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ABSTRACT

Seventy-two grade 4 chi Idren and 7r grade 6 chi Idren from

f Íve northern Manitoba communities rnlere involved Ín a study

to determine if indicators of vitamin A status varied among

the communities and Íf the distribution of a schoor food

supplement had an effect on the indicators. The basic com-

ponent of the supplement was a mi Ik product. Four dietary
indicators of vitamin A status based on 24-hour recall data;

one biochemical indicator, serum vitamÍn A; and two clinical
indÍcators based on a rapid dark adaptation test h,ere used.

No evidence of vitamÍn A deficÍency r¡,as suggested by the

biochemical or clinical indicators, however, the dietary data

suggested that some children may have been at risk of vitamin

A deficiency. The diets of the chi Idren could have been

improved at the time of the study, with dietary quat ity
apparently being related to the vitamín A concentrations of

foods chosen, rather than the total amount of food consumed.

No significant differences rnlere found among the communities

of Barrows JunctÍon, Cormorant Lakeo Moose Lake, and Brochet

for any of the intake varÍables. The mean vÍtamin A density

of the diets in Crane River v\,as significantly lower than

those Ín all other communities, and the values for the other

three Íntake variables in Crane RÍver were significantly
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lower than those in Moose Lake and/or Brochet. There did not

seem to be a simple relationship between the degree of

ÍsolatÍon of the communities and the intakes of vitamin A.

No differences were found among the communities for either
the bÍochemical or cl inical indicators of vitamin A status.

No significant dÍfferences were found in the vitamin A

Íntake variables or the serum vitamin A levels between those

chi Idren who receÍved the school supplement and those who did

not. The findings for the dark adaptation test variables

were counterintuitive. Grade 4 chi Idren (those who regularly
received the school supplement) took significantly longer to
perform the test than the grade 6 children (those who did not

regularly receÍve the supplement), suggesting that age may be

a confounding variable which needs to be control led for when

using the rapid dark adaptation test.
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L I TERATURE REV I EbI

Introduct'ion

Prior to contact with European immigrants, the nat'ive

peopìes of Canada lived on the natural resources surrounding

them and were thought to be relat'ive1y free of disease

(Schaef er, 1978). However, w'ì thin the last f ew centuries,

changes in the'ir I ifestyle and hea'ì th status have been rapìd,

often with apparent'l y detrjmental effects (Bruyere, 1981;

Graharn-Cummìng, 1967; and Schaefer, 1978).

Diseases such as smal.l poX, measles, and tuberculosis, which

caused wìdespread death among nat'ive Canadians after their

i n'i ti al contact w'i th the European settl ers, ro I onger pose

the same threat today (Graham-Cummì ng, 7967; and Schaefer,

1978). However, there are other heal th probl ems which are of

major concern.

Many investìgators have reported high incidences of

di seases of the respi ratory and gastroi ntesti nal tracts as

well ûs other jnfectious and parasjtic diseases among

Canadian Indian populatjons (Blouw et â1., I973; Bruyere,

i.981; DIAND, 1980; El lestad-Sayed et â1., I979; Evers and

Rand, 1983; Longstaffe et âl . , 7982; and You ng , 1982) .

Infectious dìseases were lìsted as the major cause of jnfant
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deaths among Indjans, with overall infant death rates 1.5 to

2 times the non-lndian rates in Manitoba (Bruyere,1gB1) and

Canada (DIAND, 1980).

It was suggested that the hìgher jnc'idences of indian

infant deaths due to in'tectious djseases reflected poorer
'ì ivjng condjtions, lack of sewage disposal and potable water,

as wel'ì as poorer access to medical services (DIAND, 1980).

Nutrjt'ional status may also play a role jn altering
susceptibìl'i ty to jnfectìons. Deficiencies of a number of

nutrients have been reported to be related to an impaìred
jmmune response in humans and experjmental animals (Axe1rod,

1980). Additionalìy, ìn specìfjc reference to vitam'i n A,

concurrent occurences of vitamjn A def iciency and jnfect'ions

have been reported f requentl y ì n humans (l^lH0 et âl . , I7BZ) .

El lestad-Sayed and coworkers (1979) found that breast-feedìng

protected agaìnst jnfections in Indjan jnfants, thus

recommended i ts promotj on.

Schaefer (I978 ) reported that there have been i ncreases j n

the incidences of so-called "diseases of cjvilizaticn," such

as obesì ty, gaì 1 stones, acne, di abetes, hypertensj on, and

atheroscl erosi s, among nat'i ve popul ati ons s'i nce thej r contact

w'i th European imm'i grants. He suggested that changes to more

sedentary lifestyles and d'i ets hìgher in fat and rapidly
absorbabl e carbohydrates were contri butory factors. Poor

¿



dental health has also been wìdely documentecr among

popul ati ons ( Bì rkbeck et âl . , IgTI; Bl ouw et âl . ,
Schaefer, I978; and Young, 1982).

native

r97 3;

Relationships between nutrjtional status and cl'i nìcally
observable disease states are often diffìcult to ascerta'i n

and seldom ex'i st exclusive of other factors. However, the

above-mentioned stud'ies indicated that the suboptìmaì hea'lth

status of natjve canad'ians may be partial ìy re'lated to d'iet.
This was also borne out by the Nutrjtjon canada Survey,

during which no clin'ical signs were found that could be

attrjbuted to poor nutritjonal statuso except obesìty. yet

the dietary and b'iochemjcal measurements ìnd'i cated that there

were risks of def icienc'i es in iron, folate, vitamìn C,

vitamjn A, v'itamin D, and calc'ium amongst native canad'ians

(Bureau of Nutritional Sciences, 1975a).

Dietary Intakes of Vitamin A

Few studies have reported data on the vitamin A status of
persons of Indian ancestry in Manjtoba. The majori ty of the

studies included in th'i s review vvere carrjed out in regìons

across Canada. Several stud'i es from Montana and the Dakotas

were also 'i ncluded since they reported dietary habits of

native people simjlar to those observed 'i n Manitoba.
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several methods of dìetary data col I ect'ion were empl oyed i n

the studies cited to estjmate food consumption. The most

objectjve type quant'ified food intakes through the use of

d'i etary recal I s, records, or hi stori es. 0ther methods

included estìmat'i ons of the per capìta availabilit-v of

vi tam'i n A f rom f ood d'i sappearance data, measurements of f ood

group consumptìon frequencìes, and descrìptions of food

consumptìon patterns.

The authors of the studies wh'ìch quant'ified v'itamin A

'i ntakes presented the'i r data usì ng different val ues for
recommended i ntakes, makì ng compari sons of the data

dìfficult. values were expressed e'i ther in jnternatìonal

units (IU) or ret'inol equ'ivalents (RE) and Table 1 shows the

range of recommended intakes suggested by several expert

commì ttees.

Since the purjficat'ion of retinol, it is possible to

express vitamin A activìty in retinol equìvalents. The use

of internat'ional un'i ts overestimates the availabì'l ity of

vitamin A actìvìty frorn carotenes to humans. To convert
'i nternational units of vitamjn A to retinol equivalents the

folìowing equatjon 'i s used:

IU retinol IU B-carotene

3.33
RI

4

+
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Table 1. variations in recommendeci daily r¡itamin A intakes.

Age Sex

C anada

1983 1964

United States

I 980 1 968

FA0/l^lH0

1967

Nutri t i on
Canada

1975

4-6 yr

7-9 yr

10 yr

11-12 yr

13-15 yr

5004

700

800

3004

400

575

M&F

M&F

M&F

F

M

F

M

F

M

F

M

900

800

1 000

800

1 000

lt

800

I 000

800

1 000

800

1 000

800

1 000

1 ooob ( 2oo )

1500 (300)

2000 (400)

'-'0,,0 
(s+o ¡

rr:o (640)

3700 (740)

t soou 25oob(5oo)c

700 3500 (700)

20
d

lt

il

4500 (e00)

Ìt

5000(1000)

t¡

il

il

il

lt

725 7504

II

il

il

lt

il

75016- 1B yr

yr

il

a
19'

il

b

a Retinol equÍvalents.
International units.

ccoryesponding retino'l equivalents if it is assumed that the inter-
national units are provided equalty by retinol and carotene.

Å
'Retinol equivalents/kg body weight.
sources: Bureau of Nutritional Sciences, 1993 and 1g7sb; Health and

I,Jelfare canada, 1964; F<lod and Nutrition Board, 1990, 1974,
1968 and 1964; Joint FAO/WH0 Expert Group, 1967; and Bureau
of Nutrit,ional Sciences , 1975a.
(l\'lote: The 1975 canadian recommendations were simi lar to
those for 1983, and the 1974 and 1964 united States recom-
mendations rnlere similar to those for 1980 and 196g,
respectively. )
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For ease in conversion it is assumed that in Canadian diets
animal products contri bute onìy retinol and plant products

only B-carotene (Bureau of Nutritional Sciences, 1983).

In both the 1964 ed j t'ion of the Dietary Standard f or Canada

(Health and t¡Jelfare canada, rg64) and the 1g6B edition of the

Recommended Dietary Al lowances for the united States (Food

and Nutri ti on Board, 1968) 'i t was as sumed that hal f of the

vìtarnin A activìty (expressed in internatjonal unìts) in the

average North Ameri can d i et came from ca rotenes a nd ha l f from

ret'i nol. Thjs assumption has been supported by several

stud'ies. canadian disappearance data quoted by the canadian

Dietary Standards committees showed that carotenes provjded

5?% (Heaìth and 'r,rjelfare canada, rg64) and 5g% (Bureau of
Nutri t'i onal sci ences, 1925b ) of ava i I abl e vi tam.i n A when

expressed 'i n internat'ional units. Data from the un'i ted

States indicated that 4l% of the vìtamjn A jn average djets
was suppl'i ed f rom the prov'i tamin (Food and Nutr.i t.ion Board,

1e68).

Lee and coworkers (1glr) found that two Br.i tish columbja

Indian populations had v'itamin A'i ntakes of wh.ich s7 and 63%,

respect'i vely, vvere provided by carotene. However, the

majorìty of the researchers jnvestigating dietary intakes of
native populat'i ons in canada reported lower percentages

suppl ied by the prov'itam'i n: between 4l and s0% of the total

6



vjtamin A when expressed in ìnternational
Nutritjonal Scìences, I977 ; Ellestad-Sayed

Stepien, 1978).

units (Bureau of

et â.l., 1981; and

Although the compositions of vitamjn A'i ntakes jn the d.i ets

of di fferent groups vary, cârotenes and retj nol general I y

contrjbute equal ly to the total vìtamjn A actìvìty when

expressed 'in jnternatjonal unìts. Us'ing thìs assumptìon of
equal contributions, older recommended vitam'i n A intakes,
which were expressed jn international units, can be converted

to retinol equìvalents for comparison to present

recommendat'i ons. The correspond j ng val ues ì n reti nol

equival ents for the 7964 Canadjan recommendatjons are I ower

than those currentìy jn use, whereas conversjons of the 1969

un'i ted states recommendations are sjmilar to present

recommended jntakes (Iab'l e 1).

Tabl e 2 s hows the resul ts of dì etary studi es that
quantified vitam'i n A 'i ntakes through the use of dìetary
records, recalls, or hìstories. In each case the mean or

med j an i ntake f or a group of i nd'ivi dual s was compared to the

recommended'i ntake, and usual'l y the percentage of indjviduals
wi th i ntakes bel ow the recommended 'i ntake u/as recorded.

Anderson and coworkers ( 1 gBz) found that the comparj son of

the mean intake of a group of indìviduals to the recommencled

ìntake resulted ìn an underestimatìon of the risk of nutrient
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Table 2. Results of dietary studies which quantified vitamin A intakes

Researchers

El lestad-Sayed
et al., 1981

Haworth et al.,
1976

Bur- Nuti . Sci. ,
1975a

Gillis,1976

Sample DescriptÍon
Location Age Sex n

Nean (i)
Medi an (md) ntak

or Percent ( Recom. Nutrient
e Specified Level Intake UseC

Comments

-RNI assumed from Bur.
Nutr. Sci. , '1975b

-% values estimated from
bar graphs

-RNl assuned frorq Bur.
Nutr. Sci ., 1975b

-% vaiues calculated
from intake cJi stribution
tables

-RIII from Bur. Nutr.
Sci., 1983

I assumed from Health
d l./elf are Canada, 1964

Cross Lake, Man.

Garden Hill, Man.

i=35 mo M&F

I=35 mo M&F

md=150% of RNI

md=135% of RNI

25% < RNI

30% < RNI

63% RE

51% < 750 RE

400-500 RE

400-500 RE

400 Rt
4OO RE

400-500 RE

500-700 RE

8OO RE

800-900 RE

500-700 RE

8OO RE

800-900 Rt

79

VJÍnnipeg Chi ld-
renrs Hospital

(nainly urban)

1-5 mo M&F

6-1 1 mo M&F
1-5 yr M&F

md=85% of RNI
nd=170% of Rl,lI
md=190% of RNI

16

16
/l

70% < RNi
10% < RNt
20% < RNI

llutrÍtion Canada
Indian Popn.

( across Canada )

Nutrition Canada
liationaì Popn.

( across Canada )

M&F

F

M

¡1&F

F

t4

?41
270
203

1 351
1 472
1410

md=656 RE

md=583 RE

md=749 RE

md=904 Rt
nd=775 RE

md=1050 Rt

5-9 yr
10-19 yr
10-19 yr
5-9 yr

l0-19 yr
1C-19 yr

36% RI500
75Q

< 500 RE

< 750 RE

< Z5O RË

4 00/

48%
?9%

æ

Lee et aL., 1971 Anaharn, B.C.

Ahousat, B.C

Stepien,1978

11 Northern Sask.
Conmunities

4 Isclated B.C.
Reserves

3 Non-isolated
B.C- Reserves

5-14 yr
5-14 yr

AA

26
i=oqo Re

i=630 Rt

6-9 yr
9-'13 yr

13-20 yr
13-20 yr
6-9 yr
9-13 yr

13-20 yr
13-20 yr

45% <
?7.O1 ¿

72% <

54% <

0%<
9%<

36% <
17% <

2/3 RNI
2/3 RNI
2/3 RNI
2/3 RNI

2/3 Rr{r
2/3 RNI
2/3 RNI
2/3 RNI

7% < 2/3 RNÌ,
27% < 2/3 RNr
36% < 2/3 RNI

0% < 2/3 RNI
30% < 2/3 RNr

7% < 2/3 RNr

700 Rt
750 RE

1500 IU
2000 IU
3000 ru
3000 ru

1500 iu
2000 IU
3000 IU
3000 ru

F

¡4

29
¿/
1B

t5

JU

32
11

6

x=2970 IU
x=3123 lU
x=ZlZq N
x=2320 IU

x=4748 IU
i=sere ru
i=4500 IU
i=see¿ ru

5-9 yr l'4&F

10-19 yr F

10-19 yr M

5-9 yr M&F
10-19 yr F

10-19 yr M

14
1E

11

t0
14

x=3301 IU
i=2532 iU
,=2176 rU

x=3323 IU
x=3275 IU
i=4986 ru

1000-1500 IU
2000-3200 ru
2000-3200 IU

1000-1500 IU
2000-3200 ru
2000-3200 IU

M&F

M&F
F

M

M&F

M&F

F

M

RN

an



Table 2. (ccntinued)

Researchers

Dong and Feeney,
1 968

Johnston et al
1977

ICNND,1964a

ICNND, I964b

Bass and
l,lakefield,1974

Sample Description
Location Age Sex

Percent ( Recom. Nutrient
Specified Level Intake Used

Comments

-RNI assumed from Health
and llelfare Canada, 1964

n

Mean (x
Median (md

cr
I ntake

Alert Bay, B.C.
lndian Popn.

Alert Bay, B.C.
Ncn-Indian Popn

9-14 yr M&F

9-14 yr M&F

x=629 iU

x=916 IU

md=3703 IU

md=4664 IU

34 1500-2700 ru

1500-2700 ru

Shubenacadie, N.S.
Indian Popn.

Shubenacadie, N.S.
Caucas i an Popn.

15-50 yr

15-50 yr

F 120

F 115

94 i=4635 IU

49% < RNI

34% < RNI

3700 ru

3700 IU

647; < 3/4 RNr 5000 IU

LO

Fort Belknap
Reservat i on

(tl. Central
Montana )

B I ackfeet
ReservatÍ on

(N.I^I. Montana)

Standing Rock
(The Dakotas )

10-12
10-12
13- 15
13-r5

yr
yr
yr
yr

x=1682 IU
i= 46s ru
Î=zg¿a ru
l.=zgz¿ tu

4500 tu
4500 iu
5000 IU
5000 IU

10-12
tv- t¿
1a a(

13-15

22
24
t¿
tt

x=1955 IU
I=1628 Iu
x=2570 IU
L=2476 IU

4500 IU
4500 IU
5000 IU
5000 IU

0
I
7

0

c

M
c

M

F

M

F

M

yr
y1
yr
yr

19-75 yr F



defic'i ency among members of the group, whereas the

calculation of the percentage of indiv'idua'l s consuming less

than the recommended i ntake overestimated the ri sk of
deficiency. They suggested a method of ca'l culatìng the

number of " true def i c'i ents " wh'i ch took accou nt of both the

variations jn 'i ntakes and requirements of indiv'iduals. The

studies reviewed djd not present the latter calculation and

it'is assumed that the rjsk of v'itam'in A defìcìency for each

study popul ati on was between the I evel suggested by the mean

or med'ian, and the percentage of indjviduals consuming an

amount of v'i tamin A less than the recommended 'i ntake.

The first two studies presented in Table 2 were carried out

among Man'i toba preschool Indian children. Ellestad-sayed and

co'/vorkers (1981) presented data from children in cross Lake

and Garden Hil l, two northern communitjes accessible only by

plane. The other study involved chirdren who were

outpatients at hlinnipeg children's Hospital. The sampìe

cons'i sted maìnìy of urban Indìan chjldren, but some came from

rural areas. Children attending a hospital outpatjent c'l jnjc

cannot be consjdered representative of the generaì

populatìon, however, children wìth severe acute jllnesses or

dehydration, or those who had been hospital'ized oli n foster
home care wi thi n the I ast three months were not i ncl uded i n

the study ( Haworth et âl . , 197 6) .
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The medjan intakes suggested that the vitamjn A intakes
were adequate among these populatjons sìnce, except for one

group studi ed, al I val ues t,,/ere above the recommended I evel s.

However, there vvere between 10 and 30% of the ch i I dren who

di d not consume the recommended amount of vi tami n A .i n the
groups where the medi an j ntakes were above the recommended

levels, and in the group whose medjan 'i ntake was below the

recommended 'i ntake , 70% of the chi I dren had i ntakes bel ow the

recommendati on.

The Nutrit'ion canada Indian sample was comprised of persons

from 29 reserves belonging to sjx cultural groupjngs .i n the
prov'i nces and territories. Three locations in Manìtoba tnlere

'i ncluded. Some of the reserves were close to urban centres
and others were isolated. The Natjonal sample was made up of
res'idents of the 10 provinces, exceptìng Indians on reserves
and persons ljv'i ng in institut'ions and mjlitary camps.

Indiv jdual s f rom rura'l , urban, and metropoì itan areas were
jncluded (Bureau of Nutrìtjonal Sciences, 1925a).

The med'i an ìntake for the s to 9 year old Indjan population
was comparabl e to the recommended j ntake for that age group,

however, both the f emal e and ma'r e Indian popul ations aged l0
to i9 years had med j an 'i ntakes I ower than the recommended

levels. Each med'i an intake for the Indian popuìatjon groups

was lower than that for the same age and sex group .i n the

11



national sampìe, plus greater percentages of Indian children
had 'intakes below levels similar to the canad.ian

recomrnendat'ions (Bureau of Nutri t'ional Sc'i ences, I9l5a and

1e83).

Gi I l'i s (1976) presented data f rom 11 northern Saskatchewan

communities which differed w'i th respect to theìr access to
food and levels of medical and media services. Data from all
communit'i es were pooìed for the discussion of nutrient
'i ntakes by the vari ous age and sex groups. Girls and boys

aged 5 to r4 years had mean v'i tam'i n A j ntakes 'ì ower than the

recommended 'ì evel s. Th i s f act o together w j th the r,i.ide ranges

of jntai<es (129 - 2B3i Rt for the girìs and 113-2085 RE for
the boys) suggested that large proportjons of the chjldren
had intakes below the recommended 'l evels.

The communi t'ies were dl'vided i nto f our groups accordi ng to
the following criteria: code 1 communitjes had zero or one

store, a'i r access for food, a health centre or visiting nurse

service, and no media serv'i ce; Code 2 communjtjes had one or

more stores, road access, a health centre, and l'imited medja

service; code 3 communities had one or more stores, road

access to food suppìies, a health centre, ând ljmited media

servìce; and code 4 communjties had a good variety'i n number

and type of stores, excel I ent access to food suppl i es, and

good hea'l th and inedi a servi ces.
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In the discussjon of nutrient 'i niakes among the different
residence codes, data for all age and sex groups were

consjdered together. Mean deviations from the recommended

intakes were used for comparison. Al I residence codes had

negatjve mean deviat'ions from the recommended vjtamjn A

jntakes. code 4 had the smailest mean deviatjon (-zr RE) oF,
jn other words, the hìghest intakes relat.ive to the
recommendations. Code 3 had the largest mean devjatjon (-1g0

RE) or the lowest jntakes relative to recommendatjons. Codes

1 and 2 had mean devi at'ions o f -r0z and -bg RE o

respectiveìy. The pattern was sim'i Iar for alI f ive nutrients
measured 'i n that Code 4 general ì y had the h.i ghest ì ntakes,
code 3 had the lowest ìntakes, and codes i and z had .i ntakes

between codes 3 and 4. Thus nutrjent intakes appeared to vary
aínong the res i dent codes, al though not .i n a s.impì e I i near

relationshìp with degree of isolation and access to

services.

