folate provides strong evidence '

of a primary foléte deficiency.

12

2.3.2 Vitamin B

- Vitamin 812

ry deficiency is rare. Even in strict vegetarians who eat no animal

protein, vitamin B,  deficieney takes 10-20 years to develop due to

12

enterohepatic circulation of vitamin B12 and slow losg of body stores
(Herbert‘1968). However, a deficiency can be,measured by serum‘B12
levels, which have been associated with 16w body vitémin Bl2 (Boddy
and Adams 1972).

For reasons explained in 2.3.1, if vitamin By deficisngy is
suspected, it is essential to rule out folate deficiency. \ﬁn folate
deficiency, serum B12 lévels may be low, buﬁ aré generally ;%ill
higﬁer than in patients with pernicious anemia br a mixed deficiency.
Both a low serum folafe and a low red:cell folate would be‘suégestive

of folate .deficiency or a mixed deficiency. If a vitamin B, ,A defi-

12

ciency is thought to exist, the Schilling's test can indicate whéther

the deficiency is due to impaired abéorption, bacterial metabolism, or
.

dietary deficiency. In the Schilling's test, if absorption is normal

when vitamin B.. is given without intrinsic factor, then the defi-

12

" ig widely distributed in animal products and a prima-

16



clency is dietary. If absorption is not normal, then testing with
intrinsic factor will indicate whether malabsorption is due to lfck of
intrinsic factor or other reasons, such as bacterial metabolism of

vitamin B ileitis, or ileal resection. In addition, incomplete

12°
urine collection could give false negative results. ‘Comparison with
urinary creatinine will serve as a check for complete urine collec-
tion.

2:3.3 Iron

There are mﬁny tests for predicting the presence of iron defi-
ciency, and the best results are obtained by using more than one mea-
surement, since an iron deficiency can be éaused by a number of nutri-
tional and non-nutritional factors; -

Hematocrit is useful in suspecting the diagnosis of iron defi-
ciency, but is not conclusive, as deficiencies of folate, vifamin B12’
and vitamin B6 can also cause decreased hematocrit values (Sauberlich \\\\
1979). Measurement of hemoglobin gives a mo‘direct measurement of \\
anemia. Howevef, hemoglobin falls in ﬁegaloblastic anemia as‘well as
'iron deficiency, and can vary according to sex, .age, and nonnutrition- -
alldiseases,'especially those inbolving blood loss and inflammation.

The measurement of both serum iron and £he % saturation of transferfin
‘willvgive more clinical significance. Low serum iron, increased total
iron binding‘capa&ity (TIBC), and a low Z satufation of transferrin
indicate iron deficiency. However, in hemorrhagebor hemolysis, serum
iron might remain low for ;ome time after iron supplementﬁtion‘or

blood transfusion (Munro and Linder‘1978). Furthermore, abnormalities

in the former biochemical parameters occur as frequently in CD

.
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patients with anemia due to chronic disease as in CD patients with
iron-deficianc& anemia (Dyer et al 1972, Thomson et al 1978). Thus,
hematocrit, hemoglobin, serum iron, TIBC, and % ;raﬁsferrin saturation
are unreliable in the diagnosis of iron deficiency in CD patients.

Body iron stores are reflected by bone marrow‘hemosiderin, though
measurement is subjective and semiquantitative.‘ Serum ferritin has '
been shown to correlate closely with hemosiderin, and to have a high
predictive value in detecting IBD patients with iron deficiency
(Thomson et al 1978). Low serum ferfitin,is generaily agsocia£ed with
iron—-depleted stores, but false high ferritin_levels can occur with
rapid turnover of cells, liver disease (Eastham et al 1976), inflam-
mation, hemolygis secondary £6 SAS therapy (Thomson et al 1978),
Hodgkins disease and other malignancies (Jones et ai 1973), fever
- (Elin é; al i977), and rheumatoid arthritis (Bentley and Williams
1974). )

2.3.4 Vitamin-A

Total vitamin A activity is detérmiped mainly'by its two forms in
foods: preformed retinol and the pro-vitamin B-carotene. Excess
vitamin A is stéred in the liver as retinol (Hume and Krebs 1949) and
thus measurement of liver retinol is a direct Qeasure of vitamin A
reserves. However, as liver biopsy is impractical for routine Qse,
serum levels of retinol and carotene are used) which have been shown
to be related to dietary intake of these nutrients (Patwardhan 1969).

Interpretation of the significanée of the meas;rement of seruﬁ
retinol, hoyever, is complicated by the uﬂcertainty of the magnitude

of hepatic reserves (Hodges and Kolder 1971). When dietary intake of



vitamin A is inadequate, the stored retinol in the liver is mobiiized
to maintain serum retinol concentrations. Generally, however, this
level 1is somewhat lower than the range of 45-65 ug/dl observed in
adults with adequate intakes of vitamin A (Hume and Krebs 1949,
Sauberlich et al 1974). However, when prolonged low intakes draw upon
the liver reeerve, a considefably lower serum retinol level (less than
20 ug/dl) indicates depleted or depleting liver stores as well as a
low dietary intake. This relationship was shown in experimental vita-
min A deficiency of adult men (Hodges and Kolder 1971). A daily in-
take of 75 ug of retinol in vitamin A depleted men resulted in serum
retinol less than 10 ug/dl, being indicative of depieted liver fe-
sources. Wheg the dietary intake was increased to 300 ug, the serum
retinol level rose only slightly to 19 ug/dl, indicating that intake
of vitamin A was still inadequate andAthat liver stores of vitamin A
were probably not being repleted. However, at a vitamin A intake of
2400 ug/day, the eerum retinol rose to 60 ug/dl, indicating adequacy
of vitamin A intake and probeble repletion of liver vitamin A. Skin
lesjons associated with vitamin A deficiency disappeared and serum
retieol levels increased with an intake of 6QO ug/day retinol, further
supporting the relationship between dietary and serum retinol, and
serum retinol and hepatic stores. Hewever, serum refinol éan.also be
reduced in febrile state, chronic inflammation, and iiver disease
(Sauﬁerlich et al 1974), all of which can occur in CD.

Serum carotene is eonsidered,to reflect recent dietary carotene
intake (Patwardhan 1969) and is used as an initial screening test for

malabsorption. However, a low serum carotene concentration should be
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interpreted with caution. For one thing, a low serum carotene could
slmply indicate a low carotene consumption. Moreover, in Patwardhan's
study, about 60-100%Z of the vitamin A consumption was said to come
from 'the precursor forms, while in Canada considerably less of the
vitamin A (32%) comes from carotenoids (Dietary Standard for Canada
1975). Also, the main site of B-carotene conversion to retinol is the
intestinal mucosa and the percentage of B-carotene that is absorbed
unchanged varies from 1.7-46.9% (Blomstrand and Werner 1967, Goodman
et al 1966). Thus, a low serum carotene could merely reflect an
increased efficiency of conversion of B-carotene to retinol. Yet,
this does not explain why retinol and carotenoid levels in serum have
been shown to be related to one another and serum retinol is related
to total vitamin A activity (Patwardhan 1969). Furthefmore, in
diseases characterized by fat malabsorption, such as celiac sprue
(Moore 1960) and cystic fibrosis (Underwood and Denning 1572), both
low serum carotene and low serum retinol are found. Yet in adults
with cystic fibrosis, there was no correlation between s;ool fat and
serum carotene concentrations (Brown et al, unpublished observations
1980). ‘ﬁowever, since serum retinol levels are maintained for some
months by hepatic stores, if malabsorptidn of fats and fat-soluble
nutrients is suspected from low serum carotene, it can be confirmed by
other tests, such as fecal fat determination.

2.3.5 Protein-Calorie Malnutrition

Protein and calorie malnutrition often occur together, since a

reduction in calories almost invariably involves a reduction in g



protein. Furthermore, when calorie supply is inadequate, protein is
used for energy. "

Evidence of dietary protein-calorie deficiency can be found in
both anthropometric and bfochemical measurements and when taken
together can be very useful, diagnostically (also discussed 1in 2.4).

In asgsessment of almost 400 patients, Blackburn and Bistrian (in
Schneider et al, Nutritional’Support of Medical Practice, 1977) have
identified three common types of PCM. These include visceral attri-
tion state, adult marasmus or cachexia, and intermediate state, each
of which 1s characterized by various anthropometric and biochemical
parameters.

Visceral attrition is an acute state, which occurs in well-
nourished 5? even over-nourished patients whose intake is largely
carbohydrate. The classic example is the hospital patient receiving
dextrose infusion. The insulin produced due to the dextrose and
catabolic stress reduces the release of amino acids from the muscle.
Thus serum albumin and transferrin are depressed, indicating decreased
availability of amino acids for protein synthesis, thgugh anthropomet-
ric measurements may be preserved due to rapid onset. A study of mal-
nutrition in surgical patients more than one week after surgery, found
depressed plasma transferrin and albumin levels in 73%~andl521, Te~
spectively (Hill et al 1977b). Depressed lymphocyte counts are gener-
ally associated with reduced serum transferrin and alﬂtmin levels
(Bistrian 1975; Young and Hill 1978), and are considered to indicate

protein malnutrition.
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& Adult marasmus or cachexila indicates chtonic‘inadequate iﬁgéstion

. R N
of both calories and protein. Because there is a supply of protein,

©
©

" even though it;may be minimal, serum transferrin and albumin-are
preserved nntiiiquite late in a_deficiency.; Anthropometric measnre-e
ments decrease as lean and fat tissue Are‘sacriticed for preservation 'ﬂ
ybf viscéral proteins.

7 The above states are, to abgreater anleeser extent, indicative
of primary PCM. However,'they are not always so easily discernable,
‘and ~may overlap with the intermediate state, which can occur in moder-
ate to ‘severe stress of major surgery,»trauma “r heart failure. In
the patient who is already somewhat depleted, the additional insult of
(majer surgery can rapidly produce visceral protein attrition, as well
as depleted anthropémetricVmeasurements: Thus, it is difficult to
separate the efrects of'catabolie atrees from those of PCM.

Decreasedleerum prdtein‘may alsohnccur as a result of decreased
protein synthesis,'carcinoma, infection;»or increased losses as in
lhemorrhage exudates through fistulae diseasesrof the kidhey and
skin, or protein—losing enteropathy (Ravel 1969) Moreover, trans—
ferrin levels are‘increased in iron deficiency, and thus could magk
lew transferrin levels due to PCM.

Nnttitionai depletion often results in decreased immunocompetence
in the malnourished'individual. Depreased:cellular immunity (as
-measnred”by the Candida skin test and DNCB) and decreaeed lymphocyteﬁ
counts have been associated with PCM in adults (Bistrian 1975). Skin
teets assess the'eellémediate function ‘in vivo, by obserring the

hbddy's reaction to injected antigens. However, like all clinical



tests, there sre muiriple 1imirerions to the skin rest. Anergy can
resuit from.conditions lueh as infection, liver disease, nremia;
immunotherapy, and malighancy.. Even in healthy individuals; the
immune mechanism may not function optimslly at all times. As weli as
lPCM; a low concentretion of zinc or vitamin A couid also result in a
: »negatine skin test (Sauberlieh et al 1979).
| Urinary constituenrs can be used to assess protein status.
Creat@nine excretion corresponds to lean tissue mass (Arroyave and
Wilson 1961), and. thus ca b% used to assess metabolically active
_tissue by means of the cétinina height index (CHI) CHI is defined
as . the 24-hour urinary creatinine ‘excretion divided by the expected
24—hour urinary creatinine excretion of a‘normal male and female'of
the same height (Scrimshaw et al 1972) The obvious 1imitation is
that it requires a 24-hour urine collection. Moreover, accurate
timing is essential, as even a 15»minute error in voidingitime over a
24;h0ur coilection périod ﬁill result in alz error (Forbes and
Bruining 1976). While it does not distinguish protein deficiency due
to malnutrition, from other causes of protein deficiency, CHI is a
sensitive indicator of inadequacy, and thus may be an earlier indi-
cator of PCM than some other neasuremenrs1

2.3.6 Vitamin c

Vitamin C>is not stored'ih appreciable amounts in body tissue,
and, therefore, biochemical determination of serum vitamin C is a
measure of tissuevsaturation, which reflects recent dietary intake

(Hodges'et‘al 1971). A decrease in dietary intake of vitamin C will

: . v
be rapidly reflected in serum ascorbate concentration. Hodges et al
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(1971)>repofted that with a diet free of vitamin C, serum ascorbate
levels feIl to one-half of t#e initial concentration within 10 days,
and low levels within 40 days, with symptoms df-scusy'occurriﬁg
shortly thereafter in most patients. Although s;rum éscorbatexlevels
are related to léucocyte ascorbate levels (Sauberlich et al 1974), the
latter %éasurgment,is cgnsidered_to be a better reflection of tiésue
stores of.vitamin C (Burns 1975), while the formef measurement is
thogght to be mofé closely related to recent dietary intake (Hodges et
al 1971). in vitamin C depri?ation, leucocyte ascorbate levels fall
more slowly and are not ﬁronounééd until clinical manifestation of’
 scurvy (Herman et al 1976). Thus; whiiéla depressed level of leuco-
cyte ascérbie acid may be indicative of long—térmvdietary defiéiency,
it is not a very sensitivé‘test.

2.3.7  Calcium/Vitamin D

About 99% of body calcium is in the skeleton, with the_remaininé
1% distributed in the serum and other body fluids (Harper et al 1979).
Althoﬁgh,ékeletal caiciu@ as measured by bonelbiopsy,’hand #?ray, bone
densifometr§, and otherymeasﬁréments is a refléction of long-term
calqggp nutriture, serum paicium is cloéely fegulated'by-hﬁmeogpatid

¥ -

mecﬁﬁhisms. Thus, inadequate dietary intake of caicium will not be

-

l\~-refiected by changes in serum calcium (DeLuéa 1977), as sérum‘calcium
will be-maintainéd at‘the’éxpense of skelétal calcium. Lﬁw serum
calcium concentrations do occur in hypoéarathyroidism,'renal disease
(Harper et al 1979), hypomagnesia (Gerlach et al 1970), hyppprotein;

emia (Schneider et al 1977), and disease characterized by malabsorp-

tion (Hahn'et,al 1979).
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Urinarj calcium excretion remains relatively constant for a givén
individual, regardless ﬁf intake, but varies widely between indi;idu-
als. : As well, increased urinary excretion of-calcium occurs with
in;reased protein intake (Allen et al 1979a), making it an impractical
choice for assessment of dietary calcium intake.

Most of the dietary calcium (70-90%, Harper et al 1979) is ex—

creted in the feces and is positively correlated with calcium intake.

- Therefore, the measurement of fecal calcium can be used to assess mal-

absorption. However, due to variation in fecal flow, fecal’éalcium

can Be incorrectly estimated, particularly without the use of a fecal

marker (Ailen et al 1979b). Furthermore, in géstrointestinalhdiseasesu

such as CD, where protein-losing enteropathy is known to occur ( Beeken

et al 1972), it is possible that endogenous calcium loss, as well,
could coﬁtribute}to fecal calcium, thus leading to an overestimation
of calcium malabsorption.

o

Vitamin D, under the control of parathyroid hormone, is a major

.fa'in control of calcium metabolism (Deluca 1977). Thus, calcium

defi %ncy can also occur secondary to vitamin D deficiency. For

example, in two studies of osteomalacia (Hahn et al 1979, Pittet et al

1979), though célqium intakes»we£e similaf in osteomalacia patients
and coﬁtrols, vitamin D intake and/or exposure to Sunlight differed
aﬁd serum vitamiﬁ D levels were significantly lower in patients. It
shOuld be noted that serum vitamin D is not necessarily reiated to
vitamin D intake, sin;g exposure t§ sunlight as well as dietary vita-
min D will affect serum-vitamin D activity, and\there will be some

\

seasonal variation in serum vitamin D due to variation in hours of
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daylight (S;amp and Round 1974). Serum vitamin D levels are also
reduced in hypoparathyroidism, renal disease (DeLuca 1977), and liver

disease.

2.4 Use of Anthropometrif Measurements for Assessment of Nutritional
Statﬁs '
Anthropometric measurem?nts have béeﬁ widely used, for some time,

in assessment of nutritional status of the community (Jelliffe 1966).

. : \

While no single tool can characterize nutritiomal status, anthropomet-—

ric measurements provide sensitive indices of Eoth preégnt and chang;

ing states of muscle mass ana body fat. Being both practical’and
easily interpreted, anﬁhropometric measurements are vgluable comple-
ments to dietary information and are p;rt of the nutritionai'status

profile for man& nutritional assessment programs (Bistrian et al 1974,

Blackburn et al 1977).

2.4.1 - Rationale for Use of Anthropometric Measurements

Height is tﬁe Qost bésic of the anthropometric méasurements, as
it ié used to determine ideal body weight, basal enérgy expenditure,
and CHI. Bbdy weight, while é useful tool, is a composite measure of
its various tissue components: fap, ékeletal muscle, skin and skele-
ton, viscera, plasma protein, and ext;éceilular skeleton (Blackburn et
a1‘1977).‘ A change in body weight does not reflect a'change in indi—

vidual tissues, and, thérefére,'cannot detect abnormalities in body

composition that often .accompany disease, such as depletion of muscle

mass and changes in fluid retention (Moore et al 1963, Ryan et al

1957). In a study of 13 hospitalized men (Ryan et al 1957), 9 men

i
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with muscle wasting disease had a higher percentage of bbdy fat than

healthy controls, even théugh their percent of standard weight was 78%

_-as compared toA26% in controls. Lean body mass was dramatically de-
/ L. B

creasea in these 9 patients. 1In the remaining 4 thyrotoxicosié pa-

o

tients who were at 817% of their séandard weight, Z body fat was even
greater than in the muscle-wasted patients. They had a marked loss of

body-cell mass which was partly masked by increased retehtiqn of ex-—

tracellular fluid. Thus, it is clear that there is a need to“meashre
body fat and muscle mass separately.

k3

2.4.2 Measurement of Body Fat

There is a wide variety of procedures.which éan be used to mea-
.sure Sody fat, including: cadaver analysis, densitometry, total body
water, gaseous .uptake of fat-soluble gases, AQK counting, aﬁd radio-
logical anthropometry. ‘However, the need for a practical ;nd rapié

method to regularly assess caloric reserve eliminates the above

" methods. The technique of relating skinfold thickness to body fat was

fir§t~déscribed by Matiegka in 1921 and has since been the subject of
extensive inQestigation. An investigation of 19 subjects at 55 sites
showed a correlation of 0.82 between actuai ﬁeasurement of subcutane-
ous fat by surgical incision and measurement of skinfold (Fry 1961).
In another study, the.mgasurement of the outer fat shadow on roent-
genograms was highly correlatéd with skinfold me;surements of thg
lower thoracic site (0.85-0.88, Garn 196>2).» As well,: the sum of the
biceps; triceps, subscapular, and supréiliac skinfold éorrelate highly
with body density, being 0.835 in men and 0.778 in women (Durnin and\

Rahaman 1967). : :
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Frop thé éﬁove investigafions, it can be seen that skinfold mea-
surements are a valid‘meésure of bodyifat stores. In nutritional
asessment, the TSF is gengrally used because it is fﬁevmost'practical
(Jelliffe 1966). .

2.5 Pathogeﬁesis of Nutritional Deficieneiés in Crohn's Disease

'

. In examining the pathogenesis of nutritional deficiencies in CD,

Iy

it is 1mportant to realize that all nutrient deficiencies result from

one or more of five basic causes, summarized on the next page: in-

adequate ingestion, absorption, or utilization; and increased require-

ment or excretion (Herbert 1973).
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Summary .of Causes of Nutrient Deficiencies in cD

Mechanism
Inadequate

Ingestion

Iﬁadequate

Absorption

P

Inddequate

Utilization

Increased

Requirement

Increased

Excretion

Cause

Self-induced, iatrogenic, lactase deficiency

Reduced intestinal length, decreased enteroﬁepatic
circulation, baéterial oyergrowth, drug’ therapy,
intestinal atrOphy; secondary to other nutrient
deficiencies

t

Secondary to other nutrient deficiencies,

cholestyramine

Drug therapy, oral éontraceptiVe agents, increased
hemaiopoiesisi inflgmmatorx response

Impaired eniérohepatic circulation, protein-losing
enteropathy, drainage through fistulae and ileo-

stomies, cholestyramine, diarrhea.

The cause that should be considered first and foremost in nutri-

oy

tional deficiency is inadequate dietary intake. 'During illness,'a

spontaneous reduction in food intake may occur due to anorexia, or

pain and’diafrhea, associated Wwith eating. Over the long term, pa-

tients may selectively eliminate certain food groupé due to their



misconceptions.about low-residue diets. If fruité and vegetables are
eliminated, there is a danger of inadequafe intake of vitamin C,
folgte, fiber and possibly.vitamin A. Furthermore, physicians may in-
advertently encourage deficiencies by prescribing a low residue diet,
which is now known té be unncessary from a patho—physiological point

of view, except where there is a tendency to repeated small intestinal

obstruction (Heaton ét al 1979). Lactase deficlengy, either primary

v

. A
or secondary to altered mucosal integrity, can occur in'Crohn's dis-

'ease. Elimination of diary products will‘reéult in ré&nced,intake of
célcium, riboflavin, and possibly protein and vitamin D, unless appro-
pri;te'dietary changes and supplements are effected. |

A most obvious source of inadequate absorptfén in IBD is loss of
‘intestiﬁal 1éngth through resection. While the majority of nutrient
absorpwion takes place from the.small bowel, Smith and Balfour'(1972)
state -that resection of one—third of the small bowel is still comﬁati—
blebwith'normal nutrition. Resection beyond thié rgsults in decreased
absorption of all nutrients, known as “short-bowel syndrome", and
poses a threatvto general nutriture. Indeed, weight loss in the pres-—
ence of high calogic intake, may weli;indicate maiabsorption (Dawson

1972). *Short-bowel syndrome” is identified as one of the causes of

mineralﬁgeficiencies such as‘magnesium_and zinc (Sitrin et al 1980).
N :

Absorption of iron is iﬁpaired by upper_intestinal disease

(Brooke et al 1977), as is folate (Hoffbrand et al 1968). With ileal

i

fnvelvement, selective malabsorption of bile acids and vitamin Blé

’9ccurs. Unabsorbed bile salts pass into the colon where they block

water and electrolyte absorption.(Brooke et al 1977), further adding

L]
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to the risk of depletion of magnesium, zidc, sodium, potgssium, and
‘water. In addition, bile salts may alter colonic permeability and
,allov absorption of oxalate; a partial explanation for the hyperoxal-
uria that is seen as a‘complication of Crohn's disease (Earnest 1977).
4Continuous excretion of bile acids will ultimately lead to depletion
of the biie acid pool and interruption of the enterohepatic circula-
tion, with ensuing malabsorption of.faté and fat-soluble vitamins.
Malabsorbtion of vitamin D interferes with absorption and utilization
of calcium. .Unabsorbed fatty acids bind calcium and form insoluble
soaps in the intestinal lumen, further aggravating calcium malabso?p-
tion. The solubility theory of hyperoxaluria suggests that as less
calcium is available fér formation of Ca oxalate, free oxalgte forms
soluble complexes with other galts and is ingreasingly absorbed
(Earnest et al 1974). Not only has a positive correlation been shown
by Earnest et al (1974)'betweén~steatorrhea and hyper6xaluria, but de-
creased dietary oxalate or iqcféased dietary calcium both reéult in |
decreased urinafy oxalate. Since the ileum is also the site of vita-

min B_l2 absorption, it comes as no surprise that vitamin B absorp-

12

tion is inversely correlatedlto length of ileum resected (Dyer et al
1372); However, vitamin-Bl2 deficiency also occurs in patienﬁs whose
disease is notvlimifed'to the ileum (Filipsson et al 1978). If‘thére
ié gastric inQolVement, lack of intrinsic factor will contribute to
malabsorption of vitamin B12’ as well; a factor of some importance
since the incidence of peptic ulceration in Crohn's disease 1is ffomv

10-20% (Cooke 1975, Kagnoff 1979). Moreover, a primary vitamin B or

12

folate deficiency can produce partial intestinal and/or stomach
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atrophy, leading to intestinal malabsorption and generdting a vicious

‘circle of primary and secondary vitamin B deficiency 1if left un-

12
treated (Herbert 1973). A secondary fdlaté”deficiency may occur by

this same mechanism or due.to zinc‘defiéiehcy (see 2.6.2). Other
factors caﬁsing decreased absorption of vitamin B12 include pancreatic
insufficiency and tying up of ionic calcium as insoluble soaps

“(Herbert 1973). ’ : .

'

The presence of fistulae, blindlloops and strictures may lead to

bacterial overgrowth with vitamin B_,-greedy bacteria making even less

12

vitamin 'B., available for absorption (Brooke et al 1977). Bacterial

12
synthesis of some ﬁutrieﬁts, such as folate, may actually be in-
creased, though the extent‘of this synthésis is unknown. Other ef-
‘fects of bacterial overgrowth include decreased s&nthesis of &itamin K
(Brooke et al 1977) and deconquatioh of bile acids (Farivar et al
1980) . ‘

The two major drugs used to treat IBD, Salazopyriqe and predni-
sone, have been shoﬁn té’affect nutrient absorption. Salazopyrine-
affects folate absorption and utilization by-compétitive inhibition in

i

the intestine and elsewhere (Dhar et al 1976), while prednisone af-

fects calcium‘absorption through its antagﬁaisgic effect on vitamin D
(A&ioli et al 1968, see 2.7}1). Absorptibh of vitamin Blé is reduced
by cholestyramine (see 2.7.4).

Decreasedrutilization secondary to other nutrient deficiencies.is
known to be one cause of folate deficiency. Both vitamin'Blz-agd

vitamin C are necessary for folate utilization, as described more

fully in sections 2.3.1 and 2.6.4. respectively. Cholestyramine binds



bile acids in the gut lumen, preventing their utilization and absorp-
tion, and increasing excretion (see 2.7.4).

Prednisone appears to increase the requirement for protein, vita-
mi? C, vitamin B6’ and possibly zinc (see 2.7.?). Salazopyrine 1n—
duces mild hemolysis and thus places an additional demand on all he-
matopoiletic nutrients (seé 2.7.2). Moreover, hematopolesis increases
the demand for all nutriénts through increased‘body metabolic rate
(Herbert, 1973;. Likewise, in CD there is a chronic inflammatory
response and increased cell turnover (Brooke et al 1977). However,
whethér or not this response causes an ingréased demand for nutrients
is theoretical. | '

Thé nutritional status of IBD patienfs receiving drug therapy,
who are also using oral contraceptive agents (0CA) demands additional
attention. Bio;hémical evidence of poor folate, vitamin B6’ Vitamin
Blz,,vitamin C,'riboflavin, thiamin, and zinc status has been fdéund in
OCA users (see 2.7.3).' d

Increased excretion of nutrients, particulérly water and electro-—
lytes occurs th;ough fistulae ﬁnd ileostomies. Additional protein
excretion from the ulcerated gut contributes to protein deficiency
(Beeken et al 1972). The presence of ugabsorbed bile acids in the
colon indﬁces secretion of water and electrolytes (Earnestf1977).
Moreover,rdiarrhea,‘from a variety of causes, is a ggature in at least
70% of IBD patients (Kagnoff 11979). Rggardléss of the cause, pro-
longed excretion from the gastrointestinal tract résulFs in sodium;

potassium, magnesium, and zinc depletion (Sitrin et al 1980, Cooke

1975, Brooke et al 1977) and dehydration.

-~
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In addition to the many mechanisms already mentioned for folate
and vitamin B12 deficiency, increased biliary loss may also interfere

with enterohepatic circulation of folate and vitamin B Both folate

12°
and vitamin 812 are excreted in bile and have a daily circulation of
100 ug and 0.5-5 ug, respectively (Herbert 1968).

Chronic iron loss occurs as’slow, continual blood loss from
‘ ulceration (Brooke et al 1977), and is probably related to severity of
disease (Dyer and Dawson 1973). Additional iron may be excreted if

cholestyramine is used, as it has been shown to bind iron (Thomas et

al 1971).

2.6 Nutritional Deficiencies in Crohn'sLDisease

2.6.1 Anemia

Anemia is one of the most common and widespread nutritional
abnormalities of CD and has been associated with deficiencies of iron,
folate, and vitamin B12 (Dyer et al 1972, Hoffbrand et al 1968,
Thomson et al 1978). QFor example, in hospitalized CD patients, Dyer
et al (1972) found 79% of males and 54% qf females to be anemic. In
addition, low 1evels.of various hematopoietic parameters were fdund in
the following percengage of patients: serum iron (65%), total iron
binding capacity (TIBC) (22%), serum B12 (16%), serum folate (65%),
and red cell folate (35%Z). Bone marrow aspirations‘for hemosdderin
showed 39% of CD patients to be iron deficient. Megaloblastic anemia '
was found in 397 of patients, -with approximately 1/3 attributed to

" vitamin BlZ deficiency and 2/3 to folate deficiency.