Four other stud'ies wh'ich quantìfjed vjtamjn A.intakes among

Canadian Indjans presented their results in jnternational
uni ts ( Lee et âl . , rglr; stepi en, 1979; Dong and Feeney,

1968; and Johnston et â1., rgll). They used the recommended

vi tami n A i ntakes from the rg64 Di etary Standard for canada

for compari son ( Heaì th and wel fare canada, 1964) . As

mentioned previousìy, those recommendations .i f assumed to be

comprjsed of retjnol and carotene in equal proportjons, would
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be lower than current recommendat'ions expressed 'i n ret'i nol

equivalents (Table 1).

In Anaham, a vìllage in the 'i nteri or of British columbia,

Lee and cor^lorkers (1971) found that the mean intakes for
ch'i ldren aged 6 to i3 years were 1.b to z times the

recommended i ntakes, but those for femal es and mal es aged 13

to 20 years were bel ow the recommendatjons. In addi tjon 33

to 72% of the ind'i viduals jn each group had jntakes below two

th'i rds of the recommended level. In Ahousat, a coastal

vì I I age, the mean ì ntakes were between 1. s and 3 times the

recommended levels for all groups of children and teenagers.

The proportìons of jndividuals consumìng less than two thìrds
of the recommendat'i ons were smal I er than those i n Anaham,

however, rl to 36% of teenagers djd not meet that level. It
rvas mentioned that significant amounts of vitam'in A were

provjded by tradjtional foods from the sea, sources wh'ich

were not available to Manitoba residents in the present

study.

Stepien (1978) invest'igated dietary intakes among Ind'i ans

on ìsolated and non-isolated reserves 'i n Britìsh Columbia. An

j sol ated reserve t,,'as def i ned as one havi ng onl y one or two

small general stores, a health station with monthly vjsjts by

Medical servjces personnel, and being 50 or more mìles from a

centre wjth a population of at least 5000. An addjtìona'l
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dì fference was noted between the two groups; al I four of the

i so'l ated reserves were ì nl and, whereas two of the three
non-'i solated reserves were on the coast.

0n the isolated reserves the mean vitamin A intakes of the

ch'i ldren and teenagers ranged from 1 to z.s tjmes the

recommended I evel s. Betr,veen Z and 36% of the i ndi vidual s had

intakes less than two thirds of the recommendations. The

mean 'i ntakes were higher on the non-isolated reserves and

smaller proportions of indivìduals fajled to consume two

th'i rds of the recommendations. The author noted that a

hìgher percentage of the vitamjn A was provjded by milk and

milk products 0n non-isolated reserves, and fru.i t and

vegetabl e i ntakes were I ower on i sol ated reserves.

Low vitamjn A intakes were found among Ind.ian and

non-lnd'ian school aged ch'ildren in Alert Bay, another vìllage
on the west coast of Bri tish co'l umbia (Dong and Feeney,

1968). The mean intakes were 629 and 916 IU, respectìveìy.
The investigators postulated that the major reason for the

I olv i ntakes was the I ack of green l eafy and yel'l ow vegetab'l es

in the d'iets. They also commented that butter or margarjne

was rareìy used by e'i ther group of children, that the Indian
children consumed Iimited amounts of mirk proclucts, ând that
the diet history fajled to include tomato ketchrp, a vjtamjn
A source wh i ch was known through records of purchase to be
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frequently used by the native populatjon.

Johnston and coworkers (1977) studied dìetary ìntakes among

Indian and Caucasian women in Nova Scotia. The median vitamin

A intake for the Indjan women was sign'i f icantly less than

that for the Caucasian women (3707 vs 46G4, p=0.03), and

although the rnedjan intake for the Indian wornen approxjmated

the recommended i ntake , 49% of them consumed I ess than the

recommended amount. This study d'id not include data for
school aged chìldren, however, the proportions of apparenily

deficìent intakes were similar to those mentioned for
children in other studies.

The three Amerìcan stud'i es shown in Table z reported their
data in international unjts (lcNND, rg64a and 1964b:' and Bass

and l¡Jakefield, r974) and used the rg64 or 1968 Unìted States

v'i tamjn A recommendations for comparìson (Food and Nutrìt'ion
Board, 1964 and 1968). convers'ion of those recommendations,

assuinìng equal contribut'ions of retinol and carotene, would

result in values similar to current recommended intakes

expressed in retinol equivalents (Table 1).

The mean vitamjn A intakes for children aged 10 to 15 years

on both reserves in Montana ranged from 10 to 58% of the

recommendations (IcNND, 1964a and 1964b). A fol lolv-up study

was carrì ed out on the Bl ackf eet reserve 'i n rg73 af ter the

ìmpl ementati on of ìmproved commodi ty suppl y, schoo'l
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breakfast, and nutrition education programs. Vjtamjn A

intakes were not quantr'fied. l'lowever, the results indicated

that 36% of the fam'i I jes consumed milk and mjlk products once

per day or less, ând 4I% consumed vitamin A-contaìning

vegetables three tjmes a month or less. The authors

consìdered such consumptìon levels to be inadequate (MacNeiì'l

et â1., 1981).

In a study from the Standìng Rock reserve on the border

between the Dakotas, the diets of women aged i9 to 75 years

t,vere assessed. The mean vitamin A intake was s'im'ilar to the

recommended level, however, 64% of the gr0up had intakes less

than three quarters of the recommendatjon (Bass and

t,{akefi el d , 197 4) .

Three Canadian studies estjmated the per capita

avai I abì I i ty of vì tami n A from food di sappearance data (Moore

et â1., 1946; Vìvian et â1., 1948; and Gil I is, 1980). In an

ol der study from Nel son House, Manj toba, Moore and coworkers

(1946) estimated the amount of vitamjn A availab'ì e from

store-bought foods to be 238 IU per person per duy,

approx'imately 5% of the we'ighted recommended i ntake of 4590

IU.

Several years I ater Vj vi an and coworkers ( 19a8) estjmated

the amount of vìtamin A available fron store-bought food,

w'i ld game, âhd garden produce'i n two James Bay communities.
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The weìghted recommendation for vitamìn A intake
used f or compari son was 4300 IU. The est'imates of
ava'i labl e in the communit.ies vvere 0.5 and I.l
recommendati on.

which was

vitamin A

times the

Gjlljs (i980) studied the effects of a transport subsìdy

for peri shabl es ( fresh and frozen mì I k, meat, poul try, fì sh,

fruit, Vêgetable, cereaì, and fat products) on nutrient
avaìlabÌl ìty in four northern saskatchewan communities

accessible on'l y by aìr. Manitoba had no northern transport
subsìdy for perishables at the tjme of the present study. In

the four communitjes, the estimated daìly per capìta
availabilit'ies of vitamin A from perìshables when no subsìdy

was jn effect were 0.6, I.Z, 1.8, and Z.O tjmes the
recommended 'i ntake of 750 RE.

Limi'tat'ions 'in these last three canadian stud.ies must be

acknowl edged. Not al I food sources were j ncl uded ì n the

analyses, thus the reported amounts of available vjtamjn A

were underestimates. The study by Vj vj an and coworkers
(1948) vvas the most complete, exclud'i ng only small amounts of
w'i ld berrjes. Moore and coworkers (1946) d.i d not .i nclude

sources other than store-bought foods. 0ther possible
sources of v'itam'in A r{ere wjld foods and garden produce. The

study by Gilljs (1980) was based on the amount of nutrjents
available from store-bought perishables. vitam.i n A may also
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have been provided by some canned vegetables, soups, and

mjlk, powdered mjlk, and wjld foods.

Variations in individual 'i ntakes and seasonal

availabjlit'i es (the fìgures presented for all three studies

were year I ong averages ) woul d i ncrease concern about the

vjtamin A status of the populat'ions. Not al I 'indìviduals

woul d have had the same opportuni ty to consume the estimated

average amount of available vjtamin A. These factors wou'l d be

exacerbated by the fact that v'i tam'i n A i s found 'i n

substantial amounts in few foods.

The authors of most of the studi es revi ewed to thi s poì nt

indjcated that the ava'i labilities or intakes of dairy
products, Vêgetables (other than potatoes), and frujts were

low. These food groups contain foods that are good sources

of vitam'in A, thus their low prevalence in the d'iets of

nati ve persons i s of concern wi th respect to v'i tam'i n A

s ta tu s .

Several food frequency studìes found sjmilar d'i etary

patterns (0'Neil l, I976; Rempel, 1980; Kroeker and Knott,

1980; and Pass, 1976). 0'Nejl I (I976) presented data from

ch'i I dren i n 1B school s 'i n the Fronti er School Di v'i s'i on i n

northern Manìtoba. Twenty-four hour recall data were gathered

during the summer of I974 before a school milk supplement and

nutrj tion education program was impl emented for nursery to
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grade f our students, and duri ng the w'i nter of rg7s,

approxjmateìy sjx months after the start of the program. The

results were presented separate'ly for three groups of

ch'i I dren: Group 1 consi sted of 103 ch'i I dren 'i nvol ved onì y i n

the summer phase prìor to the program implementation; Group z

consisted of B1 children jnvolved onìy jn the winter phase

subsequent to the program ìmpl ementatjon; and Group 3

consìsted of 39 children 'involved 'in both phases of the

study.

i n the summer when no school mi I k suppl ement was ava'i I abl e

the mean daììy'i ntake of dairy products for Group l children
was 2.0 servings, and for Group 3 children it was 2.3

servìngs. The proportjons of children who consumed the

recommended amount of 2.5 servings were 36 and 44%,

respectiveìy. In the w'i nter when a supp'l ement equivalent to
eìght ounces of milk was offered to each child, the mean

daìly ìntake for Group 2 children r{as 2.4 servìngs, and that
for Group 3 ch'i ldren was 2.6 servings, w'i th 53 and 6?%,

respectjvely, consunling the recomrnended number of servings.
For the Group 3 chì'l dren, the mean intake of milk products

was sìgnjficantly greater when the school supplement was

of f ered than when i t was not ava'i I abl e, aì though the

dì fference between the mean i ntakes was I ess than hal f the

anount of the suppl ement offered to each chi I d.
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The 'i ntakes of frujts and vegetables (excludjng potatoes)

were similar f or al I groups of ch'i ldren. No supplements were

offered and time of year did not affect the jntakes. The

mean daìly ìntakes for fruits ranged from r.z to 1.3

servìngs, with between 2r and 26% of the chirdren consumìng

the recommended 'i ntakes of two servi ngs per day. powdered

fruit drinks were included in the calculations of the

ìntakes, although they are poor substjtutes for frujt ju-ices
since they are comprised maìn1y of sugar wìth some added

v'i tam'i n c. For vegetables the mean daìly jntakes were

approximately one half of a serving for all groups and few

ch i I dren (0 to 2.6%) met the recommended .i ntakes of two

serv'i ngs per day.

subsequent surveys were done 'i n the Front j er school

divis'ion as part of an ongoìng evaluation of the nutrjtjon
program. Rempe'l (1980) reported the resul ts of one study

carried out in the spring of rgTB and another done in the

spring of 1980. In each case students from 15 schools were
'i nvolved. Twenty-four hour recalls were obtained from 27g

students i n I978 and ?44 students i n 1980.

In I97B the percentages of children with desìrable ìntakes
of daìry products were s'imilar to or lower than those found

by 0'Nei I I (r976 ) despì te the fact that the recommended

'i ntake used for comparison was 2 se,rvìngs per day rather than
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2.5. when the school supplement was not ìncruded 'i n the

cal cul atì ons, between 7 and 40 % of the students i n most

schools had desirable intakes. The proportjons of children
wi th des i rabl e scores when the suppl ement vvas i ncl uded ranged

from 30 to 65%'i n most schools.

In 1980 the percentages of ch'ildren wjth desjrable intakes

of daìry products were hìgher than 'i n rg7g, however, there

rema i ned room f or.improvement. l,'Jhen the school suppl ement

was not jncluded, 30 to B0% of the chjldren 'i n most schools

consunied two or more servi ngs per day of .da i ry products.

l{j th the suppl ement j ncl uded, between 70 and g5% of the

children in most schoo'l s had desirable intakes.

The percentages of children'i n the 1b schools who consumed

the desired amounts of fruits and vegetables other than

potatoes (two servings daììy of each) were higher than those

reported by 0'Neì I I (7976), however, they were I ower than

optìmaì I evel s. A school frui t suppl ement was offered on the

day of the recalled intake in four schools 'i n rglB and three

in 1980. i¡lhen the supplement rnlas excluded from the

calculat'i ons the proportions of children in most schools who

consumed two or more serv'i ngs of f ru'i t per day ranged f rom 61

to B0% in 1978 and 15 to 65% in 1980. For the seven cases

where the suppl ement vras offered, 10 to g5% of the chi I dren

had des'irable level s of fru'it intake. Intakes of fruit
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dri nks were included in the analyses, thus the intakes of

fruits provìdìng a variety of nutrjents (not only vitamin C)

were I ower than the I evel s reported. No school vegetabl e

supplements were offered at the time of either study. The

proportions of children consumjng two servings or more per

day ranged from 5 to 7I% ìn I97B and 0 to 39%'i n 1980.

Pass (I976) conducted a study jn two Indian comrnun'i tìes jn

northwestern Quebec. Twenty-four hour recal I data vvere

col I ected for famì I y members from 18 heads of househol ds and

the data were compared to the recommendatjons in Canada's

Food Gujde. The average daily servìng s'ize of da'iry products

per f ami I y member lvas 0.32 servi ngs, âl'rd 67% of the

'i ndividuals did not meet the'i r recommended daily 'i ntake (1.5

to 4.0 servìngs depending on age). For dark green and yel low

vegetabl es, the recommended i ntake was one servì ng dai ì y.

The average daily serving size per fam'i ly member vvas 0.07

servìngs, and 89% of the jndjviduals d'id not consume the

recomrnended amount. The average daììy serv'i ng sìze of citrus
frujt and tomatoes was 0.91 serv'i ngs, approximately the

recommended 'i nta ke of one serv'i ng per day. However, 33% of

the children and 50% of the adults did not consume the

recommended amount. The recommended intake for other fruìts

and vegetables was two servings per day. The average daìly

servìng sjze per family member was 0.93 servìngs urith 72% of

the jndivjduals not meeting the recommended level. The
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author noted that the 1im'Í ting factors in the consumption of

dai ry products, frui ts, âfld vegetabl es were the I ack of

fami I ì ari ty, poor market suppl y ( both i n quanti ty and

variety) , and the lack of storage facjlities.

A study performed by Kroeker and Knott (1980) 'i n St.

Therese Po'i nt, Manì toba gathered data from representat'i ves of

19 househol ds. They vvere asked to i ndi cate whether a number

of individual foods were consumed often (that be'i ng f ìve or

more times a week), sometimes, or never. Thi s type of data

is hard to evaluate due to the wide range of frequency of use

that the "often" and "sometimes" categories may include.

However, the f ood groups I east represented 'i n the d'iets vvere

daìry products, fruìts, and vegetables other than potatoes.

Descriptions of food consumption patterns made by health

professjonal s who have worked w'ith natjve peop'les al so

suggested dìets low in daìry products, fruìts, and vegetables

(Berkes and Farkas, 7978; Bossenmaier, I975; Lang, 1960;

Lederman, I975; NorquâY, 1956; Smith, 7975; and t¡loolcott,

Ig75) . For exampl e, Smi th ( 1 975) , a consul tant for maternal

and ch'i ld health for the Medical Services Branch of Health

and l,'lel fare Canada, rel ated the fol ì owi ng:

Vegetables and fruits are very I ittle used...native

vegetabìes are hardly ever used. Canned vegetables are

not often available, and the variety for selection is
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very restricted in the stores of isolated
places...vegetabìes are usually considered too expensive

to buy. -.

tr'lhat the school chi I d gets at home wi r r be a smal I

amount of milk, some meat, lots of bread, sweet tea or
pop, and perhaps sometimes canned sweet fruit or a

treat. The school feedi ng programs. . . seem to revol ve

around miì k...and the vitaminized biscuit...developed by

the Department of Nationaì Health and hlelfare

speci fi caì I y for the nati ve chi I d i n Canada.

Bossenmajer (1975)

of native people jn
described the food

the Churchill area as

purchasjng patterns

fol I ows:

The grocery items that are considered most essential are

meat, tea, sugar, canned (evaporated) mil k, lard, flour,
baking powder, sal t and sal t pork...Beyond these

basics...other rather common foods are boxed macaroni

and cheese dinners, canned stews, Späghetti, baked

beans, eggs, pdckaged sandwich meat, peanut butter and

cooki es . Fresh vegetabl es , fru i t and da i ry products are

least common, aìthough a ìot of potatoes are consumed.

She al so

suppl emented

expiaìned that

their diets with

many of

w j I d game,

native

few wild

peopl e

plants
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yvere used for food.

A d'i sincentjve ìn the purchase of dairy products and

vegetables js thejr hìgh price. Manjtoba prìce statistjcs
showed that the overall food prices in northern jsolated

communit'ies (Norway House, Sp'l it Lake, Island Lake, ând Leaf

Rapìds) were i3 to 40% higher than w'i nn'i peg prices in June,

1981 (Manìtoba Bureau of Statìstìcs, 1981) and 25 to 60%

hìgher in December, 1981 (Manitoba Bureau of statistjcs,
1982). The prìces for dairy products in the northern

communìt'i es varied from 9 to 73% greater than l.Jinnipeg

prìces, usualìy being sjmilar to or lower than the overall
food prìce jndices. For fruit and vegetables the prices

ranged from 4 to rr3% greater than hlinnipeg prices, and were

generally among those food groups with the highest prìce
'i ndìces 'i n each community.

Besjdes dairy productso Vêgetableso âl-td fruits, other

potential sources of vitam'i n A are eggs, organ meats and wjld
foods. A number of studies carrìed out in nat'ive commun'i ties
reported that eggs were commonl y consumed or made major

contrjbutions to nutrjent 'i ntakes (Ellestad-Sayed et ô1.,
1981; Gillìs, I976; Johnston et â1., lglT; Kroeker and Knott,

1980; and stepien, 1978). The consumption of organ meats r{as

not cons'idered separately from the consumpt'ion of the meats

and alternates food group jn any study, thus their level of
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use is unknown.

Major potentjal wìld sources of vitamjn A jnclude the organ

meats of an'imal s and f i sh o the f I esh of moose and some types

of fish, âfld some forms of wild vegetat'ion (Health services
and Promotjon Branch, r97g; and Berkes and Farkas, 19zB).

Hovuever, it has been reported that the use of wild plants has

been I im'i ted (Berkes and Farkas, rglg; Bossenma jer , r975; and

Smjth, I975).

Many investigators reported the use of wild fjsh and game

by native peoples, however, the overall level of use as well
as the seasons of use varied among the communitjes studied
(Bossenmaìer, r975; Bureau of Nutrjtional scjences , r9l7;
Gillis, 7976; Lederman, Ig75; Lee et â1., I97I; pass, I976;
soci al and Economi c Impact study Team , r9l5; Stepi en, rglB;
and wool cott, rg75). In addi'tìon there has been a trend away

from ihe use of wi I d foods by natjve peopl es due to several
reasons: peopl e have become I ess mobi I e formj ng settl ements

around schools and jobs, children who were sent to
residential schools have had less chance to learn bush skl'lls
and acqu ì re tastes for the foods, some wj I d food suppl j es

have declined 'i n numbers, and others have been poììuted
renderj ng them unfj t for consumptì on ( Berkes and Farkas,
I978; Bossenmaier, I97S; Goldthorpe, IglS; pass, Igl6; and

Smith, 1975).
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Bi ochemi cal I nd'í cators of Vì tam.i n A Status

Table 3 presents the results of studjes vrhich anaìyzed

serum vjtamin A levels among natjve peoples from several

regions across canada, p1 us two reserves i n Montana where

dietary patterns were found to be s'imilar to those among

Manitoba Indjans. Serum v'i tamìn A js the onìy biochemjcal
'ind'icator of vjtamin A status wh'ich js practical for use in
nutrit'ional surveys; it is not feasible to routinely take

liver biopsies, and serum carotene levels only reflect recent
intakes of the prov'i tamìn, not overall vjtamjn A status
(sauberl jch et â1., r9l4a). Nevertheless, there are several
f actors wh i ch af f ect serum vì tam'i n A 'l evel s wh i ch must be

considered jn the interpretat.ion of results.

v'i tamin A-rich meals have not been found to raise serum

vitamin A concentrations above fasting levels up to s.ix hours

followìng the meals (Kimble, 1939; Mejia and Arroyave, 19g3;

and Mejìa et ä1., i9B4). However, serum levels have been

reported to be elevated after the 'i njestìon of a sjngle dose

of a vitamin A concentrate (Kagâil, i953; K.imble, 1939;

McCoord et â.l., 1948; Molla et â1., 1993; and popper et â1.,
1948) , and Owen and coworkers ( 197a) found that ch j I dren who

regu'l arly took a v'i tam'i n A supplement had higher serum leve'ì s

than those who did not. Thus the consumptìon of a suppl ement
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Table 3. Results of studies which measured serum vitamin A levels (lOl100 mt)

Resea rchers

Bur. Nutr. Sci
1975a

Desai and Lee,
197 i

Desai and Lee,
1974

ICNND,1964a

ICNND,1964b

MacNeili et al
1 981

Samp I e
Loc at Í on

Descríption
Age Sex

Mean (I
Median (md

Percent in Risk
CategorÌ es

High Moderate

Risk Category
Classifications

Nutrition Canada
Indian Popn.

(across Canada)

Nutrition Canada
National Popn.

(across Canada)

Anaham, B-C.

Ahousat, B.C

lJpper Liard, Y.T

Ross River, Y.T.

Fort Belknap
Reservat i on

( N. Flontana )

B I ackfeet
Reservati on

(N.l.l. Montana)

B lackfeet
Reservati on

(N.W. Montana)

5-9 yr M&F

10-19 yr F

10-19 yr M

-High risk <'10
-Moderate risk

1 0-30

-High risk < 10
-l'4oderate rlsk

10- 19.4

-High risk < 10
-Moderate risk

't0- 1 9

Comments

-% values without deci-
mals estimated from
bar graphs

-% values estimated
from bar Eraphs

0r
Leve i

-7 al

201

26

a0t

aol

Eot

tl

13

14
5
4

yr M&F
yrF
yrM

F

n

71

tÕ

215
aAç

192

1192
1 459
137?

md=35
md = 41
md = 41

md=39
nd=44
md=48

46

x=36

x=37

x=42

0.0%
0.07"
0.0%

4.0%
0.1%
0.0%

/l

80

44

N)
(O

5-9
10-19
10-r9

< '1 3 yr

< 13 yr

M&F

M&F

<13yr

<13yr
I'l&F

M&F

X

X

3B 5.6%

t.a/a

27 .8%

40.6%

0.0%

7 .9%

)o/

)o/

61.1%

56.2%

36.7%

J I .þ7c

5% 10% -As above

Eq

5-14 yr

5-14 yr

X = 13

i = 11M 32

5-14 yr

5-14 yr

F30
M38

i CO

24

-As above

0.0% 0.0% -As above6-17 yr M&F 136



Table 3. (continued)

Resea rc hers

Best and
Gerrard, f959

Best et al.,
1961

Hoffer e-u al.,
1 981

uRung.

Sample Description
Location Age Sex

Pine House, Sask

Pelican Narrows,
Sask.

Regina, Sask.
(controls)

6-16 yr
6-16 yr
2-5 yr
2-5 yr

9-25 ) 
a

6-32ll

r 0-38 )
8-22)

n
Mean (i

Median (md
Percent in Risk

Categori es
High Moderate

0.0%

Risk Category
Classifications

Cornments

-md estÍmated from
percenti ie graphs

or
Leve I

F

M

c

M

=14
=14
= 16

=14

24
35

¿o

31

i=
I=

27
tf,

I
6

(^)
O 7-18 yr M&F 13 i = Za

Pine House, Sask

Pelican Narrows,
Sask.

3 ,James Bay
Communities

F

M

F

M

6-67 )a
13-61 )

13-61 )
10-76)

> 30 yr M&F 478 md = 41
-High risk < l0

10.27" -Moderate risk
10-30



conta'i nìng a concentrated form of vjtamjn

confounding vari able when non-fastìng blood

for the analyses of serum v'i tamin A levels.

A 'i s a

sampl es

possible

are used

The authors of two of the studies presented 'i n Table 3

jndicated that non-fasting blood samples were used (Bureau of

Nutri ti onal sci ences , 7975a; and Hoffer et âl . , 1981 ) . There

was no indication of whether the blood samples were fast.i ng

or non-fastìng jn the other stud'ies c'ited. in the ol der

studìes on the Fort Beìknap and Blackfeet reservatìons, the

authors noted that 0ne a"nd four chìldren, respectìvely,
consumed vitam'i n supplements (IcNND 1964a and 1964b). Desai

and Lee (r971 ) and Best and coworkers ( 1961 ) i ndj cated that
vjtamjn bjscuits were distri buted jn the schools. However,

the I evel of vi tam'i n suppl ement usage was not reported j n any

of the other studies presented in Table 3.

Another factor to consìder in the interpretatjon of serum

vitamjn A levels is that they do not necessarìly reflect
recent intakes of the v'i tamin. When intakes are in excess of

daì1y needs the surpìus is stored 'in the I iver, and 'in the

absence of adequate dìetary sources of vitam'i n A, serum

concentrations are majntajned at physiologìcally adequate

levels through the mob'i lization of liver stores. tnJhen I jver

stores are nearìy depleted, serum vjtamin A levels fall
rapìdly (Bureau of Nutrjtìonal sciences, 1915a; Luj and
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Roel s, 1980; and Sauberl jch et dl . , I9l4a).

The homeostatic nature of serum vitam.i n A reguìation has

led to some uncertainty about the ìnterpretat.ion of levels
between 20 and 30 yg/r00 ml of serum (sauberl.ich et â1.,
1974a). some of the studjes cjted in Table 3 used z0 yg/r0o
ml and others used 30 ¡tg/r00 ml as the level above which

there was cons'iderecl to be a low risk and below which there
was cons i dered to be a moderate ri sk of vi tami n A

def ìcìency. Al I studies cons'idered 10 yg/r00 ml to be the

level below whjch the risk of vitam'in A defjc.iency was hìgh.

Incidences of abnormal dark adaptatjon attr.ibutable to
v'i tamin A deficiency have been reported at serum levels
greater than 20 yg/10a ml. Sauberljch and coworkers (1974b)

conducted a study in u,,hich eight adult ma'l e volunteers vvere

fed vitam'i n A deficjent diets. The plasma v.i tam'i n A level at
which dark adaptat'ion'impairment occurred was between z0 and

30 ¡tg/100 ml for three of the subjects and between 30 ancj 3b

¡rgl100 irl for one subject. carney and Russel (1980) studjed
the relat'ionship between dark adaptation test results and

serum vitam'in A'levels'in chronìcaì'ly ill adults without zjnc
deficìency 0r eye disease. They found that 9 of rz patients
w'i th serum I evel s between z0 and zg ¡tg/r00 ml and 6 of 1B

patìents wjth serum level s between 3û and 39 t)g/ro0 ml had

abnormal dark adaptat'ion. Among zg patients with serum
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v'i tam j n A I evel s greater than or equal to 40 yg/r00 fll , one

was found with abnormal dark adaptat'ion. However, it did not
reverse lv'i th vi tami n A therapy and the authors suggested that
f or pati ents wi th serum vi tami n A I evel s of 40 þg/r00 m'l or
greater, causes other than vitamin A def.icìency should be

I ooked f or. These observatìons r,voul d support the use of 30

pg/r00 nil, or possibly higher, as the serurn level below which

there js cons'idered to. be a rjsk of v jtamin A def jcìency.

Several studies cited in Table 3 reported both dìetary
intakes and serum levels of vitanlin A (Bureau of Nutrjtjonal
sciences, rglsa. Desai and Lee, rglr; ICNND, 1964a and i964b;
and fvlacNejll et â1., 1gg1). comparìsons of the biochemical
i ndj cators of vi tami n A status wi th di etary j ndj cators showed

cons'i stent fjndings for most groups studied.

Nutrition Canada was the only study to jnclude biochernical
data for Manitooa Indians (Bureau of Nutritional sciences,
i975a). The median serum vitamin A levels for the Indian
ch'i ldren on reserves across canada were wjth.i n the category
cons'idered to be associated with a low r.isk of v.itamin A

deficiency ( >30 yg/r00 mr ). However, they were lower than
those for the same age and sex groups in the nat.ional
sampìe. The ch'i ldren in the nat'ional sampìe were selected
from all populat'i on groups .i n the 10 provìnces, excludìng
Indians on reserves and residents of inst.i tutions or military
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camps. No indjan chjldren had serum levels associated with a

hìgh risk of v'i tam'i n A def icìency (<10 yg/r00 ml ). However,

betiveen 13 and 26% were found to be ì n the moderate ri sk

category (10 to 30 !g/100 rn'l), two to three times the

proportions found for children ìn the nat'ional sample. Tlie

bjochemical data snowed s'im'i lar trends to the dìetary data

(Tabì e ?) which suggested that Indjan children had a. lower

v'itamìn A status than did the ch'ildren ìn the national

sarnple. Concern was expressed in the report that the vitam'in

A l'iver stores of Indians may have been low.

Desai and Lee (1971 and r974) ineasured the serum vjtamjn A

levels of chjldren 'i n two Britjsh columbja communìtìes,

Anaham and Ahousat, as wel I as two communì t j es 'i n the yukon

Territori es, upper L'iarci and Ross River. The mean serum

levels for children under 13 years of age were s'i¡rjlar to the

median values reported for Indian children jn the Nutritjon
canada survey. The proportions of ch'ildren consjdered to be

at moderate ri sk of v'i tamin A def icìency were smal ler than

those reported for the Nutritjon canada Ind'i an children.
However, Desai and Lee used Ig.4 ))g/100 rrl , rather than 30

)rg/700 rnl, as the upper l'imjt of the moderate ri sk category.

In Ahousat r.2% of the ch'i ldren up to 13 years of age were

considered to be at hìgh risk of vjtamjn A deficìency; in

Anaham, Upper Liard, and Ross Rjver approximately 5% of the

children had serum vitam'i n A levels below 1c lg/r00 ml. An
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international expert committee suggested that serum vìtamìn A

levels below 10 yg/r00 rnl ìn more than s% of a population
would indicate a sìgnìf icant prevalence of v.i tam'i n A

deficìency (lllH0 et â1., 1982).

Dìetary studies in Anaham and Ahousat (Lee et â.l., rgTr)
suggested sìmilar results to the biochemjcal data. ùlany

chi'l dren under 13 years of dge at Anaha¡n had v.i tairjn A

i ntakes bel ow the recommended I evel s. At Ahousat, where

fewer children had serum levels assocjated with a high ri sk

of vitamjn A deficiency, srnaller proportions of children
consumed less than the recommended levels (Tabìe z).

Two older Montana studies found lower serum v.itamin A

leve'l s wh'ich were'i n supoort of the dìetary fjndings (ICNt\D,

1964a and 1964b). The mean serum vitamin A leve'l s for the 5

to r4 year old Fort Beìknap children vvere 13 and 11 yg/r0o ml

for gìr1 s and boys respectively. Tylenty-eìght percent of the
gi rl s and 4I% of the boys had serum v'i tami n A concentrat jons

I ess than 10 yg/700 ml . 0n the Bl ackfeet reservatjon the

rnean levels were hìgher (za and z4 yg/r00 ml), and although

no gi r1 s had I evel s bel ow 10 yg/r00 nl , B% of the boys were

at high risk of v'i tamin A cief icìency. As we'l ì, 3l% of the

gi r1 s and 32% of the boys had serum I evel s between 10 and rg

,Ugl100 ml.

The i nvestìgators of the fol I ow up study on the Bl ackfeet
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reserve 'i n 1973 sugEested that there was no l onger a probl em

w'ith vitarn'in A status (MacNeilì et â1., 1981). Although many

farnil ies vvere considered to have inadequate ìntakes of dairy
products and vjtamin A-containìng vegetables, the mean serum

vi tam'i n A concentrat'ion f or the 6 to rl year ol d chi l dren was

42.3 ¡tg/r00 ml and no children were cons'idered to be at rìsk
of vjtan'in A deficìency. However, the investigators use,l 19

¡gl100 ml as the upper limit of the category consjdered to be

associated with a moderate risk of vjtamjn A defìcìency.

0ther biochemical studjes had no accompanyìng dìetary data

(Best and Gerrard, 1959; Best et â1., 1961; and Hoffer et
äl . , 1981 ) . Two ol der studì es vvere carrj ed out j n pi ne House

and Pelican Rapìds, saskatcher.lan (Best and Gerrard, 1g5g; and

Best et äl . , 1961 ). Measurements hrere made i n the two

communitjes before and one and a half years after a school

lunch program was implemented 'i n p'i ne House. The jnjtial
serum vitamin A levels in both communities were low with
means between 14 and 16 yE/r00 ml. The range of intakes
suggested that most children were at risk of v.itarnjn A

deficiency. in the foì 1 ow-up study the serurn vitam.in A

'l evels were hìgher in both comiÌrunjties, with the means

fal ì ì ng between 24 a nd 35 yg/ r00 ml . However, h i gher

extremes were recordeci for the ranges of val ues for each

group of ch'i ldren. This suEgested that some chjldren were

st'il I at risk of vitam'in A cjefìcìency.
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A I arge study r/ías carri ed out more recenil y j n three

isolated Cree communìt'i es jn the James Bay area (Hoffer et

äl . o 1981) . I t 'i nvol ved onl y adul ts aged 30 years and over,

however, trends were sjrn'ilar to those reported by others for
cnildren. The 'i nvestìgators compared theìr data with results
for adults 20 years and over jn the Nutrìtion Canada survey

(Bureau of Nutrjt'i onal scjences, 1925a). The results
ind'icated that the James Bay group had serum v'itamjn A level s

lov¡er than the Nutri tion canada Indjan sampìe, who in turn

had 'l evels lower than the Nutrit'ion canada natjonal sample.

No 'ind'ivìdual s were consìdered to be at high ri sk of vjtamjn
A deficiency. However, r0.2% of the James Bay populatjon

vvere j n the moderate ri sk category ( 10 to 30 yg/r00 ml )

cornpared to 4.r% of the Indian popuìation and r.6% of the

natjona'l populat'ion in the Nutri tion canada survey. For the

Nutrjtion canada adult Indian population lìvjng 'i n âreas

remote from urban centres there were 7.9% considered to be at

moderate risk of v'itarnìn A deficìency, a value closer to that
found for the Jaines Bay sa;npl e.

Clinìcal Indicators of Vitam'i n A Status

The functions of vitamìn A are

symptom of v'i tamin A defìcìency

numerous. An early cl inical
dark adaptat'ion

a1

is ìmpaired



abììity which results from a disrupt'ion jn the production of

retinal-contajnìng photosens'i t'ive pìgments 'i n the eyes.

vitamin A also has a funct'ion in maintainìng healthy
epìthelial cell structure throughout the body. During

v'i tam'i n A def icìency, xerosis (dry'i ng) of epìthel ial t'i ssues

occurs and they become susceptìble to infect'ions. Tjssues

affected i ncl ude the ski n, the 1 i ni ngs of the respi ratory and

jntestinal tracts, and the surface of the eye. changes jn

the conjunct'iva and cornea can progress to blindness jf left
untreated. V'i tamjn A deficiency has also been found to

result ìn abnormal bone growth, nerve lesions, and jncreased

cerebrospìnal flui'd pressure (Bureau of Nutritjonal Sciences,

1975a; and Lui and Roels, 1980).

severe v'i tamin A defìcìency has rarely been reported jn

North Amerjca (Bureau of Nutri tional sc'iences, 1975a).

several studjes reported jncjdences of fo'l ljcular
hyperkeratosjs of the skin and thicl<ened dìscoloured

corrjunctivae among canad'ian Indjans (B'irkbeck et â1., rgll;
Bureau of Nutritional Sciences, i975a; Moore et â1., 1946;

Pett, 1950; Sinclair, 1953; and V'iv'ian et al., 1948).

However, the fjndìngs djd not always agree witn other

measured jndices of vitamin A status. It has been suggested

that fol I icul ar hyperkeratosi s inay al so be caused by poor

hygìene, env'i ronirental exposure or fungus jnfections, and

that the prevalence of the most common conjunctiva'l
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abnormal'i tjes increases with age and may be related to racjal
orig'i n or environmental exposure (Bureau of Nutrit'ional
sc'iences, 1975a). In the I ìght of these observatìons, r't

seerns that the reÐorted abnormalities of skin and eyes cannot

be attributed soìeìy to poor vitamin A status.

No study measured dark adaptation abìlìty among nat.ive

canadians. The cumbersome nature of the classical dark

adaptat'i on method renders'i t unsuìtable for survey purposes.

Thornton (1977) proposed an easily transportable rapid dark

adaptat'ion test. The test js based on the t'ime it takes for
the Purk'i n je sh'i f t to occur. Th'i s 'i s the phenomenon whereby

the retina sensitivity to ì ìght wavelength changes as 'it dark

adapts. under daylight conditions the retina is ñìore

sens'i tive to I ight from the red end of the spectrum, but as

it dark adapts it becomes more sensit'ive to lìght of shorter

wavelengths. under conditions of low lìght intens'i ty, where

colour vjs'ion does not operate, the Purkìnje sh'ift js

perceived nhen blue objects appear to be a bri ghter grey than

red ob jects.

The rapìd dark aciaptation test vvas evaluated by v'i nton and

Russel I ( 1981 ) who fourrd that the resul ts correl ated lvel I

with class'ical dark adaptation parameters and serum v'itamìn A

levels in adu'ì ts. solomons and coivorkers (1982) found that

the test was appl icabl e f or use among ch'i I dren as young as
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f our or f jve years of age f roin tlo di f f erent cul tural
backgrounds.

Conclusions

The I iterature c'ited indicated that the v'itamin A status of
school ch'ildren of native ancestry 'in northern Manjtoba

comrnunities may be suboptìma1. Although mean or median
jntakes of v'itamin A for groups of Ind'ians have been recorded

at levels s'imjlar to or greater than recommended levels,
studies often 'i dentjfied substantial percentages of
ind'i v'iduals who d'i d not ineet the recommendations. The

consumption of daìry products, Vegetables, ârìd frujts lvas

reported to be low among native peoples, an observation wh.ich

supports the findìngs of low v'i tamjn A intakes since these

food groups contaìn foods wh'ich are good sources of vitamjn
A.

serum vjtamin A levels am0ng Indians were lower than those

found for the general canad'ian popuìation, âhd there were

greater proport'ions of Indians with serum vjtamjn A levels jn

categorìes associated with a risk of vitam'in A def.icìency.

Among several groups of Ind'i an chil dren there were 5% 0r more

of the 'i ndividuals with serum vitamin A levels less than 10

yg/r00 rrl , a f i ndi ng cons j dered to be 'i ndi catì ve of a

40



sìgn'ificant prevalence of vitarnin A defic'iency (t¡JH0 et â1.,

Le82) .

Several factors may influence the v'i tamjn A status among

nat'i ve children. There vvas some indicatìon that v'i tamin A

j ntakes (Gì I ì ì s, I97 6; and Step'i en, I978 ) and serum I evel s

(Hoffer et â1., i981) varjed according to the degree of

'i solation, âccess to food, ârd levels of medja and medical

servjce in the corr¡Trunities, although not necessarìly jn a

sìmple l'i near manner. In addl't'i on, in communities where a

school milk supplement was distributed to improve the

nutritional status of the chì1dren, mean 'i ntakes of dairy

products were found to be h'i gher than basal levels (0'Neìì'l ,

197b), and greater proportions of the student populations had

dairy product intakes equal to or greater than recommended

'l evels (0'Neiì.l, I976; and Rempeì o 1980). Because milk

products are good sources of vitamin A, an increase in their

consumpt'ion would be expected to be assoc'iated wjth an

increase in vitamin A 'i ntakes.

The deveìopment of a nutri tional defjcìency is sequentjal
'in nature, beg'innìng w'ith inadequate ìntakes which lead to

b'i ochemìcal disturbances and fìnal1y clinical signs of

deficiency (Bureau of Nutrjtional Sc'i ences, 1975a). Therefore

the assessment of the vjtam'i n A status of a population group

should jnvolve a comi¡'i nation of dietâfJ, b'iochenical, and
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cl i nìcal 'i ndicators. The use of several i nd-icators .i s al so

necessary to avoid mjsleading results due to the .i nherent

var jabì1ìty in the rreasurenents recorded.

42



RESEARCH DESIGN

The l'i terature 'i ndicated that the v.i tamin A status of
school children of native ancestry in northern Manitoba
commun'i ti es may be suboptimal . vi tamì n A has numerous

functions. Impaìred dark adaptation abìr ìty is an earry
symptom of vjtamjn A deficìency. In addìtìon, xerosjs occurs
to epìthelial t'i ssues and they become susceptibìe to
infect'ions. In the case of the eyes, v.i tamin A def.iciency
can lead to blindness 'i f left untreated. Abnormalities in
bone growth and the central nervous system have al so been

associated with vitarn'i n A deficìency (Bureau of Nutrìt.ional
Sciences , I975a; and Luj and Roel s, 19g0).

several factors may influence the vitai¡in A status among

native ch'ildren. There was some indicat-ion that vìtairin A

intakes (Giìlis, rg76; and stepien, rglB) and serum levels
(Hoffer et â1., 1981) va.i ed accord.i ng to the degree of
isolation, dccess to food, âhd levels of media and medical
service in the communit'i es. In addìtion, .i n communìties
lvhere a school mi I k suppl ement was di str.ibuted to the
chì'l cÍren, mean intakes of dai ry products were f ound to be

hìgher than basal levels (0,Neiì'l , rgl6). Increased daìry
product consumption would be expected to result in jncreased
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vitarn'i'n A 'intakes.

The objectives of the present study were as follows:

1 to deteri;rine 'i f
school children

commun'i ti es; and

ind'i cators of the vitam'i n A status of

five northern Manitobad i ffe red amo ng

to determ'i ne i f i ndi cators of the v'i tami n A status of
school chi I dren differed between chi I dren who received

a school food supplement and those urho djd not.

Fourteen related hypotheses which were tested are I jsted in
Tabl e 4. cornmunì ty and school food suppl ement were the two

independent variables used. The five communit.i es chosen

vari ed wjth respect to degree of jsolatìon, dccess to food,

and leve'l s of med'ical and rnedia services. In each commun.i ty,
t¡oth ch'i ldren who regularly recejved a school food supplement

and those u¡ho did not lvere includeo. Brochet was an

exception jn that all chjldren in the school recejved the

suppl ement, thus i ts data lvere used for comparj son when

testìng the hypotheses jnvolvjng the supplement.

A total of seven d'ietâFy, b j ochemi cal , and cl .i nì cal

incijcators of vitamjn A status were used as dependent

variables. Al I three types of ind'icators were used in order

to have a compos'i te vjew of the vitam'i n A status; one type

alone would not adequateìy represent the vitamjn A status"

?
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À Independent variable = community

1. Dependent variabres = dietary indicators of vitamin A status
a' The absolute vitamin A intake of school children differs significanily among fivenorthern Manitoba communities.

b' The vitamin A intake of school children expressed as a percentage of the Canadianrecommendation differs significantly among tive noiinðrh ¡lanitoõa co*ruñiiiôi.
c' The vitamin A intake of school children expressed as a percentage of the weightrecomrrlendation differs significantly among tive noiirrðrh ¡lanitoóa comruñitiôi.
d' The vitamin A density of the diet of school children differs significanily amongf ive northern Manitoba communities.