2.6.2 Folate

Folate deficieﬁcy in CD is frequent and well-documented (Dyer et
al 1972, Elsboré and Larsen 1979, Hoffbrand et al 1968). In one study
(Hoffbrand et al 1968), serum folate levels less than 2.0 ng/ml were
found in 28% of patients. Seﬁym folate values were rélated to the
severity of the illness, as were red cell value;. Formimipoglutamic
acid (FIGLU) excretion was similarly associated with severity of
disea;g. Haematological changes attributable to folate.deficigncy
inciuded macrocytosis, hypersegmented polymdrphs, and megaloblastic
marrow, and were observed more frequently in severely-ill patients.

Vitamin B12 was excluded as a cause of deficiency in all but one

ot
patient. :

An attempt was made to assess the causes of folate deficiency.
Folate absorption, as determined by a standérd oral dose of folic acid

e

(40 ug/kg body weight) was¢subnormal %24?/16 patients. Three of the

fou; had jejunal and/orqduodenal involvement, while the remainipg(

pat::[ént~ had CD of the terminal ileum. Thus, as mosvt of the pa%r{xts L .

had ileal involvement, folate deficiency in j‘funal involvemént was i i

concluded tg be related to maiabsorptidn. ) ' ‘ ) 2
Dietary folate was assessed in 12 patients and was above the 50

ug daily minimum (Herbert 1962) in the 7 mildly-ill patients. Four of

them had normal folate absorpiion, though thgre was,biochémicgl and °

hematological evidence of folate deficienéi.‘ On the otﬁer hand, the

‘intake of éll 5 severely-ill patientg was less than 50 ug. From this,

Hoffbrand et al concluded that inadequate intake appeared to be the

major contributory factor to folate deficiency in the severely 1il1,

-
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but that neither inade;Late.intake, nor decreségd sbsorptiqn'were

major factors -in- the mildly-i11 patients. However, it must be pointed

out tﬁet the dietary standard of 50 ug/day free folate is the minimum

7

o “ : oy _
daily requirement to prevent symptoms of folate deficiency 'in a

healthy adylt (Herbert 1962). This figure does not allow -for varia-
. [ . ' : N S
tion in, individual requirement, nor does it contain additional allow-

»

. ances as may be required in illness. Only one patient had an intake

equal to the recommended dietsryﬁallowance (RDA) of 200 ug~free fo-

late. Ihus, the possibility of inadequate ingestion of dietary folate

appesrs to be understated in the study by'Hoffbrand and co—workers.

s

Similarly, Dyer et al (1972) found biochemical evidence sugges-

tive of folate deficiency in CD, with serum folate levels less than
o .

3.0 pg/ml in 44% of patients and red-cell folate less than 160 ng/ml

‘

in 35%. Iwenty—four percent of the batients had megaloblastic changes
: attrlbutable to folate deficiency. What'were the suggested nechanisms
for folate deficiency ln this study?_ Folate\dericiency was not more

’ severe‘or more frequent in patients with disease,restricted to the
jejunum, which eliminates malabsorption as 'a cause of folate deficien-
'cy in these CD patients. This conclusion»is in contrast to that of‘

Hoffbrand and co-workers (1968), though conclusions in the 1968 stgdy

‘were based on abnormalﬂfolateﬁabsorption in those patients with ,

jejunal involvement. Moreover xylose absorption from the jejunum was
N 5

almost invariably normal in Dyer and Dawson s (fsiB) patienﬂgawith
? =
Jejunal involvementh Dyer and co-workers’ (1972) also found that the

N L ]

mean values of red cell and seruﬁ folate concentrations decreased with
. | A g
_ more severeE%lsease and speculated tﬁ%t increased requirement and

iy . . byt
- . . s
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utilization of folate’were the cddse of fdlatevdeficiency, thOugﬁ

increased loss and/or decreased food intake could just as well be the

-cause of 1ncfea§ed‘folate deficiency associated with severe diéease.
Though decreased intake was suggested as a cause of folate(ﬂEficiéncy,
unrelatedlto séverity»of disease, Dyer éndkco—workers did not give any

-evidence that folate intake was rgducéd in their CD patients.

_ Elsborg and lLarsen's findings (1979) of low serum and erythrocyte

folate levels in SAZ;and 27%, respectively,iof CD p?tient§'are similér
’tovthe\findings:of Hbffbrand et-al  (1968) and Dyer et al (1972};
Siight megaloblastié changes wetre fgund in about 14% of all patients.
Unlike the former st:udie,s: (Dyet et al 1972, Hoffbrand et al 1968),
however; there was no significant cor&elation betweeﬁ folate values
and disease‘seVerity. However, the criteria‘for judging disease
activity varied from study to stud§ and emphésizes the need for uéé of
a standardized éctivity index; Similar té'Hoffbrand énd~co-worker's
results, 21% oflthebpatients in Elsborg an@%@argenJS grdup weré found
to malabsorb folate,‘though this malabsorption Vés not related to -

disease site, nor to maintenance dose (1-3 g/day) of SAS. Thoughviﬁ

has been suggested that SAS therapy decreases folate absorption (Dhar

et'al'1976), other researchers have n sub tantiated this finding

(Gefsoﬁ'and Cohen 1976, see 2.7.2). However, Yecent work by Lucas et

‘al (1978) suggests that folate mhlabSorption could\be due to a defi-

cient acid microclimate, which alters the amount ofweak adid‘avail—

»

able fot'Lon-ionic dif fusion. This theory is strengthened by the

finding that experimental alkalinizationvq€ the jejbhnum has been}F?own

. : . ' : _ — ok
to decrease the intestinal absorption of fe¢lat ﬁpat pancreatic

»
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insufficient patiente had a higherafolate'absorpfion than did‘antrols
(Russell et ‘al 1979).

The association of greater folate depletion with higher doses of
SAS suggested that increksed cell turnover due to mild hemolysis eould
be partly responéible Eeruthe folate deficieney (Dae et al 1973)} 17

As in the stuay by Hoffbrand et al (1968);7on1y a smal} number of
patients were consuming less than the 50 ug minimum daily requirement
(Elsborg and Larsen 1979), but none consumed the RDA (1980) of 200 ug ‘-
free folate. Thus,iless-phan—adequate intakes were likely contribut—
ing to the folate deficiency observed in these CD patients,.though
there was no correlation between food foiaﬁe and serum or erythrocyte %

‘ > ' : ' S s
folate. _
Folate deflciency can also occur {gecondary to other nutrient
-

deficiencies (including vitamin B12 (Herbert -1973), vitamin C (Gerson

and Fabry 1974), and possibly zinc deggciency (Tamura

<

While vitamin B12 deficiency‘was cited as a cause
in two patients in the preceding studies (Dye%‘

et al 1968), examination oonther nutrients was nsidered in any »

" of th%%formervstudies.i
2.6.3 Iron
Iron defieiency hes been widely described in CD (Bartels et al
1978;'Dyer et al 1972, Thomson et al 1978) and much discussiun has
revolved‘arounq the yaliditykof var%ous laboratory paraueters in the
diagghsis of iron deficiency. The traditipnal method for assessing

body ironm stores is the estimation of stainable bone marrow hemo-—

siderin. ‘There is remarkable-agreement in the literature as>to the

- w .
- . B - .
@ ; i e



finding of absent bone marrow iron in CD patientsi Thomson et al 25%,
Bartels et al 29%, Dyer.et al 39%. All of the researchers reported
that abnormalities oi serum iron, TIBC and percentieéturation of
transferrin occurred in iron deficient patients, but that these abmnor-
malities occurred with equal frequency in those patients with anemia
due to chronic inflammatory disease. ‘Thus, serum ferritin, which has
been shown toe correlate with bone marrow iron in healthy individuals
(Lipschitz et al 1974) was examined for its diagnostic efficacy 1;W\
iron deficiency. Bartels et al (1978) reported.a high correlation
'(0.94) between serum ferritin and%body iron stores. Similarly,
Thom§on et al (1978)‘fonnd that serum ferritin below 18 ng/ml and
above 55 ng/ml had an excellent specificity and predictive value, but
a lowmsensitivity and predietive error. However, the uncertainties of
esernm.ferritin concentrations in the 18-55 ng/ml range in chronic in-

flammation and fébrilee

; ess have been reported by other workers as
well (Bentley and Williams 1974, Jones et al 1973). It was speculated

.by Thomson et al that the sources of the increased ierritin could in—‘
' ‘flude the inflamed intestine, mildkhemolysis seeondary to.SAS'therapy,
or a reticuloendothelial response to chronic inflammation, though lack
of correlation between serum ferritin and eachvof diseaée activity,
SAS therapy, and serum iron suggested that these.explanations did not
apply to all- patients. |

In attempting to explain the mechanism of iron deficiency in CD,

Bartels et al (1978) examined iron. absorption in 31 CD patients. As
determined from both whole body cduntdng and red cell 59Fe incorpora-

tion following oral administration of 59FeCl3 with a small carrier

3
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dose, iron absorption was found to be normal in CD patients as com—
pareﬂ tovcontrdls. Though tﬁere was a wide range of ébsorption, the
magnitude of abso?ption was not related to disease activ‘ﬁy;;disease
site, serum albumin, or‘hemoglobin. This suggested that‘i;on défi—
ciency was mot hue to ﬁélabs%rption or increased loss. Yét, the
presence of iron deficiency was so&ewhat of a paradox, as these pa-
tients Qere receiviﬁg oral‘ironvmgdiéation,'though the amount of the
supplement was not repdrted.‘ It ;g possible‘that patients were faking
thé supblements irregularil&,'or, alterhatively, if the éupplemental +
‘dose weré small, a redﬁction in food intake could decrease iron
stores. Furtherﬁore, patients fréquently take medication with meals
‘and it had been shown that certain foods reduce iron absorption ﬁhiie
other foods, especially those confaining'Qitamin C, increase ifon ab-
g%rptioﬁ (Rossander et al 1979). MoreoVer; recent fiﬁdings.of scurvy
(Linaker 1979) and low leucocyte.ascopbic acid levels in éD patients
(Hughes and Williams 1978), raise‘the possibility that vitamin C
deffciency could be gpntributing to iron deficiency in CD.
2.6.4" Vitamin C
j&;vi

In patients who. adopt a‘low-tesidue»diet, either self-imposed or

o

physician-prescribed, the danger of nutrient deficiencies is wery

real. Restriction of fresh fruit and végetables; specifically, can
result in vitamin C deficiency. Ascorbic acid deficiencies, as deter-
mined by serum ascorbate . and ieucocyte ascorbate levels have been

noted in CD (Gerson and Fabry 1974, Hughes and Williams 1978, Linaker

1 1979). ' S .
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It wés first‘reporteq by Gerson‘énd Fabry (1974) that ascorbate
coqgentratidns in blood and ileal tissue were lower in CD patients
than in contrblé. This was thought to be particularly significanp,
and it was guggeséed-that the chéradteristic fistulae formation and
poor wound healing in CD‘couid be ;elqted to incomplete formation of
. collagen, which requires vitamin C.

"Hughes and Williams (1978) compared ‘leucocyte ascorbic acid ELAA)
levels in 19 CD patients (161 nmol/lO8 WBC) to that.of contrﬁls (233
nmol/lO8 WBC) .and found a significant differencé, though patients were
" still well abové the safe antiscorbutic level of 85 nmol/lo8 WBC. Of
the four patients consuming less fhaﬁ 30.mg.of vitamin C, two had a
LAAhleyels of less than the safe antiscorbutic level. .A significant
" but low correlation‘(0.30)'§as found betweén LAA levels and dietary"
v;tamin C. However, there was no relationship between LAA levels and
surgery or drugs (SAS or azathioprine). '

In another group of ten CD patients (Linaker 1979), the mean LAA

level was 93 nmol/lO8 WBC as compared to 226 nmol/108vWBC in the con-

. . N
trol group. ° Scurvy was noted in one patient whose LAA level was 25
nmol/lO8 WBC, and upon assessment was found to be consuming less’ than

10'mg ascorbic acid per day. This ﬁatient 1s a classic exéﬁple of one
.whq;had beén on 3 self-imposed 1ow_residue.diet because of abdominal
.cramps."Five of ghe pgtients Had intakes of 30 mg or iess;Aand of
these, four had LAA le;els'below the safe éntiscorbutic levelf How- ’

ever, there was no significant differeﬂce in mean dietary intake
‘ ‘ . .

between controls and patients.



Thus, low LAA levels in CD patients were associated with de-

creased vitamin C intake (Hughes and Williams,1978, Linaker 1979), but

the mean vitamin C intake in CD patients was not lower than that of
controls. This suggests that'some aspect of the disease itseif im-
posed upon a less than adequate intake was responsible for the sub-
clinical'vitanin C deficiency observea in,CD patients.

Results of‘the.above studies have.implications fog.folate'defi—
ciency. Firstly, since vitamin‘C and folate are common to many of the
same foods, a deficiency in one imnliee a concomittant deficiency in
the other. Secondly, it is known that ‘ascorbic acid prevents the
irreversible oxidation of tetrahydrofolate to 10-formyl folic acid,
thus removing At from the metabolic pool (Stokes et al 1975) It is
not surprising then, that folate deficiency, as -evidenced by megalo-
blastic anemia, does in fact occnr inhscurvy (Zalusky(hnd Herbert
1961). However,ﬁthe scorbytic patient in iinaker's study had a normal
serum and red cell folate concentration. Though only one patient in
the previous studies nae repor;ed‘to have scurvy (Linaker 1979), it is
quite possible that éubclinical ascorbic acid deficiency may be con-

' tributiné to folate deficiency, partieularly in view of low LAA;levels
in some CD patients.

2.6.5 Fiber

It is well'known that over the last century, consumptibn of
dietary fiber in North America has decreased while consumption of
refined carbohydrate has increased (Trowell 1976). This dieFary'

alteration has been implicated in the pathogenesis of several preva-

lent disease states such as diverticular disease (Painter et al 1972),
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cancer of the colon and rectum.(Burkitt 1969), gout, ischemic heart
disease (Trowell 1976), gallstones (Trowell 1976, Burkitt 1973),
hiatal hernia, hemorrhoids (Burkitt 1973), and diabetesb(Kiehm eﬁ al
1976j. However, the basis for the suggestion that decreased fiber
intake is involved in the etiology of these diseases is based on the
observafion that such diseases‘(including CD) are almost unkqowﬂ in
countries where dietary fiber intake is high. There are no published
reports in the literature to suggest that dietary fiber manipuiation |
can cause any of the above disease states in humans. However, there
'is'growing evidence to show that.fiber‘consumption in CD may diffef
from that of contfols, and that consumption of refined sugars»is'
Substan;ially gfeater in CD patients than in controls (Kasper and
Sommer 1979, Martini and Brandes 1976, Mayberry et al 1980, Thornton
et al 1979). |

Two reports on dietary fiber intake in CD were publiéhed in 1979
(Kasper and Sommer 1979, Tﬂornton et al 1979). Kasper and Sommer re-
ported that CD patients ate more dietary fiber (DF) than did controls,
while Thorﬁton et al reported that CD pétients~consumed slightly less\
DF than did contfqls. ' However, the CD patiénts in the former study
,consumed significéntly more energy'than did éontrols;'and when DF was
expressed per 1000 kcal the difﬁgreﬁce between CD patients and con-
trols disappeared. Thus, the bbserved’increase in fiber intake b& CD‘
patients Qas due the amount of food consumed, and Qhen expressed per -

1008 kcal, the DF consumption of’CD patients and controls is_the same.

“ Both of the p%évious studies observed an alteration in fruit/vegetable -

consumptioﬁ.' Kasper and Sommer found that CD patients ate considerab-
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ly less raw fruit and vegetables than did controls. There was no sig-
nificant difference in cereal.consdmption (Kasper aﬁd Sommer 1979),
including cornflake consumption (Thornton et al 1979) between CD pa-
tients and controls. Thus, a previous report of'higher cornflake con-
sumption at breakfast_by CD patients (James 1977) was not confirmed.

- Martini and Brandes (19765 were the first to report that CD
patients ate significantiy more refined sugar than controls, both
 before and after diagnosis of Cb. However, this work was criticized
for two ;easons. firstly, the average duratioﬁ of the disease was 4~
i/2 years and it is questionable whether or not patients could accu-
rately remember d;etary habits this'long. However, mean sugar con-

sumption remained higher in CD patients than in controls in post-—

diagnosis diet (166 g vs 74 g) as well as in pre-diagnosis diet (177 g

vs 74 g). 'Secondly, the dietary method was criticized, ;s.dietary
iqtake.wgs assessed by means of a postal questionnaire. However, two
subsequent studies using the dietary hiétory method.(Thornton et al
1979) and the seven-déy recall method (K&sper and Sommer 1979) con-
firmed Martini and Brande's finding of a significantl& higher sugar
consumption in CD patients. Refined sugar intake in‘CD patients
compared to controls waé reported to be 122 g vs 65 g (Thbrnton et al
1979) and 156 g vs 91 g (Kasper and. Sommer 1979). Hayberry_et al
(1980) foun&‘thét in addition to eating.more refined sugar than con-
trols, CD patieﬂts also étévmore sﬁgar than ulcerativé colitis pa-—-
tien;s; However, 'he used the same (postal questiénnairg)gmefhod for

assessing dietary intake as Martini and Brandes (1976). Fdrthermore,

his sugar consumption data were based on the quantity of sugar added
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to.beverages,andvcerealé apd, therefore, would be Biased in favor of
those consuming more bev%réges and cereals. Although the methodology
of this study is suspect? the results do concur with the results of

- previous studies: increased sugar consumption is charactéristic of
the pre-diagnostic as well as the poét—diagnostic‘diet of CD patients.
Alterations in the diet for no apparent reason suggest aberrations in
taste acuity. Impaired detection of sucrose has been reported in
zinc-deficient CD patients (McClain et al 1980, Solomons et al 1977).
Since several other characteristics of zincvdeficiéncy also occur in
CD patients, this leads one to wonder whether the observed increased
sugar consumption in CD patients could be a compensatory response to
the decreased taste acuity observed in zinc-deficient CD patients. . If
this were so, fhen a disproportionate consumption of sugars could
signal a subclinical zinc deficiency.

Somelauthors have suggestéd that the dietary differences dis-
cussed above have etiological ;mplications for’CD.A It has.been postu-
iated that hébitual, excessive sugar consumption could alter the in-
testinal flora and milieu of the intestinal'lumen, such that the
mucosa maf be damaged (Martini and Brandes 1976) or that the grqwth of
;an infective agent may be promoted (Thornton et al 1979). Unqualified
acceptance of this the§ry‘is about as simplistic as the "reduced-
fiber, increased disease" theory. While an asgociation has beeﬁ re-
;ported betweenwincfeased refined sugar intake andICD, the experimental

basis for suggesting refined sugapvas'a causal agent in CD is lacking.
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2.6.6 Protein/Protein-Calorie Malnutrition

Early specuiation was that hyboproteinemia in CD was due to de-
creaseé syntheéis of protein. However, Steinfeld et‘al (1960) showed
tﬂat hepatic synthesis of protein was actually greater than normal in
CD patients and, while absorption of protein was somewhat decreésed,
it was not substantial enough to account for the observed’hypbpro-
tgiqemia; Stéinfeld et al thus speculated that this hypoproteinemia'
was due to increased protein loss from the gut. Other investigators
(Beeken et al 1972, Warshaw et al 1973) later confirmed Steinfald and
co—workérs' speculation of protein-losing enteropathy (PLE) in éa—

J
tients with CD. Using 51Cr albumin or 51Cr chloride, Beeken.et al
- [y

showed that 70% of their patients*with CD had excessive protein clear-
ance, with maximal'values reaching 15 times nbrmal. However, serum
protein levels were low in only eightlpatients. 'Thﬁs,»protein loss is
far more extensive than suggested by serﬁm protein leveis. It is
possible that increased hepatic synthesis of protein_in CD ﬁétients is
maintaining serum profein levels within normal in some patients, des-
plte excessive loss. Though protein loss correlated boorly with the

location of disease and malabsorption of xylose, vitamin B or fat,

12°
it was highly correlated with the length of the diseased intestine.
In contrast, the PLE in studies by Warshaw et al (1973) occurred in a
patient with a comparatively short length (50 cm) of d}seasedtintes—
tine. It was aléo suggested that bacterial overgrowth was contfibut-
ing to protein loss. The presence of éat malabsorption, perhaps

caused by bile acid deconjugation in the presence of bacterial over-

growth, strengthened the suggestion of bacterial overgrowth.
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There are few surveys which describe the incidence of protein
malnutrition in inflammatory bowel disease (IBD) patients (Hill et al
1977a). However, one would expect that protein malnutrition would be
highest in active disease where food intake maytbe low, in extensive
disease where PLE may be high, and post-surgically when\catabolic
stress increases protein requiremlh;. In 1977, Hill et al compared
the incidence of protein malnutrition in various categories of IBD:
ileostomy, remission, elective surgery, acute attack, urgent surgery,
and posg-surgical complications. They found that parameters.indica—
“tive of poor protein status were usually associated with actiye
disease: compared to controls and the other groupé, IBD patients re-
" quiring urgent surgery had lgw values of plasma ‘albumin, transferrin,
pre—albumin, hemogldbin, and greater weight loss. Patients who
developed major complicationé after surgery had éven lower‘values for
the ab: parameters, and also had a lower arm muscle circumference
than ai.y other group. It is difficult to separate the effects of
catabolic stress from those“ﬁ}}‘botein—‘calorie malnutrition (PCMS in
this group which ciosely resé;%}e& the intermediate state described by
Blackburn and Bistrian (2.3.5). Increased amounts of érotein and
energy have been used in total parenteral nutrition (TPN) and enteral
nutrition to decrease symptoms of PCM in.CD patients, both presurgi-
cally and-post—surgically (Elson et al 1980, Goode et al 1976, Harford
and Fazio 1978, Kirschner et al 1981, Milewski and Irving 1980, Voitk
et al 1973). Hééford and Fazio used,TPN as primary or adjuncfive
therapy in CD patignts and reéorted an average weight gain of 9.5

pounds and an average increase in albumin of 0.49 g/dl. Elson et al



(1980) also reported weight gain, positive nitrogen balance and a
similar increase in serum albumin in IBD‘patients with TPN. Though
TPN is almost invariably associated with improvements in protein
status, such improvements are ﬁot exclusive to TPN, and simila£ im-
ﬁrovements are noted with enteral nutrition if it can be tolerated by
the patﬁént. Voitk et al (1973) reported weight ga%n and positive
nitrogen balance in i2/13 IBD patients who were taking elemental
diets, as well as few post—-surgical complications in}the»7 patients
who ultimately required surgery. It is poésible that a lack of post—
surgical complications is due to increased protein intake, as protein
malnutrition has been assoeiated with delayed wound healing and im-
munoincompetence (Moore and Brennan 1975). As well, a relationship
between duration of protein-depletion, weight loss, and serum albumin
has been réported- in rats (Daly et al 1972). Moreover, in these rats,
as duration of protein depletion and weight less increased, bursting
strengthvof a standard colonic anastomosis decreased.

Goode et al (1976) reported the advantages of an elemental‘giet
and a'normal diet to be virtually the same. Lean tissue repletion, as

measured by whgle body 4OK counting was L§n57 and 19% in CD patients

consuqing elementaljf 't and ngrmgl diets tespec&ﬁvely. In a retro-

CD patients ,:p rentera
», W,

diets Oral nutrition has also been sed successfully in children

with ﬁb reverse:gnowth failure, a, sign of PCM (Kirschner et al
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groﬁth velocity in children with CD. On a regime providing 75
kcal/kg/day or greater, patients gained weight, increased lean body
mass and resumed linear growth.

Finally, the catabolic effect of corticosteroid therapy on skele-

tal muscles is well-recognized and documented (Myles and Daly 1974,
-

Young 1970). Negative nitrogen balance and decreased muscle mass are
common in patients taking corticosteroids, regardless of the associ-~
ated illness.

2.6.7 Vitamin B12

Vitamin B12 malabsorption is a common finding in CD (Dyer et al

1972, Farivar et al 1980, Fausa 1974, Filipsson et al 1978). Because
, ,
vitamin B12 absorption takes place in the ileum, one would expect mal-
’

absorption of vitamin B to be related to ileal involvement. How-

~

12

ever, studies have consistently shown that there is a poor correlation
between malabsorption of vitamin B12 and extent of ileal disease

(Farivar et al 1980, Fausa 1974, Filipsson et al 1978). This is

g

likely due to several other factorgiin CD which can cantribute to mal-
. By v
wovergrowth, decreased intrinsic

absorption of vitamin B bacterit

12°

factor if there is gastric involvement, pancreatic insufficiency, lack
.of available calcium in the gut due to steatorrhea, and decreased in-

testinal length.

.

12
test in 7% and 48%, respectively, of unoperated patients. HoWwever,.

and abnormal Schilling's

.

Dyer et al (1972) found low serum B

these abnormalities occurred in a much higher percentage of resected

patients: 33% had a low serum B12 and 83% had an abnormal Schilling's

test. Moreover, the lowest levels of serum Blzyyere found in patients

%
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sample than either of the former studies. Vitamin B

. urinary vitamin B

é'\;‘ ¥ ‘ : o e ‘
who had, had more than 100 cm resection of the ileum. Low gerum 312
was not found in colonic involvement. Thus, in this study, vitami#

12 deficiency was usually associated with resection of the terminal

" ileum and was somewhat related to length of resection. In contrast, ‘

Fausa (1974) reported that malabsorption of vitamin B,

to the 1ength of ileum reéected; but was found in most patients with

ileocolic resection. This finding suggests bacterial'overgrowth due

to contamination of the ileum by colonic bacteria. Filipsson et al

(1978) reported firdings of vitamin By,

12 malabsorption -
. L7 R : ) . : ) . Y
and extent of diseased ileum showed a low correlation. However, 4

3

12 excretion correlated highly (0. 76)%&ith the''length

of ileal resection which confirms the earlier findings of Dyer et al

(1972) 'FurthermOre, vitamin B absorption did not improve signifi—

-12
cantly up to 3-5 years after surg‘ry, though a significant improvement

N

-was observed in patients operated upon for disease confined to the

large bowel. This finding exemplifies the decreasedvabsorption of

-vitamin B that is associated with short-bowel syndrome.

12

N : . .
Farivar et al (1980) examined vitamin B,

12 metabolism in un-

¥

operated CD patients. They found the Schilling's test to be positive
in 422‘of'patieﬁts with ileal or ileocolonic involvement. As with the

»

previous investigators,‘thereywasAno correlation between the extent Of
) : o B ,
ileal involvement and urinary vi;amin'3123 nor between the erhn's
Disease Activity Index (CDAI) and urinary‘vitamin B,,- Moreover, 2
positive bile acid breath test was found in 42% of the pacients;

Though 19% of the patients were found to have Bi1e9acid malabsorption,

wag unrelated -

malaosorption in a 'much larger
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a_ndrmal bile acid absorption in the remaining 23% confirmed that

‘ 4 . v ':
elgvated 1 002 excretion in the breath was due to bile-acid deconjuga-

tidn»in the presence of bacterial overgrowth. Thus, bacterial over-

%

W#cowth was likely cqﬁtriﬁutihg'to.malabsdrption of vitimin B;, in

: these‘patieﬂys‘with CD.

Thus, the above studies have shown that vitamin B, malabsorption

12

“-is not rélatéd,to'the extent nor the severity of ileal disease, but it

related to the length of intestine resected and that bacterial over-
gfowth probébly cqntributes to vitamin B12 malabsorption.

2.6.8 . Calcium/Vitamin D

3

'Thé epdpdint of calcium deficiency in:CD is metabolic bone

disease (MBD). A recent study has shown that thereighs some evidence

¥

of MBD in 60% of CD patients as'measured by ﬁhoton densitdmetry,

microradiological~évaluation of the hands, or bone biopsy (von Westarp

et al 1978). Other researchers havé reporteth osteomalacia as measured
by bone biopsy in 7¥Z (Driscoll et al 1977) and 36% (Cdmpston et’ai
1978) of patients with cD.. )
. rﬁbﬂofmalitieé of Calcium‘metabolism are aséociated with steafo—‘.v
rrhéa (Earnest et al 19745, as uﬁabsorbed fatry écids may form in— ’
solﬁble soaps andxinhibit absorption. -Calcium absorptipn can also»bé
réduced és a.result ofAco;ticosteroid therapy (Avioli etbai'19§?,
Klein.e; al 1977). vhlso,'ﬁecreased %ntake could contribute‘tovgﬁléium
deficiency, particﬁlarlﬂ/iﬁ'the case of lactose intolerancé'(Brooke et
al 1978). 1In addition,'incréaséd}intestinal loss of calcium Baé bgen

[ 4
associated with enteric protein loss (Krawitt et al 1976). ' Calcium

defiCiency%can_also occur secondary to vitamiﬁ D deficiency for which

A
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© proven, that protein—bound’25-0§ vitamin D

r’ég e

52.
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there are several mechanisms: decreased dietary intake,‘malabsorptibn
due to binding of vitamin D by cholestyramine (Compston and Horton

1978),.or decreased absorption due to bile salt deficiency or intesti-

. nal disease (Sitrin'et al 1980). It is also suggested,'thdugh un-

1

3 in PLE (Sitrin et al 1980)

or excessive loss of vitamin D in decreased enterohepatic circulation

(Compsfdn and Creamer 1977, Sitrin et a1'1980) could contribute to

vitamin D, apd thus calcium Qeficiency. There'are'several reports in

the literature whiéh illustrate'maﬁy‘of.the above mechanisms.“\\
. A classic example of osteomalacia diagnosed by bone biopsy was
ooy v o o . }
recently reported in a patient who had undergohe two intestinal resec-

‘0

tions (Sitrin et al 1980). BiochemicalVabnormaliEQESfincluded a low

serum 25-0H vitamin D3'and calcium absorption of only 17% (normal

ISOZ)f. Steroid théfapy and steatorrhea in this patient were undoubted-

ly confributing to calcium malabsorption. Decreased digtary intake of
calcium due to lactose intolerance'Was an additional mechanism for
calcium deficiency. However, vitamin D deficiency due to decreased

intake and/or malabsorption appeared to be contributing to calcium

. ‘deficiency as 2000 I.U. of vitamin D/day succeeded in returning serum

£

"25-0H Yitémin D, levels to normaﬁg Osteomalacia was diagnosed by

3

mqéﬁg of bone biopsy and radiological evaluation 2 .years post-

7

surgically in a woman who had‘undergone ileal resection (Compston and

L . - - ‘ » T '
Horton 1978). Biochemical, radiological and histologfcal improvement

was achieved in 6 months with 50 ug 6f oral 25-0OH vitamin D3/day-

) . : B & .
Intermittent cholestyramine theragy, because of its binding effect on

¥
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bile acids, was suspected of cauéing vitamin D malabsorpgion suﬂgi—
cient to aggravatebexisting mild osteomalacia.

Hypocalcaemic chpree was noted in another patient with CD (Howdle
et al 1979) with elevated alkaline phosphatase and decreased bone

a \\\

den51ty in the hands. Complete neurological response was seen with

. : I
oral vitamin D: because only a single dose was required, Lalabsotp—

: , : §
tion of* calcium secondary to vitamin Dideficiency was sitedlas,the

cause of hypucalcemic chorea and, presumably, of decreased bdne
density. |

| As mentioned previously, there are several possible mecnanisms
for ca1c1um malabsorption, though information on calcium absorption in
CD is sparSe (Krawitt et al 1976). 1In a group of 31 patients thh CD

involving different areas of the intestine, only four were found to

have calcium malabsorption resulting in negatiye calcium balance.
. .. {

, Moreover, there was no evidence of increased endogenous fecal calcéium

or .total secreted intestinal calcium. Calcium absorption was compar-
able in patients with -or without steatorrhea. Furthermore, there was

no correlation between calcium and fat excretion, which suggests that

" the formation of insoluble calcium salts did not piay a major role ind

calcium absorption.;iﬂgwever;.calcium excretion did correlate with

“ ‘protein clearance in éb“ﬁatients, which was from 3-7 times that o§;

controls. This could indicate either that protein-drag of calcium
occurs in PLE,nqr~couldtsimp1y reflect the se&erity of the disease.‘

Somewhat surprlsingly,:there was no relationshlp between steroid

therapy and calcium malabsorption. This findings is in conflict with
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others (Aviodi et al 1968, Klein et al 1977) who have found that

prednisone depresses calcium absorption.

~

Though many researchers have reported low serﬁm-levels of 25-0H
vitamin b3 in CD patients (Compston and Creamer 1977, Compston and

‘Horton 1978, Driscoll et al 1977), only one has examined intestinal

\

absorption or dietary intake of vitamin D, or seasonal variation in

serum 25—OH'vitamin b3 levels. In 1977,.Compstdh and Creamer reported
that absorption of ofally-adminis;erea 25-0H vitamin D3 was sigﬁifi—

cantly lower in patients with small bowel resections than in'COntrols.
However, tﬁis cannot be taken to indicate unequivocal mélabsorption of

vitamin D, as. plasma 25-OH vitamin D, levels after an oral dose are

3

also affected by rate of further metabolism and of tissue—uptake>of

.o

25-0H vitamin D3. The mean vitamin D intake of 1.75 ug/day in these

-
tal O

patients is less than half of,thexRDA of 5.0.ug/day. Thus, decreased
dietary infaké could well be more significant in the etiology of
calqium-deficiency ;han previously recognizéd. This could be of even
greatef importaﬁce in the winter ménths,_as it was showﬁ that serum
25-0H vitamin D3 levels'wéfe lower in th; ma jority of patients in the
winter.months, probagly'due‘to decreased endogenous synthesis of
vitamin D. )

Vitamin D therapy has been used tog%ormalize serum 25-OH %itémin
D3 levels. and to treat bone disease in patients with CD (Compston and
- Horton 1978, Driscoll et al 1978, Sitrin et al 1980). The patient
reported bygbgmpston and Hofton showéd bipchemical and histological

imﬁrovement.on 2000 I.U. vitamin D/day for 6 months. This same dosage

bfought about a normalization of serum OH-vitamin D3'levels in another

A



patient with CD, however Sitrin and co-workers (1980) indicated that
up to 10,000 i.U./dey might be eecessary to normalize this parameter
in other patients. 1In'a larger group of CD patients, Driscoll et al
(1977) reported that 4000 I.U./day was required to maintain normal
levels of serum 25-0H vitamin D3 in most patieqts. Bonefbiopsy one
year later, revealed improvement in parametd}s :hdicative zf osteo-
malacia. However, in one patient who had Severe melabsorﬁtion 252000
I.U;/day was required to maintain a normel eerem ZS—OH vitamin D3
level, but this a§0unt did not improve existing bone disease. The
varietion seen in the foregoing levels of vitamin D therepy are pos-
sibly due to several factors, including use of s;eroids or cholestyra-
mine, seasonal variation in serum Z5-0H D

3

enterohepatic circulation, or dietary intake.

]

3.6.9 Vitamin A

Though fat malabserptionxhas been studied in CD (Dyer and Daﬁsen
1973,,}ilipsson et al 1978) and is known to occur in eome petients,
absorption of fat-soluble vitamins (other than vitamin D) has received
little.attention. Howevef, fat-soluble vitamins are subject to simi-
lar bathophysiological mechanismsvas fatty aciee.and may vefy well be
deficient‘?n some patients with CD.

Russell et ai (1973) reported abno;mal dark—adaptation in 13.
patiente with small bowel disease (six with regional enteritis, six

\ . -

with celiac sprue, and one with jejunal diverticulosis), who otherwise
{ > .

-~

had no signs of vitamin A deficiency. Although they reported 'that all-

patients had normal serum carqtene and serum retinol, 12/13 had serum

retinol lower thané§?§t obsegved in subjects with normal liver re-

level, resection, decreased
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serves of vitamin A (Hume and Krebs 1949;vSauberlich ét al 1974).
This was in spite of the. fact that sgﬁe squects had been taking oral
supplements of 3,500-10,000 I.U. vitamin A/day, and, ﬁhis strongly
suggests maiabsorption, increaée@ loss,ior iﬁcreased requirement.
ﬁalabsorption was‘confirmed as xylose excretion was found fo be ab-
normal in nine patients and fecal fat e#éretion was elevated -in seven
patients. Howeverg.serum vitamin A or serum carqtene were not corre-
lated with degree of fat‘malabsorption. This is not necessarily.
surprisiﬁg as a lack of c5rrelétion betwéen serum cafotene and fecal
fat ﬁas been reported by others as well (Brown et'al 1980,dunpﬁblished
observations).  Moreover, even in vitamin A deficiency and/or malab- -
sorption, sérum vitamin A levels are ﬁaintéined soméwhat'beloQ 45
ug/100 ml1 (Hume and Krebs -1949) but greater than 20 ug/100 ml (Hédges
and Kolder 1971) until late in def%ciency. Thus, absence of a cofré—
< ’ '

lation between serum carotene and fecal fat does not exclude malab--

N

sorption in the etiology of vitamin A deficiency. 1In 2/4 patients
given a parenteral dose of 50,000 I.U. vitamin A and 5/5 patients
given a 25,000 I.U. vitamin A orally for seven days, dark adaptation
failed to reEpfn to normal. 'Following,30‘éays of 50,000 I.U. vitamin
.A/day, dark adaptation returned to'normal iﬁ all bﬁt-two. Several
'Eéasons were suggested by the authors for initial failure of the
vitamig A therapy. It Qas suggested that this initial failure to

' reverse abnbrmal d;rk adaptation in most patients'may have reflected
1ﬁdividual differences in the initial degree of vigimin A depletion.

7Dietary”1nadequacy was ruled out by Russell and co-workers as a cause.

of vitamin A deficiency, since patients were reported to be taking

&}
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.3,500;10,000 1.U./day of-water—miséible vitamin A. Moreover, recent
‘reports of vitamin A therapy for normalization of béwel function in,CD
used 56,000 I1.U./day of retinol palmitate (Skogh et al 1980), a form®

which is even more efficieptly absorbed. 'Furtherﬁore, ié was found
that vitamin A normalized -the altered permeability pattern seen in
some patients with CD.and stoppéd diarrhea; However, since the pa-
tient is being maintained on 100,000 1I.U. retinol palmitate/day, this
suggested not only aecreased absprption, bﬁt increased requirement
and/or utilization é;}well. Alternatively, Rusbgll et al suggested
that rod regeneration in vitamin -s“deficient animals»reqﬁifes 3-5
‘months and the time requifed for such regeneration méy have been
'reflec;éd in prolonged abnormal dark adaptation in their patients.
While this explanation is sound, it suggests that dark adaptation
1acks.éensitivity. Indeed, the use of dark adéptation as a means of
detecting subclinical vitamin A deficiency is somewhatvcontroversial’
(Saubérlich et al 1974, R&Htiguez énd Irwin 1972). 'Furfhermore, serum
vitamin A was less than 20 ug/lbO ml in four patients and less than 30
ug/100 ml in another four pagients, strongly suggesting vi;amin A

. b4
deficiency without the need of dark adaptation determination.

2.7 Ehe Effect of Drugs on Nutrit{ional Status

Q}K.l Prednisone

Breénisone is a glucocorticoid, and as s@ch will éxert many of
the same &etabolic effects as the endogenous sferoid- With increased
steroid s;&fetion or steroid therapy the.Body is geared toward gluco-

neogenesis and both éppetite and protein catabolism increase. The net
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catabolic effects of glucocorticéid hormones on skeletal muscle are
well-recognized and documented (Young 1970), and include loss of
muscle mass and negative ﬁitrégen balance. A curious mobility.of fét,
from the limbs to the trunk énd face eventually results in Cushing's

. .y
syndrome, characterized by a "moon-face"” and "buffalo-hump".g In
addition to this redistribution of adipose tissue, an 1ncre5§e in
weight is also reported (Myles and Daly 1974). 1t is thought‘that
this weight gain is due to improved sympto;s and appetite, as well as .
fluid retention. | |

Prednisone has an éntagonistic effect on vitamin D, pqssibL{\
causing a lower prodﬁction‘of the biologically active form of the
vitamin (Avioli et al 1968). As a resulf, decre;séd calcium transport
and agsbrptiog occur, with a corresponding increase in urinary'calciﬁm
and magnegium. As calcium is resorbed from the bone to maintain serum
» calcium, bone density progressively decreases, eventuélly resu?ling in
osteomalacia (Myles and Daly 19745.

Reports of increased need for zinc in steroid therapy’arg\cohtro—
vesial. .Flynn et al (1971) reported that urinary zinc is elevated and
serum zinc is decreased by high parenteral dose corticosterpids,
whereas Briégs”and co-workers k1971) showed thaf éhort—term oral doses
have no effect on zinc nutriture. However, sig patienté on long-term ’
steroid therapy preﬁ%ﬁ¥?§ wi;h delayed wound healing, which was suc-

cessfully treated with oral zinc sulphate (Flynn et al 1973). 1In yet

another>study, Solomons and Rosenfield (1976) failed to find a signif-

icant difference in'plasma zinc between patients on and off steroidé-
Sy . . .




.

Furthermore, there was a poor.correlation of plasma zinc with daily
steroidkdose,

The requirement for vitamin C appears to increase with cortico;
steroid therapy; McWhirter (1974) showed that ascorbic acid has the
ability to reverse“the inhibitory step in the formation of collagenvin
pétienté who are taking corticosteroids. Mofoover, he reported that
vitamin C also corrects the neutrophilio leucocytosis which has been
reported to occur with.prednisone therapy (Myles and Daly 1974).

Thé need for vitamin B6 appears to be increased in g;eroid
therapy, as well (Rose 1972). Pyridoxal 5-phosphaté is required for
biosynthesis of nicotinic acid from tryptophan. With insufficient

vitamin B

6,’tryptophan is not completely metabolized and intermediate

*

metabolites, °such as xanthurenic acid, are excreted in the urine.
After steroid injection, higher levels of such intermediate metabo-
lites were present, in the urine than before steroids. However, admin-
istration of vitamin B6 prevented accumulation of these metaboliteg-‘

1

2.7.2 Salicylazosulfapyridine (SAS)

SAS can have adverse side effects such as anorexia, nousea, and
vomitting which may, in themselves, cause a reduction in food intake.
Thus nutrient deficiencies may develop simoly because of decreased
ingestion. However, the folate deficiency often associated with SAS
, ﬁay be due to decreased absorption (Franklin and Rosenbef; 1973), or
increased loss due to mild hemolysis.(Das‘et al 1973). Franklin and

Rosenberg found serum folate levéls less than 3.6 ng/ml in 63% of IBD
pationts. In absorption studies with tritiated pteroylmonoglutamic

acid there was a 24% reduction. in folate absorption when patients were

[
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on SAS, as compared to when tﬁey were not. However, Gerson and Cohen
(1976) found absorption of pteroylpolyglutamic acid.to be normal in °
four out of five subjects who were on SAS, though serum folate was low
in two of the five. They speculated‘that the low serum folate was due
to decreased intake. Disc;epanciés in these'gjgkstudies may have been
due to the different forms of folate used, and thus, the need for
stricter attention is emphasized. Recent in vitro experiments by Dha
et al 21976) suggest that SAS intérferes with absorption and utiliza—ﬁ\
tion of folate through competitive inhibition in the in;gstine an;
elsewhere, and that inhibition is related tg;the concentration of SAS.
The m}lq hemolysis observed with SAS tﬁerapy (Das et al 1973) can
effect other hematopoietic nutrients. Indeed; it is thought t§ be a
cause of increased serum ferritin concentration in CD patients with
absent bone marroﬁ hemosiderin (Thomson et al 1978), though studies
- have not been conducted.to determine iron loss or malabsorption with

SAS fherapy.

2.7.3 Oral Contraceptive Agents (OCA)

OCA have many effects on hutrient requiremeﬁts (Theuer 1973).u
Evidence suggestive of foléte deficiency hasAbgen observed in women
taking OCA (Shojania et al 1969, Whitehead et al 1973). Shojania et
al'(l969) found that OCA users had significantly lower serum folate,
red cell folate, and higher FIGLU excretion than controls. However,
within three months after cessatiénrof.the drug, these hematopoietic
parameters and FIGLU excretion of(thevexperimental group returned to
normal. Although there was lack df agreement in several early studies

of folate stgtus in OCA users (McLean et al 1969, Shojania et al 1969,

A}

60



61 -

Spray 1968), this inconsistency was subsequently shown to be due to
tﬁe use of different forms of folic acid (Strieff 1970). Megaloblas-—
tic, cytologic changes reported in the cervical mucosa of abodt 20% of
OCA users by Whitehead‘et al (1973) were thought to be due to folate
deficlency. Moreover, others have found megaldblastié anemia in OCA
users tp be folate~résponsive (Theuer 19f3). Therefore, it would
appear that about 2b—3OZ'6f women using OCA have abnormally low folate
status (Theuer 1973). Particularly if intake is already marginal,
altered metabolism imposed by OCA may result in overt folate
deficiency. |

Rose (1965) was the first to report that women taking estrogen-—
containing contraceptives exhibited an abnormality of tryptophan -

metabolism similar to that present in vitamin B, deficiency. Others

6
(Aly et al 1971, Price et al 1967) also observed increaged.excretion

. of xanthurenic acid and other metabolites after an oral load of tryp-—

fophan. Although it was subsequently shown that supplementation with
25 mg of py?idoxine hydrochloride (Luhby et al 1971) would prevent
excretion of tryptophan metabolites after a tryptophan load, such
supplementation is not necessary to maintain normal levels of metabo-
lites derived from dietafy sources of trypgophan (Lekleﬁ ;; al 1975).

Notwithstanding the frequency with which abnormal tryptophan meta-

bolism occurs in OCA users, there remains uncertainty as to whether

6

users have direct biochemical evidence of vitamin B6 deficiency as

OCA produce a true vitamin B, deficiency. Only about 15-20% of OCA

measured by a higher in vitro stimulation of alanine aminotransferase

activity by pyridoxal phosphate (Lumeng et al 1974). However, pyri-



(V‘

"--I*’&a

doxal phoﬁﬁyate :g? édwtqt;ons\réturqed to normal in most of .Lﬁﬁﬂhets
. t‘;‘ .‘, . w s

within six months, sugg%gting that the qff%ct of OCA on vitamin B

- ‘i.‘\w A ,;-Q,‘.

metabolism is . tempqrary.u§ ‘ ‘f n ey

kY \‘: - » g
Evidence of poor ribg?lavin ‘and thiamin §tatus has also been

reported in OCA users. (Sanpﬁ%ﬁ} ﬁgﬂiChayutimonkul“ 974) Serum and
lfucocyte asgarbic acig.leveISYQQVe been reported to be lower in OCA
users than in controls ZRivers:and bevin@‘1972, Theuer 1973). Also,
serum Biz levels (Wertalik et al 1971) and serum zinc levels (Theuer
1973) are depressed in women using OCA, though serum levels.of other
minerals and vitamins are elévated. LeQels of serum copper, vi?amin A
and iron are higher than normal with the use of OCA (Theuxr 1973).
Serum trénsferrin is increased as well, though hemoglobin xevels are
normal. The need for iron might well be reduced ih_OCA users, as they
generally report lighter menst*ual bleeding than before the use of

OCA. As well, the vitamin K requirement appears to be reduced by OCA

(Scrogie et al 1967), as an increased level of vitamin K dependent

‘clotting factors has been found in the blood of women-using OCA. {A ”t”\

2.7.4 Cholestyramine

Cholestyramine is used symptomatically to treat diarrhea due to

—

bile salt catharsig.' However, cholestyramine sequesters bile,acidsil

and malabsorption of fat and fat-soluble nutrients can occur iﬁeé{os."

et al 1972, Longenecker and Basu 1965, Roe 1968). urthermore with.'
{

prolonged use of the drug, the mechanism may travel full- circle anﬂ

result in bile salt deficiency, thus exacerbating malabsorption of‘:'

fatty acids and fat-soluble vitamins. At least one case of osteo-

malacia due to vitamin D malabsorption has been.documented in a woman
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receiving cholestyramine (Compston 1978, Heaton et al 1972). Chole-
gd'&amine therapy may result in decreased absorption‘of iron and vita-
min BlZ’ as well. Researchers (Greenberger 1973, Thomas et al 1971)
have shown that cholestyramine binds both organic and inorganic iron,
éhereby rédhcing absorption. Work by Coranato and Glags (1973) sug-
gests that competition by cholestyramine for the binding ;itea on the

absorption.

intrinsic factor molecule causes reduced vitamin B12
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3. METHODOLOGY | N

3.1, Selection and Diagnosis of Patients

The study group.consisted of &ll the CD patients who were admit-
ted to the géstroenterology teaching clinic at the University of

Alberta Hospital between April and November, 1979. Of the 47 CD

El

.

 patients, there were 23 males ana'zﬁ females, aged 18.to 62 years.
Diagnosis of Crohn's disgase was madekby the\atténding‘physicians

according to the following criteria: 8
, ' ' : o
(1) Medical history, physical findings, and clinical course '

compatible with Crohn's disease ///

(ii) no known‘enteric pathogens in stooi cultures
. B . o : ’

(141) radiological abﬁormalities éharac;eristic or suggestive
v : ' 8 e T
Of CD . N . £ . @

- (1v) sigmoidoscopy or colonoscopy evaluation and biopsy re-, .
v ‘sults characteristic of CD " K

The Crohn's Disease Activity Index was calculated for’ each ,

patient according to the cqiiéria of Best (1976). ;
Data were collected from patients by means of anthropolmetric mea- >' |
suremehts, dietary interviews, and biochemical tests.

R N

3.2 Anthropometric Measurements -

e

, Eacﬁ pafiént'i height,'weight, mid—arm.cirﬁymference (AC), and
&giifés ékinfold tﬁiqﬁness (TSF) vas obtained at .the clinic. A beém.
gala;:L.with a height measure wé; used to take height and weight data.
Each ;akienﬁ.wag veighedxihVQQreet clothiﬁg:fvithout‘bhoeé'and top

iy

v

.



coat) and relative body weight was calculéted (Blackburn et él 1977,
Jelliffe 1966). Upper AC was méasured by taking the midpoint bdtween

the acromian process of the scapula andithe olecranon procesgs of the

i

" “ ulna. The arm was flexed such that the ulna aﬁd\hu@erus formed a.

right angle, and the midpoint was marked with a pencil. With arm ex-

tended and muscles relaxed, ﬁhe AC was then measured &t this mid-
point, and  percent of 'standard AC‘was:caléulatedp using the standard
of Bistrian 1977. The»mid*arﬁ TSF thickness was measured with the arm

, , R
hanglng relax%i ag,the side. A lengthwiSe”skinfold‘was firmly grasped
» . &

betweenﬂ;he fﬂﬂ§ﬁ§;8ﬁd thumb about one - cm above the site to be

measured. A Lange skinfold cali%gr with a constant pressure of 1

.4

gm/square mm of.jaw surface was appliedﬁto'the site, at a 3Epth ‘equal .

" to thé’skinfo}d and the skinfold measurement was read.',The TSF was

.

recorded as the mean value of three measurements and percent of stan-

dard TSF was calculated (Frisancho 1974).

»

v

Some controversy exists regarding which arm should be used for AC

- and TSF measurements. In the Nutrition Canada Survey.(Dept of

e

¥

‘National Healthignd Welfare,.OtFawé, 1973) skinfold méasuregents_éere.

SO0 '
taken on the left arm, while in the Ten-State Nutrition Sué@%y mea-

surements were taken on the right arm (Frisapcho 1974). Bistrian

c oA

(1974) reported that anthropometric measurements of hospital patients

~ were made on the left arm. After. taking seveialvanfhropometric mea-

surements on both &ides of the bOdy, Ward et al (1975) concluded that
either right or left-sided measurements will'give“equal precision.

,Anthrop6metri¢ measurements of CD patiénts were dome oni;he non-
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dominant arm to aﬁoid bias due to dfééroportibnate muscle dévelopment‘
in the dominant arm (Blackburn 1977).

Mid-afm.muséle circudferénce was calculated from the TSF and AC
‘as desc?ibed by'Jel; fe‘(1966)'and percent of standard AMC was cal-

culated_for each patient.

5.3 Dietary Evaluation

The method used.for dietary assessment was based on,thé method
used in the Nutrition Canada Survéy (Depf_of National Healfh‘andv
Welfare, 0ttaw§,:1973)7 Dietary data were collected by four inter—
viewers: a dietetic ihtern, a graduate student, and two'registered "
dietitians, all of whom were tfainéd.invthe Nutrition Canéqa tech—
niques bf dietary interView. ,Tﬁe.sfandardizéd interviewing techniques;
of the Nutfitién Canada Survey were,used fo-ensure_consistent data‘
-célleétion. Fofty-;hree papien;s‘were inferviéwed at the clinic, one
patient was iﬁterviewed at home, and three patients‘were assessed in~.
‘the hospital. The patient had ﬁo’_prior knowledge of the date of the  °
inéerView, thereby eliminating thevpossibility of aiteriné usual food | N~
- intake to comply with hfé/he; preconcgived idea of what might be
-expected by the infervieQér. Each subject -was asked to reéall all

, . . : . .

foods and beverages he had consumed during the 48-hour period starting
at midnight;three days before the intefview. -Food portion models,

¢

‘constructed according to Nutrition Canada specifications were used for

estimating amounts of food consumed. The models included: 1) cups,

0y

glasses; 2) bowls, plates; 3) fish, ﬁeat, ple models; 4) papier—maché

filled spoons; 5) papier-mache mounds. Each model was coded with a.qga

- [



letter and some models were gérked to denote specific volumes. Letter
gnd numbers_repreéenting the amounts consumed were’entered‘oﬁ the
dietary recall form. In some caseé, alpulér was used to measure
dimensions of specific food items. Caléulation of:the weight of the

' Q . Y

portion in grams was then possibie using the dénsitics of foods

(gm/cubic inch) provided by Nutrition Canada. For each food item

recalled by the subject, the interviewer recorded the time of cohsump—

tion, an exact description of the food item and- the amount consumed.

Details were requested from mothers or wives when male‘subjeéts could

v

not recall details about what food: was sereved or how it was prepared.

In some cases, recipes were obtained from the patients. For hospital

intakes, the food was>weighed‘in grams by the interviewer before

- tray was Egken to,theﬁpatienf. TheEQeight'was later corrected
food not eaten. Two patie;ts (one maié and one female).were taking
parénteral-nutrition. The‘nutrient contributions of the parenteral )
nutrition were.iater added to the gomputer_célculation of nutrieng

intake.

Each fﬁgd was subsequently coded by’ the interviewer, using the

}individual code numbers from Composition of Foods, Agricﬁltural
Handbook No A.(Watt and Mérrill 1963), éﬁd'additidhal code numbers
created by utritién Canada and D.A. Smithf(1977). Food intake daté\
were then ke unched and converted to nutrient intake using the tape
.of the computer program which was ;sed by Nutrition Canada to calcu-
late nutrient 1ntakesl' Daily intake wﬁé computed for ;he'folldwing

"nutrients: energy, prbéein, carbohydrate, fat, crude fiber, ironm,

‘vitamin A, calcium, phosphorus, thiamin, ascorbic acid, vitamin Bios

o

.
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vitamin B6’ pantothenic acid, free folate, and total folate. Vitamin

]

D intake was calculated by hand.
Food cohsumption'patterns were studied by categorizing foods into

" the nine ma jor food groups used to prepare the Nutrition Canada food

consumption patterns report (Dept of National Health and Welfare

G
1978):;.féts and oils; fruits and fruit products; grain and grain
products; nuts, soybeans and miscellaneous seeds; meat, fish, poultry,
and eggs; milk and milk products; sugars and sweets; végetables; mixed
dishes; and soft drinks. The food group and subgroups are 1iéted in
"~ the appendix (Appendix 33). The daily intake of each food group in
grams was calculated by the computer for each patient. = Y
- o ’ 4 ‘vy
¥ A

. 24
3.4 Biochemical Tests

,- ~ : .

Laboratoryf%égfrminations were performed for each patient on the
b . . . : ' 3
; day of interview or as close as‘possiple to that day. For some pa~ .
tient% thevlaboratory'tesfs had bgén performed usually wit Jihe
Mi?“three@ponthsﬁahd the tesg&&gfe not repeate&.. All deter-—
minations were made within th;&Deparfgént sf Léboratory Medicine,

precedi

University of Alberta Hospiug}, Edmonton, by the standard method used

! . % .
there (Appendix 34). e ‘—’

@
For the biochemical tests, the reference values used by the

Department of Laboratory Medicine at the University-of-AlbertQ?m“ ,3§§®'

Hospital, Edmonton were chosen for comparison to the CD group. The
reference values at the University of Alberta Hospital are determined
in one of two Wways: either by determination of the distribution of

biocﬁnfical values of 10,000 qr more patients presenting toﬁfhe_ » ?
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Hospital, and/or by reference to the current literature. Therefore,

the reference values used in the present study are not necessarily the
same as those for a healthy population and, thus, some values may

differ slightly from those in the current literature.