2. Dependent variable = biochemical indicator of vitamin A status

a' The serum vitamin A level of school children differs significan¡y among fivenorthern ManÍtoba communities.

3. Dependent variables = clinicat indicators of vitamin A status

a' Ïhe DAT time of school children differs significantly among five northern Manitobacommunities.

b' The bestDAT time of school children differs significanily among five northernManitoba communities.

Independent variable = school food supplement

1. Dependent variables = dietary Índicators of vitamin A status

a' The absolute vitamin A intake of school.children is significan¡y greater forchildren receiving the schooì food supplement ürañ-ii Ìs for 6oäe"nõi-ieceiving it.
b' The vitamin A intake of school children expressed as a percentage of the canadianrecommendation is. significantly greater for children ieèeiving iñe-scñðõr-iäoclsupplement than it is for thosê ñot receiving ii. - -

c' The vitamin A intake of school children expressed as a percentage of the weightrecommendation is.significantly greater foi children ieceiving ihe-schäõr iôòosupplement than it is for thosê ñot receiving it:
d' The vitamin A.density of the diet of school children is significangy greater forchildren receiving the school food supplement thãn-it-is rðr ¡¡óse-ñót"rðððiuing it.

2- Dependent variable = biochemical indicator of vitamin A status

a' The serum vitamin A tevel of school children differs significantly between childrenreceiving the schoor food supprement and thosé noi reõåiving ii. " --- '- -'

3. Dependent variables = clinical indicators of vitamin A status

a' Ïhe DAT time of school children differs significantly between children receiving theschool food supplement and those not receiüing ii. ' -

b' The bestDAT time of school children differs significantly between children receivingthe school food supplement and those not r.eceiiing ii.

Table 4. tlypotheses tested
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Four methods of expressing vìtam'i n A intake vvere used as

di etary i nd j ca Lors. They were absol ute vi tarni n A i ntal<e

expressed 'i n reti nol equì vaì ents, two vari abl es expressed as

percentages of recommended jntakes, and vjtam'i n A density

expressed jn RE/i00 kcal. The two varjables jncorporating

recommended i ntakes were chosen to reduce any effect age may

have had on vitamin A intake. The last variable was chosen

to detect differences in the concentration of vitam'i n A

activìt.v in the d'iets of d'ifferent groups.

Tabl e 5. Reconmended V'i tami n A I ntakes

Age Sex Canad'iana
Recornmendati ons

tr'Jeightb
Recommendatì ons

7

10

i3

13

9

72

15

15

yr M&F
yr M&F
yr F

yrM

700

800

8û0

900

RE

RT

RE

RE

adequate i ntake
wt of ch'i ld in
up to a max'imum
750 RE

=

kg x 20
of

(Range for study
350 to i50 RE)

âaB,

k

'(Bureau of Nutritional Scìences, 1975a)

Tabl e 5 shows the two sets of recommended i ntakes wh i ch

lvere used for percentage cal cul ati ons. The Canadì an

rec0mmendations are based jn part on body weìght, ho',vever,
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they increase stepwise, remain'i ng constant over three year

intervals (Bureau of Nutritional Sciences, 1983). The weight

recoirmendat'i ons used f or compari son were suggested by

i\utri ti on Canada 'i nvestì gators ( Bureau of Nutri t'i onal

Sciences, 1975a). They are a more 'i ndivjdualized set of

recommendatjons since the body lve'i ght for each chl'ld

determines his or her recommended intake. Thus the

recommendation increases gradualìy with age as the child

grorvs. I t appears that the we'ight recommendat'i ons have a

sma'l ler safety factor added than do the Canadian

recommenoations. They result in valt¿es simi'l ar to those

recommended by an j nternati onal expert comm'i ttee f or use

àmong populat'ion groups around the world (Joìnt FA0/l^JH0

Expert Group, 1967).

A single bjochemjcal jnd.i cator was used--the total serufir

v jtamin A expressed in f g/100 m'ì of serum. Two cl in jcal

'ind'icators were used as dependent variables. Dark adaptation

test t'imes were recorded in duplìcate. The average of the

two recorded test t'imes (DAT) and the best tirne of the two

(bestDAT) were used. Both were expressed in seconds.

Three possible confound'i ng

test was cione to determi ne

effects on the intake data.

examined for any djfferences

variables were recognìzed. A

i f there were any 'i nterv j ewer

Dark adaptatjon test data were

between those children who had
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eye glasses prescrjbed but d'id not wear the¡r, âr.rd those who

ejther needed no v'i sion correctjon or wore the.i r gìasses. In

add'i tion, it vvas cons'idered that takìng a vitamjn supplement

wh'ich contained a concentrated form of vjtamin A may affect
the serum vjtam'i n A level and dark adaptation test
performance. Thus it was added 'i nto the stat'i stica'l motlels

used to test the hypotheses involv'i ng these dependent

variables. Vitamin A fronr vitamin concentrates was not
jncluded 'i rr the dìetary'i ntake data.

Tests to study the rel ati onsh i ps between pa i rs of d.i etâFJ,
b'iochernicaì, and clinical varjables were done to help
jnterpret the results of the tests of the hypotheses.

General descriptìve data were also used 'i n the cijscussion of
the results. These included a calculat'ion of the number of
"true defjcients" based on dietary intakes, and the

compar.i son of serutn vjtamin A levels and dark aciaptatjon test
scores to standards or results from prev'i ous studjes. In

addj tjon, i nformation .t,Jas gathered on the source of dìetary
jntakes (store, school , locaìly produced, etc.) and the
proportions of vjtamin A ìntakes provided from major food

groups.
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M ETHODOLOGY

Communìty Selection and Description

The study was carrjed out under the auspìces of the

Nutrit'ion and llealth Program of the Frontìer School Divjs'ion

of Manitoba.l tn May and June of 1981, the d'i rector of the

Nutrjtion and Health Program and a representat'ive from the

Universìty of Manitoba vis'i ted each of the five communìt'ies
jnvolved in the study. They met with school corïmittee

members, as wel I as band and vi'l l age counc'i I I ors to expì ai n

the proposed siudy. The communìty representatives 'i n each

vìì1age approved the study and methods. prior approval for
the study was al so obta i ned f rom the un'i vers ì ty of illan j toba

fo'l ìowing an ethical rev'i ew of the procedures under jts
guidelines for research wjth human subjects.

Ïhe locat'ions and populat'i ons of the communities are shovln

jn Fìgure 1. Brochet was the most northerly and jsolated of

all of the comrnunitjes in the study. It was reguìar'ly
accessible only by aìr, and there tniere no radios or

Jh. study was part of a larger investigation to evaluate theÍmpact of the NutritÍon and Health program, which includedinformation from a.dult women in the coñmunities.

I
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FÍgure 1. Locations and populations of cc-rmmunities involveci in the present study
(lnformation from data collected in the fjelci; l'lanitoba Department oî Economic
Development and Tourism, 1982: ân(l Nlðn'toba Depôrtment of Northern Affairs, 1981

x Brochet (pop 550)

l-ynn Lake

x Cormorant Lake (pop a50)
The Pas

x lvloose Lake (pop 1000 )

o Thompson

x Crône River (pop 475)

x Earrows Junction (pop 325)

Swan River

Dauph i n "

lgeglq

x Strjdy communÍty

Town with a hospital and
severa I food outlets,
population 1000 to 5000.

" Major commercial centre
with more comprehensive
health facilities and
numerous food outlets,
population over 6000.

Ste. Rose du Lac

Ç winnipec
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telev'ision. There was one general store wh.ich received air
shìpments of food weekìy. It had a nurs.i ng statjon staffed
by three regìstered nurses, but jt was rz0 km by air from the

nearest hospìtaì at Lynn Lake. The distance to the major

commerci al centre of Thompson was 330 km.

All of the other communjt'i es were accessjble by all-weather
roads, and rnost homes had radios and televisions. crane

River and Barrows Junctìon had s'im'ilar access to health and

food fac'il ities. Ne'ither had a nursing station. rhey each

had two small food outlets within Lhe coinmunìt.y. In crane

R'i ver there was one prìvateìy owned store and 0ne band

operated store, and in Barrows Junction there was one

privately o'¡vned store and a small restaurant where lunch

meals and snack foods could be purchased. They were both

close to rural towns w'i th hospjtals and several food

outlets. However, they t,lere rz0 and 170 km respectively from

nraior commercial centres (DauphÌn and rhe pas) wìth more

corTrprehensive health services and nurnerous food ouilets.

cclrrnorant Lake and ltloose Lake each had a nursing station
with a fullt'irne Community Health Representat'i ve. Cormorant

Lake had tvro smal'l food out'l ets, one a general store and the

other a restaurant where lunches and some canned and packaged

goods could be purchased. Moose Lake had one large genera'l

store built the year before the study and one small generai
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store. tsoth comrnunities were close to The pas (50

respectjvely), a major commercjal center provìdìng

food services.

and 70 km

heal th and

School Food Supplement Descrìptìon

A mj I k product was the bas ì c component of the school

suppl ernent. ch'i I dren 'i n cl asses up to and ì ncl udi ng grade

four were reguìarly offered rl5 to zs} ml of milk, or 17s to

250 ml of ju'i ce an d 20 g of cheese. They were sometimes

offered 6 g of crackers or 25 g of peanuts 'i n addit'ion.
children in grade five or hìgher did not recejve the

suppì ement, except i n Brochet where al 'l ch i I dren i n the

schoo'l were offered tire suppl ement.

Sampì e Sel ect'ion

In each communì ty, 15 ch'i I dren f rom grade f our and 15 f rom

grade six were selected from class lists usìng a table of

ranclom numbers. In communities where there were insufficient
numbers of students ìn grades four and sìx, students 'i n

grades three and f i ve respecti vel y tvere chosen to compl ete

the samp'l es. These combi ned sampl es w'i I I al so be ref erred to
as grade 4 and grade 6.
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There were few refusals to partìcìpate. However, the
parents or guardjans of some students were not available in
the communit'ies. Rep'l acements were chosen at random from the
rerne'ining subject pooì. The lab technician col lected blood

from each child who agreed to the procedure and whose parent

or guardian had given consent. To assure confjdentia'l ity,
each chl'l d was assigned a unìque number wh.ich was used

throughout data analysis. (see Appendix 1 for the consent

form and 'i nstructions for the interviewers on the verbal
explanatjons to be gìven to the subjects.)

There were 743 ch i I dren from wh i ch data of one or more

types (dietary, biochem'ical or crjnical) were used jn the

anal yses. Seventy-two were i n grade 4 (zg boys and 43

gìrì s), and 7r v'rere in grade 6 (33 boys and 3g gìrl s). The

mean age + sEPi for all grade 4 children vvas 10 _vr 0 mo + z

rflo; that for the grade 6 chjldren was IZ yy 3 mo r Z no.

Most of the ch i I dren j nvo'l ved j n the study had some nati ve

ancestry; those who di d not were ch i I dren of teachers.

Data Collection

In September and 0ctober of 1981, a survey team

of two intervìewers, a medical techn.ician an<l the

trave'l I ed to each communi ty. The i ntervi ewers and

consisting

researcher

researcher

3J



\{ere in each cornmunity for one week, while the medical

techn'i cìan remained for one day. In total four interviewers
were i nvol ved i n the study, of whom three were res.idents of
northern Manitoba communities within the Frontier School

Divisìon, and the fourth had had prevjous contact wìth native
peopl e. It was fel t that i nformation woul d be more compl ete

when gathered by persons famil jar with the culture and ììving
condjtìons of the survey partìc-i pants.

Prior to the fìeld u¡ork an eìght day training course was

held in ['l'i nn'i peg for the interv'iewers. They were instructed
in d'i etary intervìewìng and in makìng body weight
measurements. Dur.i ng the trainjng course the .i ntervìewing
methods and recording forms were first pìlot tested for the.i r
appropri ateness for use among acìults and ch.i ldren not of
native ancestry available duri ng the train-i ng sessions. Thjs
pì1ot phase was continued between the tjme of the traìning
course and the field work, when the trainees used the forms

to practice collecting data in thejr horne communities jn

northern Man'i toba. No changes in the forms 14/ere felt to be

necessary after this pilot phase.

Fjve indiv'iduals were involved in the origìnaì training
c0urse, two of whom were ava i I abl e at tne tjme of the survey

work. The other two f l'eld jntervjewers were instructecl by

the same trainer in a two day course several days before they
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tnlent into the field. The tra'i ning courses were held in order
to standard'ize the technique and to m'in'im.ize the amount of
'i nterviewer varìation. (see Appendix z for recordìng forms

used and the explanation of the purpose and general

instructions gìven to the .i ntervìewers. )

Two 'i ntervi ewers worked i n crane Ri ver, Moose Lake and

cormorant Lake, and the other two lvorlced in Barrows Junction
and Brochet. In Moose Lake, cormorant Lake and Brocheto

Nutriiion Health Advisor tra'i nees of the Frontier school

Di vi s i on lvere ava i l abl e to 'i ntroduce the 'i ntervi ewers to the
participants and ajd in translation when necessary. In

Cormorant Lake, Crane River and Barrows Junction, ro

translation was needed.

During the morning of the day on which the children rnlere to
be 'i nterv'i eu¡ed f or di eta ry 'i nf ormat'ion, they t,,/ere gathered

together jn a group of approximately 15. Each chjld was gìven

a blank p'i ece of paper to record the foods he or she had

eaten in the past 24 hours. As a group, they were guided

through a 24 hour recall, beginnìng at the tjme of the
i ntervi ew and endi nE at the same t'i¡rie the previ ous day. Th.i s

gr0up procedure was used to heìp the chjldren understand what

was expected of them and to help them feel more at ease.

Each child tvas interviewed

the rest of the school day.

indivìdually at some t'ime durìng

Start'i ng with r,rhat the child had
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recorded earl i ero the 'i ntervì elver recorded the types and

amounts of f oods consumed, how they h/ere cooked, pì us the'i r

sources. A selected nunlber of food rnodels were used to aid

in the estjrnation of amounts. (See Append'ix 3 for
descrìpt'i ons of models.) children r,'lere also asked if they

consumed a vi tam'i n or ini neral suppl ement. General

information includìng the sex, âgê, and weìght of each child
was recorded.

The amounts of vjtamin A and energy jn the djets of the

children, were deternrined using the 7978 Health and Welfare

canada nutrient database. The nutrient composition of

bannock was modjfied on the basjs of a recipe from a

Nutrjtjon aud Health Adv'isor of the Front'ier School D'ivision,
al so a resident of a northern comiïunì ty. tntri es were added

for moose, vensìon, steakettes, and potatoes fried in

butter. (See Append'i x 4 for source ìnformatìon.)

Computer coding of all the diets vras dcne by the

researcher. Most sol jd foods vJere entered i n grams for
cornputer ana'l ys i s. The percent edi bl e porti on and wei ght per

volume cr size cf the foods were determined frorn the u.s.
Handbook #456 (Adams, r975) . The we'i ght per vol ume of bannock

was cal cul ated by weìghi ng pìeces of bannock made from the

recìpe gìven jn Appendix 4. commercjal sl iced bread v¡as

entered in units, j.e. nurnber of sl jces. L'iquids were
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entered in volume measures of either cups or mjll jlitres.

For dishes comìïon to all of the com¡ïunities, such as

hornenrade tluck or rabb'i t soup, and a mixture of pasta and

concentrated tomato soup, êstirnates of ì ngredi ents were

obta'i ned f rom the jnterv'ielvers who were normaì ly resident in

northern ivlanitoba cornmunities. A¡nounts of individual
'i ngredìents u/ere used in the anaìys'i s.

Five nl'i llil jtres of non-fasting ven.ous blood were collected
from each child. The blood was centrifuged after clotting,
and the serum v.tas f rozen f or sh ì pi'nent to 0ttawa to the Bureau

of Nutrjt'ional Sciences, Department of Health and welfare
canada, where the vjtamjn A anaìyses r{ere perforìïed by the

fluorescent inethod descrjbed by Thompson an<l coworkers

(1e73).

A modjfìcatìon of the rapid dark adaptat'ion test developed

by Thornton (r977) , vvas used i n thi s study. At each school ,

a light proof room was set up. A table covered with black

fel t was used as a non-reflective work surface for the test.
Five whìte, six blue, âfld seven red pìastìc dìscs with a

gl ossy fi ni sh were p1 aced on thi s surface. Above the tab'l e.

r/,/as positioned a standard darkroom I ight f ìxture f itted with

a 7 .5 watt, r20 vol t bul b and a neutral fi r ter made from

evenly exposed x-ray film. some of th'i s equipment, 'i ncluding
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the cijscs, was provjded by Advanced soft 0pt'ics.2 The

distance from the bottom of the fixture to the table surface

tlas approximateìy 65 crn. It was adjusted for each new bul b

so that the illuminance at the table surface rema.i ned

constant at 2 x t0-3 footcandles. cal jbrat'ion t,,ras made usìng

a model 555 EG&G radiometer/photometer from 0ptìkon
)

corporat'ion.'The illum'inance used would result jn a target
brightness of 2 x 1û-3 r'ootlamberts for ã perfecily d'i ffusìng
white target of r00% ref'l ectance. Thjs r/jas the target
brìghtness used by Thorntcn.

For llght acaptation, a table larnp f itted wjth a 100 watt,
rzrJ vol t bul b was posit'ioned over a white slreet of paper 61

by 45 crìr, on which I jne drawìngs were pìaced to hold the

attention of the children. (See Appencijx 5 for the line
drawì ngs. ) The bri ghtness of the paper was from

approximateì y 300 to 800 footl amberts as measured by the EG&G

racij ometer/photorleter. The sub ject ,i^Jas to f ocus on thi s

surface for 60 sec.

2 Advanced Soft 0ptics Inc., ll3 23rd Ave. North, Nashviile,
TN, U.S.A", 37203.

tikon
H 3X1.

Corp. Ltd. , 156 Dul<e St. lr.lest, Kitchener, 0nt. ,'ooN2
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Before testing, each child was shown the mixed pììe of

coloured discs and told that after the Iights rvere djmmed he

or she should separate them as quickly as possjble. The

white ones were to be removed first with the ch'i ld indicating
when he or she was finished. The child was to contìnue, and

gì ve a f i nal sì gnal v¡hen the bl ue dì scs were separated f roir

the red ones. The child was caut'ioned that 'in the d'im I ight
the red and blue colours would not be discernible, but that
the blue djscs would eventually appear to be a brighter grey

than tire red ones.

The child vvas then 1ìght adapted and a stopwatch begun v¡hen

the 100 watt bulb vvas extinguìshed. The tester repìaced any

d'i scs that the ch'i ld removed 'i ncorrectìy from the majn pile.
The time taken for the ch'i ld to separate out all of the blue

djscs correctly was recorded to the nearest second. (see

Append jx 6 for the recording form. )

A mod'i ficatjon of thjs procedure was used jn crane R'iver.

Each ch'i ld was told the number of discs of each colour and

asked to separate thern as above. At no tirne djd the tester
touch the di scs. Th'i s procedure caused some ch j'l dren to

count the discs, and it may also have been dìfficult for the

ch'i I dren to see red di scs wh'ich had been mi stakenì y separateci

into the blue pìle. Hovvever, the variation was assumed to

have rregligble influence on the results.

59



Each chr'ld performed three consecutive trjals. During the

first trial the child became familiar with the task and no

compl etion tìme rvas recorded. At the end of th j s trìal and

before the bright light source was swjtched on agaìn, the

tester discussed the appearance of the d'i scs with the child.
The times of the two subsequent tri al s r^/ere recorded f or use

in analysis. Both the average of these two tjmes (DAT) and

the best tìme of the two (bestDAT) r,úere used since a paìre<.1

t-test showed that the second recorded tria.l took

significantly less tirne to complete than the first recorded

trial (p<0.02).

Data Analys'i s

The dìetary data for several children vvere excluded from

the anal-vses of the hypotheses. The cri teria for exclusion

were as fol I ows: 1 ) the record of the T4-hour recal I was

considered to be ìncomplete or unfeasible; and 2) the vitam'i n

A i ntake was greater than 10 standard cleviations from the

mean intake for al I chi'ldren, and wou'ld therefore bias the

results of the statistical tests. Nine records were excluded

based on the f irst criteri on. i'Jhen foods whicn the chiId had

recorded duri ng the group procedure were not ment'i oned on the

24-hour reca'l I form, wjth the result be'i ng thai enlire rneals

t'Jere mìssed, the record was excluded. in other cases, the
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amounts of foods recorded lvere too large to be

physjologicaìly poss'ible for a ch'ild to consume. Based on

the second crjteri on, one record lvas excluded. The v'i tamjn A

intake of one child r{as greater than 10 standard deviat'i ons

fro¡r the inean intake for all ch'i ldren ciue to the consumption

of beef liver. Because the maìn objectives of the study lvere

to ¡reasure the communi ty and school food suppl ement effects
on the 'intake variables, the record was excluded s'ince 'it

v'roulci have biased the results of the tests of the

hypotheses.

summari es of the data group'i ngs used to test the hypotheses

and to test for the confounding varjable effects are shown 'i n

Tabl es 6 and 7 . The three confounciì ng variair'l es were ei'ther

exam'i ned before or concurrent wi th the ana'l yses of the

hypotheses. To test for jnterviewer effects on the dìetary
jntakes, one-way analysis of variance (AN0vA) tests for the

ten communi ty by grade groupì ngs were done f or both the tota'l

vi tami n A and energy i ntakes before any hypothesj s testi ng

was performed (Tabìe 6). H'i stoErams of the residuals from

these AN0VAs were plotted for each intervielver and compared

vjsualìy for any differences.