3. 5 Statistical Methods

The data collected -.antht0pometric measurements food intake and
biochemical 1lab yalues - were keypunched and transferred to computer
tape for'analysis:4 Deséfiptive'statistics were Calculated for each
aii ‘bCumulative percentage distributions were calculated from

distribution tables. CooEE
- '

'7~6n correlation coefficients were calculated between nutrient

‘ihéAke and biochemical parameters (Dunn 1964).

’w\
%Y

The Student s T—test was used to determine whether there wa®” a
significant difference in nutrient density between male and female

Crohn 8 disease patients (Dunn 1964).



4.. RESULTS

4.1 (Clinical Characteristics of Crohn's Disease ﬁééients
‘&The mean age of CDQ;dﬁients was similar in the méle (31 yrs) and
the female (32 yrs) groups (Table 1). The mean height and weight of .
the CD’patzénts‘wére close to that of the average North Americaﬁ male
and female. ﬁelative‘Leight was close to 100% fgr both malesiand
females; Thé‘trié%ps skinfold (TSF) and-arm m"cle circumference
(AaMC) measurements are given bﬁth Iin mm and percent of standard. The
mean percent of standafd TSF was 120% ig“ﬁales as compared to 957 in
females, iﬂdicating that as a group, male CD patients were ﬁgstefcihan
'femaleS.; Muscle reserve was slightly depleted*in<both mal:; énd -
females, belng 98% and‘954, respectively, of(standard arm muscle

>

circuﬁfereﬁce. ' : w
The_numbef of patienfs on steroids was 65% for both the male and

female grOups. The éite of disease Qaé‘remarkably similar, as l4

: males " .15 fgﬁalgs had ileal—cblopic involvgment, 9 males and 8

females had CD of the ileum, and one female had“polbnic iﬁvolbement

" only. The mean duration of disease was slightly higher in females,

being 95 months (6-324), as compared to a mean duration in mdles of 74

gk Gy e Gk
months’ (6"ﬁ%)i Thus, it was interes‘éﬁg &t man‘ Crohn's
- :

. F
Disease Activity Index was also higher in females than in male%};being

118 (0-434) and 46 (0-188), respectively.

-

. . ik
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Table 1:

Chakacteristics of Crohn's disease

71

patients

females; Bistrian (

1977) -

Standard arm muscle circumference:

27.0 cm for males,

)

a \\\Malesl Females2
: 3r \ 3.
Mean™ - Range Mean Range
Age (yrs) 31 + 10 (18 - 62) 32 £ 11 (19 -~ 56)
> ““Hdight (cm) 176 * 6 66 — 189) 164 * 6 (150 - 170)
weight (kg) 72 £ 10 (55 - 90) 58 + 11 (44 - 85)
Relative weight4 102 t 15 (78 - 136) 100 * 20 (73 - 150)
Triceps skinfold X : :
- mm 13.1 + 6.2 (3.0 - 26.0) 18.1 % 7.4 (7.0 - 35.0)
- % of standard 120 * 58 (27 - 232) 95 * 39° (34 - 184) »
Arm Muscle Circumference _ oo ' , .ﬁ%gqgg
- cm 25.6 + 3.0 (19.0 - 32.0) 20.9 * 2.7 (18 - 29y =%
. » = % of standard 95 * 12 (70 - 119) 98 £ L3 ¥ (83 -2136)
' ) . . ‘ : . Ao
" Duratibn of dikeasé ‘(fio) 71 ' w (6% 216) 95 (6 - 324) .
. . . a\ E4S
Crohn's Disease Vgéﬂ
Activity Index 46 (0 - 188) 118 (0 - 434) o
Site of disease (ileum,
colon, ileum,6 & colon) 9-0-14 - 8-1-15 -
. (o
‘Steroid therapy (%) 65 - 65 - )
4
1 / v
2 Number of subjects = 23
. Number of subjects = 24
3 +
4 Values are means I s.d.
‘Calculated as % ideal weight for height according to 1959”&etr0politan
5 Standards, Jelliffe (1966). ’
" Standard triceps skinfold: 11 mm for males, 19.mm for females;
6 Frisancho (1974). ' '

21.3 cm for



4.2 Dietary Intake

4.2.1. Nutrient Intake

The nutrient intake is reported in Tables 2 (males)
(females) as the mean and the range. 1In the last tw# columns the

Recommended Dietary Allowance (RDA) and nutrient intakes of Nutrition

Canada (NC) pérticipants are gi‘venﬁt comparison. The mean nutrient '

intake in CD‘patients was less thé‘“the»RDA in the male group for

and folate (Table 2). In the female CD patients, the ‘mean

L

vitamid‘B6

int;ke of vitamin B folate, iron, calcium, and vitamin D was less

6’
than the RDA (Table 3). However, there was a wide range of intakes
within .each nutrient (Tables 2 and 3). Thus,’the adequacy of intake
) S

according to the RDA is given 1n'Tablgg,g'(ma1es) and 5 (females).

. i : ) ‘
The numbers in eacH column indicate the cumulative percentage of
patients consuming the full RDA, 2/3 RDA, 1/2 ‘RDA, and 1/3 RDA. Less

than 50% of the male CD patients were*consuming the full RDA for a
. v o X
number of nutrients, and the percentage of patients who /did consume

the full RDA is given in brackets: energy (49%), vitamin A (48%),
vitamin B, (13%), and folate (0%). Even at 1/3 RDA, less than 100% of

the men had achieved this level of intake for vitamin A, vitapin'C,

vitamin D, and folate. The arréy of niufrients in which 50% or fewer

of the female CD patients achieved consumption of the full RDA was
- - h)

' greater.fhan in the males. The percentage of females who did consume
, . \ i o
. the RDA for the following nutrients is indicated in brackets: energy
) . _ , ) , ;
(33%), calcium (38%); iron (17%), vitamin A (50%), pantothenic acid

(38%), vitamin B¢ (13%6, folate'(hZ), vitamin B,, (50%), and vitamin D

© (30%). -Similarly, a greatgr'nnmber of females than males failed to
4 / . ' ‘.‘ ) s

»
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Table 2: Mean daily nutrient intakes of male Crohn's diasease patients;
comparison with Recommended Allowances and Nutrition Canada

Daily nutriént Intakes Nutrition
Nutrient Mean! - Range RDA Canada®
Energy (Kcal) 2861 + 912 1312 - 4486 2300 - 3100 3349
Protein (g) 103 = 37 56 - 200 56 Yol ]
Fat (g) 116 + 44 39 - 215 - © 155
Carbohydrate (g) <333 * 116 182 - 699 ‘ - 337
Crude fiber (g) 43t 1.6 1.’9 - 7.5 _— 4.8 7
Calcium (mg) 1048 + 675 295 - 3222 800 1189
Phosphorus (mg) 1679 * 666 634 - 3343 800 -
Iron (mg) ; | . 17.6 i 7.1 7.4 —‘44 10 = 19
Vitamin A (RE)S‘ . '1133.1 630 241 + 2834 | 1000 . = . 2145
Vitamin A (IU) 6353 * 4641 957 - 19952 - Mi

- Carotene (IU) - 3828 59 - 15785 . . - -

- Retinol (IU) 2597 . 524»— 4662 = \ -
Thiamin (oY | 1.92 1.9 0.6 - 10.0 - 1.4 t1.7
Riboflavin (mg) 2.4 t1.1 0.9 - 5.2, 1.6 3.04
Ascorbic acid (mg) » 187 * 181 5,16 = 922 60 1147
Pantothenic’ acid (mg) 6.3 + I 2.2 =19 4 -7 .
Vitamin B6 »(mg) 1.9 % 1.4 0.7 - 7.7 2.2° . -
Vitamin B12 (ug) 4.7 £ 3.8 1.1 - 19 3.0 . -
Folate (ug)® 211 * 90 7 - 386 400 226
Vitamin )D'-(IU) 281‘ + 237 0 - 911 200 -

'\; Each value is the mean.of two days. n * 23 LN

Recommended Dietary Allowances, Revised 1980, Food and Nutrltlon
Board, National Research Counc1l National Academy of Sciences,
Washington, D.C.

2 Mean daily nutrient intakes of males (20 - 39 years), Prairie rqgion
5 Values are means ¥ s.d.
RE = retinol equivalents; 1 retinol equivalent = 1 ug retinol (3.33 i
6 I1U) or 6 ug B-carotene (10 IU) ’

Total folate



Table 3: Mean daily intake of female Crohn's disease patiEnts;
comparison with Recommended Allowances and Nutrition Canada

-
\

\ Daily nutrient intakes Nutrition
Nutrient Mean1 Range RDAZV Canada3
Energy (Kcal) 1867 * 866° S71 - 4303 1600 - 2400 1946
Protein (g) 68 £ 31 - 23 - 134 VR 75
Fat (g) % t 39 26 - 197 - 88
Carbohydrate (g) 232 * 114 54 - 540 - 207
Crude  fiber (g) 3.3t 2.2  0-8.6 - 3.2
Calcium (mg) 707 * 526 103 - 2131 800 788
Phosphorus (mg) 1114 + 562 325 - 2476 800 -
Iron (mg) “'11,7 +6.2 0.0 - 26 18 © 12
Vitamin A (RE)® 1056 * 806 208 - 3557 800 1134

. Vitamin A (IU). 5131 * 4422 1014 - 19423 - -
- Carotene (IU) 3973 0 - 17719 - -
- Retinol (IU) 2194 534 - 11308 - -
Thiamin: (mg) 1.4 £ 1.9  0.29 - 10.0 1.0 1.1
n (mg) 1.7 ¢ 1;1 0.4 - 5.0 1.2 i.é
AR acid (mg) 135 % 120 11 - 500 60 90
Pangothenic acid (mg) ?4;2 2.6 1.7 - 13 4 ;”; -
Vitamin B6 (mp3® 14t T3 0.4 - 6.0 2.0 L
Vitamin B12 (ug):  _ .3\3 % 7.1 .0.5-33 3.0 .
Folate (ug)®  ¢185\3 122 54 - 500 400 145
Vitamin D (IU) _ 167 133 6.5 - 500 200 -
; Each value is the mean of two daYs: n = 24. ’

From Recommended Dietary Allowances, Revised 1980, Food and Nutritigﬁ,
Board, National Research Council, National Academy of Sciences,
Washington, D.C.

2 Mean daily nutrient intakes of females (20 - 39 years), Prairie region
5 Values are means ¥ s.d. "\ _ '

RE = retinol .equivalents; 1 retinol equivalent = 1 ug retinol ¥{3.33
6 IU) or 6 ug B-carotene (10 IU) <

Total folate
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Table 4: Percentage of male Crohn@b di:;as;‘paé§fnts
y
meeting the Recommended Allowa%ééBAAJ !ﬁ
. .
Percentage of intakes‘mééting allowances1
Nutrient Full RDAZ"  2/3 RDA 1/2 RDA 1/3 RDA
Energy 49 « 87 96 100
Prétein 160 100 100 100
Calcium 52 78 . 91 100 -
Phosphorus 96 100 100 100
Iron 96 100 100 »100
Vitamin A 48 83 91 96
Thiamin 61 91 196 100
Riboflavin 87 - 9 100 100
Ascorbic acid 87 91 91 96
Pantothenic acid 74 91 100 - ¥ 1100
Vitaﬁin B6 - 13 57 74 100
Vitamin B12 74 96 96 100
Folate 0 26 48 74
Vitamin D 57 70 83 91
w

R

Percentages were calc&lated from mean nutrient intakes of 23 males

From Recommqued'Dietary Allowances, Revised 1980, Food and Nutrition

Board, National Research Council, National Academy of Sciences,

Washington D.C.

¥

r]
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Table 5: Percentage of female Crohn's disease patients

meeting the Recommended Allowances
) v RS ‘

[ .
 Percgg;a3gA9f intakes‘mééting allowances®

Nutrient Full{z 2/3 RDA 1/2 RDA 1/3 RDA
Energy 75‘ ‘ﬁBil Y N

Protein “ﬁﬂq 9 00 100

Calcium 38 158 67 15

Phosphorus L eo0n 83 92 100

Iron 17 38 75 88

Vitamin A S 50 71 ' 75 N 96

Thiamin 54 © 83 92 100

Riboflavin _ 63 83 92 100

Ascorbic acid 67 - 75 88 92 ‘

Pantothenic acid K1 B 67 79 100

Vitamin Bé ' 13 38 ‘ 54 ; 79.

Vitamin B12 ‘ 50 58 75 : 96
.Fc;late 2 ’ 8 21 ST ’ 58

Vitamin D | 30 58 o 75 ¢

. ]
1

Percentages were calculated from mean nutrient intakes of 24 females
From Recommended Dietary Allowances, Revised 1980, Food and Nutrition
Board, National Research Council, National Academy of Sciences,
Washington, D.C. : :

L .
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consume 1/3 RDA for a wider range of nutrients. Less than 100X of the

femaleé achieQed consumption of 1/3 RDA for enefgy, calcium, iron,

vitamin A, ascorbic acid, vitamin 36’ vitamin Blz,‘falate, and vitamin

Do » @

"4.2.2 Food Consumption Patterns-

Table 6 describeg the mean daily intake of food groups for both

the CD group and NC participants, and expresées‘thejrespective intakes
ban!

. . SO
in grams per day. The column “Relative Intake"” expresses the nutrient

intake of CD patients as percent increased ;r decreased gomphred to NC
intake. Congumptioﬁ of food groups was similar with the followihg'
exceptions: fruiﬁ intake of the male CD patients was increased 79;j
and soft drink consumption was decreased 762 compared to NC. uFof
female CD patients, fruit consumptioﬂ was increased 69% compared ‘to NC

a

participants.

4.2.3 Nutrient Density ' o
. , ,

The nutrient intake/lOOO kcal for the male and fémale CD patienfs

- 1s given in Table 7. The nutrient intake/1000 kcal was the same in
‘ y .

the male and female groups.for all nutrients, except vitamin A and

folate, of yhich the males consumed smaller amounts than females Zp <

0-05).- . s %

4.3 Biochemical Data for Crohn's Disease Patients. -

The data in Tables 8 and 9 present the results of hematological -
Y . 55 oL
and bigchemical tests for male and female CD patients,-respectively.
. N ‘{ ey ’ . . ‘
The numbers of patients in whom each test was performed varies and is

given in the first column. The mean values and range of values for

-
)

-

77



78

Table 6a: Mean daily intake of food groups of Crohn's disease

patients. (males); comparison with Canadian Population

Crohn's ' Nutrition ' Relative

Food group ‘ patients1 Canadé 2 ‘ Intake
& .
o (grams) (grams) %)
Y . 4 5 q
Fruit products 438 * 327 244 , + 79%.
Vegetables 276 * 137 .~ 344 . - 20%
Dairy Products 471 * 482 420 T 412
MPFE ° | : 212 * 82 285 - 26%
Cereals ' 271 * 177 282 Co-
\ . ’ .
Foods - Sugar 7 52 % 45 64 - 19%
> : ¥
Fats and Oils ' 26 * 26 : 3?, . - 19%
Nuts and Legumes 13 t20 Y15 - = 137
Mixed Dishes . 87 + 105 132 - 34%
Soft Drinks ‘ 96 * 218 o 408 : - 76%
1 w
2 Number of patients = 23 .
. Canada Department of National Health’and Welfare, Nutrltion Canada.
3 "Food Consumgﬁion Patterns Report. Information Canada, 1976.
. [Crohn's patients intake - Nutrition Canada intake]/Nutritlon Canada
4 Intake
5 Values are means # s.d.
Values for young adult males, 20 to 39 years of age. National
6 figures K
7 MPFE = meat, poultry, fish, eggs

Foods’ primarily sugar: sugars, cake icings, syrups honey, molasses,
jellies, jams, cahdies, chocolate syrup, gelatine dessert powders.:



Table bb:

Mean daily intake of food groups of Crohn's disease

patients/kfemales); comparison with Canadian Population

/

79

Canada Department of National Health and Welfare,

3 Food Consumption Patterns .Report.

[Crohn's» patients’
Intake

Information Canada,
intake — Nutrition Canada intake]/Nutrltlon Canada

Crohn's Nutrition Relative

Food group patientsl Canada Intake’ 3
. (grams) (grams) (%) .
Fruit pgo&ucts 344 * 308 2045 +v692
Vegetablas 204 £ 163 233 -'12%
Dairy Products - 265 + 262 289 Y
MPFE © 138 * 76 160 -4
Cereals 194 = 132 198 / Y
ivoggs - Sugar’ 33 % 46 t 44 ,‘/ - 25%
ants\?and Oils 20 + 18 22 - - 9%
Nuts and»Legumes' - 37 8 - 62%
Mixed Dishes. 87 % 79 106 - 18%
. so%t‘ﬁr\iﬁks 138 * 129 | 175 - 19%

é Number of patients = 24

Nutrition Canada.
1976..

-

5 Values are means # s.d.’

Values for young adult femalgs, 20 to 39 years of age, Natlonal

figures

"Foods 'primarily sugar:

' ; ~ MPFE = meat, poultry, fish, eggs

i

sugars, cake icings, syrups;

+ Jellies, jams, candies, chocolate syrup, gelatine dessert powders.

‘honey, molisses,
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Table 7: Nutrient densities of intakes of

Crohn's disease patients

¢

Nutrients per 1000 kilocalories

Males ‘ ' Females
(n = 23) (n = 24)
~ Protein (g) ‘ 37 - 38
Calcium (mg)‘ ) » 360 ) | 367
Phosphorus (mg) 586 | o 606
Iron (mg) | : 6.4 ‘ 6.5
~ Vitamin A (RE) 392 * ' 601 *
~ Thiamin (mg) 0.61 0.5
Riboflavin (g 0.90 5}}; 0.94
Ascorbic acidp(mg) .l 61 »‘ 76
Pantothenic acid (mg) 2.2 - 2.2°
Vi;amin B6 (mg) 0.65 0.74
Vitamin B12 (ug) . 16 | 2.9
Folate >(\ug) 75 * , * 101 *
Vitamin D (I.U.) 92 85
Crude fiber (g) o 1.6 , 1.8

Lk Cbmparison between males and females p < 0.05.

Statistical test used was Btudent's t-test.
L .
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Table 8: Blochemical data of male Crohn's disease patients

Percentage of

Biochemical data : Reference patients with
Parameter . ’ n1 Mean Range vllue2 low vnlhes3
N o y ‘. ”~
Serum -1bum1n’ﬂ(g/dl) 19 412 0.4 3.6 - 4.9 3.0 - 4.8 0
Total lymphocyte count (/ma) 26 1798 * 1045 222 ~ 589é 1500 - 3500 50
’ Heamoglobin (g/dl) . o .23 14.0 = 1.6 10.3 - 16.6 .13 22
Hematocrit (Z) 22 41.5 % 4.2 | 32.4 - 48.7 40 -~ 54 23
i Mean corpusculnr. hemoglobin . .
concentration () 22 34 £ ) 32 - 35 32 - 36, - 0
Serw {iron (ug/dl) 18 61.4 * 33.3 . 14 - 130 80 ~ 1%- 67
) v'ro:al iron binding capacity (ug/dl) 18 319 = 79 | 155 - 496 250 - 400 17
Transferrin saturation (%) 18 20 ¢ 11 4 - 36 20 - 55 50
Serm ferritin (ng/ml) 17 189 t 242 . 16 - 999 15 - 200 . 0
Sermm folate {ng/al) 19 %.2 3.5 0.5-16.9 3.0 - 15.0 37
Serum vitamin Bl2 (pg/lll)l 18 a56 * 174 94 -~ 700 140 - 520 11
. Serum calcium (mg/dl) 21 9.3 2 0.4 \B.B - 9.9 8.5 - 10.5 0
Serum phosphorus (mg/dl) 21 3.5 * 0.6 2.1 - 4.4 2.5 ~ 4.8 5
* Seruwm vitamin D‘(nngl) .10 20 2 13 6. - 43 > 10 20
Serum carotene (ug/idl) 13 63 t 10 8 - 109 50 - 250 38
. Alkaline phosphatase (iU/l) ) 20 . 127 209 ’ 31 - 1092 40 - 110 10
; n' = npumber of patients

The range of normal values, from the Depnrnent ofwubontory Hedicine, University of Alberta:

'3 Hospital, Edmontou

Percentage of patients with values below the reference value, uccpt for nllulxn- phosphatase which
states the percentage of patients above the reference value

Values ire means f s.d.

81
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Table 9: _liochenicil dats of female Crohn's disease patients

Percentage of

/ Biochemical data Reference patients with
Paraweter n1 Mean Range value2 low vnlues3
Serum albunin (g/dl) . 24 3.9 t 0.6" 2.8 - 4.8 3.0 - 4.8 13
Total lymphocyte count (/ma) 22 1564 * 999 275 - 4250 1500 - 3500 55
Hemoglobin (g/dl) . : 24 12.6 £ 1.6 9.2 - 15.2 > 12 29
Hematocrit (2) 23 38 5 30 - 40 37 - 47 30 -
Mean corpuncul-.r hemoglobin
concentration (X) 22 33 ¢t 31 - 35 32 - 36 9.
" Serws iron {ug/dl) 22 54+ 30 9 - 132 60 - 150 60
+ A
. Total iroc binding c,p‘lcity (ug/dl) . 22 309 * 68 164 - 430 250 - 400 15
] .
Transferrin llturl:{on (1) 22 18 * 10 6 - 52 20 - 55 . 68
Serum ferritin (ng/n\}\)\ e . 17 101 * 100 13 - 324 - 15 - 200 .18
- Serun folate' (ng/ml) 22 4.2 2 4.4 0.6 - 16.9 3.0 - 15.0 ° ‘ 50
Serum vitamin Bl2 (pg/ml) 19 363 * 239 84 -~ 908 140 - 520 11
Serus calcium (mg/dl) 24 9.0 £ 0.5 8.2 - 10.1 8.5 -'10.5 17
Serum phosphorus (mg/dl) 23 3.5 £ 0.7 2.5 - 5.0 2.5 ~ 4.8 0.
Serum vitamin D (ng/dl) - 9 23 : 10 9 - 38 > 10 11
Serum carotene (ug/dl) ' 15 76.5 * 6 37 - 121 S0 - 250 13
Alkaline phosphatase (IU/1) ' 23 72'+ 23 32 - 110 40 - 110 0
; o = number of patients * .
The range of normal values, from the Department of Laboratory Medicine, University of Alberta
3 Hospital, Edmonton "
Percentage of patients with values belov the reference value, except -for alkaline phosphatase which
4 states the percentage of patients sbove the reference value .

Values are means * s.d.



each parameter 1s indicated. The reference values used by the
Department of Labo:ator; Médicine at the University of Alberta
Hospital are given in the second column from the right and percentage
of patients with values less than the reference values is given in the’
last column, One-third or more of the men had values less than the
lower limit of the reference value for the following parameters:

" total lymphocyte count (50%), transferrin saturation (507%), serum iron
(67%2), serum‘carotene (38%), and serum folate (37%) (Table S)f 6ne-
third or more of the women had values less than the 10wér limit of the
reference value for total lymphocyte couﬁt (552), serum iron (607%),
transferrin‘saturatién (68%), and serum folate (50%) (Tab}e 9)..

3

4.4 Correlations Between Selected Nutrients and Biochemical Tests

Pearson correlation.coefficients between selected nutrients and

~

biochemical pgrameters’are shown in Tables 10-13, inclusive.

4.4.1 Correlations between dietary folate, iron, protein,

vitamin B,, vitamin B12’ vitamin d, and biochemical

parameters

In males, correlations were found mainly Petween‘dietary parame-~
ters: highly.signifiéant correlations were found between dietary
protein and each of dietary folate, iron, vitamin B6 and vitamin B12;
éietary iron and dietary vitamiﬁ B12; dietary iron and dietary folate;
dietafy vitamin C and each of dietary vitamin 36 and serum ferritin
(Table 10). In feméles, dietary folate shoﬁed a highly significant
correlation with a number of dietary paraméters; including dietary

vitamin BlZ’ vitamin C, protein, and vitamin Bg (Table 11). Serum

83
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Table 10: Pearson correlation coefficients between intakes of selected nutrients

and hematological data of male Crohn's disesse patients

Dietary parameter : Hematological parameter
‘< "".“ = - A : 7 . Total

Veriable ' Vitsmin Vitamin Vitamin| Serum Serum Serum Lymphocyte

Folate1 Iron1 c1 Proteinl BlZ1 l61 Fol-te2 Fert1t1n2 B122 Count2
Dietary patameter
folate 1.0 0.60%% 0.14 0.55%+ 0.27 0.12 -0.01 -0.21 -0.03 . -0.23
iron 0.60%* 1.0 ~0.05 0.75%# 0.41% - 0.12 0.06 -0.32 0.23 -0.34
Vitamin C 0.14 -0.05 LIO Q.27 0.25 0.85%* 0.07 0.74%% -0.21 -0.35
protein 0.55%%-  0,75%% 6.27 1.0 0.73%%  0.41% 0.02 0.09 0.39 -0.38*
Vitamin )ﬂ
B12 0.27 0.41% 0.25 0.73n# 1.0 0.22 -0.20 0.09 . 0.43% -0.40%
Vitamin B6 (.12 0.12 6.85*‘ Q.41 0.22 1.0 0.18 0.74%* -0.25 ~0.44*

) b

Hematological parameter
Serum .
folate -0.01 0.06 0.07 0.02 -0.20 0.18 1.0 ~0.11 -0.10 0.03
Serum
ferritin = -0.21 ~0.32 0.74%n 0.09% 0.09 O.74%% -0.11 1.0 -0.24 -0.65%*%
Serunm .
Bl12 , -0.03 0.23 =-0.21 0.39 0.43* -0.25 -0.10 ~0.24 1.0 0.04
Total ‘
lymphocyte
count -0.23 -0.34 -0.35 -0.38% -0.40* ~0.44* - 0.03 -0.65%* 0.04 1.0
1

2 Number of patients for correlations between nutrients wvas 23
Number of patients for correlations between nutrients and hematological data varied from 17 to 20; see
Table 8 for hematological data

* Correlation coefficient significant (p < 0.03)
#* Correlation coefficient significant (p < 0.01)
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Table 11: Pearson correlation coefficients between intakes of selected nutrients
and hematological data of female Crohn's disease patients
N
Dietary parameter Hematological parameter
Total

Variable Vitamin Vitamin Vitamin | Serum Serum Serum Lymphocyte

Fola:e1 Iron1 Cl Proteinl BlZl 561 Folate2 Ferritinz‘ 3122 Counc2
Dietary parameter
folate 1.0 0.41* 0.82%%  0.60%%  0.70%*  0.74%* 0.59** -~0.10 0.26 -0.17
iron 0.41% 1.0 0.12 0.81** -0.22 0.09 -0.20 -0.27 -0.01 0.13
Vitamin C o,p;*‘ = XA 1.0 0.34% 0.70%*%  0.66%* 0.52%*% -0.09 0.22 -0.04

.
protein LR ﬁtw 0.36* 1.0 0.13,  0.37* -0.05  -0.16  -0.06  ~-0.08
Vitamin } </
Bl2 0.70%*  -0.22 0.70*' 0.13 : 0.58**  0.05 0.15 -0.35
Vitamin B6  0.74** 0.09 0.66%%  0.37% 0.78%% 1.0 0.47%% -0.07 0.58* ~0.34
Hematological parameter t.
Serum
folate 0.59%*  -0.20 0.52**% -0.05 0.58%%  0.47%k* 1.0 -0.01 0.14 -0.24
Serunm
ferritin -0.10 -0.27 -0.09 -0.16 0.05 -0.07 -0.01 1.0 0.58% 0.33
© Serum

Bl12 0.26 -0.01 0.22 -0.06 0.15 0.58% 0.14 0.58*% 1.0 0.17
Total
lymphocyte N
count -0.17 0.13 -0.04 -0.08- -0,35 -0.34 -0.24 - 0.33 0.17' 1.0

. , ]
1
2 Number of patients for correlations betveen nutrients vas 24

Number of patients for correlationa ‘between nutrients and hematological datn varied
Table 9 for hematological data

* Correlation coefficient'significunt (p < 0.05)
Correlation coefficient significant (p < 0.01)

*k

I3

from 17 to 22;

sle
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folate was the only laboratory parameters which correlated with nutri-
ent intake, and it was correlated with dietary folate, vitamin 812’
vitamin B6' and vitamin C (Table 11). Other pairs in which correla .
tions were observed were dietary iron vs dietary protein, and dietary

vitamin B12 vs dietary vitamin C.