The effect of consuming a v'i tamin A concentrate on serum

levels or dark adaptation test scores was controlled for by

enteri ng i t d'i rectì y 'i nto the AN0vA procedures useci to test
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Table 6. Summary of data groupings useri to test the hypotheses and to
test for the confounding variable effects when the dependent variables
were the dietary indicators.

Crane
River

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

Grade 4

Grade 6

-,,,= = = =

a a b þ rrr ¿

Iil
Iil

c c c c rr a
Iil

I
il

I
il

lt

il

Independent variable = community (hypotheses 4.1.a to 4.1.d)
--One-way AN0vAs and contrasts used data from all ten community by

grade grouPings (-)
(Note: vitamin A and energy contributions from the school supple-
ment were not included in the intake variables in order that all
data were comparable. )

Independent variable = school supplement (hypotheses 8.1.a to 8.1.d)
--One-way AN0VAs and contrasts used clata from the eight community by

grade groupings excluding those from Brochet (- - ).
-*T-tests (grade 4 vs grade 6) used Brochet data for comparison (= = ).

Confounding variable = interviewer
--One way AN0VAs to provide residuals used data from all ten community

bY grade grouPings (-).

achildren who receivecl their regular'school supplement. on the day of the
i nterv i ew.

bChildren who did not receive their regular school supplement on the day
of the interview.

cchildren who were not regularly offered the school supplement.
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Table 7. Summary of data groupings used to test the hypotheses and to
test for the confounding variable effects when the depêndent variables
were the biochemical or clinical indicators.

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

Grade 4

Grade 6

No vitamin
Concentrate

Vitamin
Concentrate

No Vitamin
Concentrate

Vitamin
Concentrate

a

a

a

a

a

a

a

a

a

a

ril
ril
ril
Iil
ril
ril

il

il

II

il

il

il

Iil
bbbblr a

II
Iil

b b b b ril a
Iil-====

Independent variables = community and school supplement
(hypotheses pairs A. Z.a/8.2.a, A.3.a/8.3.a, and A.3.b/8.3.b)

--Three-way ANOVA (community x school supplementc x vitamin A concen-
trate) used data from all groupings excluding those from Brochet(- - ).

--Two-way ANOVA (community x vitamin A concentrate) used atl grade 4
data to'test for communìty differences with Brochet includeã (_-¡.

--Two-way ANOVA (grade x vitamin A concentrate) usecl Brochet data for
comparison with tests for school supplement effects (= = ).

Confounding variable = vitamÍn A concentrate
--Included in all three ANOVAs mentioned above.

achi l,ir.n r,rho regularly receivecl the school supplement.
bchildr.n 

who were not regularly offerecr the school supplement.
ccrade was a surrogate grouping variable for school supplement in this
case.
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f or communi t.y and school suppl ement ef f ects (Tabl e 7). Th j s

procedure w'i I I be descrj bed 'i n tire descrì pti on of the testi ng

of the hypotheses.

Due to smal I sampl e sizes, the effect of fail ure to r,rlear

prescribed eye glasses could not be entered jnto the AN0vA

rnodels involv'i ng the dark adaptat'ion test vari airles. Thus

the ilìean DAT and bestDAT times for those children who dìd not

wear thei r prescri bed gl asses were compared wi th those of the

children who either needed no vision correction or wore their
glasses.

For hypotheses 4.1.a to 4.1.d, tests for community

dr'fferences'i n the d'i etary intake variables, a one-way AN0vA

for the ten c0mnrunì ty by grade groupì ngs was performed for
each of the four vari ables (Table 6). The mean square for
error (MSE) values from these AN0vAs were used jn two-sìded

t-tests. contrasts of the f o'l I owi ng f orm were used i n the

t-tests:

i(sraA) + x(s16A) x(sraB) + l(sr6B)

2

L I
2

\¡/nefe i(
fo

gr4A) and i(gr6A) were mean val ues
r grades 4 and 6 i n one communì ty;

i(sraB) an
for grades

d x(gr6B)
4 and 6

were mean values
j n another communi ty;

^and L was the contrast used 'i n each t-test
to test for communì ty di fferences i n the
dietary intake variables.

I
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ïhere vlere ten contrasts for each intake variable. The

val ues used for the 'i ntake vari abl es di d not 'i ncl ude vi tami n

A and energy contributjons from the school food supplement,

so that data from al I ten communìty by grade groupìngs were

comparabl e. Each contrast compared the unweìghted mean

intake for grade 4 and grade 6 children jn one community wìth
that of another communì ty.

For hypotheses 8.1.a to 8.1.d, tests for the school

supp'l enrent effect on the dìetary jntake vari ables, a one-way

AN0vA was performed for each of the four variables. Eìght
coillmunity by grade groupìngso excludìng those from Brochet,

were used (Tabì e 6). The MSE val ues from the AN0VAs vvere used

in one-sided t-tests which involved contrasts of the

follolvìng form:

t x (g r4C R ) i(gr6cR)l + Ii(gr4ML) î(gr6ML)lI2

Ix(gr4cL) x(g16CL)l

2

+ Ix(gr4BA) 1(gr6BA)l

2

where i(gr4CR) and x(gr6CR)
grades 4 and 6 jn Crane

were mean val ues for
River;

i(gr4ML)
grades 4

i(gr4CL)
grades 4

i(gr4BA)
grades 4

and
and

and
and

and
and

x(gr6ML) were mean values for
6 jn Moose Lake;

1(gr6CL) were mean va'ì ues for
6 'i n Cormorant Lake;

x(gr6BA) were mean values for
6 Í n Barrows Junct i on ;
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and L v'las the contrast used in each2 t-test
effecttest for the school supplement

the dietary intake varjables.

There was one contrast for each intake vari aore. The

values used for the'intake variables included the v'itamin A

and energy contri but'ions from the school food supplement.

The contrasts compared the d'ietary intake variables for
chìldren jn crane River and Moose Lake, where the grade 4

children received the'i r reguìar school food supplement on the

day of the intervìew, with those for children 'i n cormorant

Lake and Barrouis Junction, where the grade 4 children did not

receive thejr regu'l ar school supplement. Thus for each

var.i abl e, the effect of the school suppl ement contri butì on on

the total 'i ntake was measured.

corrected rneans f or each communì ty were ca'l cul ated by

subtract'i ng the mean j ntake f or the grade 6 ch'i I dren f rom the

mean intake for the gracìe 4 children. In this manner, the

grade 6 means were used as controls in order to eliminate

ilossible effects due to community djfferences. The corrected

means for the commun'i t'i es who recejved their regular school

supplement (crane River and Moose Lake) were then averaged

and compared to the average of the corrected neans for the

commun'i t'ies who did not receive it (cormorant Lake and

Barrows Junctìon). Two-sicied t-tests (grade 4 vs grade 6)

to
on

66



tve re performed on Brochet intake variables for comparison.

The remainjng hypotheses were tested in pairs (i.e.
4.2.a/8.2.a, 4.3.a/8.3.a, and 4.3.b/8.3.b). In other vvords,

the effects of the jndependent variables (community and

school supplement) were tested for s'imultaneously for each

b jochemical and cl'i nical jnd jcator (Tabìe i). The confoundìng

varjable of r,vhether or not a concentrated form of vjtamjn A

had any ef f ect, was al so 'i ncl uded ì n each test. An

unbal anced three-way AN0vA (conrmunì ty x school food

suppleinent x vitamjn A concentrate) was performed for each

pa ì r of hypotheses. Data f ror¡ Brochet were not j ncl uded 'i n

the three-way AN0vAs. In order to test for communi ty
differences (hypotheses A.2.a, 4.3.a, and 4.3.b) wìth Brochet
'i ncluded, two-way AN0vAs (communìty x vjtamin A concentrate)

lvere performed on the grade 4 data alone. Two-way AN0vAs

(grade x vjtamjn A concentrate) were perfornred on Brochet

da ta to u se fo r compa ri son .

The seruilr vitamin A and dark adaptat'ion test data for al I

grade 4 children r^rere cons'idered to be comparable. It rvas

assumed that the grade 4 chìldren in all communiuties would

perìodically ¡niss receivjng their school food suppìement;

thus serum vitamin A I eve'l s and dark adaptat'ion test scores

would be af fected similarly in a'l I communìties.

sìmple linear regressjon anaiyses were used to test for
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relat'i onshìps between paìrs of clark adaptation test, serum

vitam'in A, and intake variables. In add'ition, regressions of

the dark adaptatjon variables versus the natural logs of the

intake variables and serum vitam'i n A were calculated. For

each comparìson, the data were divided into three or four

groups depending on sign'ificances found in the testing of the

hypotheses and whether or not the children entitled to the

school food supplement recejved it. In each case,

regressjons were performed for data withjn each group and for
all data together. The coefficient of correlat'ion (r) and

the coefficient of determ'i nation (r') vvere reported as

i ndi cators of the degree of re'l atì onsh ì p between pa i rs of

variables. The coeffic'i ent of determination can have values

frorn zero to one and represents the proportìonate reduction

in the variabilìty of each variable that is associated with

the use of the other varìable in the model (Neter and

[,tlasserman, I974).

For a general descriptjon of the v'i tamin A status using the

dìetary datao the percentage of "true deficients" was

determìned for each coìÌlrnunìty by grade groupìng. The

probab'i Iitìes of deficìency proposed by Anderson (1980) were

used. The vitanin A intakes from all sources were first
expressed as percentages of the recoiîmended intakes. Then

the number of incijviduals consuming 700% or more, B5-gg%,

70-84%, 55-09%, 40-54% and I es s then 40% of the recommended
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'i ntake were determined. These numbers were nrultìplied by

probabil jtjes of def iciency of 0, 0.02, 0.31, 0.69, 0.92, and

1.00 respectively. The resultìng products were added to give

tire number of "true deficìents," the sum then be'ing djvided
by the total number of jndividuals, and murtìplied by 100 to
g'ive the percentage of "true deficients.,'

All AN0vA procedures were performed using the generaì

l'irlear inodels procedure of the Stat'istjcal Ana'lysis Systern

(llelrvìg and counc'il, r979). The t-tests jnvolvjng contrasts
to test for comiluni ty and school food suppl enent effects on

the dìetary indjcators were co¡ìrputed by hand. The []onferron'i

inethod for multìpie comparisons was used to make decjsjons on

the significance of the community differences (Neter and

wasserman, r974). (See Append'ix I f or the equat jons used. ) A

method suggested by Kleinbaum and Kupper (1928) u,ras used for
the interpretation of the unbalanced multipìe-way AN0vAs.

interact'ion effects \^rere deter¡nined with the main effects
(e'.q. communit¡r, schoo'ì food supplement, and vitanrjn A

concentrate) already in the model. When no interaction
ef f ects were f ound, each mai n ef f ect was determ'i ned vr j th the

remaìnìng majn effects ai read;v in the model. The regressjon

anaì yses were perf ormed usi ng program 1R of the Bìomed.ical

computer Programs P-serj es ( Di xon and Brown, rgTg) . Al I

statistical decisjons were made using p<0.c5 as the level of
signjficance.
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Non-parametrjc statjstical procedures .øere cons'idered for
use wi th the data, but r,vere re jected f or the f ol I owì ng

reasons: 1) non-parametric procedures do not use all the
'i nformat'i on contained in measurements with a ratio scale as

were col I ected 'i n the present study, theref ore they are I ess

povrerfuì than parametrjc procedures; and z) parametric

stat'i stics are robust enough to handle some non-nornality of
distri bution and heterogeneity of varjances.
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RESUL TS

Confounding Varjables

Comparìson of the h'i stograms of the vitamin A and energy

intake residuals for the intervieu/ers indicated no marked

differences (Fìgures 9 and 10, Appendix E). There 'lvere no

major di fferences among the i ntervi ewers wi th respect to the

vari abì1ity of results, and no jnterviewer appeared to have

genera'l ly higher (or lower) residuals than any other
'i nterv'i ewer. It u/as not possib'l e to test for.i nterviewer

change over tjme, however, 'it was felt that the train'incl

course minimized th'i s variation.

The overall mean DAT and bestDAT values for children who

did not viear their prescribed gìasses were s1 ightly greater

than those for children who needed no vis'ion correct'ion or

t,vore thejr g'l asses (DAI: ?41 vs 230 sec; and bestDAT: ?05 vs

199 sec respectively). Ho',vever, comparjsons of mean values

when these children './vere grouped according to theìr
coinmuni t;r, grade, and whether or not they consumed a v j tam'i n

A concentrate shov,red no cons i stent cii f f erences.

Approximately half of the mean values were h'igher for those

chjIdren not wearing thejr prescri bed glasses and half i¡rere

ìor,uer, for both the DAT and bestDAT variables (Tabìes ?6 to
?9" Append'i x 9). In addition all children lvere able to fjnd
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h'idden objects in the Iine drawìngs during 1ìght adaption.

Therefore it yras considered that fa'i lure to wear prescribed

glasses had no sìgnif ican'b effect on the dark adaptation test

vari abl es.

There !vere no interaction effects detected jn any of the

multìple-way AN0VAs, thus the ma'i n effects (ìndependent and

confounding variables) wiìl be discussed separateiy. A

sign'ificant effect on serum vitarnin A levels due to the

ingestion of a concentrated form of vjtamin A was found both

in the three-lvay AN0VA (community x school supplernent x

v'i tani'i n A concentrate) done on al I data excl udi ng that f rom

Brochet (p<0.003), âfld i n the two-r,,ray AN0VA (co¡Tllluni ty x

vitanli n A concentrate) cione on the grade 4 data (p<0.04).

Although the effect was not sìgnjfjcant at the 0.05 level in

the two-way AN0VA (grade x vjtamjn A concentrate) done on the

Brochet data, a rnargi nal p val ue between 0.05 and 0.10 vias

found. In each case the seruÍt vitamin A leve'l for those

children who consumed a vitamin A concentrate was hiqher than

that for those who d'i d not. The respective means for the

three tests were 6i vs 56; 57 vs 55; and 56 vs 52 yg/I00 ml .

Tabl e 74 (page 84) shows a summary of the serum v'i tamin A

data used 'in the tu.sts.

None of

variables

the AN0VAs fo r either of the dark adaptation

significant effect due to

test

thesholed any
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consumption of a

end besiDAT data

and i6 (pages 85

vìtamin A concentrate.

used in the analyses

and 86 ) , respectì veì y.

Summaries

are shown in

of the

Tabl es

DAT

i5

General V'i tarni n A Status

The percentages of "true deficients,', using both the

Canadian recomnlendatjons and the t,reight recotnmendatjons for
calculatìons, are shown in Tables 8 and 9 respect'i ve1y. The

va'ì ues usjng the \{eìght recommendat'ions were lower than those

using the canadian recommendations, due to the smal ler safety
niargìn 'i n the weìght recommendations. Howevere jn both

cases ' the percentages of "true ciefic'ients" suggested that
there uras a hìgh risk of vjtamin A deficìency among the

children, wjth the possjble exception of the qrade 4 chìldren
i n ivloose Lake. For the whol e group of i33 chi I dren e 45 and

35% h/ere considered to be "true deficìents" using the

Canadian and weìght recommendations, respect.i vely.

Tables 1B and 19 (pages 87 and sB) shov,r the mean vitam.i n A

i ntakes for the ten comnruni ty Dy grade groupi ngs, expressed

as percentages of the Canadi an and weight recommendatjons.

They suggested less risk of deficiency than the percentages

of "true defic'i ents." The mean intakes for grades 4 anci 6

cf ildren ìn crane River and grade 6 chjldren jn Moose Lake

-7 1



Table 8. Percentage of "true deficients,' calculated usingthe canadian recommendatÍons for the community by grade
groupings; %, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

Grade 4

Grade 6

Grade 4

Grade 6

Crane
River

Moose
Lake

Cormorant
Lake

68
(12)

15
(11)

31
(14)

35
(14)

25
(ts¡

80
(14)

51
(13)

50
(tzl,

5B
(14)

32
(14)

Table 9. Percentage of "true deficients" calculated usingthe weight recommendations for the community by grade groúp-
ings; %, (n).

Baryows Brochet
Junct Í on

67
(12)

I
(11)

19
(14)

19
(14)

21
(ts¡

63
(14)

41
(1r¡

45
(12¡

22
(14)

43
(1+¡
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and Barrows Junct'ion v/ere below both the canadian and we.ight

recotnmendat'ionso i'rlhereas the mean intakes for all other
groups of ch'i ldren were similar to or greater than the

recommended levels. rhe mean 'i ntake for all 133 children was

93% of the canad'i an recomrïendatì on and r0g% of the we.ight

r e c o m m e n d a t 'i o n .

Andersorì and coworkers ( 19BZ) reported that comparj son of
the mean intake for a group of jnd'iv'idual s v,r.ith the

recomínended j ntake underestimates the degree of def .iciency

since 'i t ignores the distrìbutjon of ìntakes among

ind jv jdual s. They recoin¡nended the use of ',true def jcients,"
since the calculation takes into account Vclridbilities in
i ntakes as wel I as requi rements. However, they dj d report
that the use of 24-hour dietary data i,voul d i nf I ate the number

of "true defic'ients," since food 'intakes measured over a

24-hour period are more varìab'l e jn nutnjent content than are

usual intakes. Large day-to-clay variatjons 'i n vjtam.i n A

intakes are coifltnon since it'i s found'i n cons'iderable arnounts

jn onìy a few foods. In l ìght of these cons'iderat.ions, jt is
difficult to ascertain the true risk of def icìency usìng lhe

dietary datu al one. However, the dìetary data djd seem to
indicate sorne rjsk of vjiamìn A defjcìency among the

children"

Tab'l e i4 (page 84) 'i s a sumrnary of the serum vì tam.i n A
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levels of the chjldren in this study. The mean t SEM level

for the total group of 118 ch'i ldren was 56 + 1¡lg/100 ml. No

child r,vas found to have a serum vitarnin A level i:elow 40

fgl100 ml. For nutrit'i on surveys among free-ììving
populatjons, both 30 and 20 yg/I0A ml have been used as

levels below lvhich some risk of v'itarnin A defjciency was

considered to be present (Sauberl ich et â1., I974a). Impaired

dark adaptatjon attributable to vitamìn A deficìency has been

reported a¡nong some individuals with seruín vitamin A levels

betr^reen 30 and 39 yg/100 nl, but not at 40 ,¡.rg/i00 ml or over

(Carney and Russell, 1980; and Sauberlich et âl.o 1974b).

Thus no chi I dren at the t'ime of th'i s study \^/ere cons jdered to

be at risk of vitamjn A defìciency as measured by serunl

vitamin A levels.

No defin'i t'ive standards have yet been set for adequate

scores for the rapid dark adaptation test. Thornton, who

orìgìna1ly described the test 'i n 7977, SUggested that an

adult w'i th normal dark adaptation ability should be able to

separate the blue and red chìps lv'ithin i50 to 180 sec.

However, he alIowed for one mjsmatch for each colour, t¡hereas

the present study illeasured the time taken for the correct

separa L'i on of al I d'i scs.

ïhe results of several studìes rryhich also

for the correct separation of all djscs are

measured

shown 'i n

the time

Append'i x
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10 ( Kim and sol ornons, 1983; sevenhuysen, 1984; sol omons et
âl . , r9B2; and vi nton and Russel I , 1981 ). Due to procedural

variat'ions, they are not strictly comparable to va'l ues f ound

jn the present study. Researchers have found that the rapìd
darl< adaptat'ion test performance t'ime was affectecl by the

type of d'isc used (Sevenhuysen, 1gg4), the 'intensìty of the

ì ìght source i.¡sed for l'iqht adaptatjon (Vìnton et â1., i9B0),
and the durat'ion of the ììght adaptatìon perìod (sevenhuysen,

1984; and Vinton et ô1., 1gB0).

The mean DAT and bestDAT values for groups of chjldren .i 
n

the present study are shov,rn 'i n Tables 15 and 16 (pages B5 ancl

86). For the total sampìe of 134 chì1dren, the mean t sEM

values lvere 232 t 6 sec for the DAT and 200 + 5 sec for the

bestDAT. These val ues were hìgher than thos€ prevjousìy
reported for healthy chjldren and young adults l.rho performed

the test using rnatte finish d'i scs (Kim and scllomons, 19g3;

sevenhuysen, 1984; sol omons et âl . , rggz; and vj nton and

Russel I , i981 ) , but I ower than those found for heal thy young

adults who perfonned the test usjng reflect.i ve fjnjsh djscs

Iike those used in the present study (sàvenhuysen, 1gs4).

The ci fferences between the test scores j n the present

study and those reported for children jn earl'i er studjes t,Jere

not of a magnìtude previously reported to be associated with
v'itain'in A deficìency (vìnton and Russel l, 1gB1). The
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differences nay have been ìargeiy due to the type of djsc

used. Discs rvith a reflective finish were used 'i n the

present study, whereas matte finish d'i scs were used jn

previous studies. At certain angles the specular reflection
of the discs used in the present study may have been

misjnterpreted as a brìghter grey colour. Sevenhuysen (1994)

found that heaìthy indiv'i duals were able to distìnguish matte

fjn'ish Munsel I discs on average in 'less than two-th'irds the

time required for ref'ìect'ive finish djscs I jke those used jn

the present study.

Independent Variable Community

The results of the tests for communìty differences in the

dietary indicators (hypotheses 4.1.a to A.i.d) are
jllustrated in Figure 2. The mean values for the ten

coÍnmunity by grade groupìngs used jn the contrasts for
testing the hypotheses are shown in Tables 10 to 13. No

signjficant dìfferences vvere found among the communitjes of
Barrows Junct'i on, cormorant Lakeo Moose Lake, and Brochet for
any of the intake variables. The djets were of a

significantìy lower vitainin A dens'i ty'i n Crane River than jn

any of the other four commun'i t'ies. The mean values for the

other three intake variables were also loweri n Crane R.i ver

than 'i n any other comnrunity, however, they were sìgnifl'canily
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FÍgure 2. Linea
by lines v\,ere no
Lake. ML = Moos

A. Intakes in RE.

r plots of mean qgT[unity values for the four vitamin A intake variables. Means joinedt significantly different. CR = Crane RÍver. BA = Bamows Junction. CL = Còrmorante Lake. BR = Brochet.

p values for sÍgnificant
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Table 10. VÍtamin A intake, excluding the contribution from
the school supplement, expressed in retinol equivalents for
the community by grade groupings; î t SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

Grade 4

Grade 6

375t98
(12)

945!175
(11)

693t84
(14)

780!148
(1+¡

816!102
(ts¡

405145
(14)

68711 65
(13)

777t198
(12)

607!1 14
(14)

819!121
(14)

One-way AN0VA and t-tests (see
indicated that Crane River had
than Brochet (p<0.01 ) and Moose

ges 62 and 64, formuta 1,, )gnificantly lower values'
ake (p<0.0a).

pa
si

L

Table 11. VÍtamin A intake, excluding the contribution from
the school supplement, expressed as a percentage of the
Canadian recommendatÍon for the community by grade groupings;i t sru, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Bamows Brochet
Junct i on

Grade 4

Grade 6

51t14
(12)

129t25
(11)

99t12
(14)

1 0311 I
(14)

107!14
(15)

49r6
(14)

B0r1 9
(13)

97x25
(12)

75t13
(14)

102!15
( 14)

One-way ANOVA and t-tests (see pages 62 and 64, formuta 1, )
Índicated that Crane River had signifÍcantly lower valuesl
than Brochet (p<0.02) and Moose Lake (p<0.0a).
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Table 12. Vitamin A intake, excluding the contribution from
the school supplement, expressed as a percentage of the
weight recommendation for the community by grade groupings;
x t SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct ion

Grade 4

Grade 6

Grade 4

Grade 6

64x20
(12)

144t27
(11)

119t14
( 14)

1 191 1B
(14)

129x17
(1s¡

60r6
(14)

92t22
(13)

115t29
(tz¡

87x15
(14)

120x20
(14)

One-way AN0VA and t-tests (see pages 62 and 64, formuta l, )
indicated that Crane River had significantly lower valuesl
than Brochet (p<0.02).

Table 13. Vitamin A density, excluding the vitamin A and
energy from the school supplement, expressed in RE/100 kcal
for the community by grade groupings; i t SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Baryows Brochet
Juncti on

1 Bt4
(12)

5519
(11)

5317
(14)

41!9
(14)

37!5
(1s¡

21!4
(14)

36rB
(13)

39tB
(12)

37t6
(14)

41x6
(14)

One-way ANOVA and t-tests (see pages 62 and 64, formuta 1, )
Índicated that Crane River had significantly lower values'
than Moose Lake (p<0.01 ) o Cormorant Lake (p<0.01 ), Brochet
(p<0.05), and Barrows Junction (p<0.05).
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different from only Moose Lake and/or Brochet.

The mean energy ìntakes, excluding that from the school

food supplement were 1724, 1811, I83?, ZIl6, and 2IBB kcal jn

cormorant Lake, ivioose Lakeo Barrows Junction, crane River,

anci Brochet, respectively. Thus as suggested by the

stat'i stical tests, the lower vitamjn A intakes by chjldren jn

crane River rvere ciue to the choice of foods with a lower

vitamjn A dens'ity, not to the consumptìon of a srnaller amount

of food than that eaten in other communities.

Tests to assess community differences tntere also perforr¡ed

on data excludìng vitan'i n A and enerEy contributions from

m0ose, because it was a seasonal food source and othc.r meats

wh'ich may be substituted for it would not provide substant'ial

amounts of vjtarnìn A. The mean values of the four dìetary
indicators for the ten cornmunity by grade group'i ngs are shown

in Appendix i1. The vjtamin A density of the diets in crane

Rìver was signìficantly less than that of the d'i ets ìn

cormorant Lake (p<0.03). No other sìgnifjcant djfferences
irere f ound among 'lhe communi ti es f or any of the d'i etary
i ntake varj abl es. H0ì¡/ever, the mean val ues for al I j ntake

variabl es remained the I owest in Crane River. Moose !vas not

consumed by any chjldren in crane River, âÍrd it made

sìgnificant contributions to the vjtamin A intakes of

children in the other cornmun'i t'i es.
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No communì ty d'i f f erences were f ound f or e j ther the serum

vìtamin A level or the dark adaptat'ion test varìables
(hypotheses A.2.a, A.3.a, and 4.3.b). The three-way AN0VAs

(communìty x school supplement x vjtam'i n A concentrate) done

on all data excludìng that from Brochet showed no signif icant

differences among crane River, Moose Lake, cormorant Lake,

and Barrows Junction for the biochemìcal or cl inical
var.i ables. In additjon no sign'i ficant comrnunìty differences
vJere found among any of the communjties jn the two-way AN0vAs

(communì ty x vi tami n A concentrate) usi ng al I grade 4 data.

Tables 14 through 16 are summaries of the serum vitamin A and

dark adaptatjon test data.

Independent Variable School Food Supplement

No sign'i f icant differences were found jn the intake

va ri abl es between those ch i I dren who rece i ved the school

supplement and those who d'id not (h-vpotheses 8.1.a to 8.1.d).
The t-tests done on the Brochet data for comparjson also

showed no signif icant d'if ferences. since al I ch'i ldren jn

Brochet received the school supplement, the lack of

sìgnif icant ciif ferences uroul d support the use of grade 6

chi'ldren äs controls for the grade 4 children'in the tests of

the hypotheses. Tabl es 17 through 20 are suirtillar j es of the

data used in these tests.
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Table 14. Serum vitamin A levels in Fgl100 mt of serum for the community
by grade by vitamin A concentrate groupings; i t SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Bamows Brochet
Junct ion

Grade 4

Grade 6

No Vitamin
Concentrate

Vitamin
Concentrate

No Vitamin
Concentrate

Vitamin
Concentrate

57r3
(7)

55t--
(1)

56t2
(10)

66110
(2)

53x2
(7)

5BxZ
(6)

59x2
(7)

51t2
(7)

5613
(B)

57x1
(3)

52x3
(10)

57x3
(11)

70t--

55t3
(7)

61t3
(5)

57!2
(tt¡

7 1x3
(2)

52x2
(10)

56¡2
(3)(0) (1)

Three-way ANOVA on all data except Brochet (see page 63) indicated a
significant vitamin concentrate effect (p<0.003).
Two-way ANOVA on all grade 4 data (see page 63) indicated a significant
vitamin concentrate effect (p<0.0a).
Two-way ANOVA on Brochet data (see page 63) showed a marginally signÍf-
icant vitamin concentrate effect (p<0:08).
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Table 15. DATa times in seconds for the community by grade by vitamin A
concentrate groupings; i + SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

Grade 4

Grade 6

a

No Vitamin
Concentrate

Vitamin
Concentrate

No Vitamin
Concentrate

Vitamin
Concentrate

269t25
(tz¡

246t2
(2)

249!24
(12)

219t26
(2)

232x24
(e)

213!18
(6)

223t21
(e)

296t28
(4)

257x19
(7)

259x24
(B)

201t15
(13)

181t--
(1)

202l'20
(lo¡

158!42
(2)

188r18
(8)

244t49
(5)

215!13
(13)

257¡43
(2)

246!28
(11)

31411 10
(2)

DAT time for one indivÍdual was the average time of the two recordedtrials
Three-way Ary0VA on all data except Brochet (see page 63) indicated thatgrade 4 children look significantly longer to coinpiete ine test thangrade 6 children (p<0.00a).
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Table 16. BestDATa times in seconds for the community by grade by vita-
min A concentrate groupings; i t StM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

Grade 4

Grade 6

No Vitamin
Concentrate

VitamÍn
Concentrate

No Vitamin
Concentrate

Vitamin
Concentrate

219t22
(12¡

222t14
(2)

219x20
(12)

214l,26
(2)

213t25
(e)

197x21
(6)

184t21
(e)

262t27
(4)

224!18
(7)

230x27
(B)

174!14
(tr¡

17 1t--
(1)

1 6311 4
(10)

1 3Bt3B
(2)

144!15
(8)

194!34
(5)

194t12
(ts¡

207x22
(11)

268t1 00
(2)

241!52
(2)

Three-way AryOVA on all data except Brochet (see page 63) indicated thatgrade 4 children look signif icantty tonger to coinpiete .[,rre ieii-ttran
grade 6 children (p<0.002).

aBestDAT time for one individuai was the shortest time of the two
recorded trials.
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Table 17. vitamin A intake in retinol equivalents for the
community by grade groupings; I t SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Bamows Brochet
Junct i on

Grade 4

Grade 6

Grade 4

Grade 6

4131100
(12)

1064!177
(11)

693184
(14)

780!148
(14)

86811 00
(15)

405t45
(14)

68711 65
(13)

777!198
(12)

607!1 14
(t+¡

907!121
(14)

Table 18. vitamin A intake expressed as a percentage of the
canadian recommendation for the community by gracJe lroupings;i t sElvt, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

57t14
(12)

145!26
(tl¡

99t12
(14)

1 03r1 I
(14)

113t14
(15)

49x6
(14)

B0r1 9
(13)

97t25
(12)

75!13
(14)

1 13115
(14)
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Table 19. vitamin A intake expressecl as a percentage of the
yeight..recommendation for the community by þrade grõupings;
x + SEM, (n).

Crane
Ri ver

Moose
Lake

Corrnorant
Lake

Barrows Brochet
Junct ion

Grade 4

Grade 6

Gracle 4

Grade 6

70x20
(12)

163x27
(11)

119!14
(14)

119118
(14)

137!17
(15)

6016
(14)

92!22
(13)

115x29
(1?-)

B7r1 5
(14)

1 33t2 1

(14)

Table 20. Vitamin A_density in.RE/100 kcal for the community
by grade groupings; i r SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

19!4
(12-)

5618
(11)

5317
(1+¡

41!9
(14)

39r5
(15)

21!4
(14)

36tB
(1s)

39rB
(12)

37t6
(14)

44x6
(14)
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The three-way AN0vA (coi'nmunì ty x schoor supnl ement x

vitamin A concentrate) done cn all serum vitamjn A data

excluding that from Brochet showed no sìgnificant differences
in the serum level between those who regularly received the

school supplernent and those who dìd not (hypothesjs 8.2.a).
No di fferences were found between grade 4 and grade 6

ch'i ldren in Brochet either. This would support the use of
grade 6 ch'ildren as controls for grade 4 ch'ildren in testing
the hypothesis (8.2.a). Table 74 shows a summary of the data

used in these tests.

The tests for the effect of the consumptìon of the school

f ood suppl ement on the cl j n'ical i ndi cators of vi tami n A

status (hypotheses 8.3.a and 8.3.b) showed counterintujtive
resul ts. The three-way AN0VAs (communì ty x school suppl ernent

x v'itam'in A concentrate) for both the DAT and bestDAT

variables 'ind'icated that the grade 4 chjldren (those who

regularly received the school supplement) took sìgn'i ficantly
longer to complete tire test than the grade 6 children (those

who d'id not regularly receive the supplement). The

respecti ve means for the grade 4 and grade 6 ch j I dren were

DAT: 245 and 207 sec (p<0.005), ârd bestDAT: ZI3 and 175 sec

(p<0.002). No sìgnifjcant djfferences in either vari able were

found between the grades j n the two-way AN0vAs ( grade x

vitamìn A concentrate) done on the Brochet data. This cou'l d
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have been due to the smaller sanple size.

Relationships Between Varìables

For the compar j sons of serum v'i tami n A and j ntake vari abl es

the data were grouped j nto four qroups: 1 ) chj I dren nho di d

not recejve their regular school food supplement and v'rho did

not take a vjtarnjn A concentrate; 2) children who did not

receive their regular school food supplement and who took a

vitanli n A concentrate; 3) a'l 'l other children who did not take

a vjtamin A cc¡ncentrate; and 4) all other children who took a

vjtanrin A concentrate. There t,vere three groups used for

regressìon analyses for dark adaptat'ion test varia'ol es and

ìntake variables: 1) grade 4. children who djd not recejve

their regular school food suppìement;2) grade 4 children who

received thejr regular school food supplement; and 3) al I

grade 6 children. For the comparjsons of the dark adaptat'ion

test variables and serum vitamjn A, four groups uJere used: 1)

grade 4 chjldren who did not take a vitanrin A concentrate; 2)

grade 4 chi'l dren who took a vi tam'i n A concentrate; 3 ) grade 6

children who did not take a vitam'i n A concentrate; and 4)

grade 6 chjldren who took a vitamin A concentrate. Table 2I

'i s a summary of the group'i ngs used f or each rel ati onshì p.

These groupj ngs were chosen for several reasons. l¡Jhether
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Table 21. Characteristics of groups used in the analyses of relation-
ships between variables. (Each letter designates one group of subjects. )

Grade 4 Grade 6

No School
Supp I ement

Schoo 1

Supp I ement
Schoo I

Supp I ementd

RelationshÍp
Tested

No

VitamÍn
Conc.

Vitamin
Conc.

No

Vitamin
Conc.

V itami n
Conc.

No

Vitamin
Conc.

Vitamin
Conc.

Serum Vitamin A
VS

Intake Variables

DAT and BestDAT
VS

Intake Variables

DAT and BestDAT
VS

Serum Vitamin A

A B C D c D

E E F F G G

K L K L M N

aAll children in grade 6 either received their regular school supplement
or were not entitled to it.
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the chìldren took a v'i tamin A concentrate or not had a

sìgnjficant effect on the serum vitamin A level. Grade had a

significant effect on the dark adaptatjon varjables. In

addìtìon, it r^las thought that there may have been an effect
on jntakes dependjng on whether those children ent.i iled to

the school food suppleinent received it or not on the day of
the intervieu¡.

Based on these criterìa, the data were djvided accordjnsJ to

lvhether the subjects took a vìtamìn A concentrate and whether

they received their regu'l ar school food supp'l ement, for the

relat'ionshìps between serum vitamin A and the intake

variab'l es. subjects who were not entiiled to the supplement

(grade 6 children in crane River, Moose Lake, cormorant Lake,

and Barrows Junction) were grouped with their counterparts
who recejved the school suppìement on the day of the

interview, since both conditions were the usual occurence.

For the relatìonships between the dark adaptatjon test
varjab'les and the'intake variables, the data were divjded by

grade and v'rhether the ch'i ldren received the'i r school food

suppìement, wjth those not entitled to the supplement being

grouped with those who received it on the day of the

interview. Groupìngs for the relationships between the dark

adaptation test variables and serum vitam'i n A were based on

grade and whether the chjldren took a v'i tamjn A c0ncentrate.
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Tabl e 35, Append'i x 72 sholvs the resul ts of the tests f or

rel ati onshi ps between Serum vi tami n A and the four i ntake

varjables. No signìficant relat'i onships were found between

Serum v j tami n A and any i ntake vari abl e when the data l'úere

d'ivided into the four groups or when they t{ere considered as

a whole. The coefficient of determ'i natjon (r') values ranged

from 0.001 to 0.081, w'i th most bejng less than 0.025. Thus jn

most cases, less than 2.5% of the total'variabììity jn each

variable lvas associated vl'ith the use of the other variable in

the model . I n addi t'i on, scatter p'l ots cf the serum v'i tami n A

values versus the intake vari ables ciid not suggest any

relationships at the lower values of any of the'i ndicators.

Results of the tests for relat'ionshìps between the dark

adaptation test variables and the intake variables, and

between the dark adaptat'ion test variables and the natural

ìogs of the intake variables are shown jn Tables 36 to 39,

Appendix 72. There were no relatjonsh'ips that lvere

sìgnificant. For the grade 4 children who recejved their

regular school supplement, positìve (counterintuitive)

relationships approached sìgnjficance for testS betureen DAT

values and the intakes expressed as percentages of the weìght

recomtnendations, between bestDAT values and the three intake

vari ables other than vitarri n A densìty, dfld between bestDAT

values and the natural logs of the intake varjables other

than v'itam'in A densìty. The p values for these relationships
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ranged between 0.017 and 0.049. However, they were values for
'i ndivjdual tests and a large number of relatjonshìps vvere

considered. In addìtion, the r' values for these tests
ranged from 0.104 to 0.149, ind'i cating that 'i n each case less

tl'ran 15% of the varjaoìììty in the variables was äccounted

for by their mutual dependence.

Posit'i ve relatjonships between the bestDAT values and the

natural ì ogs of the two i ntake vari abl es expressed as

percentaEes of recornmended jntakes also approached

s'i gnif icance u¡hen the data for al I children l.¡ere cons jdered

as a ulhole. llowever, the r' values for these relationshìps
were lower than those found for the grade 4 chjldren who

recejved thejr school supplement, representìng less than 3.s%

of the tota'l variation.

Scatter plots of the dark adaptat'ion test variables versus

the linear intake variables for all of the ch'i ldren did not

suggest any relationships at the lower values. Hot,,lever,

scatter plots of the dark adaptation test variables versus

the natural logs of the 'intake varjables suggested pos'it'ive

relat'ionships at the lower values, with the relat'ionships
jnvolving the bes'bDAT varjable be'ing the strongest.

Tables 40 and 4r, Appendix 72 show the results of tests for
relat'ionsh'ips Detween the dark adaptation test varjables and

serunr vitainin A, and between the dark adaptaLjon test
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varjables and the natural log of serunr vjtamjn A. No

sìgnifjcant relatjonshìps rvere found for any grouping or when

the data were cons i dered as a r,vho1 e, and the r " val ues

ranged f rom 0 to 0.059, jnd'i cat jng that jn al I cases less

than 6% of the total variabììity 'i n each varjable was

accounted for by the use of the other variable .i n the moclel.

scatter plots between the varjables djd not suggest any

relatjonshìp at the lower values of any of the variables.

Sources of Vitamin A Intakes

Tabl e 22 shows the sources of vj tami n A for each grade ì n

all of the communit'ies. The major source of vitamjn A in a'l I

of the coilr¡runities lvas the store. Crane River children
received, ofl the average, less vjtam'i n A from thjs source

than the children in the other communities. Information on

the vitanrin A densìty of the intakes from various sources

(Tabl e 23) suggested that the lower vjtarnin A intake from the

s'Lore 'i n crane River was due to the cho.ice of foods wi th a

lower vitainin A density, rot because less food was consumed

than that eaten j n the other commun'i t j es. Total energy
j ntakes recorded supported thj s theory, sj nce the mean energy
.intake'in crane R'iver was among the highest found.

Another major djfference between crane Rjver and the other
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Table 22. Vitamin A intake in retinol equÍvalents from various sourcesfor the community by grade groupings; i t SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Bamows Brochet
Junct i on

Grade 4 l^li 1d

0re

Schoo I
supp I ement

Schoo I
purchase

Local farm
or garden

Unknown
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Schoo I
supp I ement

Schoo I
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or garden

Unknown
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0
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0
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Table 23. Vitamin A density in RE/100 kcal from various sources for the
community by grade groupings; i t SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Bamows Brochet
Junct ion

Grade 4

Grade 6
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Schoo I
supp I ement

Schoo I
purchase

l,li ld

Local farm
or garden

Unknown

Store

Schoo I
supp I ement

Schoo I
purchase

l,,li ld

Local farm
or garden

nknown

6616
(11)

150x26
(10)

(0)

(0)

112x33
(7)

209x111
(5)

29x--

4610
(8)

22!13
(4)

1 9r5
(11)

0t0
(2)

15t15
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3511 0
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39r6
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(6)
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(3)

28t4
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32!4
(15)

117x0
(e)

73x0
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(8)
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(0) (0)
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3t--
(1) (0) (1) (0)

(o) (o) (o) (o)

22t4
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(13)
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(5)

(0)

30r5
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112!40
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35t5
(14)
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181r15
(3)

(0)

27:6
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1 63t33
(6)

17 16!1672
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(1)

63x29
(2)

0t0
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0r0
(3)

BtB
(2)

0t--
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communit'i es was that the Crane River children rece.ived no

vi tami n A from wi I d sources. Al though moose was the onì y

w'ild source of vjtamjn A, it r{as consumed by a number of

ch'ildren in each of the other coìnmunities. Since rnoose has a

hìgh v'itarnin A densìty (196 RE/100 kcaì ), jt provided

considerable amounts of v'itarn'in A 'in the diets of those

children who consumed jt. The greatest intake of moose was

recorded among the chjldren 'i n Moose Lake.

A smal I contri buti on to the d'i f f erences between crane

Rìver, and cornrorant Lake and Barrows Junct'i on may have been

due to a lower amount of vitamin A actìvìty being provjded

f rom local ly produced foods ìn crane R'i ver. sjmilar numbers

of children consumed localìy produced foods ìn all three of

the communitjes, however, the chojces'i n crane Rjver showed

I oi,uer vi tami n A concentrat'i ons. Append j x 13 shows a summary

of the vitamjn A densitjes of the ìocaì'l y produced foods that
were eaten.

Food Group Contributions to Vitamjn A Intakes

Table 24 shov¡s the percentage contributjons of food grcups

to the vitamin A intakes 'i n the five communities, and Table

43, Appendjx r4 shoivs the absolute contribut'ions jn ret'inol
equ'i valents. The vitam'i n A in soups uras prìmarììy from the
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Table 24. Percentage contribution of food groups to the vitamin A intakefor al I chi ldren in ea.ch community; %, (n).

Food Group Crane
Ri ver

Moose
Lake

Cormorant Barrows Brochet
Lake Junction

Dairy products
-total excl. school supp. 27
-school supp. contribution 4

11 16
5 0

0 42 16

15 4 14

2 15 24

15 5

1B

?

7 2.