4.4.2 Correlations between dietary calcium, phosphorus,

protein, vitamin D, and biochemical parameters

v
As in the previous section, correlations were found mainly be-

tween dietary parameters. ﬁIn Table 12, significant correlations were
found between the following pairs of dietary intake in males: calcium
and vitamin D, calcium and protein, calcium and phosph;rué, phosphorus
and protein, phosphorus and vitamin D, protein and vitamin D. Signif-
icant correlations (p < 0.05) were also observed between serum calcium
and each of dietary calgium, dietary phosphorus, dietary protein, and
dietary vitamin D. HoweQér, the correlations were low and since all
of the serum calcium concentrations in the male CD patients were
normal, clinical application of this finding is limited. Table 13
shows highly significéﬁt correlations in females between all the

possible pairs of dietary calcium, phosphorus and vitamin D. As well,

serum vitamin D was correlated with serum calcium.

4.5 Correlations Between Anthropometric and Biochemical Parameters

Table 14 shows Pearson correlation coefficients between anthropo-
metric and selected biochemicql parameters. A highly significaht cor-
relation was found between relative body weight and arm muscle circum-

ference in both male and female CD patients. In females, correlations
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Table 12: Pearson correlation coefficients between selacted nutrients and hematologics) data
of male Crohn's disesse patients -
Dietary parameter . Hematological parameter
Serum Total
Variable Serum Serum Serum Alkaline Lymphocyce
C.lcluﬂl Pholphorull Pro:nlnl Vitamin Dl Culclu-2 Pho.phorul2 Vitanin Dz Pho-phutnaez Counl2
Dietary parameter
Calcium 1.0 0.87%* Q.774n 0.86%* 0.37+ 0.15% 0.08 -0.19 0. 40
Phosphorus 0.87%* 1.0 0.94%# 0.78%= 0.38* 0.12 0.09 -0.17 ~0.4b4*
Protein Q.77= 0.94%* 1.0 0.66%* 0.40% 0.02 0.29 -0.14 -0.38*
Vitamin D 0.86%* 0.788» 0.66%* 1.0 0.41* 0.10 -0.35 -0.10 -0.38
-
Hematological parameter
Serum
calcium 0.37* 0.38* 0.40* 0.41* 1.0 0.00 0.30 0.06 -0.01
Serum
N phosphorus 0.15 0.12 0.02 0.10 0.00 1.0 -0.30 -0.07 0.27
Serum
vitamin D 0.08 0.09 0.29 -0.35 0.30' -0.30 1.0 -0.50 -0.0%
Alkaline .
phosphatase -0.19 -0.17 -0.14 -0.10 0.06 -0.07 -0.50 1.0 ~0.05
Total 4
lyaphocyte
count -0.,40* =0.44% -0.38% ~0.38* -0.01 0.27 -0.05 -0.05 1.0
; Number of patients for correlstions between autrients was 23

Number of patients for correlations between hematological data and nutrients varied from 10 to 21; see
Table & for hematological data

’

* Correlation coefficient significant (p < 0.05) P
%% Correlation coefficient significant (p < 0.01)
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Table 1). Pearson cortvelstlon coefficients between selected nutrients and hematulogical daca
9 of female Crohn's disesse patients
Dietary parameter Hematological parameter
Serum Total
Variable Serum Serun Serum Alkaline Lymphocyte
’ s
c.lriuml Phuuphoruo1 rruuln1 Vitasmin Dl Calciu-z Pholphofulz Vitasin DZ Pho-phunu2 Count®

Dietar arameter
Dietary parameter

Calcium 1.0 Q.94%* 0.84* 0.38* 0.16 0.05 0.01 -0.09 ~0. 14
Phosphorus 0.94%e 1.0 0.94n* 0.48%n 0.05 ~0.08 -0.03 -0.06 -0.0¢6
Protein 0.84m» Q.94 1.0 0.37% -0.07 -0.10 0.13 -0.15% ~0.08
Vitamin D 0.38* 0.68%* 0.37* 1.0 -0.37+ -0.0% ~0.72%4 0.06 -0.24

Hematological parameter

Serum
calcium 0.16 0.05 -0.07 -0.37* 1.0 0.17 0,76+ 0.13 0.16

Serum
phosphorus 0.05 ~-0.08 -0.10 -0.05% .17 1.0 -0.26 0.14 -0.16

Serum
vitamin D 0.0l -0.03 0.13 —0.72%» 0.76%* -0.26 1.0 -0.62 0.39

Alkaline
phosphatase -0.09 -0.06 -0.15 0.06 0.13 0.14 -0.62 1.0 0.38

Total
lymphocyte
count -0.14 -0.06 -0.08 -0.24 0.16 -0.16 0.39 0.38 1.0

. -
’ 2 Number of patients for correlations between nutrients was 24

Number of patients for correlations between hematologicsl data and nutrients varied from 9 to 24; wsee
Table 9 for hematological data

—

* Correlation coefficient significant (p < 0.05)
** Correlation coefficient significant (p < 0.01)
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between the followliyy palrs were also signtticant: relatfve welght va
trfceps akinfold, relative welght va total lymphocyte count, arm
J ,
muscle cfrcumterence va total lymphocyte count .
4.6 Predictive Value of Grouping Crohn's Disease Patlents According
to Energy Intake or Relative Body Weight

Tables 1% and 16 show the petcentage of male and female CD pa-
tients who have low anthropometric and blochemtcal values when grouped
according to energy Intake less than the RDA, equal to the RDA, or
greater than the RDA. Energy {ntake appears to be of little value (n
predicting the presence of low blochemical or anthropometric parame-
ters, as the incidence of low parameters occurs with equal frequency
at all levels of energy intake.

Table 17 shows the percentage of male and female CD patients who
have low anthropometric and biochemical values when grouped according
to greater than 90% of relative body weight and less than 90% of
relative body weight. Relative body weight appears to be of little
value in predicting the presence of low anthropometric or biochemical
values in male CD patients. However, female CD patients with 1ess\
than 90% of relative body weight have a greaéer incidence of abnormal

biochemical and anthropometric values than do female CD patients with

greater than 90% of relative body weight.
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Table 15: Percentage of male Crohn's disease patients with

91

low values

- for selected parameters when grouped'according‘to‘energy intake

0N

<
‘ Energy Intake (Kcal)
Parameter

< 2300  \ 2300 - 3200 > 3100
(N =17) (N = 8) (N =8)

' Triceps skinfold ' 29 0 57
" (£ 75% of standard) (Nt (7) )

Arm gkscle circumference’l . 14 43 14
(' 90% of standard) : (7 (7)) (7)

Serum albumin .0 0 0
(£ 3.0 g/d1) (1) (6) (6)

Total lymphocyte count 43 63 40
(< 1500 /mm>) 7 (8) (5)

<

,Totél iron binding caﬁacity 0 50 0

(< 250 mg/dl) (5) - (6) (N

1

Number ofvpatients fo; whon selected variable was available;
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Table 16: Percentage of female Crohn's disease patients with low~v?}ues

for selected parameters when grouped according to energy intake

'

7 ’

/
.’f“
- ) y /-
- /
¢

Enefgy Intake (Kcal)’

Parameter

< 1600 ° 1600 - 2400 > 2400

(N=10)  (N=9) ° (N=5)

Triceps skinfold 7 10 43 100

(< 75% of standard) ;- S ao?t SN 3
Armhmusclé circumference . - 30 ;/ 29 "0
(< 90% of standard) . (10) - ) @
Serum albumin : 30 ’ 11 0
(£ 3.0 g/d1) . - (10) (9 (5)
Total lymphocyte count _,  44 o - 67 60
(< 1500 /m’) (9) (9) (5)
Total iron binding capacity 29 _ 11 0
(< 250 mg/dl) . (7) (9) (4)

Number_of'patients for whom selected variable was available.

Sy
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Table 17: Percentage of Crohn's disease patients with low values for

selected parameters, when grouped according to relative wéight1

Relative Weight1 -~ Relative Weigﬁtl
>90% : < 90%
Parametef
Males Females Males Females
(N=19) (N=15)  (N=4) (N=38)
Triceps skinfold ' 22 17 67 63
, .
(£ 75% of standard) (18)? (12, (3, (8)
Arm muscle circumference 17 8 67 50
(£ 90% of standard) (18) (12) (3) (8)
Serun albumin o013 7 0 13
(< 3.0 g/d1) _ . (15) (15) )] (8)
thal'lymphocyte count ) 53 36 33 86
(< 1500 /mm3)b (17) (14) (3) (1)
' Total iron binding capacity 21 10 ‘ 0 25
(< 250 mg/dly - (14) (15) ) - (8)
1

Calculated és % ideal weight for height according to 1959 Metropolitan
Standards, Jelliffe (1966)."
Number of patients for whom selected variable was available.

\



4.7 Correlations Between the Crohn's Disease Activity Index (CDAI)

and Selected Variables

Pearson correlation coefficients between the CDAI and nutrient
intéke,bbiochémiCal tests, and anthropométric measurements ishreported
in Table 18.

-Correlations were calculated between thé.CDAI and four nutrients
- energy, protein, carbohydrate,'énd foléte - but the only significant
correlation was a negative one between the CDAI and eﬁergy intake in
male CD patients. However, the correlation was quite low (-0.38, p <
. 0.05). in addition, thérevwas no correlation.between the CDAIIand the
number of nutrients consumed .in amounts less than the RDA.

In males, the CDAI was negatively correlaggd with serum albumin
(-0.64). However, since all.the sefum albumin concentrations wére
within the nofmal range, élinical usefulness of these results is
limited. Iﬁ,female CD patients, the CDAI was negétively correléted
with hemoglobin, though the correlation was somewhat 1o§ (-0.45), and
positively correlated Yith serum ferritin (0.60).

The CDAI was not cérrelatedeith either of the anthropometric
measurements of bercent-relative body wéight or percent of staﬁdard
arm muséle éircumfefence.

The CDAI was correlated with duration of disease in male CD

patients (0.57), but not in female CD patienté.

94
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Table 18: Pearson correlation co;;zzzlé;ts between the

¢

Crohn's Disease Activity Index. and selected variables

-

Crohn's Disease Activity Index

Variable

Male ! Fe;;le 2
Energy intake‘ - 0.38* ©=-0.12
Protein intake | | - 0.21 - 0.01
Carbohydrate intake . - 0.26 . - 0.11
Dietary folate | - 0.07 . - 0.19 -
Nutrients < RDA . . 0.29 : 0.21
Serum albumin ° ~-. 0.64%* —10.09
Hemoglobin - - 0.24 4 - 0.25*
Serum folate ; - 0.12 0.07
Serum ferritin - ' - 0.23 0.60%*
Total lymphocyte count » ; 0.29 - 0.21
% Relative body weight3 0.11 -0.06
% Standar& arm muscle circumference4 0.07 - 0.22
Duration of disease’ 0.57% - - 0.46 :

A

; Number of pairs for each correlationvva#ies between 17 and 23.
Number of pairs for each correlation varies between 17. and 24.
Calculated as 7% ideal weight for height ‘according to 1959

4 Metropolitan Standardss, Jelliffe (1966).

Standard arm muscle circumference: 27.0 cm for males, 21.3 cm
for females; Bistrian (1977). :

* Correlation coefficient significant (p < 0.05)
** Correlation coefficient significant (p < 0.01)



5. DISCUSSION T

5.1 Protein

Evidence of protein malnutrition was apparent in a significant
proportion of patients with CD:, arm muscle circumfereﬁcé (AME) of
less than 90% of the standard was observed in one-quarter of the males
and females with CD (Appendix 1) and half 5f all the éD patients had
low total lymphdqyte counts (TLC, Tables 8 and 9). These abnormal TLC
oci;Fred_deSpite 80% of the males ané 58% of the female&“with low TLC
bd&ng on steroids. However, the incidence of abnormal sé?ﬁm albugan
was not consistent with the incidence of abnormal AMC and TLC, as none
of the males gnd\enly‘13z of the females had a low serum albumin con-
‘centravion. Oﬁher resea:chérs, as well (Beeken et al 1972), Hhave
reported an unexpectedly low incidence of abnormal serum pr;tein
despite evidence suggesting the potential of protein ﬂeficiency.
However, a normal‘serum albumin despite a decreased AMC and TLC may be
due to increased hepatic synthesis of protein (Steinfeld et al i960),
and/or could reflect the adult marasmus described by Blackbﬁrn and
Bistrian (2.3.5).

Impairéd‘dietary intake of protein was unlikely to be the;major
explanation for this high brevalence.of'prote}n malnutrition‘sincé
protein intake in CD patients was similar to that of NC (Tables 2 and
3) and exceeded the RDA in all men (Table 4) and 837 of the women
(Table 5). However, 307 of the females were consuming less than the
RDA for protein of 0.8 g/kg body weight (Appendix 3a). Reduced energy

intake in over half of the male and female CD patients (Tables 4 and
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5) could have contributed to protein malngg:ition, as 1t is ugli docu-

mentéd (Inoue et al 1973, Munro and Naismith 1953) that efficiency of

nitrogen u&ilization dec:easés with reduced energy intakes. Further-

more, the éork of several researchers‘(Garzd et al 1977, Hegsted 1976)
™

has cast some doubt on the metabolic balance approgchvto establishing

protéin requirement and suggests tsat the RDA for protein may be

inadequate for some individuals. Moreover, the RDA of all nutrients,

including protein, is for healthy individuals. In CD, a number of

.factors increase the risk of protein malnutrition: these include

" enteric protein loss, catabolic effects of the iﬁflammatory process,

and catabolism of protein in conjunction with steroid therapy. In;x
deed, 9 out of 10 patients with feduced AMC, SOZ of males and 587 of
fegales with reduced TLC, and 65% of all patients were taking
steroids. These results suégest; therefore, ghat it may be necessary
for CD patients receiving corticosteroids to consume greater than the:

RDA for protein.

5.2 Energy Intake

Energy malnutrition was evident in CD patients, as 177 of males

‘and 33% of females had relative body weight less than 90% (Appendix

one). It should be cautioned, however, that a decreased body weight
f

indicates that energy, intake méy be low at présen;, but a}ternatively,
could indicate that energy intake was low at some unknown previous

time.v.Thus,'present caloric 1ntake'must also be conside;ed in assess-—
ment of adeqﬁacy of energy consumption. A sizeable number of patients

with CD‘consumed low intakes of energy, but the exact proportion of



patients judged to be at risk depends upon the definitign of normal or
adequate energy intakes. In female CD patients, the mean energy
-intake was less than the median value of the RDA, but wés comparable
with that of NC (Table 5) and greater than the lower limit of the RDA
for energy intake. For male GD patients, the mean energy intake was
greater than the median value of the RDA, but was certainli less than
the meah energybintake of NC (Table 2) and above the lower limit of
the.RDA for energy intake. Ho;ever, 46% of the female patiépts with |
CD éousumed less than 1600 kcal/day, and 67% consumed less than 2000
kcal/day; the éomparable figu?es for male CD patients were 307 less
than 2300 kcal/day and Sli less than 27OQ.kcal/day. However, these
figures do not take individual energy requirements into account.
Energy intake with respect to individual energy requirements will be
discussed sh§rtly.

The aése;sment of the adequacy of energy intake for an individual
patient depends -upon their energy requirements. There are numerous
factors which influence energy reQuirements: body weight, physical
activity, age, sex, and state of health. Crohn's diséase may modify
an individuél's energy requirements due to the presence of an inflam-
matory process, malabsorption, enteropathy, and the use of certain
medications. There are only a limited number of ways in which energy
requirements may be estimated. There are no previous reports of
determination of energy requirement by dirééé or indirect calorimetry
in patients with inflamﬁatofy bowgl diseasei In the long term,
changes,ip body weight suggest alterations in energy requirements,; but

such changes in body weight may only reflect a change in body composi-

-
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tion. Indeed, weight change frequently occurs in conjunction with
active CD (Best 1976) and may reflect alterations in energy require-
ment due to the disease process. The calculation of basal enérgy
expenditure (BEE) using the Harris—Bepedict standards (Ruttén et al
1975) has been applied to the esfimatibn of energy requirements of
heaithy individuals. The BEE is then multiplied by a coefficient
which varies with disease state; coefficients havé been calculﬁked for
surgical orwburn patients (Rutten et al 1975; Wilmore et al 1974), and
the value of this coefficient may vary from 1.54 BEE to 2.5 BEE. The
BEE for our p;tients with CD was 1361 kcal)day for women and 1698 |
kcal/day for men, but no cod¥fficient has been calculated for CD pa-
tients, and thus we are only able to approximaée the energy require-
ments of CD patients using this technique. However, a study of chil-
dren with CD found basal metabolic fate to be normal (Kelts et al
1979). Therefore, using a cdeffiqient of 1.5 BEE (Rutten et al 1975).
to calculate energy requirement, 52% of the males and 62:5% of the
females were consuming less energy than they required. JThis is simi-
lar to the percent%ges of males 'and fémales éonsuming less than the
median value‘bf the range of the RDA.

,Accoraingly, it is diffiCult‘to confidently‘agree upon the opti-
mal energy intake for patients with CD. Other studies have suggested.
that energy intake by Cb patients is either nofmal (Martini et al

1976; Thornton et al 1979) or high (Kasper et al 1979), and all of

these former studies demonstrated a greater energy intake than did the

present investigation. In.these other studies the energy intakes were

not analyzed separately for males and females, and as the pr0poftion
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of men and women with CD varied from study to study, this clearly
would have influenced the mean energy intake of a combined group. The
duration and site of the disease was nof detaileq in the previous work
and méy have influenced énergy intake as well. In addition, these
previous studies were conducted in England and West Germany, and
energy intake in normal healthy individuals may vary with location,
even within regions of a given country (Canada, Dept_of National
Health and Welfare, Ottawa, 1973). Finally, enefgy intake may Be
influenced by the activity of the Qnderlying disease process, and the
activity of the CD was not reported in the previous studies. The mean
Crohn's Disease Activity Index (CDAI) in our patients was 46 (0-188)
and 118 (0-434) for males and females, respectively. This indicates
that our patients hadcmild to moderate disease acti?ity, but there was
no correlation between disease activity and energy intake. Thus ener-
gy intake did not appear to simply reflect underlying disease activi-
ty, and some o;her factor(s) must be sought to explain the wide vari-
ation of energy intake in patients with CD. |

A further quéstioﬁ to consider is the potential relationship
between energ; intake and body weight. In this sthy there was no
significant correlation between relative body weight and either energy
intake or energy intake/BEE. This lack of correlation persisted even
when patients with less than 80% relative weight and greater than 1207
relative weight were excluded. What aré the possible explanations for
this surprising finding? A cﬁange in energyrintakq will require time

to be reflected as a change in relative weight. ‘Some CD patients may

purposely gain weight during periods of quiescent disease activity, or

100
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may inadvertently gain weight from fluid retention or increased appe-
tite due to steroid therapy. This lack of correlation between energy
intake and relative weight may also reflect changes in energy rquire~
ment: the expected positive correlation between relative weight and
energy intake or energy intake/BEE assumes a constant energy require-
ment. The energy requirement of individual patients with CD is likely
‘ changigg over time as a result of malabsorption or enteropathy, .and
thus the ratio between energy intake andvrequirement would also
change, thereby preventing the‘demonstration of the expected correla-
tion between- intake and relative weight. The practical clinical
implication of this finding must be stressed: the relative weight of

§

a patient with CD is not a good reflection of the adequacy of their
energy intake.

The percentage of energy intake comprised of brotein was similar
in male and female CD patients and Fhose healthy individuals studied
in the NC survey (Appendix 32). Both male and feméle CD patients
consumed about 5% more of their energy as carbohydrates (CHO), and
about 5% less of their energy as fat (Appendix 32). 1t is not po;—
sible to determine whether this was statistically different from the
results of NC. However, other,dietary studies have suggested a higher
CHO consumption by CD patients (Kasper et‘al 1979, Martini et al 1976,
Mayberry et al 1980, Thornton et al 1979), and specifically a higher
intake of refined sugar. We were not able to specifically analyze our
patients' intake of refined sugar, but their intake of "Foods primari-

ly sugar” was actually slightly less than that consumed by NC partici-

pants. Howeber, a striking difference was present in the greater
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frult consumption by our CD patients (Table 6). It fs likely that the
increased carbohydrate intake in our CD patients was due to their
greater intake of fruit. This greater intak; of fruit was largely
comprised of frﬁit drinks which contain relatively large amounts of
refined sugar.

Unfortunately, fruit drink consumption of NC participants was not ///
available, and it was not possible to determine whether CD patients
consumed more fruit drinks and/or more refined sugar than did NC.
However, we have confirmed that CD patients consumed increased amounts
of CHO, and, clearly, future studies must attempt to determine if a
larger intake of refined sugar is responsible for the increased CHO
consumption.

.

5.3 1Iron

The mean daily iron intake of male patients with Crohn's disease
(CD) was well above the recommended daily allowance (RDA), and almosﬁ
100% of these patients consumed the full RDA of iron. However, in the
female patients with CD, the mean daily iron intake was considerably
lower than the RDA (Table 3), with only 17% of the women consuming the
full kDA and a fuli 25% consuming less than half the RDA (Table 5).

By comparison, the mean daily iron intake of Nutrition Canada (NC)

pafticipants was similar to that of the CD group for both males and
females. However, the iron deficiency which occurs in some patients
with CD (Thomson et al 1978, Bartels et al 1978) may still be on the
basis of this observed reductién‘inpiroﬁ intake.. This boint is sub-

~stantiated from the NC survey in which iron intake was less than the
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RDA {0 some participants who were also found to have abnormal hemo-
globin concentration, mean corpuscular hemoglobln concentration
(MCHC), and % transferrin saturation. These hematologlcal abnormali-
ties were taken as evidence for {ron deficiency Iin the NC survey, and
while this assumption may be valid in healthy individuals, it may not
necessarily apply in CD. For example, although abnormalities in serum
iron concentration, iron binding capacity, % transferrin saturation,
and hemoglobin concentration are known to occur in CD patients with
iron deficiency, such abnormalities occur with equal frequency in
patients with anemia secondary to the chronic inflammatory disease
process (Child et al 1973, Thomson et al 1978). Indeed, the most re-
liable method of assessing body iron stores is still the estimation of
bone marrow hemosiderin. This study was not designed to test specifi-
cally for iron deficiency and did not include bone marrow smears.
However, this study did include the measurement of serum ferritin con-
centrétidns, which correlate closely with reticuloendoﬁhelial iron in
healthy persons. In the présent'study, serum ferritin concentrations
were above the reference value in all male patients (Téble 8) and were
Awithin the range diagnostic of iron deficiency in only 18% of the
female patients (Table»9). Otﬂer studies varfﬂpdnsiderably in the
reported prevalence of low serum ferritin concentrations. Bartels et
al (1978) found iow serum ferritin in 29% of males and 447 of femaies
with CD. In a comparable Canadian study (Thomson et al 1978), serum
ferritin-was low in only 10% of CD patients. In the present study,
dietary iron intake was greater than the RDA in nearly all the males

. .

. (Table 4), so it was expected to find the serum ferritin values in the
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normal range. However, there was a poor correlation between dietary
fron and serum ferrf{tin concentratfon (Table 10). In females, fron
{intake was less than the RDA {n B3X (Table 4), but the serum ferritin
concentration was low {n only 1B% (Table 9), and there was once again
a poor correlation between gerum ferritin coneentration and iron
intake (Table 11). Thus serum ferritin concentration {8 not a ugeful
parameter for prediction of iron {ntake. Furthermore, the serum
ferritin may also be of limited value to predict the presence of
established iron deficiency in patients with CD (Thomson et al 1978).
Why {8 the serum ferritin concenttfation a poor indicator of the
presence of inadequate iron intake? While a good correlation is
present between body iron stores and serum ferritin concentration in
healthy individuals (Valberg et al 1976), the serum ferritin concen-
tration may be {inappropriately elevated in a host of diseases (Jacobs
et al 1976, Be;tley and Williams 1974), including CD (Thomson et al
1978). The inappropriately elevated serum ferritin in some patients
with CD may be due to reticuloendothelial dysfunction or mild hemo-
lysis secondary.to the use of Salazopyrine (Das et al 1973). Finally,‘
the body iron stores may be adequate to maintain a normal serum ferri—.
tin for several months after the patient begins to consume a diet con-
taining inadequate iron, and therefore the lower prevalence of proven
iron deficlency than the prevalence of low iron intake may simply
reflect the time required for inadequate intake to be translated into
established iron deficiency. Of even greater interest, howeveg, is to
speculate onbthe pathophysiology of the known iron deficiency in some

patients with CD. This study convincingly demonstrates that the daily
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iron intake is low in a large proportion of female patients with CD

(Table 5). hFurthermore,rsome malabsorption of dietary iron may heve
occurred.as a result of the‘inadequate intake of ascorbic acid by
these patients (Table 5). 'Malabéorption of iron has been demonstrated
previously in a small number of children with ulcerative colitis
(Ormerod 1967), hut there is no~compe;§ble data for CD. Finally, the
requirement for iron may be‘ié%reased in these patients~due to their

loss of excessive iron and blood as a result of their enteropathy

(Beeken et al 1972).

5.4 VFolate

’ : ‘ A
An alarmingly large proportion of patients with CD were consuming ~°

" low amounts of folate (Tables 4 and 5). TFor eiample,.none of the male

CD patients consumed the RDA for folate, and less than 50% copsumed
Lo ’ ‘ .

half the.RDA. Only eight’ percent-of the female patients with CD were

consuming the full RDA for folate, and only slightly more than half

the,patients were consuming one-third of the RDA.. In comparison, the
mean folate intake of males ‘from the NC survey was 221 ug versus’211

ug in the CD group. Females from the NC survey actually consumed .
- the d ,

slightly‘fess folate per day than did the female cD patients: 146 ug.

and 185 ug; respectively.v Thus, the mean daily folate intake.of the

CD group was very similar to that of NC, although the folate 1ntakes

<0

of both groups were less than the‘RDA. On the basis of the lack of

lbiochemical evidence of folate deficiency in NC participants, it has

beeg suggested that ‘the, RDA for folate is, in fact, too high (Thompson

-

_and Hoppner 1979).- Howevet, not even 50% of the CD patients were
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consuming half the RDA for fola;e, which, even by 1i$etal standards
places them at risk of developing folate deficiency (Herbért 1962) .
Moreovér,wlow serum folate levels were found in 37% and SOi of the
male and female CD patienté, respectively (Tables 8 and 9). There-
fore, a large proportion oflﬁatients with CD who consume only half the
RDA are likely to develop -low sérum folate concentratiops. - If the RDA
for folate 1is foo high, as suggested from tﬁe results of the ﬁC survey
(Thompson and Hoppner 1979), then half the ﬁDA'is clearly téo low for
) CD patients to maintain normal‘fol?%e balance.

The oocurreﬁce of low serum folate concentrations in CD patients,
a§ well as low red cell folate and megaloblastic anemia is well-docu—
mente¢/{:offbrand ét!al 1968, Dyer et al 1972, Cooke 1975). Various
speculatidns of folate deficiency inclﬁde decreaéed folate intake,

: mélabsorption, incféased loss from Fhe inflamed gut, and increased
requireménﬁ due to rapid red cell turnover due to the uéé'of SAS.