15 17
0 B

14 13

13 25

1B

3

tr

hlild game and fish

Eggs

Domestic meat, poultry,
and fÍsh

Vegetables including
dried legumes

Soups

Fats and oils

Fruits and fruit
products

Grain products

1 J

5

5

9

5

12

20

1729

3 ?1

1

M i sc. products i nc I . sugars ,
mixtures, nuts, and seeds

3 { 2

(26) (24) (26) (28) (2s)
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vegetable content, thus thejr contribution r^rill be consjdered

together with that from other vegetables. In all
coinínunities, five food groups (dairy products, wjld game,

eggs, Vêgetables and soups, and fats and o'i ls) prov'i ded I0%

or more of the v'i tamin A jn the dìets, except in Crane River

v¡here no moose rvas consumed and i n Moose Lake lvhere eggs

provided only 4% and fats and oils contrjbuted onìy g% of the

vjtamin A. However, the relative ìmportance of these food

groups vari ed among the communities.

Among the four communitjes lvhere no sìgnificant dìfferences

in vitamjn A jntakes lvere found, cormorant Lake and Barrows

Junction had similar dietary composjtions. The vegetables

and soups group was the prìmary source of vitanin A; fats and

o'i ls, dairy products, wild game, âhd eggs were secondary

sources.

I n Brochet, eggs were the primary source of vi tamj n A,

provi di ng approx'imatel y twi ce as much vi tam'i n A as i n

Cormorant Lake and Barrows Junction. Conversely the

vegetables and soups group provjded on.l y one third as much

vitamin A as in cormorant Lake and Barrows Junction. 0ther

food groups provided s'irnjlar percentage contributions to the

vitarnin A jntake, although the absolute contribut'ions (Tabìe

43, Append jx 14) of f ats and oi I s, ât'ìd dai ry protlucts

excluding that from the school food supplement were s1 ìghtìy
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higher since the total vitamin A 'i ntake jn Brochet was

sl ìghtly higher. (Analyses of communìty djfferences were

based on values excluding the vitamìn A contrìbution from the

school food suppleinent.)

The dietary composit'ion 'i n Moose Lake was different from

that in the other three comrrunities inentioned. Moose was the

prìmary source of vjtarnin A, prov'iding approxìmateìy three

times as ¡nuch vitainin A as in the three other comilunities.
The vegetabl es and soups group was a secondary source,

prov'id'i ng less vjtamin A than in Cornlorant Lake and Barrov¡s

Junction but more than'in Brochet. Eggs, fats and o'ils, and

dairy products excluding the school food supplement al I

prov'ided less vitam'in A than in the other three cornmunities.

A rnajor difference in the vitamin A jntake between crane

River and the other coi-ilmunities was the lack of contri bution
from moose. The percentage figures suggested a s'im.i lar
contributjon from eggs as 'i n Cormorant Lake and Barror,vs

Junction, hov/ever, because of the lower total vitamin A

jntake in crane River, a smaller absolute contributjon from

eggs resulted in a simjlar percentage figure. simjlarly the

absolute contri bution frorn vegetables and soups 'was lower in
crane R'iver than in the other coínmun'ities. The prirnary

sources of vj tamj n A i n crane Ri ver were fats ancl o.i I s, and

daìry products. Thejr absolute contribut'i ons vvere similar to
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those 'i n cormorant Lake and Barrols Junct'ion, ôlthough the

percentage f ì gures urere hì gheli n Crane R j ver.

The mean vitam'i n A intake from daìry products exc'l udìng

that from the school suppl enrent was approximatel y equal to
that provided by one serving, or 250 ml of mjlk for most

groups of children (Tabìe 43, Appendix 14). Grade 4 children
in each communìty general ly consumed the equival ent of

s1ìght1y ¡rore than one servìng, whereas grade 6 children
corìsumed slightly less. Grade 4 children in Moose Lake were

an exception in that theìr mean intake fro¡r daìry products

excl udi ng the school food suppl ement was I ower than that of

the grade 6 ch'i ldren. Another exception occurred ìn Brochet

where both the grade 4 and grade 6 children had hìgher

intakes from dairy products excludìng that from the school

supplement than thejr counterparts in the other communjties.

Grade 4 children consumed over 1.5 servings of dairy products

other than the supplement and grade 6 chjldren consurned

slìghtly more than one servìng.

The mean v'i tanri n A jntake provided by the school supplement

ranged frorn that whjch would be provided jn less than one

half of a serving of mjlk to that provided by approx'imateiy

one serv'i ng of mjlk. The jntake depended on the number of

chjldren c0nsuming the suppìernent and the compos'i tion of the

suppl ement offered on the day of the j ntervj ev¡. In crane
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Rìver, where the supplement vJas r¡ffered at noon, one-thìrd of
the grade 4 children did not consume jt. In Brochet, the

suppl enent vüas d j stributed j n the morni ng bef ore c'l asses

began and B0% of the stuclents reported consumjng it. All of
the grade 4 children consumed the supplement in Moose Lake

where it r,,ras d'i stri buted ¡n'id-morn'i ng durjng class tjme. In

Moose Lake the supplement v/as rnore varied and substantjal
than jn the other communities, more often jncorporatìng

cheese, juice, cracl<ers, âr'rd peanuts. 0n the day of the
'interview, soine chj'ldren in Moose Lake reported receiving
both milk and cheese, whereas children in crane River and

ilrochet received milk only.
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DISCUSSION

Confounding Variables

No major differences jn dietary intake data were found

among the intervìevlers, the failure to wear prescribecl

glasses t,ras not cons'idered to have a sjgnìficant effect on

the dark adaptation test varjables, and the consumptjon of a

v'i tamin A concentrate had no significant e.ffect on the darl<

adaptation test varìables. The effect of the consumptìon of

a v'itar¡in A concentrate on seruin v'itainin A levels was

control I ed f or by enteri ng 'i t i nto the mul t'i pl e-way AN0vAs

used to test the hypotheses involv'i ng serum v'i tamin A. serum

I evel s rdere signif icantly higher for those chil dren who

consumed a vitam'in A concentrate than for those who d.id not.

In a study of the nutri t'ional status of preschool chjldren jn

the un'i ted states, 0rven and co-workers ( 19za) al so found that
children who took a vr'tairi n A concentrate had signìficantìy
higher pìasma vjtamin A levels than those who did not. These

findìngs are in agreement v¡ith other studies which founci that
serum vitamin A levels were elevated after the ingestion of a

s'i ngle dose of a vjtamin A concentrate (Kagdfl, 1953; Kimble,

i939; FlcCoorci et â1., 1948; Mol la et dl., 1983; and popper et

dl., 1948).
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General Vitamin A Status

The cìi etary data suggested that soilre chi I dren were at r j sk

of vitamin A defjciency. However, no ch.i ldren had serum

vìtam'in A levels indicative of v'itamjn A defjciency, and

although the mean times taken to conplete the dark adaptation
test were 1 onger than those found prevì ousl y for heal thy
ch'i ldren, (So'l onrons et â1., rgBZ) ttre d jfferences were not of
a magnitude prevìousìy reported to be assocìated wjth vitamin
A defìciency (v'i nton and Russell, i9B1). It is likeìy that
the t;rpe of disc used for the clark adaptation test was a

major contributor to the lonEer test t'imes found in the
present study.

Several factors lltay have contributed to the fajlure to fjnd
re'l ati onshi ps between the di etary f j ndì ngs, and the

bi ochemj cal and cl i nical f i ndi ngs. Twenty-four hour recal I

data are rnore variaole than usua'ì intakes and thus lead to
the 'i ncorrect classification of some individuals as ,,true

deficients." For vitamin A, whjch is not uniformìy
cljstributed throughout the food suppìy, day-to-day varjations
'in 'individual ìntai<es are especia'lìy large. It js also
possjble that the ch'ildren had loler vitarnjn A intake
requirements than those spec'i fìed by ejther set of
recornrnencjatjons. The dietary data presented here may

therefore have overestjrirated the proport'ion of ch'ildren with
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diets containing insufficjent vitam.i n A

Another factor is the homeostat'ic nature of serum vìtamin A

regulatjon whereby I iver stores of v'i tamjn A are mobil ized to
maintain serum levels at physiologically adequate levels. It
ìs possible that the vitamin A jntakes of the children during
the months preceding the tjrne of the study were suffjcient
enough to a'llow l'iver storage of the vìtairìn, and that the

l'iver stores were be'i ng drawn upon at the time of the study

to ma'i ntajn normal serum vitamjn A levels and dark adaptation
function. v'itamjn A status rnay be djfferent at the end of
the v'rinter if th'i s explanation were to be confirmed.

In studjes previously carried out among Indian populatjons

the dietary intakes were sjm'i lar to those jn the present

study. Mean i ntakes were often s jmj I ar to recommended

'intakes, but substantial proportions of ind'ividual s had

intakes below the recommendat jons (Tab1ê z, page B). Hov,rever,

other researchers found lower mean or median serum vitamin A

I evel s than j n the present study, and some j ndi v.idual s j n

each study were found to have serum levels assocjated wjth a

moderate or hiqh risk of vjtamin A defjcìency (Tabìe 3o page

2e).
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Communi ty Dj fferences

The diets of children in Crane River were of a

s'i gn'i ficant'l y lower vitam'i n A density than in any of the

other f our commun'iti es. The means f or the other three i ntake

variables were also lower in crane R'iver than in the other

cornmunities, although they were sìgnifjcanily clifferent from

only Moose Lake and/or Brochet. tnJhen the vjtam'i n A and energy

contri buti ons f rom moose vvere excl uded, the v'i tam'i n A densì ty
of the diets'i n crane River was sign'ificantìy lower than that
i n cormorant Lake. Al though no other di fferences were

s'ignìfìcant, the rnean values for all 'intake varjables
rema'i ned I owest 'i n Crane R'i ver.

Stepìen (I978) found that among Incljan reserves'i n Britjsh
col urnb'i a, vj tami n A i ntakes were 'l ower j n 'i sol ated reserves

than they were ì n non-j sol ated reserves. Dj fferences i n

degree of jsolatjon among the comirunities in the present

study vvere not as marked as jn the study by Stepìen, however,

the inost 'isolated conmunity, Brochet, had vjtamjn A intal<es

ainong the h'ighest for the five corrmun'ities, whereas Crane

Rìver, a sernj-jsolated commun'i ty, had tire rowest'i ntakes.

G'i I I is (1976) f ound, as did the present study, that v jtamin

A jntakes did not have a sirnp'le rela'b'ionshìp with ciegree of

isolat'i on. She grcluped 1i northern Saskatchewan cgmmunjt'ies
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jnto 4 categorjes. Although she found that the coiltrunitjes
with the greatest access to food supplies, ând med.ical and

media servjces had the hìghest jntakes, those with the next

best level of access had the lowest .i ntakes, whereas the two

categorìes w'i th the lowest levels of access had jntakes

between the turo.

No differences were found among the coínnunities jn the
present study for ejther the serum vjta¡njn A level or the

dark aoaptatjon test variables. hlork by Hoffer and coworkers

(i981) suggestecl that among aduì t Indjans I jv'ing jn isolated
areas, there Ì{as a greater percentage of jndividuals at r.isk

of vita¡nin A deficiency than there was among those livìng
close to urbarì areas. In the present study, the lack of
differences among the cornmunities js jn keeping w.ith the

fìndìng that no children were considered to be at rjsk of
vitamjn A deficiency as measured by biochernical and clinical
ind'i cators.

A1 though no conclusive evjdence of vìtamjn A defjcìency was

suggested by the b'iochemical and clin'i cal jnd.icators of
vjtamin A status, the djets of the chììdren, especiaìly those

in crane R'iver, could have been ìrnproved at the tjme of the

study. Most of the vitam'in A in the diets of.the children.in
a'll of the coinmunjties was provicled from store-bought foocls.

children jn crane River consumedr o11 the average, less
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vitanli n A from this source than the children 'i n the other

coínmunjties. vitainjn A densìty and energy jntake data

ìndicated that the lourer vitamin A intakes in crane River

were due to the cho'ice of f oods w'i th a l oler vi tami n A

densìty, not to the consuinption of a smaller amount of food

than that eaten 'i n other conmunities.

Another major difference betvreen Crane Rjver and the other

communities r\ras that children ìn Crane River received no

vitamjn A from wild sources. Moose r{as the only wjlci source

consumed which contained vitamin A, hov,rever, jt provided

corìsiderable amounts of vitamin A to the dìets of children in

the other communìtìes, especiaì ly 'i n Moose Lake. The

relat'i vely hìgh dependence on moose as a source of vitamin A

in Moose Lake rnay i:e a cause for concern because r't is a

seasonal food and most other meats which may be substjtuted
for r't do not provìde substantial amounts of vitamjn A.

However, eggs were consumeo less often in íuioose Lake than jn

the other cornmun'ities and could be a substitute which would

provide vitanìn A when moose ivas not available.

Locally produced foods contributed more vjiamjn A to the

d'i ets of the children in Cormorant Lake and Barroivs Junction

than in the other conmunities. In crane River, a simìlar
nurnber of children consumed ìocally produced focds as jn

cornrorant Lake and Barrows Junction, however, the cho'i ces
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snoÌ{ed 'lower vjtarnjn A concentratjons. Community gardening

was begun j n Cormorant Lake duri ng tne year of the study and

may have been a factor jn the fìnding of a greater vitamjn A

contri but'ion from vegetables than jn the other commun'i ties.

In al I commun'i ties the 'i ntake of dai ry products rvas 'ì ow 'i n

comparison to the recommendations jn Canada's Food Gujde of z

to 3 servìngs per day for children up to li.years of age and

3 to 4 servings per day for adolescents (llealtn and Welfare

Canacia, I977). The meân daìly vitarnìn A intake f rom da'i ry

products excluciing the school supplernent was approximately

equal to that provided by one serving for most groups of

ch i I dren. The nean v'i tami n A contri buti on f rom the school

food suppl ernent ranged from the amount ì n I ess than one ha'l f
of a serv'ing to the amount in approximate'ly one serving.

Thus the mean j ntakes of da ì ry products from al I sources,

i ncl ud'i ng the contri buti on f rorn the school suppl ement, ranged

f rom approxìmate'ly one to two servìngs in al I commun jties.

In Brochet the children jn both grades had greater vjtam'i n A

jntakes from dairy products excludìng the school supplement

than did their counterparts in the other communities.

Possibly the distrjbution of the supplement to all children

resulted jn a greater apprecia'lion for the use of milk and

irjlk products at home.

In addition to the ev'idence for a risk of v'itarnin A
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cieficiency as suggested by the dìetary data, chjldren .i n this
study i^/ere found to have low intakes of calcium (Sevenhuysen

et â.ì., 1984). Dì1ììng ancj co\^/orl<ers (i978) have also found

marginal vitamin D 'intakes among Manjtoba Intjjan children.
Daìry products (fortjfjed with vjtamin D) are good sources of
all three of these nutrients, thus an increase in their
i nta ke cou I ci improve nutri ent i n'La ke.

El I estad-Sayed and colvorkers ( 1980) found that few Mani toba

Indjan schoo'ì children vrere mìlk intolerant. Among 6l
ch'ildren urho were fed 245 r¡rl of mì'lk, b (7%) ìvere lactose

malabsorbers based on the breath Hz test, and 2 (3%) t,lere

mil k jntoìerant, wh'i ch ivas def ined as 'l actose ma jabsorptìon

plus cl in.i cal signs (diarrhea, cramps, f ratuìence, and/or

ineteorism). The breath H2 test js a measure of the jncrease

in the amount of hydrogen excreted in the breath after the

ingest'ion of lactose. For jndiv'iduals who are lactose

inalabsorbers, the lactose which remains jn the intestines js

fermented oy bacteria and hydrogen is rejeased (Thìe1e,

I97rr). If the lactose malabsorptìon js severe enough cl'i nical
sìgns appear. The researchers in this study suggested that
the lolv prevalence of milk intolerance among 14anitoba Indìan

schoo'ì children should not preclude the promotion of mjlk
programs jn the schools. However, they suilgested that
djluted (1:1) evaporated whole nli lk be used rather than

reconstituted skjm ¡irjl k poiltier, because higher rnean Hz
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excretions were founri anrong a group of children fed the

I atter.

Among rVoose Lake, Connorant Lake, Barrovus Junctìon and

Brochet no sìgnjficant dìfferences jn vitamin A intakes were

foun'1. Yet the rel ati ve contri iruti on of the food groups

varìed, illustratìng that sirnìlar levels of jntake can result
from different dìetary choices. The ìmp1ìcatjon for
nutrition interventions is that the objectjves related to

chang'i ng food 'i ntakes may vary among communitìes, depending

on the exjstìng and potent'i al food sources as v¡ell as the

preferences of the residents

School Food Suppl ement Effect

i'io significant differences were 'Found in tire intake

vari aoles iretween those children who rece'ived the school

suppl ement and those who d'id not. A number of f actors may

have contrjbuted to th'i s finding. The school supplement may

have dì spl aced foods v¡hich woul d have otherwj se been provided

at hotne. An assessment of the vitam'i n A contribut'ion frop¡

dai ry products siiggested that thi s rnay have been the case i n

Moose Lake.

In Cormorant

suppl ement was

Lake and Barrov¡s Junction, where the school

not offered on the day of the jntervjew, the
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vjtamìn A ìntake from dairy products for the grade 4 chjldren

was equal to that provìded by sì'ightly more than one servìng

of mi'l k (126 and I20 RE, respectively). The mean 'i ntake f rom

daìry products other than the school suppiement was similar

f or the grade 4 chi I dren 'i n Crane Ri ver (L?6 RE) , suggest'i ng

that the school supplement contribution in Crane River t,Jas in

add'i tjon to foods given at home. In contrast, the mean

i ntake from daì ry products other than the school suppl ernent

b/as lower for grade 4 chìldren 'i n Moose Lake (82 RE),

suggesting that the school supplement may have dìsplaced

foods which would have otherw'i se been given at home. Since

the mean vitamin A'i ntakes from dairy products ìdere s'irnjlar

for the grade 6 chjldren in all four communjt'i es (94 to 103

RE ) , i t does not seem tha t the I ower.i nta ke by the grade 4

children in Moose Lake vras due to a commun'i ty difference jn

the consumptìon of daì ry products. The school supp'l enlent may

have had a greater tendency to ciì spl ace other foods 'i n ivioose

Lake because it was fiìore varied and suirstant'ial than in Crane

River; some chjldren 'in 14oose Lake reported rece'ivjng i:oth

mr'l k and cheese on the day of the ìntervìeu, whereas ch'ildren
'i rr Crane Rjver received nrjlk only.

The school suppl ement was consumed by al I grade 4 chj I dren

in itloose Lake, whereas one third of the grade 4 children in

Crane R'iver di d not consume the suppl ement. Th ì s may have

been related Lo the time of distribution and thus the amount
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of supervjsion in the communìtjes. In Moose Lake the

sr.tpplement t,úas offered during class tìme in the nlìd-morning,

whereas j i r^,as offered at I unch t.ime i n crane Rjver. By

coinparison, the level of partìcìpation in Brochet, where the

suppl ement was di strjbuted i n the morni ng before cl asses

began, rr/as between those f ound i n Moose Lake and crane Rì ver.
Presumabl y by mi d-morni ng al I ch j I dren who were attendì ng

school would have arrived, and supervision would have been

greater than at I unch time when some ch-i I dren went home f or
lunch.

Arrother factor wh ì ch may have contr.i buted to the I ack of
significant differences in the intake variables between those

chi I dren who were offered the schoor suppl ement and those who

were no'¿ is the fact that the qrade 4 children ìn cormorant

Lake and Barrows Junction regularly received the school

suppl ement on other days. Thì s may have affected thei r
choices on the day of the 'i nterview, vuhen they djd not

rece'i ve 'i t .

Madden and covvorl<ers (1916) found that z4-hour recalls
tended to underestimate differences between groups of
ind'i vidual s because there was a tendency for respondents to
overestimate small amounts and underestimate large amounts of
food eaten. This may have contrjbuted to the lack of
significant dil=ferences 'in est'irnates of vitamjn A jntake.
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Finally, the contribution of v'i tamin A from the school

supplement mry not have been large enough .i n relatìon to the
total intakes and poss'ible tjifferences may have been obscured

by the high variabìììty in the total vitanrin A intakes.

No signjficant school food supplement effect was found for
the serum vitainin A level either. This would be expectecl

s'ince no children had serum levels .ind.icat.ive of a risk of
vitanl'i n A defjcìency.

The findings for the dark adaptation test variables tn,ere

counteriniu'i tive. The grade 4 children (those who regularìy
received the school s{.rpp'lement) took sìgnificantìy ìonger to
perform the test than the grade 6 children (those vlho did not
regularìy recejve the supplement). The age djfference
between the tlvo groups of ch'i I dren may have had an i nfl uence

on the test t'imes.

solomons and cov\rorkers (1982) studied the dark adaptation
abìlity of two groups of healthy chjldren usjng the rapìd
dark adaptati on test. Due to procedural di fferences between

the trvo groups, the data are not stri ctì.y comparabl e,

however, the geometric mean test time for a group of 4 and 5

year old children in Baltjmore was greater than that for a

group of 5 to 12 year old children jn Guatemala. Rapid dark
adaptation test t'imes have also been previously shown to varJ/

rvith age among heaìthy adurts (vinton and Russell, 1981).
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Possìb1y the older

abl e to comprehend

ch'i I dren 'i n the present study were better
the task.