None of the aone investigéfors, however, exanmined dietary folate
intake in patients with CD. Thus, it is significant fhat the present
study first demonstfated evidence of low dietary intakes of folate,
énd second, demonstrated a highly;significant correlation between
serum folate conCentragion and dietary folate intakes in female CD
patients (Table 11). In a recent study of élderly.people in Sweden, a
Vlow coprelation was found betweén.diefary folate intake and.sérum

e

folate concentrations in women, but the correlation was not signifi—
cant (Borgstrom et al 1979).
While it is tempting to speculate that a low serum folate concen-

tration represents folate deficiency, it must be remembered that serum
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folate is not a valid\reflec£ionvof_long—term folate deficiency or of
body folate stores (Herbert 1962). “S4S is tﬁought to alter the ab-
sorption of dietary- folate (Dhar et al 1976). While it might be
suggested phat ;hé iack of a s;énificant corfelation between dietary
' folate and serum folate concentration in mfle CD patients migh> be due
to their ingestiop of SAS, similar.proportions of male and female CD
patients were consuming SAS, and yet there was a significant correla-
tion between diétary folate and serum folate in female CD-patients.
Notwithstanding the fact thét the présence of a low red cell folate
concentration, mégaloblastiq anemia, and the exclusion of vitamin Bl2
are needed to cgnfirm the existence of established folate deficiency,
a low serum folate concentrafion may be thgvfirst sign in the biochem-
ical;spectrum of the developmént of.folate deficienéy. Thus tﬁ;
demoﬁstration of a low serum folaﬁe concentration in a patient with CD
must signal the likelihood of a lowvfolate(;ntake, and ﬁhe patient's
potential risk of developihg folate deficiency. |
~ 5.5 Vitamin B, L )
Unlike many of the other nutrients, ﬁhe;mean intake of vitamin
By, (By,) was well above the RDA in both male and female CD patients
(Tables 2 and 3, respectively). Thesé€mean_intakes are at the low end
of the range of esti@a;ed average U.S. intake of 5?15‘ug/day (U.S. RDA
1980), though the range may be as low as 1 ug or as high as 100 ug. L

However, B intakes of the CD'group were s8lightly higher than the

12
estimated average of 3.1 ug/day in Great Britain (Adams et al 1973).

Although the RDA for B12 of 3.0 ug/day is probably greater.than needed



by many~adu1ts,'it Has_béen set high to allow for variation in hemato-
poietic responsevand ileal absorption. It has been suggested that a
B12 intake of ome ug/dayvis probégly adequate in the healthy adult
(Herbert 1968). For one thing, as intaké of vitamin Bléjdecreases,
absorption increases (RDA 1980). Moreover, the enterohepatic circula-
tion of bile supplies 0;5-5.0 ug/day oth‘12 (Herbert 1968). Tﬁus
iqtakes'of less ﬁhén the RDA might be quite adequate in the healthy
adult. .However, in CD, this normal process may be interrupted in
_several ways: malabsorption of B12 due to ileal dysfunction or reset-
"tion, lack of gastric intrinsic factor, or bacterial ovefgrowth.

Thus, it would be unwise té condone 312 intake df less thén 3.0 ug/day
in the CD batient. While the mean intakes of.Bl2 were normal in ﬁa-
‘tients with CD, the prevaiencg of adequate intakes was abnormal. 1In
Tables 4 and 5, it is.sh6wn that 747 of males and only SOZ of females

were consuming the RDA of vitamin B Examination at the level of

12°
2/3 RDA again points out the consistently poorer intakes.of females,

with only 58% consuming this level as compared to 96% of males. It

must be_étressed that deficiency of vitamin B12 takes years to devel&f

(Herbert 1968). ‘However, 11% of the CD patients had serum Blé-concen—
trations lesg than the reference value (Tablés 8 and 9). Other inves-
tigators have found low serum B12 concentrations in 16-20% of‘CD pa-
tients (Dyer 1973, Cooke 1975). 1In this study, both of the males with
a low serum‘concent;ation of B12 were consuming less than the RDA of

B A.Shillings test without added intrinsic factor was normal in

12°

one 6f these male patients, so it can be concluded that low serum B,

was due to inadequate dietary BlZ' In contrast, By, intake in both

AN
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t e
female patients with low serum B12 was normal. Biochemical parameters

for assessment of malabsorption werernot'available in either case.
However, bqtﬁ’females, as Qell as both males with a re&uéed-serum‘Blz
céncentiation had ileal involvement or resection, and it is likely
that they suffered from 312 malabsorption. How 1is.the low serum B12

concentration explained in the two women with normal B intake? Both

12
females had folate intakes less tﬁan the RDA and low serum folate con-
centrations. A érimary deficiencybof either (B12 or of folatei will
have a fécilitative effect on a.secondary deficiency of the other
vi;amin (Herbert 1973). Becéuse fo1ate intake was low and'B12 intake
‘was not, folate defiéiency in these two females might be suspected as
the priméry nutritional defect. ‘In addition, these pétiehts had ileal
involvement._‘Thus, it appears that a mixed deficiency exists in these
women .

Though the ofher CD patients consuming less ghﬁn.the RDA for B

12
did not have biochemical evidence of B12 deficiénqy, it is likely that
in time there would be progressiVe depletion of B12 body stores,
especlally in the presence of malabsofption. Thus; the presence of

B12 malabsofption.must be suspected, since over 90% of the CD patients

had involvement of the ileum. Therefore, those patients consuming

12 would be at additional risk of developing B

less thaﬁ the RDA of B 12

‘deficiency.

5.6 Vitamin C | ‘ ‘ | .
The mean vitamin C intake of CD patiernts was one and a half times

greater than that of NC participants, and both means were well above
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the RDA (Tables 2 and 3). It shOuld,be cautioned, though’, that this
does not preclude underconsgmption of vitam%n C, as 13% of male CDJ
patients (Table 4) and 337 of feﬁale CD patients (Table 5) were con-
suming less than the full RDA. Other s;ﬁdieg have shown that signifi-
cant percentages of CD patients_are cqnsuming less than the RDA of
vitamin C, as well (Hughes & Williams 1978, Linaker 1979). For
example, Linaker showed that 50% of patients with CD were consuming -
less thaﬁ the RDA of vitamin C. Althgugh there was no significan;
difference in vitamin C intake between controls and CD pétients in
Linaker's study, 7 out pf 10 CD patients had low leucocyte ascorbic
acid (tAA) levels. Likewisé, Hughes and Williams/(1978) found LAA
levels to be lower in CD patients than in controls. Indeed, 1in
Hughes' study, 63% of the CD group were consuming less th;n the‘RDA of
vitamin C. Unfortunately, Qe were not able to perform megsu;ements of
LAA levels in our patients. Itdmust be pointed out Qhat the RDA of
vitamin C is far im exéess of_that needed ‘to prevent scurvy (Bartley
1953). 1In fact,‘only one patient who did consume less.than 10 mg
vitamin C/day (thé miniQum necessary to prevent scurvy) showed clini-
cal signs qf scurvy (Linaker 1979). All bf the patients in the :
present study were consuﬁing greager than 10 mg of vitamin C/day
(Appeﬁdi# 10),band thus it was to be expected that none of our pa—v
tients demonstrated clinical sigﬁs of ;scorbate defipiency. |
Scurvy is a late indicator of vitémin C deficiency and the above
stﬁdies show thaf low vitamin C intake is associated with low LAA
levels, which‘ﬁ;y be an earlier indicator of vitamin C deficienéy and

ciinicalldisease, i.e. scurvy. Moreover, it is possible that vitamin

\
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C intakes greater than scorbutic 1evels‘50u1d be affecting utilization
of other nutriénts, sucﬁ as folate and i;on. It is well known that
vigamiﬁ C facilitates absorption of food iron (Rossander et a; 1979).
Iﬁ addition, vitamin C is believed to be necessary for the prevention
of irreversiple oxidation of tetrahyd;ofolate‘and thus, removal from
the folate metabolic pool (Stokes et al 1975). Thus a decreased vita-
min C intake could cause secondary iron and folate deficiencies, both
of which are known to occur in CD. 1In the present study, a highly
significant correlation was foﬁnd between dietary viﬁamin C and serum
folate (Table 11), which possibly reflects theﬂrelationship suggested
by Stokes et al‘(1975). However, an even higher correlation bet@een
(dietary vitamin C and dietary folate (Table li) is undoubtedly reflec-
ting the extent to which vitamin C and folate occd; in common foods,
as well as the general quality of the diet.; Thus, due to either de-
creased utilization of folate in vitamiﬁ C deficiency, or concomittant
reduction of dietary intake of;vitamin c, deficiencies of these t&o
nﬁtrients (folaté and vitamin C) coﬁld‘and do occur.simultaneopslyg
(Tables 4 and 5). In view of the highly significant correlations
.between vitamin C intake and folate intake, folate intake and serum .
folate, and vitamin C intake and serum folate (Table 11), patients
with a low serum folate concentratI;n might also be at risk of |
de&eloping or having-vitamin C deficiency. It may be concluded that
CD patients who are consuming less than the RDA of vitamin C are at -
risk of developing deficiencies of either vitamin C and/or other

nutrients.
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5.7 Vitamin BE
¥}

The mean vitamin B6 consumption in CD patients was less than the
RDA (Tables 2 and 3) and only a small number of patients consumed the
RDA of vitamin B6 (Taples 4 and 5). There is a paucity pf date
describing the vitamin B6 requirements of the human, there are incon-
sistencies in the determination of the vitamin B6 content of foods, -

and vitamin B, intakes of populations have not been widely described.

6
Thus, it is not surprising that data were not available for comparison
to NC. Howevet, occurrence of vitamin B6 deficiency isIrare and has
previously been reported in‘-alcoholics (Li 1978) and in the elderly
(Driskell 1978), thus suggesting that the RDA 'for vitamin B6 is too
high. »Since vitamin B6 reqeirement is increased as protein intake
increases (Baker et a} 19§4), an alternate way to assess vitamin BG
adequacy involves examining the relation of vitamin B6 to the amount
of proteiﬁ\consumed (Donald 1978): wusing a ratio of 0.02 mg of vita—
min B6/gram of protein, the vitamin B6 requirements of male and female
CD patients “would be 2.0 mg AAd 1.5 mg, respectively, which coincides
Qith the vitamin B6 allowance of the Dietary Standard for’Caneda
(Bhreau of Nutritional Sciences 1975). However, even the lower N
C;hadian ailobance is met by only 267% of the'men and 217% of the women
'in the present study. It should be kept in mind that man%{CD patients
had protein intakes less than the mean protein intake for the CD

group, but more than the RDA for protein, and at protein intakes equal

to the RDA, vitamin B, requirements would be 1.l mg/day and 0.8 mg/day

6
for males and females, respecti '-. However, even assuming this
lowest acceptable protein consump ke of vitamin B, would

6
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still be low for 26% of male and 46% of female CD patients. Thus,
althougﬁ the adequacy of vitamin B6 will vary with protein consump-

tion, clearly a significant number of CD patients are consuming levels

)

' {
of vitamin B6 which places them at risk of developing vitamin B6

deficiency. Furthermore, steroid therapy appears to increase vitamin
. BG requirement, placing those patienﬁs on steroid the?apy at addi-
tional risk of developing dietary deficiency of vitamin B6 (Rose
1972). The present study did not include biochemical parameters such
as pyridoxal phosphate and xanthurenic acid to esgablish‘vitamin B6
deficiency, and thhs it was not possible to confirm suspected inade-
quacy of digtary vitamin B6 intakes. However, pyridoxine déficieﬁcy
may give rise to cutaneous'%esions such as aphthous ulcers, as well as
anemia, both of which occur in patients with CD. 1t should also be
pointed out that there is considerable overlap in the clinical defi-
ciency symptoms of the B-vitamins, and thus, distinguishing one B-
vitaﬁin.deficiency from another is often difficult. Furthermore, a
decreased intake of several B-vitamins may ocguf simul taneously.

Thus, when a deficiency of one B-vitamin is suspected, deficiencies of

the other B-vitamins should also .be suspected.

5.8 Anemia .

Anemia is common in pétients with CD (Brooke et al 1977). Numer-
ous nutrients are esseptial for the maintehance of a norﬁal hemoglqbin
concentratiéﬁ, and these ihclude iron, folate vitémin Blz,‘asborbic
acid, ﬁrotein, vitamin B6’ and frace elements such as copper. Estab-

lished deficiencies or low dietary intakes of most of these\s¥bstances
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have been observed in patients with CD (Tables 4 and 5), and often the
anemia may be multifactorial in origin. This study was not specifi~
cally designed to establish the role ofvvitamin B6, proteiﬁ!kor trace
elements in the etiology of the anemia. In some patients,“thé anemia
was due to deficiencies of iron, and possibly folate or vitamin B,,.
.The majority of patients with anemia andlCD are thought tb have the
anemia of chronic disease (Child et al 1973,‘Dyer et al 1972, Thomson
et al 1978). Clegrly, however, future studies must focus on the
potential role of correction of deficieﬁcies of pyridoxine, protein or

" trace elements and the reversal of the anemia.

5.9 Thiamin
The mean thiamin intake of male and female CD patients was

-

greater than both the RDA and that of NC (Tablesbz and 3). Thus, it
was somewhat surprising tﬁat almzst half of the patients in both the
male and female groués consumed lesé than the RDA for thiamin (Tables
4 and 5). Does thiamin cénsumption lesg th;n.the RDA place individu-
als at risk of deficiency? Thiamin deficiengq was oﬂce considered to
be rare in spite of low thiamin intakes. However, the NC Survgy
(Cangda, Dept of National Health and Welfare, 1973) observed decreaéed
prinary thiamin exé;etion and clinical signs suggestive of thiamin
deficiency ip‘some individuals with thiamin intakes considerabl&)less
than RDA. 'A thiamin intage less than the full RDA, however, does not
necessarily place an individual.at risk of deficiency. The RDA is

based on a high level of energy intake and since thiamin requirement

varies with caloric intake (RDA 1980), the RDA for thiamin involves a

]
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certain margin of safety. Thus, thiamin intakes of less than 2/3 kDA
which were generally assqciated with energy intakes less than the
lower range.of the RDA, in both male and female ‘CD patients, were
within the recommended ratio of 0.5 mg thiqmin/lOOO kcal, except for 1
male and 2 female pétients. In contrast; almost half of the men and
women Iin NC had low thiam;n intakesiin relgtion to energy intake.

This is not to say that a thiamin intake in CD patients less than the
RDA should be condoned on the baéis that energy intake is less than
the RDA, but simply recognizes that thiamin intake in the present
study 1s in .proportion tozenergy 1nt5ke, and on this basls may be
adequate.A However, two female patients and one male pa;ient consumed
very close to the daily minimum thiamin'requirement of 0.3 mg/1000
kcal that is necessary to prevent signs of thiamin deficiency (Diét&ry
Standard for.éanada 1975), and these patients are thus definitely at
risk of developing thiamin deficiency. Beriberi was not prese%ivin
any of the CD ﬁatients, but this is a very late indicator of thiamin
deficienéy. Early biochemical indicatérs of thiamin deficiency such
as erythrocyte transketolase activity were not éssesséd in this study
to confifm.the suspicion of thiamin deficiency in these three patients
with potentially‘Ibw intakes of thigmin. It may be of even greater
importance that several of the earliest symptoms of decreased thiamin
intake'are depressioﬁ and irritability, loss .of appetite, and loss of
weight (Briggs and Calloway 1979), and these symptoms are frequently
experienced by CD patients. Thus, these $ymbtoms could be subclini¢a1
dndicatbrs.of thiamin deficigncy and could signai a need to assess

thiamin adequacy in the CD patient.
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5.10 Riboflavin

The mean }iboflavin intake of both male and female CD patients
was greater than the RDA (Tables 2 and 3). Although the mean ribo-
flavin consumption of male CD patients was less than that of NC (Table
2) and the corresqonding intake of female CD patients was equal to
that of NC (Table 3), a considerably higher percentage of female (39%)
than male (17%) CD patients consumed less than the RDA of riboflavin
(Tables 4 and 5). Does riboflavin consumption of less than the RDA
‘place individuals at risk of develdping riboflavin deficiency? The
answer is not clear. Almost half of the male and female NC partici-
pants consumed less than the RDA of riboflavin, but urinary riboflavin
excretion was normal and clinical signs of riboflavin deficiency were
absent (Canada, Dept of National Health and Welfare 1973). However,
erythrocyte glutathione reductase activity is probably a more sensi-
tive indiéator of riboflavin deficiency than urinary riboflavin excre-
tion (Bamji 1969) and had it been determined in the NC study would
have Been more conclusive of dietary adequacy or inadequacy. Although
the RDA for riboflavin has been related to energy intake (RDA 1980), a
total daily riboflavin intake of approximately 1.2 mg regardiess of
total caloric intake allows a safety margin of 20%, based on evidence
that intakes ofAl.b_mg riboflavin/day increase ﬁrinary riboflavin
excretion and erythrocyte riboflavin in deficient subjects (Pargabnkar
and Srikantia 1964). ﬁiboflavin consumption in all male CD patients
exceeded or wés very close to lﬂO mg/day (Appendix 9). However,
several females had riboflavin intakes of 0.5—1.0:mg/day (Aépendix 9).

While a minimum riboflavin intake of 0.5-0.6 mg/1000 kcal has been



11/

shown to maintain erythrocyte glutathlone reductase activity within
the normal rauge (Bamji 1969), and all females Iin the present study
exceeded this ratio, it {8 not clear whether the total dally ribo-
flavin 1n£akes of 0.5-0.7 mg in female CD patients consuming less than
1000 kcal will produce a riboflavin deficiency. Thus, although all
female CD patients exceeded the ratio (of 0.5 mg riboflavin/1000
kcal), those 17% whose total riboflavin intakes were 0.5-0.7 mg are at
risk of developing riboflavin deficiency. However, biochemical param-
eters for the assessment of riboflavin status were not part of the
experimental design, so it was not possible to confirm riboflavin
deficiency.

Milk supplies about 40% of all the riboflavin in the food supply
(Briggs and Calloway 1979), and some CD patients may restrict milk due
to lactose intolerance (Sitrin et al 1980). Thus, it was somewhat
surprising that more patients did not have a low riboflavin consump-
tion. Indeed, the mean consumption of dairy products in the CD group
did not really differ from that of NC (Table 6). Only three patients
in the present study (one.male and two females) stated they had laé—
tose intolerance, though their respective riboflavin intakes were well
above the RDA and they consumed moderate amounts 6f dairy products.
However, of the three male patients whose riboflavin intakes were
0.9-1.1 mg/day and tbe four female patients whose riboflavin intakes
were 6.5—0.7 mg/day,fmilk was not consumed at all or was consumed in
small amounts in téa or coffee. This percentage is similar to the
estimated 15-25% of people in the general population yhé use milk ﬁk

“gparingly or not at all (Briggs and Calloway 1979). Thus, in the



present study, Eﬁo low riboflavin intakes did not occur {n those
patients who were purportedly lactose {ntolerant, but rather in those
patients who had an apparent dislike for dairy products and this
dislike occured not more frequently in CD patients than {n the general

population.

5.11 Pantothenic Acid

As with most other nutrient intakes in the present study, the
female CD patients fared worse than the male CD patfents, with almost
2/3 of the women and 1/2 of the men consuming less than the lower
limit of the RDA for pantotheénic acid (PA) (Tables 4 and 5). Panto-
thenic acid intake is generally in proportion to the intake of the
other B-vitamins, and thus in vieQ of the prevalence of low intakes of
some of the other B-vitamins in the present study such as thiamin,
vitamin B

riboflavin, vitamin B and folate, it was not surprising

6’ 12°
to find intakes of PA less than the RDA. How does the intake of PA in
the present study compare with other intakes of PA? The average U.S.
diet provides about 7 mg/day PA, ranging between 5 and 20 mg/day (Fry
et al 1976). While the meah PA intake for male CD patients (Table 2)
falls within this range, that of the female CD patients ls somewhat
below this range (Table 3). However, on the basis of similar intakes
of other nutrients (Tables 2 and 3), the mean PA intake of LD patients
is likely similar to that bf NC participants. Therefore; the question

sb8 whether intakes of PA less than the RDA will place individuals at

risk of deficiency. While the essentiality for PA 1s well established

(Denko’ et al 1947, Fry et al 1976), the amount of requiremeht is not
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wd

fwell'estabiished'and thus there are little data avaiiabie on which to -
base.prég§ctions of the effect of PA intakes,lessAthan the RDA. In-,
deed,bio the absence of enough gcientific.evidence to establish a
recommend ed allowance,-a provisional allowance for nutrfént intakes,,

N - ?
such as PA, is based on normal intakes of that nutrient by a popu-

iation without signs of deficiency (RDA 1980). However, diets as low
as i mg/day of PA for several months have not reeuited in clinical
deficie;cy (Denko et al 1947), and clinical deficiency synptoms have
only been produced in man by feeding metabolic antagonists (Hodges et -
'a1 1959) or a purified diet (Fry et al 1976). On the basis of lack of
clinical evidence, however, it could be premature to assume adequacy
iiof low PA intakes, as sobclinical deficieocy could be present, but
unrecognized. ‘Unfortunately, the biocreﬁicai‘standards for PA are not
well defined and therefore are not conclusive for PA deficiency. It
.could be of some importance to CD patients that included in the spec— o
‘trum of deficiencies in experimental animals are gastrointestinal
disturbances - gastritis with enteritis and diarrhea (Ellestad- Sayed
1976): - It is possible that a subclinical deficiency of PA could be
contributing'to these syﬁptoms in CD.

In the aosence of biochemical standards for PA it is not possible
to determine whether or.not PA consumption'lees than the RDA will
place an‘individual at risk of deficiency.: However, since PA is
provided in proportion to other B-vitamins (Cohenour apd Calloway -

1972), a diet which focuses on adequacy of‘B-vitamins in general

should ensure adequate PA.

4
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5.12 Calcium Homeostasis

The méan calcium intakebin CD patients was well above the RDA for
men (Table 2),vbut the mean was less than the RDA for women (Table 354

Both mean calcium intakes werq&éonsistent with those of. NC partici-

pants (Tables 2 and 3). Howéver, of CD patients, almost half the men

and two—thirds of the women were consuming less than the RDA of cal-

~

éium éTables 4 apd 5). In the healthy individual, without CD, con- ?
.éuming a calcium intake of considerably iess than the RDA probably
does not place the iﬁdividuzl at risk of developing calcium defi—.
ciency; since célciuﬁ balance can be maintained in men and women on

200-400 mg/day (FAO/WHO 1962) #84§ FAO/WHO (Food and Agriculture

Or hization/Wofld'Health Organization) recommends caléium intakes of
onl /400~560 mg/déy. Therefore, éhe extent of the impaired calcium
intaké ip the patient with CD mayAbe mdfé fullyvéppreciated by the
finding that only 33% of the females and ohly 9% of the males consumed
less than ﬁalf the RDA for calcium. ‘

It must be stressed that in patients with CD there is the addi-
tional risk of theif having vitamin D or protein deficiency on the
basis of impaired intake. Indeed, in this-study it was found that’
only 57% ofhmenvand 30% of women consumed the RDA for vifamin D
(Tables’4 and 5). Similar to the case for caiciumrintaké, 17% of

1

males and 29% of females consumed less than half the RDA for this
vitamin. Furthermore, evidence for protein malnutrition, based on
abnormal AMC, was found in one-quarter of patients with CD, whereas

‘over half these patients had g reduced total lymphocyte’ count (Tables

.8 and 9). Thus, patients with CD are at risk of developing multiple

Ty



'def;ciencies of célcium,.vitamin D énd protein, and any CD patient
consuming less than half thé RDA for calcium is‘potentially at risk
for developing smpaired calcium balance. |

Impaired calcium balanée may develop after only a prolonged
4 pgriqd of imﬁaired intake of calcium, vitamin D, and protein (Tietz
1976). Were there any signs of calcium deficiency in these patients
with CD? ‘Theré are a host of p#rameters used to suspect or diagnose
ﬁhe-presence of calcium deficiency and'bone disease. Thesg'include
serum calcium concentration, calcium absorption, urinary calcium,
serum concentrations of the vitamin D analogues, serum and urinary
’phosphate concentfations, serum alkaline phosphatase ac;ivity, m&a-
surement of cortical thickness br X-ray\of the hands, bo;e densito-
metry, Singh index of the trabecular pattern of the femofal head, and
bone bidpsy. We had measurements of.;erum calci;m, phosphate, and
alkaline phosph%tase in most of our patients, and total vitamin D
act%vity'in some of our patients. 'All the male CD patients had sérum
calcium concentrations greater than. 8.5 mg/dl, but the serum calciﬁm
was between 8.2 and 8.4 mg/dl in four female patients (Table 9\and
Appeqdix 27), and fheselvalues remained slightly below the lower limit

of normal calcium concentration even after correcting for the serum

albumin concentration. The serum phosphate concentrations were normal

in all patients,'and‘althoﬁgh the serum alkaline phosphatase activity

LS

i

was Increased in two‘patiénts (Table 8), their serum calcium concen-
trations were normal (Table 8). The serum magnesium concentrations
were normal“inAall but one patient, (G.K.), and his value of 1.3 mg/dl

normalized after supplementation and correction of his ileostomy dys-

b}
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function; his éerum calcium was normal (Table 8). 1In contrast to the
. report of Sitrin et ai’(1980), the serum total vitamin D activity was
reduced.in pnly 2 of,ﬁﬁé 10 men and one of the 9 women in whom this
assay was performed (Tables 8 and 9). It is of interest that only one
of the women with a slightly geduced éerum calcium'ébncentration also-
had reduced serum vitamin D activity, and yet, the serum calcium con-
centration was norﬁél in the two men with redué;d serum vitamin ‘D
éctivity. Thus, there is no agreement qualitétively or quantitatively
between these four indirect measurements of calcium balance: sefuﬁ
calcium, phosphate, alkaling phosphétése, and vitamin D. |

On the other hand, is the?e any relationship between dietary
. intakes and these'labo;atory parameters? There was no.correlation
between calcium intake and seru{wcélcium coﬁcentrations in women, 0T
betweenYQitamin D intéke andYéi;um vitamin D activity 1n men (Tablgé
12 and 13). While there was é weak, but statisfically significant .
corrélation betwéen calcium intake and sérum.calcium concenfrations in
~men, and between vitamin D intake and serum vitamin D acitivity in
women (T’ 12 and 13), the cli;ical applic_ation of these correla-
, tions is doubtful since the serum calcium concentratiéns were normal ?
" in the mer, and the serum vitamin D was reduced in only one female CD
~ patient. Indeed, the lack of correla;ion between dietary intakes of
calcium and serum calciuﬁ concentrations 1s not surprising sincg serum
calciﬁm levels are regulated 5y complex homeostatic mechanisms, and

o N ' X
impaired calcium intakes would not be expected to be reflected by low

)
serum calcium concentrations until late in the development of calcium

deficiency. In addition, the intake of vitamin D would not neces-

\
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: sérily be reflected by serum levels of vitamin D since ghe éerum
vitamin D activity may be influencgd by exposure to sunlight. Tﬁhs,
th;sé.indireét para@eters of calcium homeostasis are of limited value
for the predictién of calcium or vitamin D intake. However, the
finding of a low value of eithér serum calcium concentration or vita-
min D activity does suggest that a specific patient may be at.risk of
developing a dietary deficiéﬁcy of calciuﬁ or vitamin D. For‘example,
three of the four women with low serum calcium concentrations had a’
‘reduced'intéke pf:both calcium and vitamin D, and one woman had é low
intékg#pf jgst vitamin D (Téble 5).. In &a4ddition, the one femalé'with
a low.serum vitamin D activity and one.. of tﬁe two males with low serum
vitamin D éctivity‘also had a low vitamin D intake. Therefore, the
finding of a low serum calciuﬁ concentration or vitamin D acfivity
~clearly &oes nqt excludé the potential for a serious deficiehcy in the
intake of these nutrients, but the fiﬁding of-shch abnormai serum
values must raise ﬁhe index of suspicion for the potential presence of
nutrient risk. Moréover, éne group of researchers'(Bell et al 1977)
has shown that a diet riéh in fdods éontéining phosphate additives may
contribute to a low serum calcium. Experimentai feeding of foods high
‘in phosphate additives significantly redpced the serum calcium concen-
trations in 8 adults. Phosphates are gdded to a wide variety of
procésséd foods includipg meats, cheese, carbonated beQerages,‘dres-
sings, and.réfrigerated bakery‘produét§ (Deman and Melnychyn 1971).
How useful are: the measurémeats of serum calecium, phosphate,

alkaline phosphatase, or vitamin D activity to establish the presence

of calcium imbalance? Unpublished obsefvations by von Westarp et. al
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(1981) have indicated & podr correlation between these serum values
and the presence of mefabolicbboﬁe d;seése, diagnosed 6n the basis of
. bone biopsy or hanmd pone X-ray. Using these eﬁd—points, apprdﬁimately
one—-third of female ﬁatients with CD have established metabolic bone
disease (MBD). It is of interesﬁ to point out that the same percen—
tage of women consumed less than half the RDA.for.calcium and énly»30%
of the women cénsumed the RDA fof vitamin D (Table 5). "Thus, one of
the mechanisms respongible for the development of MBD is impaired di-
etary‘intake. Addilional factors potentially producing or accelerat-
ing the development of calcium imbalance must_include corticosteroid
.therapy,‘steatorrhea, and lactase deficiency (Sitrin et al 1980).

- While this study was not specifically @esigned'to establish the patho-
physiological factoré important for the development of bone disease,l
our limited data provided courtesy of Dr. C. von Westarp (198i) indi4
cate that over half the patients with CD had célcium malabsorption,
and a further but differenﬁ hélf had steatorrhea. The extent of cal-
cium loss into the stool of patients with Ch wés not assessed. VIn
this study, three of the four female patients with low serum calcium
concentrations and the two men with low serum vitamin D were consuming
éorticosteroids,_and over 507 of thé patients ingesti;g inadequaie
amounté of calcium or vitamin D were receiving this medication.

Therefore, there are several potential and real'factors which may be

responsible for the development of MBD in patients with CD, and future

studies must examine the role of dietary supplementation in the

prevention of calcium deficiency.
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5.13 Vitamin A ‘ _ | ’
Mean vitamin A.intake was greater than the RDA in'both male and
female CD patients (Table.- 2 and 3). While the female intake was close
to that of NC, male:  CD patients.consumed slightly more than half the
vitamin A of NC participants. However, vitamin A is highly concen-
trated in relatively few food sources arnd daily intake varies con-
siderably. For example, mean daily intake for the nationwide male NC
group was much closer to that of the male CD grOup. Despife an ade:
quate mean daily intake of vitamin A in CD patiénfs, only haif the
male and female CD patients were consuming the RDA of vitamin A
(Tables 4.ana 5). Although vitamin A is stored in'appreciable amounts
in the liver (Hodges et al 1971); daily consﬁmptionAof iﬁsufficient
amounts of vitamin A can eventually deplete the liver stores. Serum
vitamin A (rétinol) concentrations were not.assessed in the present
study.l Seruﬁvcaroteqe concentrations are used clinically to obtain an
assessment of recent vitamin A intake, and ;ﬁ evaluation of the pos-
sible prégencé of steatorrhea. Serﬁm carotepe concentrations were
pérformed in.a small number of our patients: 38% of the males and 13Z'
~of the females were below the lower limit of normal, but‘there was no

significant correlation between serum carotemne concentrations and
’ [ X S

vitamin A intake nor between serum carotene . and carotene_intake. It ..

must be stessed that such comparisons were possibly in only 28/47
{ . .

/ .
patients, and a larger sample must be evaluated before any‘conclusions

. . ﬁ 2
may be drawn. _ . f“d



5.14 Fiber

The crude fiber (CF) intake of patients with CD was similar to
the results obtained in NC (Tables 2 and 3). .Thé cereal intake of CD
patients is similar to NC, but the fruit intake of-thg CD group was

greatly increased above NC (Table 7). The male CD patients cpnsumed,y
D>

76% less soft drinks than NC, and it is poésible, though unproven,
that fruit drinks were substituted for the soft drinks. If this wefe
thevcase, then the gfeater intake of fruit would be due to a greater
intake of fruit drinks. These juices contain litf}e or no fiﬁer and
would thus make an insignificant contribution to total fiber, while at
the. same time wouid contribute to the total carbohydrate intake.

’ Dietary fiber (DF) may be 5-10 times higher than.CF (Trowell
1973). Dietary fiber in CD patients has been repofted'to be increased
(Kasper et al 1979) or decreased (Thornton et al 1979), aé éompared
with controls. The DF intakes in these studies were 27 gm/day and 17

gn/day, respectively (Kasper et al 1979, Thoraton et al 1979) and this

compared with a figure of 12.7 gm/day in our patients with CD.

5.15 Nutrient Density
In ;he present stgdy, we found that, ;n general, women were at
greater risk than men for developing nutrient deficiency. 1Is this
sex—-related discrepancy due to an inadequate intake of fd?d by femaie
patients with CD, or was the quality 6f their dﬁgts subofﬁimal?: To
answer this question, it was necessary to examine the nutrient density

of the diets consumed by CD patienté. This qualitative comparison is

given in Table 7 which shows that the only statistically significant
. ( ,
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difference in the nutrient intake of male and female CD patients per
1000 kcal was in vitamin A and folate, of which males consumed less

than females. Not surprisingly, these same nutrients were the onl}

. two nutrients in which fewer males than females met the RDA (Tables &

4

LA

and 5). Vitamin A is concentrated in relétively few foods, some of
them being vegetables and fruits. Thus, it is possible that
fruit/vegetables c&mprised a proportionately larger portion of female
than male diets in patients with CD. Therefére, the quality of the
diets consumed.by male and female CD ﬁatients was genérélly compar-
able, but men generally require.and consume more énergy than women.
The RbA for nutrients other than energy is the same ofbonly slightly
higher for men than womgnjﬁand thus men are more iikelyzto achieve
their RDA for nutrieﬁts simply because they eat moréi

\

A

5.16 Specifigc Factors Which Could Identify the Crohn's Bisease

-

Patient at Risk of Nutritiohal Deficiency

Recent ad?ancementé in biochemical analyses and increased under-
standing-of metabolic processes have resulted in a proliferation of
tests for assessment of nutrition;l‘status. However, it is cos}ly and
often impractical ;oléerfofm a wide battery of tests in all patients,
particularily when chronic disease states‘such as CD make it necessary
to evaluate biochemical status at regulér'in;ervals. Therefore, there

is a need for a few selected predictive parameters to identify those

‘patients at risk of nutritional deficiency and in need of further nu-

tritjpnal assessment and or counselling.
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nutrients, but simply indicates the likelihood of lowér nutrient
intake relative to an inddvidual with a higher serum folate concentra-
tién.

In both male and female CD patients, significant-cotrelations
were observed between dietary intakes bf>caléium, phosphorus, protein
and vitamin D (Tables 12 and 13). This is not surprising, as it is’
probably reflecting the extent to which these nutrients occur together
in dairy products. Thus, in-male Cﬁ patienté dietary protein was cor-
related with each of dietary calcium, phosphorus, vitamin D, folate,
iron, vitamin BiZ’ and vitamin B, (Tables 10 aﬁd 12).~.At this time,
however,'thelpractical significance of the relationship is unclear,
since all protein intakes in thé Qale CD group were greater than the
RDA (Table 4). However, there was evidence of protein malnutfition
and thus optimal proteinrintake in male CD patients, especially those
on steroids, must be determined. ‘Thus, there is no single paraﬁeter
in male CD patients which will‘prediét the risk of nutrient deficien-

.¢cy. Likewise, in females, the §ractical implication of the—correla—
tions between dietary calcium, phosphorus, protein, and vitamin D are
limited,.since the méjority had protein and phésphorus intakes greater
than the RDA (Table 5), andidietéry calcium and vitamin D showed only
a low correlation with one anoth;r (fable 13).

Body weight is generally copsidered to obscure disproportionate
changes in body fat and muscle mass that ;ccur-in disease states and
therefore is not a sensitive indicator of nutritional status;‘ How—~
ever, arﬁ muscle circumference kAMC) is réported to Specifically'

reflect protein status and not to correlate particularly well with
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body weight (Section 2;4). Thus, it was somewhat surprising that in
the present étudy AMC correlated only with total lymphocyte count
(TLC) and that relative body weight (RBW) showed a similar correlation

with TLC (Table 14). Furthermore, RBW was highly correlated with AMC

in both male and female CD patients and with triceps skirffold (TSF) in

females (Table 14). Therefore, RBW was aé good or a better indicator
of biochemical and/or anthropometric parameters in CD patients as was
AMC. The practical significance of this’finding is that RBW 1s easier
tﬁ?aetermine and does not require the éame skill as'detérmination of

AMC or TSF. As a predictiverfactor RBW can be used to assess muscle

reserve, TSF, and TLC in female CD patients.

5.16.1 Crohn's Disease Activity Index (CDAI) and Relationship

to Nutrient Intake
'The CDAI was not corfelated,vitﬁ intake of ene£gy, protein,

carbohydrate, or'foléte in females (Table 18). 1In males, there was ;
significant negative correlation betweeq the CDAI and energy intake,
but the correlation was quite lo€ (-0.38, Table 18). Thus, if the
CDAI was»used_as an indicator of eﬁergy intake in males, the interpre-
tation could result in a false posikive, that is, the assumption of
high energy intake associated with a low CDAI. The danger of an |
erroneous assumptidn such as this is obvious. Therefo;e, it can §e

concluded that the CDAI is not reliable as a predictive parameter of

poor nutrient intake. ) . -
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5.16.2 Crohn's Disease Activity Index and Relationship to

Biochemical Tests

In females, the CDAI was negatively correlated with hemoglobin
and positively correlated with serum ferritin. Nufritionally
speaking,»the correlation between hemoglobin and ;he CDAI is of little
predictive value, since the anemia of CD can be due to one of several
nutrient deficiencies or the chronic inflammatory disease process.
However, it could be used as a screening device to signal a possible
deficiency ofuiron, folate, vitamin C, vitamin BlZ’ or vitamin B6'

The positive correlation between serum ferritin and the.CDAI was
somewhat surprising. However, the interpretation of serum fefritin.
concgntrations within the nor&al range 1s difficult. The several
factors which may inappropriately elevate serum ferritin, including
mild hemolysis secondary to the use of SAS and/or reticuloendothelial
dysfunction could well be affecting this relationship between serum
ferritin and the CDAI.

Serum albumin was negatively correlated with the CDAI in males
(Table 18). However, since all the se;um albumin concentrations were
above normal in males, the practical significance bf this relationship
is limited. It should be noted, howeéver, that the upper range of the
CDAI in the male‘group, with the exception of one patient, was well
within the range indicative of mild disease. Thus, if the observed ’
relationship (between the CDAI and serum albumin) continued as disease
activity increased, there is fotential for a clinically(significant
relationship between the CDAI and serum albumin in a group of €D

patients with a wider range of disease severity.

J
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The CDAI was correlated with duration of disease in males, but
not in females (Table 18). Since chronic disease imposes a chronic
demand on nutrients, a potential exists for increased nutrient defi-

clency as duration of disease increases. However, as suggested by the

N\

‘A
former correlation¥’, this may or may not be related to the CDAI.

Again, the range of disease severity was not wide, and with a wider
=
range of the CDAI, the correlation may exist in both males and
. N o

females.

5.17 Male/Female Differences in Crohn's Disease Patients

Female nutrient intakes were generally poorer than that of males.
The mean nutrient intake qf female CD patients was less than the RDA
for more nut?ients (Table %%gihhn that of male patients (Table 2).
Seventy-five Z of the females consumed less than the RDA of 6 or more
nutrients, compared to only 36% of the males. Consumgtion of quanti-
tatively poorer diets by females are<not negessarily surprising.
Women require less energy and con;ume less food than men, though they
require the same amount or more of many nutrients than do men. Quali-
tatively, however, female diets aré usually equal and od‘;n superior
to that of men, and the present study showed that the nutrient con-
sumption per 1000 kcal was the same in men and women, except for
vitamin A and folate, of which men consumed significantly less (Table
7). |

It has been suggested, that food intawé may be re&uced in re-’

sponsé to the pain, diarrhea, and anorexia associated with CD. Al-

though the CDAI was higher in females, there was no correlation
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between thf CDAI and nutriéﬁt intake (Table‘18). In contrast, in the
male group there was.a negative, thougﬁ low (-0.38) cérrelation be--
then the 'CDAI and energy intake. Thus,rit appears that males with a
higher CDAI tend toiredﬁce thgig food intake, but females do not.

A gre;fer number of females than males ﬂad abnormal‘valuegfkor
serum a;bum;q,'TLC,:hemoglgbin, ﬁCHC, Y 4 transférgin satgration, serum
ferritin, seruﬁ folate, and seé;;-;alcium. This is not surérising in
view of their pooref nutrieﬁt intakes. Howev;f, thefe were several
inconsistengieb‘betWeen the male and female groups in rela;ionships
bgfween biochemical parameters and‘nutrient intakes. ‘For example,  the
incidence'of low setum By was‘identicai in malgs and females,'thoughf
‘the pales-w}th low serum B12 concentrations had cbnsumed less than the
RDA aﬁd the females yith low sérum B12 concgntratiéné»had consumed - ®
more - than tEe7RDA. It was subsequently noted that fhese.females also
haé low serum.folate concentrations and thus A mixed deficiency was
suggested. It is’possible that the“use of OCA amongrthe'wqmeﬂ was
plapi;g>increased demands on their body foiate stores and Qas thus
';esﬁoﬁs%bleAfor_the greater proportion of low serum folateJcoﬁcentra-
“tions in womén, despite poor folate intakes in both den and women. 'As
Qell, gsé of OCA has Seen associaﬁed with low ggrum,Blz; se;um‘énd
leucoéyte ascorbic acid, and serum zinc (2‘7.3fj_ Also, serum levéls

of vitamin A and iron are_higheréthan ngrmal,in OCA users (2.7.3).‘

- Indeed, this may have_contqiﬁuted'to a lower incidenég?of abnormal

4

\ . ' : e v
serum iron concentrations in women than men, despite high iron. intakeg .

, ' s . - B TR
in all the men and low ireon intakes in all the women. P co

A

¥
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‘Dietaty folate in females was.highly cortelated with dietary
yitamln B6, vitamin 3123 Yitaminbc, 1rqnp anu protein, but in males
was onl§'currelated with the 1stter two nutrient\intakes. Moreover,
serum folate was c;;;;lated with dietary fulate,kuitamin B6,'vitamin
.B12' and vitaminFC in females, but not in males. The correlation
between nutrients in the female CD patients coulu simply be indicating
consistent quality of diet in females. Though ‘gimilar prbportions of
.the males and females failed to achieve the full RDA for folate, a
consistently larger number of males consumed 2/3, 1/2, and 1/3 RDA.
Indeed; 74% of wales, but only 58% of females consumed 1/3 RDA for
folate. lt'is posslble that the felationship between.dietaty folate
and ‘serum folate does not become linear until folate intakevdrops’
below a minimal level.‘
Mele/female dlfferences were observed in the CDAI and its rela-
tionsnip to other parameters. The4CDAI and'durationqgf disease were

both higher in females than in males and the demands of chronic

disease could contribute to poor nutritional status, though correla—

/
tions between biochemical parameters and the CDAI were not conclusive
 for nutrit®onal deficiencies. The CDAT was negatively correlated with

hemoglobin and positively correlated with serum ferritin in females

and negatively correlated with serum albumin Yin miles (Table 18).
This lack of sgreement in correlations could reflect a difference in

~ the effects of varying disease severity. ‘ ~

Some of the inconsistencies reported in the present gtudy could

also have been due to taking of supplements. As preVious y mentioned’ -

(5 16),.the amounts and kinds of supplements varied considerably, and
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some patients could not reﬁémber brand names or amounts of. a supple-
ment taken, so it was difficult to.control for supplemehts. However,
the correlation between serum folate and dietary folate was véty
vsimilar Qhen c;lculated for the whole group or when calculated for”
those who did not také a folaté'éuppiemenL.

Finally, the two patients taking total parente§31 nutrition could
have added fo the male/f%ﬁale differences. Although one male and one
female were taking total parenteral qut?ition, the nutrients br&vided ¢
can vary in bbth kind apd amoqnt. In thisccase,'the female was suﬁ—
plemented with amOuntg of thiamin, paﬁtothenic.acid, vitamin B6’

vitamin B12’ riboflavin, and fblate which in some instances provided

»

more than 10 times the RDA.

« . : - | ‘

'5.18 Nutrient Supplements‘Takenvby Crohn's Disease Patients -

Several Cs'patients took one or more gﬁtrient supplements,

including folate, iron, vitamin C, vitamin A, vitamin D and calc

As well, as few'Sétientsﬂhad vitamin B12 injections. Howgve‘
information on nutrient supplememtation was not included
discussion of individual nutrients for several reasons:

1) information on supplements was not collected during the
4 .
initial phase of the study.

2) from information found in patient charts, it became evident

]

that several patients routinely tookvsupplements, but did not report

+ them at the time of the dietary intérview.

-

3) bhs length of time‘patients had been on'subplements, as well

“v\?S the daily dosage of supblements, varied greatly.
8 ,
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In the present studf, because of the problems noted,.a decision
was made not to use the”supplement,information at all. Notwithstand—
ing-thé above concerns, however, it was noted.that the correlation
ﬁetween serum folate and "dietary folate was almost idenfféél, regard-
less bf Qhether or not the folate—supplemented patients were included.
This is not to say that nutrient supplements have no effect on the re-
lationships between dietafy‘and:biochemical”parameters, but:emphasizes
the need for complete information regafding nutrient‘QUpplementation. ‘ .

: . . '3\\
i . & I

5.19 Comparison of Nutrient Intake in $Steroid vs Nonsteroid Groups

Sterdid therapy was associéted with signs of protein malnutrition
in CD patignts; 9/10 pa;ients with reduced AMC wete on steroidé, and
. 6/11 females and 8/10 males with reducé&'TLC were on steroids.
Cémparison‘df mean protéin intakg in tﬁe steroid vs noﬁste;oid groups

;)

(Appendix 35), however, indicates that there was little difference in

2

intake. for either . the male or fengiih groups. Comparison of intakes of
other nutrients which are particulafiy important in steroid therapy
(energy, calcium, and vitamin D),‘showed that the female sterdid_group
‘consumed more energy that did the nonsteroid group. The male steroid
group consumed mbre calcium than did the non-steroid group. iThe signs
of protein malnutrition associated with steroid therapy do not appear

to be related to differences in dietary intake,-but may be due to the

catabolic effects of steroid therapy.

-
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6. SUMMARY OF FINDINGS

1. Nutritional assessment of 23 male and 24 female Crohn's dis-

ease -(CD) oufpatients was made by means of 48-hour dietary recall, an-
thropometric mea§uréments, and bigchemical tests. |
- , - :
2. The mean age of the CD patients was 31 years for males and 32
years for females. Male CD pafient; had a mean height and weight "of
176 ecm and 72 kg, réspectively, while cémparable figures for female CD
patients were 164 cm and 58 kg."Triceps skinfold was 120% of the
standérd triceps skinfold in men, but only 95% of the Standafd’in
“women . ‘§erceht of standard arm muscle circumferencé was quite compar-
able in the male and female groups, being 95% and 98% for males and

-females, respectively.

<

e

X

3. The mean duration of disease was shorter in males, being 71
gonths as opposed to 95 months in females. The Crdhn's Disease
Activity Index was also lower in maleé (46) than in females (118).

Fourteen males and 15 females had CD of the ileum and colon, 9.males

and &ﬁfémales had CD of the ileum, and one female had colonic

o .

involvement. e 4

4. 1t ﬁas found that the mean intake of vitamin B and‘folate in

6

" male and female CD patients, as well as the méan intake of calcium,
vitamin D, and iron in female patjents was less than the recommended
dietary allowance (RDA). However, there was wide variation in food

¥
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intake betﬁeen patiénts,lwhich was ;asked by the mean nutrient intake.
Thus, the percentage of individuals consuminé’various fractions of the
RDA was calculated, and it was found that some patients consumed less
than 1/3 of the RDA fo; some nutrients. Some males consmqu'leés than
1/3 of the RDA for vitamin A, ascorbic acid, fplatevand vitamin D, .
vhereas some females consumed less than 1/3 of the RDA for energy,
éalqium, iron, vitamin A, ascorbic acid, vitamin B6, vi;émin B12,

fblate and vitamin D.

5. The mean daily intakglof food groups of CD patients was cgm‘
pared to that of'NC participants. Ffuit intake of CD patients was
found to be 79% higher in males and 69% higher in females t;an that of
Nutrition Canada, but was thought to be largely attributable to fruit
drink intake in CD pafiehts. Soft.drink ingake in male CD patients

was 76% less than'&ﬁﬁt of NC.

6. Quali;y pf_dieﬁ w;s compared in male and female CD patients by
expressing nutrient intake per 1000 kcal. It was found that males
consumed signif@cantly less folate and vitamin A per 1000 kcal than
did femalés; . . | | 4

7. More thaﬁ 30% qf the méle and female CD patients had abnérmal
jalues for total lymphocyte count; serum iron, % transferrin satura-

tion, serum folate, and in males only, serum carotene.
-
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8. Significant correlations were found between several dietary'

Y

ﬁafame&érs in males and females. The correlations between serum
folate ‘and each of dietary folate, v;tamin C, vitamin B6 and vitamin
B,, were also significant ep < 0.01) in females only. As well, a
significant corrélation (p < 0.05) was also found between serum cal-
;iﬁm andveach of dietafy calcium, phdsphorus, protein and vitamin‘D in
males. Howéver, the cor:elations observed in males were of{liétle.

practical significance, since all serum calcium concentrations were

within the range of normal in the male CD patients. '<v

9. Relative w?ight was foﬁnd‘to be co;rglgted‘with # standard arm
muscle‘circumferéhcé'in males and females, éﬁg'with total lymphocyte
count and % st;ﬂdérd triceps skinfold in females only. Thus, it
appears thaf relative weight can be used as a predictor of protein
status in CD patients and of ad%pose tissue ;esééve iﬁ female patients

only.

10. The percent of male and female CD patients who had low an-
thropometric ;nd biochemiéal values when grouped according to ene;gy
intake less than the RDA, equal tovthe RDA, or gréater than the RDA
was calcuiate&;' However, energy in;ake appeared to be of'little value
in predicting the présence of selecteé low biochemical and/or anthro-

pometric parameters, as the incidence of low parameters occurred with

équal frequency at all lévels of energy intake.



11. The Qalue of weight as a predictor of selected low anthropo-.
metric and/or biochemiﬁal parameters was also investigated by grouping
patients according to greater than or equal to 90% of relative body
weight or iess than 907 of relative body‘weight._ In nale CD patients,
felative body weight appeared.to be of little predictive value.
‘However, female patients with legs than 90% relative body weight had a
greater incidence of abnormal triceps skinfold, arm muscle circumfer-—
‘ence, total lymphocyte count, and tofal i;on‘binding capacity than did

females with'greater than or equal to 907 relative body weight.

12. Thé.Crohn's Disease Activity Index (CDAI) was calculated for
each‘patient and was then correlated with Selecfed dietary, biochemi-
call and anthropometric parameters. In maies,\thé CDAI was negatively
correlated with energy intéké and serum albumin and positively corre-
lated with_the duration of thevdisease.ﬁ However, the usefulness of
“these correlations is questionable, since the correlétion with energy
'waé quite low (-0.38) and‘all»serum albﬁmiq concentrations weré within
the normal range in the maie CD patients. In females, the CDAI was

negatively correlated with hemoglobin and positively correlated with

serum ferritin.

13.. It was concluded that serum folate, relative body weight, arm
muscle circumference, and total lymphocyte count could be used as pre-
dictive parameters to identify the CD patient at riskAand in need of

nutritional counselling.
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7. RECOMMENDATIONS:

¥ \

7.1 Energy Intake

Low energy intake was feported"in a sizeable number of CD pa-
tients, but there was no correlation between energy'idtake and body
welght. Factors contributing to fhis lack of correlation are sug-
gested to include: altered energy requirement due to the disease
process, malabsorpqién, progein—losing enteropathy, and the use of
certain medications. For fhis reason, it is recommended that future
studies Be designed to examine the presence.and extent of steatorrhea
and creatorrhea in CD and that these be correlated with the Crohn's
Disease Activity Index and gastrointestinal protein logs. The detér—
mination of Oz.consumption and estimation of basal energy'expeﬁdituie

should be examined to determine if the basal requirement in CD is
increased with respect to that of a normal individual, and if the
basal energy expenditure is_related to the Crohn's Disease Activity

Index. Such studiés would provide a better understanding of the

energy requirements of patients with CD.

7.2 Cérbohydrate Consumption

Carbphydrate consumption in the pfesent study was slightly higher ‘
thanithat of Nutrition Canada, but it was not possible to determine
whether.ér not this difference was statistically significant, nor
whether it was due to an increase”§n simple and/or complex carbohy-

drate. Future studies should assess the intake of refined sugar and

fiber in CD patients, and these values should be compared with the
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intake of a Qell—matched control group. Finally, the potential role
" of dietary fiber in the prognSSis of CD should be assessed by a well-
designed ﬁroSpective long-term clinical trial.
7.3 Protein

Although protein intake was generally ﬂormal when assessed at one
point in time, signs of protein deficiency included decreased arm
muscle circumference; and depresséd total iymphocyte count. CD in-
volves a number of factors which could increase protein requifements
\inciuding protein-losing enteropathy, the catabolic effects of the
inflammatory process and of steroid the:apy. Therefore, the extent of
protein loss and its relation to the Crohn's Disease Activity Index'
should be examined in future studies, and the assessment of proteiﬁ
intaké an& signs of protein deficiency should be: examined prospective-
ly over a suitably prolonged interval. Such studies would establish
the £elétive importancé of ghese postula;ed mechanisms contributing to

protein deficiency.

7.4 1Iromn

The {ntake of iron was reduced in the majority of females with CD
and anemia was common. However, in CD, anemia is not necessarily a
sign of iron deficiency. The discrepancy between abnormal intakes of
iron and tﬁe tentative diagnosis of iron deficiency accomplished using
the serum ferritin concentration emphasizes the need for future studf
ies to develop a simple,gyet moreV}eliéble.test for the diaénosis of

iron deficiency in CD patients. Future studiés should also focus on
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- the potential mechanisms for the development of anemia in these pa-
tients: whgt is the role_of\the low intake of vitamin C in iron aﬂ-
sorption, is the absorption of food and elemental ifon impaired, is
the gastrointestinal loss of iron excessive, and do these patients

respond normally to iron supplementation?

7.5 Folate

Both folate intake\and serum folate were reduced in male and
female CD patienté. A ;ign;ficant correlation was noted between
dietary folate and vitamin B12’ vitamin C, vitamin B6, iron, and pro-
tein in females; between dietary folafe and the latter twbvdutrieny

intakes in males; and between serum folate and dietary folate, vitamin
+
L.

C, vitamin B6’ and vitamin B12 in females. It is not known why the
latter cor;elations occurred in females only. It is recomménded that
""future studies iﬁclude the more definitive sign of folate deficiency,
red cell folate, and that the correlation between megaloblaétic
anemia, red cell folate, and serum folate be determined to establish
the efficacy of serum folate as a predictor of folate deficiency.
Furthermpre, folate absorption and 51Cr protein loss from the(gut
should be determinéd, and related to folate status. Supplementation
with folate, its effect on serum folate, and deﬁermination of red cell
turnoverfshould be dgtermined to establish ideal duration of therapy.

t
i

7.6 Vitamin 812

Vitamin B12 intakes were low in about 1/4 of the males andhi/Z of

the females, but low serum B12 concentrations occurred in only a small

~



proporﬁiQn of patients with CD and megaloblastic anemia was not
present in any of the patients. However, in time, a reduced intake of
vitamin B12 will result in a low serum B12 concentration. In add1¥
tion, malabsorption of vitamin B12 due to ileai dysfunction or bac-
terial overgrowth may also contribute to a vitamin B12 deficiency.

Thus, an annual serum B will identify the patient with a vitamin B

12 12

deficiéncy and the Schilling's test wil"ﬁdentify those patients with
malabsorption. Future studies should be designed to determine if
malabso;ption is due to ileal .dysfunction and/or bacterial overérowth;
In order to determine if vitamin B12 malabsorpticn is due to ileal
disease, it is necessary to examine the relationship between the
Schilling's test and extent of ileal disease, and the Schilling's feét
and stool bile acids. The 140 breath test can be used to identify
malébéorption due to the presence ofAbacterial overgrowth. Response:
to antibiotics will confirm and ;melionate vitamin B12 malabsorption:
due to bacterial overgrowth. In the case of ileal dysfunction, regu-

lar B12 inj. :tons should be considered to avoid vitamin B12

deficiency.

7.7 Vitamin C

Low vitamiqlc intake was reported in a modest proportion of CD
patients. However, the biochemipal significance ogffﬂis finding could
not be determined in these CD patients. Lack of vitamin C has been
implicated in iron and folate deficiency. Indeed, the correlatioiﬁ
‘between dietary vitamin C and dietary,foléte, and between dietary

vitamin C and serum folate strongly supports the need for the deter-
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minatibn in future studies of serum and leucocyte ascorbic acid con-

centrations, and their relation to serum folate and red cell folate,

"as well as to the patients' iron status. .
7.8 Vitamin B, , <

Vitamin B6 consumption was reduced in almost all of male and
female CD patienté&n Howéver,>biochemical paraméters of visamin B6
nutriture were not assessed in the present study. Future studies
should‘inclgde the measuremént of such parameters as serum pyridoxal
jﬁhosphate, iﬁgéimggiary mg;aSolites such as xanthuren%c acid, and

alanine aminotransfegzéa\gctivity. As well, vitamin B6 status should

be related to steroid therapy

d aneﬂ;g. Moreover, because there is
considerable overlap in the clinical iciency symptoms of the ﬁ-
vitamins, when a deficiency of one B-vitamin { uspgcted, deficien-
cies of the other B-vitamins should be suspected and scresened for with

‘appropriate biochemical tests (7.9-7.11). » T~

7.9 Thiamin
Almost half of -the CD patients had low thiamin intakes, though

3 or aseessment of thiamf%~deficiency were not

biochemical measurements
. .}‘6

.

determined. However, several of S earlihst symptqu of dédteased

3
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7.10 Riboflavin

Low riboflavin consumption was reported in a small number of male
CD patients and a moderate number of the female CD patients, though
biochemical paraﬁeters for the assessment of riboélavin deficiency
were not determined. Though some patients with CD have lactose in-
tolerance and thus might regtrict dairy products which are a primary

L3

source of riboflavin, the patients who reported lactose intolerance in
the present study consumed adequate amounts of riboflavin. However,
future studies to examine consumption of ribbflavin, calcium, and
vitamin D in CD patients with lactose intolerance should be conducted.

As well, biochemical assessment of riboflavin intake should include

determination of erythrocyte glutathione reductase activity.

7.11 Pantothenic Acid

Almost 1/2 of the male and 2/3 of the female CD patients consumed
less than-Fhe lower limit of the RDA for pantothenic acid. However,
diets providing much less pantothenic acid than the RDA have not

resulted in clinical deficlency. Clinical deficiencies of panto;heni&

acid in animal studies, though, inglude gast -ngith enteritis and
diarrhea, and it is possible that a deficiency of pantothenic acid
‘could be contributing to theée symptoms in CD patients. Thus future
studies should include assessment of adequacy of pantoihenic acid
Aintake. Because biochemical standards for pantothenic acid are noé
well-defined and, therefore, are ndt conélusive for pantotﬁenic acid

deficiency, future studies must also include determination of biochem-

ical standards for pantothenic acid.

146



7.12 Calcium!Vitemin D | o e

Calcium and.vitamin,D intake wes markedly'reduced in female CD.
patients, and moderately reduced in male CD patients. However, there
are no reliabie\standard biochemicalhmethods ot assessing‘halciUm
nutriture. ThUs;Hit’is recommended‘that calcium deficiency be identi-
fied by the parameters‘used to clinically identify metabolic bone
diseese and these include: bone bionsy, measurement of cortical
thickness of hand bone, Singh index of the trabecular pattern of the
femoral head bone densitometry, parathyroid hormone, and serum vita-
min D. It is suggested that research tools used to assess abnormal

calcium metabolism'be‘performed in CD and correlated with the‘presence

of metabolic bone disease diagnoaed from bone biopsy. . If a defect in

calcium metabolism is found to be common in CD, then the mechanigﬂi’eof

this defeet Bhould be assessed measuring calcium absorption and loss
from the bowel, and cbtrelating this with magnesium status, steato-—
rrhea, bile salt wastage, protein balance, consumption of drugs, and

f‘téé;Crohn's Qisease Activity Index. Finally, the patients should

Nl

@ .

‘receive appropriate supplements of calcium and/or vitamin D, and their
response assessed by following the possible chenges in the indirect

measures of bone metabolism listed above,

¥

®
7.13 Vitamin A"

Half of tne male end femeie patients in the present study were i
‘ reported to be consuming low amounts of vitamin A. Howeve}, as vita-
gin A is concentrated in relatively few foods and daily 1ntake varies,

vitamin A.consumption in CD patients should be determined over a

147 -
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longer periodfof ‘time. Serum retinol concentrations should be deter-

mined: as well, ‘and related to steatorrhéﬁ, fecal bile acids, serum

carotene, and the presence of abnormalities in dark adaptation.

fletary zinc was not assessed in the present study. However,

'f‘nical evidence of zinc deficiency in CD patients has been reported

QAN

y’by several groups and may beicontributiﬁg to retarded growth, anorex-
15, malabsorption of foléte, and deﬁressed serum albumin. Thus, it is
important for future studies to assess zinc intakevin Cb patients; to
seék:(a) more reliable way(s) of'aetermining-zinc stétus.

7.15 Patient Management

Initially, it is recommended that all patients with CD be as-
sessed for height, weight, change in weight, total lymphoéyte count,

serum folic acid concentration, and arm muscle cir?gmferenée, in

s

addition to any other clinically indicated and appropriate tests. If -
these paraﬁeters are normai; they should be repéated in 6-12 months.

. * : '
If these parametets'are abnormal, however, the patient should be

referted to a dietitian for individual‘counsélling, in addition to «

n

having serum irom, total iron binding capacity, serum ferritin, serum

~

B),, SMA,, and CEC. Findings in the literature have identified

12

and/or suggested several nutrient deficiencies by means of several
biochemical parameters not performed in the present study, and it is
. 7 .
; : {
recommended that future studies be designed to confirm the usefulness '

[
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of'égrum and leucocyte ascorbic acid, red cell folate, seruﬁ retfnol,w‘
stool bile acids, 14C‘breath test, and parameters used to assess the

jStatus'of thiamin, riboflavin, pantothenic acid, copper, and zinc.
¥ ‘ _ . : ‘ , .
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Append1Xx2:' Cumulative Percent Distribution

df Enérgy Intakel_iﬂ Crohn's DiseasevPétients. ;

N _ ﬁalgs . 'Feﬁales 3
Calories/day  n A %1n %

. _ S, . - S
<500 o o -0 0 ¥ S
s0-749 - 0 0 . 3 13,

750 - 999 0o .0 117

1 1000 L2@9 0 o 352 7
15007 1749 o2 13 4 46
1750‘; 1999 0 13 s e
2000 = 2249 4 30 2 75
2250 - 2499 - 3 43 2 u 83 .
2500 ~ 2749 4 .61 1 88

2750 - 2999 0 61 1 92
3000 “$ 2 w0 o 92 . -

3250 =349 0 70 1t ?éng
3500 - 3749 2 78 0 9% |
3750 - 3999 3 91 0o 9

4000+ 2 100 1 100

" ‘ - . '
1. Values were calculated as the means of
two, consecutive 24-hour dietary recalls.
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Appendix 3: Cumulatnvevkéfcentage Distribution

of Protein Intake' in Crohn's ‘Disease Patients

_ | © Males Females
‘B/déy , ;? 'n A n A
0 _'54 "0 0 2 8
25 - 49 _ o 0 4 25
50 - 74 5 22 12 75
75 - 99 8 57 2 83
100 - 124 6 83 2 92
125 - 149 0 83 2 100
150 - 174 3 ‘_ 96 f' - \
175 - 200 1 106, - -

1. Values were calculated as ‘the méans,of

two, consecutive 24-hour dietary recalls..
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Appendix 3a: Gumulative Percentage Distribution

[e28 c

of Protein Intake in Crohn's Disease Patients

Males

g/kg bodggwaight/day' n %

0.4
006

0.8

1.0

1.2

1.4

1.6

= 0.5 .8 0
- 0.7 0 0
- 0.9 2 9
- 1.1 8 43
- 1.3 3 57
-1.5 2 65

+ 8 100

L1

Females

n %

313
4 30
2 39
2 43
4 65
4 "83‘
L 100

Values were calculated as the means of two,
consecutive 24-hour dietary recalls.
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Appendix 4: Cumulative Percentage Distribution

~of Calcium Intake1 in Crohn's Disease Patients

Maleé Females .
mg/day ‘ .n | % n %
0 - 99 : 0 0 0 0
100-199 -~ .0 0 - 6 25
.200 - 299 2 9 0. 25
300 - 399 0 9 -2\ 33
400 - 499 3 22° 1 38
500 — 599 2 30 2 46
600 - 699 s ® 43 2 54 .
700 - 799 1 s 2 63
800 - 89y o 48 3 75
900 - 999 .1 82 1 79 o ¢
1000 - 1099 . 3 65 0 79
%1100 - 1199 o 65 * 2 88
1200 ~ 1299 2 747 o1 92
1300 - 1399 178 o0 92
1400 - 1499 1 ¢ 8§‘, 0o 92
1500 - 1599 1 59ﬁ§ .0 92
" 1600 - 1699 1 91 0 92
' P

1700 +° 2 100 2 100

1. ValQes were’calcuiated as the means of
two, consecutive 24-hour dietary recalls.
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Appendix 5: Cumulative gﬁrcentage Distribution of
N N : % - R

Phosphorus Intakel-in Crohn's Disease Patients

’ ‘Males Females
mg/day 9 n % n %
0 - 499 o0 o 313
500 - 999 4 17 8 46
1000 - 1499?" 5 39 8 .79
1500 - 1999 8 74 3 92
- 2499 - 4 01 2 100
i -ogg 0 o <
- 3499 2 100 - —

1. Values were calculated as the “means of
" two, consecutive 24-hour dietary recalls.
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"Appendix 6: Cumulative Percentage Distribution

“ketinol

Males

Equivalents/day n

0 - 250

251 - 500
501 ; 750
751 - 1000
1001 = 1250
1251 - 1500
1501 - 1750
1751 - 2000
2001 - 2250

. 2251 - 2500

Q01 - 2750
2750 - 3000
3000 +

1. alues were calculated as the me oy

%

52
74
87
87
91
91
91
95

100

. é@o, consecutive‘24-h0ur‘dietafy recalls.

of‘Vitamin A Intakg1 in Crohn's Disease Patients

£

Females
n Vs
1 4 *
6 ,,Zx$
5 50 ‘
2. 7% " |
1 65 _ 5 HE
o
2 71 7
4 88
0 88
1 92
1 96
0 96
0 9%
1 100
?
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Appendix 7: Cumulativé Percentage Distribution

of Iron‘Intake1 in Crohn's Disease Patients

aMales Females
mg/day n 4 m %
0.0 - 5.9 0 o 4 17
6.0 ~ 7.9 1 4 2 25 '
8.0 - 9,9 o 4 6 50
10.0 - 11.9 “1 9 -3 65
12.0 - 13.9 ~ 5 30 1 67
14.0 - 15.9 4 48 1 75
;: % 16.0 - 17.9 3 61 3 83 . - ;gﬁ”?k$"
18.0 - 19.9 2 69 1? 2 92
20.0 - 21.9 3 82 0 92
22.0 - 23.9 2 91 1 9
| L ~
24.0 - 25.9 1 95 - 0 9% -
26.0 - 27.9 0 . 95 1 100 ~
28.0-29.9 0 95 - -
“id

30.0 + 1 100 - -

1. Values were caléulated as the means of
two, consecutive 24-hour dietary recalls.



i .

Appendix 8: Cumulative Percentage Distribution

of Thigmin

mg/day .

< 0.5

1.0 -
i.S -
2.0 -
2.5 -

3.0 +

0'9

1.4

1.9

2.4

2.9

Intake1 in Crbhn's Disease Patients

Females
n %

. s
2 gy

4 17 gpf 9 46

Males
n %
o o
:
9. 57
5 78
3 91
e N 96
1 100

»

7 75
4 92 °
1 96
0 ﬁ&é
1 *100

N /

B
B

1. Values were calculated as the means of
two, consecutive 24-~hour dietary recalls.

‘,P
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Appendix 9: Cumulative Percentage Distribution of )

Riboflavin Intake1

mg/day

0 - 0.4
0.5 - 0.7
0.8 - 1.0
1.1 - 1.3
1.4 - 1.6
1.7 - 1.9
| 2.0 = 2.2
2.3 - 2.5
2.6 - 2.8
~
2.9 - 3.1

3.2 +

-

»

in Crohn's Disease Patients

n YA
0 0
o 0
2 9
1 13
1. 17
4 - 35
5 57
3 70
1 74
0 - 74
6 100

dy

Females
n % °
1» 4
3 17
”3 30
4 46
1 50
2 58
? ;
75 vk
2 | 83
. 88 '
1 92 ‘
2 100 | L

1. Values were calculated as the means of

Kt

two, consecutive 24-hour dietary recalls.
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Appendix 10: Cumulative Percentage Distribution of

Ascorbic Acid Intake1 in Crohn's Disease Patients .
% .

o Males Females

mg/day ' n % n %

0 - 19 1 4 2 -8

20 - 39 19 4 25
40, - 59 1 13 2 33
60 - 79 . 2 2 3 46

80 — 99 2 30 2 54
i 100 - 119 . 1 35 1 ' 58
| 120 - 139 4 52 1 63
140 - 159 0 52 0 63

‘ ~179 1 56 - 3 75

*80 - 199 1. 61 2 83°

200 - 219 2r 69 0" 83
) 220 - 239 .2, 18 o0 83
240 - 259 w»_ 1 82 0o 83

260 - 279  ~ P o 83

280 - 299 ) 0 91 1 88

300 +° 2 100 ., 3 100 ,
> . J .

1. Values were calculated as the means of
two, consecutive 24-hour dietary recalls.



Appendix 11: Cumulative Percentagé Distributﬁgn Of%

~mg/day

< 1.0

1.0 - 1.9
2.0 - 2.9
3.0 = 3.9
4.0 - 4,9
5.0 - 5.9
6.0 - 6.9
7.0 - 7.9
8.0 - 8.9
9.0 - 9.9
10.0 +

1.

L

“

Males

13

26

39

65

78

78

91

91

100

- “_‘ | v “\%
. ] ‘ % ;."':"&

R . i

Pantothenic Acid Intake1 in Crohn's Disease Patigntﬁhiﬁy;

"Females
n Z.
0 0]

5 21
3 33
7 63
3 75
2 83
2 92 ¢
0 92
I 96 .
0 . 96
1 leO

Values were calculated as the means of
two, consecutive 24-hour dietary recalls.
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Appendix 12: Cumulative Percentage Distribution of

Vitamin B6 Intake1 infC?ohn'a Disease Patients :

L Males ’ Females

mg/day' n 4 .on. %

0.0 ~ 0.49 313
. ;
0.50 - 0.99 8 46
1.0 - 1.49 8 79
1.5 - 1.99 7 74 « 41 83
2.0 - 2.49 3 87 1 88
2.5 - 2.99 2 96 2. 96 °
3.0 + 1 100 1 100

1. Values were calculated as the means of
two, consecutive 24-hour dietary recalls.



Appendix 13: Cumulative Percentage Distribution of

Vitamin B1l2 Intake1 in Crohn's Disease Patients’

--ug/day
<1.0

2.0 -

300" -
. 5-0 -

7.0 +

1.9

2.9

3.9

4.9

5.9

6.9

Males

T 26

48

70

74

. 83

100

57

Females
n Y4

1 4

9 42
2 50
4 67
1 71
1 75
1 79

5 100

~

1. Values were calculated as the means of
‘two, consecutive 24-hour dietary recalls.

ii74
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Appendix 1l4: Cumulative Percentage Distribution of '

Folate Intakel’2 in Crohn's Disease PatientF‘

AN .
Males o Females
_uéydgy : n % n ' % - '
0 - 99 ‘ 1 4 6 - 29
100 - 199 11 52 10 67
200 -299. 6 78 4 83
300 - 399 5 100 2 902 . S
400 - 499 - - 2 100

]

1. Values were calculated as the means of ) e
two, consecutive 24-hour dietary recalls ;
g. Total folate ‘ -



/

/ ’ !
y

N /

.

Kppendix 15: Cumulative Percentage Distriﬁution of

Vitamin D Intak‘e1 in Crohn's Disease Patients

4
Males Females
"I.U./day n % ' n Z
/
0« 49 .2 9 /6 25
50 = 99 . 2 17 2 © 33
100 - 149 & 35 5 54 g
150. - 199 2 45 15
200 - 24 © o4 61 - 2 83
i 5
250 - 299 1 . 65 1 87
Y ’
300 - 345 N2 74 0 87
350 .- 399\ o0 74 - . 3 100
400 - 449 3 87 - -
450 - 549 2 96 - -
550 + 1 100 . - -

“1. Values were calculated as the means of
two, consecutive 24~hour dietary recalls.

é

\
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'Agpendix 16: Cumulative Percentage Distribution of

Serum Albumin in Crohn's Disease Patients

g/dl

2.5 -2.9

3.0

Males
n %
0 0
0 | 0
0 0

"0 0
0 0
1 5

v
7 74

5 100 -

Females
Rk
3 13
0 13
0 18
) 13
2 21 -
2 29
5 50
6 75

6 100

177



Appendix 17: Cumuiative Pefcentage‘Distribufion of

Total Lymphocyte‘Coﬁnt in_Crohn's Disease Patients

thousand/mm3
< 1000

‘1000 - 1199
1200 - 1499
1500 - 1799
1799 - 1999
2000 - 2499
2500 - 2999
3000 - 3499
3500 +

n

Males

cumulative 7%

L)

15
25
50
60
65
80
95
95

100

n

Females

cumulativeZ

32
32

55
64
68
91
91
91

100

Pd
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Appendix 18: Cumulative Percentage Distribution of

Hemoglobin in Crohn's Disease Patients

g/dl

<11
11.0
12.0
13.0
14.0

15.0

13.9

14.9

22

43

74

100

Females
n %
5 21
33
4 50
8 83
2 92
2 100

179
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Appendix 19: 'Cumulative Percentage Distribution of
’ )

Hematocrit in Crohn's Disease Patients

J

Males, . Females
% n % _ n %
< 30 0 o 1 4
30 - 34 2 9. 5 26 '
35 - 39 3 23 7 57
40 - 44 no73 8 o1
45 - 49° 6 100 2 100

AppendixAZO: Cumulative Percentage Distribution of

Mean Corpuscular Hemoglobin Concentration in
: i N
Crohn's Disease Patients '

Méies Females
A n % n %
< 32 0 o 2 9
32 - 33 8 35 5 32

34 - 35 15 100 15 100 ™
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Appendix 21: Cumulative Percentage Distribution of

Serum Iron in Crohn's Disease Patients

) ‘ Males Females
'¥‘& ug/dl n A .n %
% ' | '
? , <60 9 50 13 59
| 60 — 79 3 67 6 86
) 80 - 99 4 89 1 o9
100 - 119 1 %4 1 95
120 - 139 1 100 1 100 ,

[

Appendix 22: Cumulative Percentage Distribution of

Total Iron Binding Capécity in Crohn's Disease Patients

. , Males . Females
ug/dl - n % n %

< 200 2 1 1 5

200 - 249 1. 17 2 14

250 - 299 1 22 7 45

300 - 329 10 78 6 73

350 - 399 3. ;94' 3 86

400 - 449 0 94 3 100

450 - 499 1 100 - -
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Appendix 23: Cumulative Percentage Distribution of

Transferrin Saturation in Crohn's Disease Patients

Males Females
4
% n % n %
\ .
<10 ‘ 4 22 5 23
10 - 19 . 5 50 10 68 .
~%Qrfi39¥ 5 78 5 91"
ot Ry ‘
3Q ¢; | 4 :.%;E;EEQM 1 95
40 = 49 SR - = 1 S “
50 + - - 1 100 ’ |
Appendix 24: Cumulati;e Percentage Distribution of
Serum Ferritin in Créhnfé Disease Patients
~Males Females
ng/mll o n % n % R s
<15 0 0 3 1;3
15 - 49 3 18 3 36
50 - 99 6 53 6 71
100 - 149 1 59 1 77
150 - 199 3 76 183

200 + -4 100 . 3 100
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Appendix 25: Cumulative Percentage Distribution of

Serum Folate in Crohn's Disease Patients

Males Females
ng/ml n % n y4
< 3.0 7 37 11 50

4 .

3.0 - 5.9 . 9 84 7 82
6.0 -8.9 . 2 95 2 91
9.0 - 11.9 0 95 | 0 91
12.0 - 14.9 0 95 0 91
15.0 + 1 100 2 100

Appendix 26: Cumulative Percentage Distribution of

Serum Vitamip B12 in Crohn's Disease Patients

Males Females
pé/ﬁl n %4 n %
< 140 2 11 2 11
140 - 199 2 22 _ 5 37
200 - 299 3 39 2 48
300 - 399 5 67 4 ° 68
400 - 499 3 83 "1 74
500 - 599 i 88 0 74

600 + : 2 100 5 100



Appendix 27:

Cumulative Percentage Distribution of

Serum C;lcium in Crohn's Disease Patients

‘ Males

»
mg/dl . n %
< 8.5 . 0 0
8.5 - 8.9 6 29
9.0 - 9.4 9 71
9.5 - 9.9 6 100
10.0 + - -

Appendix 28:

Females
n z
4 17
5 38
10 71
4 96
1 100

Cumulative Percentage Distribution of

Serum Phosphorus in Crohn'sg Disease Patients .

Malés
. (,,—-,y_» ) /
mg/d1 n %
< 2.5 1 5
2.5 - 3.4 10 52 .
3.5 - 4.4 10 100
RN

4.5 + 0 -

,,.

Females
n %
0 0
13 57
8 91

2 100
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Appendix 29:

185

Cumulative Percentage Distribution of

Serum Vitamin D in Crohn's Disease Patients e
Males Femal es
ng/dl n Z n %

10 - 19

30 - 39

40 +

Appendix 30:

2 20
3 50
3 80
1 90
1 100

1 11
3 44
3 77
2 100’

Cunulative Percentage Distribution of

Serum Carotene in Crohn's Disease Patients

~

ug/dl

< 30

30 - 49
50 - 69
70 ~- 89
90 - 119
120 +

Males

n )4

3 23
2 38
2 54
"2 69 ‘
4 '\100

Females .
.n 4

0 0

2 13

4 40

3 60

5 93

1 ° 100
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Appendix 31: Cumulative Percentage Dutributfon of

Alkaline Phosphatase {n Crohn's Disease Patients

o

1.U./1

< 40

40 - 8O
81 - 110
111 - 139
140 +

4

Males

n X

1 5

13 70
Y0

0 90

2 100

Females

n p4

2 9
13 63
9 f()u
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Appendin 32:  Percent Dintribut ton of Energy Intake as Proteln, Fa!,‘and

Curbnhy?rute fn Crohn's Diseame Patlents and Nutrition Canada

-

Crohn's Disease Nutrition Canadal
Malen Females Males Feuales -
(N =« 23) ’ (N = 23)
Mean + 5D Range Mean + 8D Range Mean Mean
Protein 15 173.6 (10-23) 15 + 4.6 (L-22) 15 16
Fat 39 + 7.1 (27-53) 35 + 12.5 (0-55) 43 41
\.
Carbohydrate 46 + 7.9 (36-62) 50 + 15.4 (25-99) 42 43

1. Prairfe population, aged 20-39 years.
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Appendix 33: Food Groups and Subgroups1

4

Fats and oils (excluding bacon and salt pork) -
= Butter
- Other fats and oils (1lard, margarine vegetable shortening,
"salad and cooking oils,: salad dressings, suet, tartar sauce)

2. .Fruits and fruit products (excluding baby foods)

— Citrus fruits (excluding juices)

— Fruits other than citrus (excluding Juices)
o Fruit. juices, ades, nectars

= Fruit mixtures

3. Grain'angﬁgrain products

4. Nuts, soybeans, and miscellaneous needs

-~ Soybeans, and miscellaneous seeds and their products
(excluding. dried beans ‘and peas)
=~ Nuts (including peanuts and coconuts)

Meat, poultry, fish and eggs (excluding soup and baby foods)
. = Beef
~ Pork v
- Veal
= Lamb
.= Wild game (including domestic rabbit)
- Eggs
= Poultry (including wild fowl)
- Fish (including frog legs, rde and caviar)
— Shellfish and turtles :
-~ Miscéllaneous (sausage, cold cuts, luncheont meats and animal
organs) o

v

-

Milk and milk products : -
~ Fluid and dried milk (including buttermilk skim milk, whole-
and canned milk; milk dfinks such as hot chocolate and cocoa;
whey and yoghurt)
-~ Cream, half and half, and milk desserts such as custard,. ice
cream, ic®milk, sherbert :
«.~. Cheese and cheese products

Sugars - and sweets :
- Sugars, cake icings, cake icing mixes
~ Syrups, honey, molasses S
Jellies, jams ' K
Candies ' : '
Chocolate, chocolate syrup, dry cocoa, gelatin dessert powders

[

Vegetables (including dried beans, lentils and peas, but excluding
soups and baby foods) '

AN

188




9. Mixed dishes ‘/f
' ~ Baby foods * ‘ KA
- Soups S
. = Mixtures of major food grOups
-~ Miscellaneous items not classified elsewhere (baking powder,
bouillon cubes, carob flour, chewing gum, condiments, plain

gelatin, water ices, pudding mixes and puddings, seaweeds and

yeast)
10. Soft drinks ‘ i

1. Food groups and" subgroups used to prepare the Nutrltion Canada food

consumption patterns report. Department of National Health and
‘Welfare, 1977. :

"189
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Appendix 34 Methodology for Laboratory Tests

-

-Hemoglobin, Hematocrit, Lymphocytes: ; .

-ADacié, J.V. and S.M. lewis. Practical Hematology, 5th edition,
1975. ' , : ]

' A

Serum Ferritin .

- — Miles, L.E.M., D.A. Lipséhitz, C.P. Zieber, and J.D. Cook. Anal.
Biochem. 61: 209-224, 1974. ' '

Serum Folate

- Longs, D.L., and V. Herbert. J. Lab. Clin. Med. 87: 138-151,
1976. . ‘

Serum Vitamln 312

-~ Tibbling,lC. Clin. Chim. Acta 23:'*209~2%8;;1969;‘ dé%? | =
Sérum Calcium' | ) |

- Technicon Method #SF4-0003 FES. -
‘Serum Phos;horus

- Fiske, C.H. and Y. Subbarow. J. Biol. Chem. 66: 375, 1925.
- Technicon N-Methodology, file N-46. '

Serum Vitamin D
[ 4 . !
- Pettifor, G.M., F.P. Ross, and J. Wang. Clin. Sci. Mol. Med. 51:
605, 1976. : , N : S : ‘
- R. Bouillon. J. Clin. Endocr. Metab. 41: 1130, 1975. .
" -~ P.B. Greenberg et-al. Clin. Sci. Mol. Med. 46: 143, 1974. .
- J.G. Haddad et al. J. Lab. Clin. Med. 81: 22, 1973.
- R.E. Belsey et al. J. Clin. Endocr. Metab. 38, #6, 1974.
- Hassard, J.G., K.J. Chyu. J. Clin. Endocr. Metab. 33: 992,
1971. ' ‘ .
-~ 5. Edelstein et al. Clin. Sci. Mol. Med. 46:. 231, 1974.
- Eisman, J.A. Arch. Biochem. Biophys. 176: 235, 1976.
- MacIntyre et al. Vitamin D assay protocol. -Hammersmith, London,
England. " ‘ ' : R

Serum Carotene
- J. Wenger. Am. J. Med. 22: 373, 1957.
Alkaline‘PBosphatase.

- Technicon Method #SF4-0006 FGS5
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‘ -
Serum Albumin
- Technicon Method #SF4-0030 FE5

Schillings Test ' : _ ' ‘ oo
- Dacie, J.V. and S.M. Lewis. "Practical Hematology".
4 ~ Churchill-Livingston, Edinburgh, pp. 487-488, 1975.

Serum Iron and Total Iron Binding Capacity o 12

- Giovaniello, DiBenedetto, Palmer and Peters. Automation in
Analytical Chemistry. Technicon Symposia, Vol. 1, pp. 185-188,
1967. o )

-~ Stookey, L.L. Ferrozine - A New Spectrophotometric Reagent for
Iron. Anal. Chem. 42: 779-781, 1970.
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Appendix 35: Comparison of Mean Nutrient Intake in Crohn's Disease

. Patients: Sterbid and Non Steroid Groups

N

Maleg | Females
Steroid Non Steroid Steroid Non Steroid
(n=15) (o= 8) (n = 15) (n = 8)
Energy (Kcal) 2787 2861 2011 - 1619
" Protein (g) o w102 70 ek
Vitamin D (I.U.) 276 225 1s1 147
célcigm (ng) - " 1095 | 910 700 756

K

. 1. Values were calculated as the means of two, 24-hour dietary recalls.
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R
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8. Edmontdp Separate Schéol Board, Teacher; Junior High Home °
Economics;‘Grade V; High School Clothing anﬁ Textiles, Food
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9. University of Alberta, Teaching Assistant, Academic Year
1978-1979, September-December, 1980, Supervisor: Dr. E. Donald.
10. Local Board of Health, Edmonton; Project Director, Stage III1 of .

« NEEN

the Adolescent Nutrition Survey, 1981.

Honors and Awards

11. Government of Alberta, bursary for Summer Program in French,

Universite Léval, 1978.

Publications

12. Hodges, P.E., and J.E. Edwards. A Mitrition Needs Assessment 6f
Edmonton Adolescents, Stage III. Edmonton Local Board of Healtirs

June 1981.



B AT G TR