Rel ationshìps Between Variabl es

No s'i gnjfjcant relationshìps were found between any of the

dietdFy, b'iochemical o or cl in jcal jnd jcators of v jtam jn A

status. correlations between serum vitamin A levels and

d'i etary 'i ntakes i n other studi es have been reported to be

poor (ICNND, 1963; ând Owen et âl . , rgl 4) . The horreostat j c

mechanism of serum vjtamin A reguìat'ion, whereby available
l'ìver stores of vitarn'in A are mob'ilized to rnaintain serunt

levels at phys'i ologìca11y adequate levels, mearìs that the

serum levels do not necessarì1y reflect recent jntakes of
v'i tamin A (sauberlich et â1., r974a). In the present study,
there t,'las no evidence of vitarnin A defìcìency as measured b,v

serunl levels, thus a correlatjon between serum vjtamin A

I evel s and dì etary i ntakes wour d not be expected. In

addìtion, sjnce vitarnin A 'i s not evenìy djstributed .i n the

food suppìy, the high day-to-day variaoility in intakes coulcl

inask a correlation.

Although So'l omons and coworkers (1g}z) found s'ignìfjcant
correl ations betlveen rapid dark adaptatjon test times and

vitam'in A intakes with both linear and log rnodels among
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healthy Baltimore chiìdren, jt was not unexpected to fjnd no

relationships 'i n the present study. The serum vjtamjn A

leve'l s and dark adaptation test scores were not jndjcative of
a ri sk of vjtamin A deficìency among the ch.i Idren. In

addition, both the rapìd dark adaptation test scores and the

dietary intakes were highly varjable.

The reason for the tendency for a pos.i t.i ve

(counterintuitive) relat'ionship between the dark adaptatjcln

test vari ables and the natural ìogs of the intake var.iables

at the lower values is not clear. A posjtive correlatjon
between the rapìd dark adaptation test time and the amount of
suppl emental v'i tarni n A vol untari ì y taken by co1 I ege stuclents

has also been reported (Solomons, IggZ, personal

communicatìon).

The lack of evidence of a risk of vitamjn A defic.i ency as

measured by the clìn'ical and biochei¡ical varjables would

expìain the lack of relationshìp between these variables.
vjnton and Russell (1981) found a signifjcant negatìve

correlatjon between rap'id dark adaptation test times and the

logs of serum vitamjn A levers. However, the.i r sample

inclucìed persons w'ith ser{rm vìtai¡r'in A levels as low as 15

Fgl100 ml. No one in the present study had a leve'l below 40

yg/ I0A ml .
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CONCL US I ONS

General Vitarnin A Status

No evidence of vitamin A defìciency vvas suggested by the

bìochem'ical and cl'i nical indicators of vitamin A status,
however, the dietary data suggested that some chilclren may

have been at ri sk of vitam'i n A deficìency. The diets of the

chjldren, especially those 'i n crane River, could have been

ìmproved at the tjme of the study. store-bought foods

provided the greatest amount of vitamin A in the diets of the

ch'i I dren i n al I communi ti es. Moose r,Jas another source of
vitamin A which provicjed substantial amounts of vitam'in A to
the d'iets of the chìldren jn al I communities, except crane

River. In addìt'i on, localìy produced foods contributed to the

v'i tamin A 'i ntakes 'i n Cormorant Lake and Barrorvs Junction. The

data suggested that the di etary i ntakes of v'i tam'i n A ruere

related to the vitamjn A concentrations of the foods chosen,

rather than the total amount of food consumed.

The da'i ry product consumption of the chi l dren j n ail
communities ttlas low. In acldjtion, there was dìetary evidence

of low vitamin A and calcium intakes dmong the children
(Sevenhuysen et â1., 1984), and others have found low vjtamin
D intakes arírong Manitoba Indian chjlciren (Dì1'l ing et â1.,
i97B). Dairy products are good sources of arr of these
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nutrients, thus

ìnprove nutrient
an increase

intake.

in their consumpt'i on could

Analysis of food group contrjbutions to the vjtamin A

intakes of the children showed that similar intakes were met

by different food choices 'i n several communjties. Thus

ob jecti ves to change f ood 'i ntakes may vary among

coi"¡lrnunit'ies. For example, changes in the access to foods

wìth hìgh vitamin A concentrations, such as volume supply and

prìce policy changÊS, and changes 'i n the publìc at,Jareness of

available foods and the'i r nutritjonal benefits may influence
v'i tam'i n A i ntakes, but di f f erences among the commun'i t'ies

suggested that any one intervent'ion may not be equally

ef fect'i ve ìn al I colnmunities. studies at other times of the

year would help to clarify the degree of risk of vìtamin A

cleficiency ancj thus the amount of emphasjs neecleci on

nu trì t i on i nterventi on.

Communìty Differences

The mean val ues f or the di etary 'i ntake vari abl es were

lov,iest for the crane R'iver children, lvith the vitamin A

density of the'i r djets beìng signif jcantly different from

those in all other coflmunities, and the values for the other
three intake variables being s'i gnìf ìcantly d'ifferent from
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Moose Lake and/or Brochet. No sign'i ficant djfferences h/ere

found arnong any of the other cornfiìunjties for any of the

intake variables. There d'id not seem to be any sìmpìe

rel ati onsh i p between the degree of ì sol atj on of the

coiltmun'i ties and the jntakes of vjtamjn A, and the data shol^¡ed

that food cho'i ces varjed among all the communites.

There were no d'i fferences found among the communities for
ejther the serum vitan'i n A level or the dark adaptatjon test
variables. Thjs was in keep'i ng with the fìnding that no

chjldren \¡Jere found to be at risk of v'i tamin A deficiency as

neasured by these variables.

School Food Supp'ì ement Ef f ect

No signifìcant d'i fferences uvere found jn the vitanrjn A

intake variables or the serum vitam'in A level s betr,¡een those

children who received the school supplement and those vrho did

not, whereas the findìngs for the clark adaptation test
variables t,irere counterintujtjve. The findìng that the grade

4 chjldren (those who regu'l arly rece'ived the school

supplement) took ìonger to perform the dark adaptatjon test
than the grade 6 ch'ildren (those who did not regularìy
receive the supplement) suggests that age js a confoundìng

varjable which needs to be control led for r,rhen using the

r20



rapìci dark

suppl ement

unexpected

of vitamin

adaptation test. The lack of a

effect on the serum vitamin

since the serum levels did not

A cief iciency among the ch jl dren.

signjfìcant school

A levels r/Jas not

ri skindjcate any

Several methodological factors may have influenced the lack
of a sjgnìficant school supplement effect on the jntake

va.i ables: 1) the fact that the grade 4 children -i n cormorant
Lake and Barrows Junction reguìar'ly rece.ived the school
supplement on other days may have affected their cho.ices on

the day of the interview when they dicl not receive .i t; z)

tv¡enty-four hour recar r s have been found to underestimate
di f f erences between groups of i ndi v.idual s (Madden et âl . ,
r976); and 3) the hiqh variabir ity ìn the total vìtamin A

intakes rnay have masked any possible differences.

There are other factors wh'ich may have contrjbuted to the
finding of no supplement effect r,¡hich inay be possible to
change: 1 ) some of the ch i I dren urho vuere offered the
supp'ìernent did not consurne it; and z) the school supplement
may have di spl aced foods which rvoul d otherwi se have been

gìven at home. The data suggested that the distribution time
which was associated w'i th the greatest participation in the
school suppl ement program in,as r¡i d-morni ng duri ng cl ass t.ime.
it could be postulated that a nutritjon educatjon program for
both chjldren and members of the wjder communìty, aimed at
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creatìng ar4/areness of the appropriate use of milk products at
home jn addjtion to at school, ma,v support the ìmpact of a

school food supplement on nutritional health.

Relat'ionshìps Between Variatrles

No signif icant relationshìps were found between any of the

di etâfy, b'i ochern'i caì , or cl .i n'i cal ì nd'i cators of vi tamj n A

status. This was not unexpected. There vvas no evjdence of
vitamin A deficiency a¡-ilong the ch'ildren as measured by the

serum vjtamin A levels or the dark adaptatjon test scores.
In add'ition the variabì1ity in the vìiarnin A jntakes and the

dark adaptatjon test scores could mask possi'ble

relationships.

The reason for the tendency for a positive
(counterintuìt'ive) relat'i onsh'ip betyveen the dark adaptatjon
test vari ables and the natural logs of the intake variables
at the lower values 'i s not clear. Further research into the

sources of varjabiììty'i n the rapìd dark aclaptatjon test js

needed so that the test can be standardized for use w.i th

djfferent populatjon groups.
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The purpose of the nutrition study for the Frontìer schoor has beenexplaìned to me. I agree that the sur"vey-team can.take 5 mì (_Z tsp.) ofblood from rny child nãmed_uerow-an¿-irtð'urr n¡y chiìd questions on thefoods he/she eats, investigate eye rrnãiiðn through a dark adaptation test,take height and weight.

I understand that-participation is entireìy voìuntary and that if Iwish I will receive a|r resurts òr-luiir"uno anarysis of food eaten thatrelate to mv chird. r ql:o unã."ttinã-i¡'ät er*,eí-mvrãit'ãiïv chird re_fusing to participate.wiìl iÀ no *ãv iniiJ"n.. the särvi..-unisupport I orany rnmber of ny famiry can expect io ....ive from the Frontier schoors orany other publìc service.

Aì'l information coilected by the survey team wirt be kept confidentiaì0nìy those involved in interviewÍ.õ,-urä'iheir .imrne¿.iate supärv.isors, willhave access to individuar answã"r."'¡rðn" àr t¡,i, information wilr be re_'leased to others without permìssion t.ô, in" Director, Nutrition and HealthProgram, if it can Ue i¿entiiiã¿.- "" "

CHILD CONSENT FORM

I'lame:

Name of parent/guardian

Signature:

Date

Address
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Instructions 'for interviewers on the verbai exp I anati on

of the survey to be qiven to the sub .i ects.

Women

Good My name is
about the frõd-survel-Thê schôol is doi
Frontier School on Íts survey. We are
people use and what foods are available

ng am w0
Have you heard

ing with the
interested in learning what foods

I would like to ask you some questions about the food you ate yes-
terday as well as foods you may have eaten at other times. This wijl
take about an hour. AII that you tell me wilt be between you and me.
No one at the school or in the rest of the community will Lnow what you
alone told me. Your answers will be put togetner with those of other
people.who. help us out. They r^rill then be ient to the university where
they will be analyzed. The results wiil be reported as a group.

lrle would also like to measure your height and weight and ask you a
few questions about your famÍly so that the-informatioñ we gather will
be more meaningfut to us

Let.the person respond. Answer any questions she may have. Some
other thÍngs whÍch may aid in discussioñ are to relate thät: 1) if sheis interested she can receive advice on the nutritional value of the
foods she eats (Note: if she is interested, then get information on
where we should send the results), and 2) the study is to try and
improve Frontier school's program which gives out ïood supplements
(and advice on good eating nanits).

Additional points for data collection with childr en

We are interested in whether the children are getting enough vita-
min A, vÍtamin c, and iron from the food they eat. -For tñis we-ask that
you allow a small amount of blood (5 mitlilitres or about 2 teaspoons)to be taken from (chi ldts name) rs arm.

I,rfe would also like to do something called a dark adaptation test.(child's name) would be asked to dÍvidé a pile of white, leo añd ntue
ÞÞfÐ-¿-m:Þs-'mto three separate piles. This v¡oulcl be dóne in a room wÍthlittle lÍght after there has been a bright Iight on. It's like going
from outside on a bright sunny day into a buiioing where it's noi so-bright. How fast the children can tell the diffeience between the
coloured poker chips depends on how much vitamin A they are getting from
the food they eat.

^..fflg questÍons about the foods (child's name) eats and the measuringof !is/her height and weight plus tfelã¡k-adãpÏãtion test will be done-
during thÍs week. The blood will be taken (time) when our nurse can
c ome.

point to aid discussion is that if the adult gives consent, the
child will still not be forced to give blood if he/sñe really objects.

(Note: The wider evaluation of the Nutrition and Health Program of the
Frontier School Division Íncluded information from women. )
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Subject no.

Fìgure 3.

24 l-lour Recal I Form

page of pages

I.IORK AREA - FOODS CONSUME D
TIME

FOOD ITEM II DESCRIPTION I I I RCE IV AMOUNT V
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Re

Figure 4.

ndent Information Form

Code

Sex: M_ F

Yesterday was:

Date

Area of
Study

Place of
Interview

Vitamin or mineral supplement

TYpe/Brand

lrlThFSSn
:k*****)k***t(*

Yes No

MT

Amount

Recalled food intake was typical

If not, why

Yes No

ìk)k**********

He i ght

!'leight

Clothing worn during weighing

Age

cm

kg

t 3B

Adv i sor



24 Hour Recal I

Purpose and qeneral ins tructions for interviewers

The purpose of the 24 hour recall is to determine as exactly as
possible the food and beverage'intake of an individual over a period
of one whole day, or
dent through the prev
meal period (breakfas
view and work backwar
periods) have been re

24h
i ous
t, d
dsu

ours. The interviewer will guide the respon-
24 hours. She will begin with the last major

inner or supper) before the time of the inter-
ntil six meal periods (including three snack

corded.

To begin, an explanation of specificaì1y
24 hour recall will be necessary even though i
exp'laining the study, êg. "I would like you to
ate and drank during the last day. Please tel
it was just a bite, a cup of coffee, a candy,
with (breakfast time, dinner time, supper time
yesterday (morning, afternoon, even'ing). " At
necessary to explain what the models are, and
there is a pìace to set them out.

what is involved in a
t has been mentioned when
tel I me everything you

I me everything whether

) today and work bac
this time it will al
if in the home, to a

or a beer. l¡le will start
kto
so be
sk if

After the explanation, begin the process of probing for the infor-
mation needed, êg. "0K, let's start. Did you have anything to eat or
drink at (breakfast time, dinner time, supper time) tôday?ú If yes,
eg. "lnlould you please tell me what you had...Did you have anything e]se
to eat or drjnk...We've talked about (summary of foods mentioned so far)
...Can you think of anything eìse you ate or drank at that time?"

t¡lrite down al I information in the appropriate col umns on the form
(mea'l period name and approximate time(s) in column I, food items plus
their descriptions in columns II and III, and amounts in column V).
When satisfied that al I informat'ion has been gathered for the first
meal period, draw a line across the form. Continue in the same way for
each of the fjve meal periods remaining.

After all meal periods have been discussed, return and ask about
sources, first explaining what you mean, eg. "Now I would like to know
where the food you have told me about came from. In other words, was
it bought from a store, and if so, was it a store here in the commun-
ity or one outside. If it wasn't bought at a store, was it from a
garden here or was it from the wild?" l,rlrite the source informatjon in
col umn IV.

Tips and thin s to remember

l. Information that is needed about foods and beverages

Amounts as exact as possjble--suggest models to the respondent
for use
Types of foods--some egs.
i . mi I k--canned, canned di I uted , 2%, skim, whol e, powdered
ii. ju'ice--sweetened or unsweetened, "real" or crystals

a

b
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2

iii. ice cream--get type and brand if known
--for bars write down name, eg. revel: crêam;

sicle, etc.
iv. cocoa--brand and if made with milk or waterv. cookies & cakes--if bought, then brand; jf homemade, then

kind
vi. pìes--kind, one or two crusts
vii. bread--brown or white (Note: remember children may think

white bread toasted is brown)
c. Contents of combination foods (stews, plzza, casseroleso soups,

sal ads, etc. )i. 'if bought, then write down brand, êg. puritan Irish stew,
Kraft macaroni dinner

ii. if homemade, get a list of the major ingredients and theirpnoportions. If can't get proportions then record by
using such words as mostly meat, some potatoes and fêwcarrots. (trlote: for broth-type soups, the amount of
broth vs. solids is also important)d. How foods are prepared

i. boiled, baked, fried, etc. (Note: if fried, ask type offat as butter and margarine have more vit. A than läi"o or
shortening)

i'i. whether foods (eg. soups, bannock, cocoa) are made with
milk or water. (Note: if mi'lk, ask type).e. If anything is added to the major food mentibned--some egs.i. spreads to bread

i i . ic'ing to cake
iii. gravy to meats or vegetablesiv. spreads to vegetables
v. batters to fried meats
vi. dressings to salads
vii. sugar and "cream" to beverages

(lttote: remember that peop'lé often say cream but it may
have been milk or coffeemate. Also, if it was cream,
there are a number of types--half and half, whipping)

Record'in9 information on the form

Amounts
i. when have more than one of the same th'ing (eg" 3 cookies)

then put that number before the model letterii" when talking about a line on the model, put that number
after the model letter (models with lines are glasses,
bowl s , and the p] ate wi th ci rc1 es )iii. when amount is half way between two mounds, write the two
letters with a hyphen between them.iv. when amount is ha'lf way between two lines on a model,
write number as a half
some egs.
--? pqncakes size at circle 9 of plate (2p19)
--l glass of juice up to line 3 on glass B (83)
--corn between the two smallest mounds (Z-S)
--l bowl of soup between I jnes 2 and 3 on bowl D (DZk)

a

140



b. Sources
i. store

a. in community--StC
b. outs'ide community--St plus place, eg. St The Pas

ii. school--Sc
i i i . restaurant/arena/community centre--R
iv. gathered berries, wjld meat (self or gift)--hl
v. garden (sel f) --G
vi . farmer (vegetables, eggs, meat, mi lk, etc. )--f
vii. other--write it out

(Note: if there are any uncertainties, write out all the
information the person gives)

c. If find out no butter or margarine added to vegetables, no
snack eaten, etc.o then record nothing"

d. If there are more than one snack eaten during a snack period,
then in column I there would be recorded only one name of a
meal period, but more than one approxjmate time.
eg. evening snack 7:30

9:00

3. Probinq is very important
To help people remember what they ate--some egs.j. have people think about what they were doing during the

day--did they visit a friend's place or go to the store,
etc.

ii. if peopìe talk of one snack during a snack period, remem-
ber to ask if there were any others during that period
(people tend to forget snacks--one type which women may
forget espec'ially is nibbling while cooking)

iii. summarize what the person has a'lready mentioned when
aiding recall for each meal.

To get the detailed information needed
i. people won't know that they need to tell exact amounts,

types, whether anything is added to the major foods,
cooking methods, etc. Therefore probing quest'ions will
be needed.

a

b

4. Ways to ask questions

When talking about meal periods ask, "Did you have anything to
eat or drink at (breakfast time, dinner t'ime, supper time)?"
rather than, "What did you have at (breakfast, dinner, supper)?"
The second question implies that they did eat somethjng at the
t'ime specified and they may not have. This is especially
'important when talking about breakfast time and dinner time as
they are the two meals most often skipped"
If a pers'on describes a breakfast-type meal during questioning'
about dinner time, record foods as described. It is then
'important to avojd embarrassing the person in case she got up
late and thus had a late breakfast. Therefore continue by
first asking a quest'ion I ike, I'D'id you have anything earlier
during the morning?" rather than ask'ing about morning snack and
breakfast time.

a

b
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c When clarifying about types or amounts of foods, additions to
major foods, approximate times, etc., use questions that don't
suggest a specific answer. For example, use, "l¡lhat kind of
milk was that?" rather than, "Was that canned milk?" Quest'ions
such as "l¡las that canned or fresh or. " . ?" can al so be used.
(ttlote: by leaving an "or" at the end, it is left open enough
to include the one the person used).
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Table 25. Food model descriptions.

Model and Alphabetical Identity Volume or Area

Cups

S (3 3/8" rin, 2 5/8" high)

A (3 3/8.' rÍm, 3 3/B', high)

G I asses

Q (2 %" rim, 3 3/8" high)

U (2 5/8" rim, 3 3/4" high)

B (3" rim,5'/2" high)

Bowl s

D (5" rim, 1%" high)

F (5 3/4" rim, 15/8" high)

Mounds

7 (3" base, 1" high)
P (4" base, 17z" high)
L (5" base, 1 3/4" high)
C (6'' base, 1 3/4" high)

Spoons

E (level "teaspoon")
M (rounded "teaspoon")
H (half level "dessertspoon")
J (levet "dessertspoon")
CC (rounded "dessertspoon',)
SS (rounded "tabIespoon")

2.00 f I oz (59 ml)

6.00 fl oz (177 nl)
10.00 fI oz (296 ml)

16.00 fI oz Ø74 nL)

Division 1

Division 2

Division 1

Division 2

Division 1

Division 2
DÍvisÍon 3

Division 1

Divis ion 2
DivÍsion 3

0.17

0.30

0.17

0.30

0.51

0.78

00 ft
f oz

oz

(89 ml
177 nl
133 ml
266 nl

(52 ml
104 ml
156 ml
208 ml

(89 ml
177 nI
266 ml
355 ml

(5e ml )
118 mi )
177 nl)
177 mI)
296 ml )
355 ml )

3.00 fr
6.00 f I

.50

oz
oz

)
)

)
)

4
9

DivÍsion 1

Division 2
Division 3
Division 4

Division 1

Division 2
Division 3
DivÍsion 4

Division 1

Division 2
Division 3
Division 4

ft
ft
ft
ft
fI
fl
fI
f1

ft
fI
ft
fl

.25

.50

.75

.00

.75

1

2
3
5

1

3
5
7

3
6
9

12

oz
oz
oz
oz

oz
oz
oz
oz

oz
oz
oz
oz

(37 ml
(74 nI

(11 1 ml
(148 ml

)
)

)

)

)

)

)

)

)
)

)
)

.50

.25

.00

.00

.00

.00

.00

(

(
(

2.00
4.00
6.00

6.00

fI oz
fl oz
fI oz

fl oz
fI oz
fl oz

(
(

(

(

(

10.00
12.00

fI
fI
fl
fl
ft
fl

oz (5 ml)

oz (9 mi)

oz (5 ml)

oz (9 ml)

oz (15 ml)

oz (23 ml )

r44



Table 25. (continued)

Model and Alphabetical ldentity Volume or Area

Mi lk Container

T (individual container as used
in restaurants)

Retai I Meat Cuts

K

N

Y

R

Squares

E (1 3/4" side)
14 (2 'li' side)
K (2 5/8" side)
N (3 5/16" side)
G (3 5/8" side)
Y (4" side)

Plate With Concentric Circles
PL1 (t 3/4" diameter)

PLz (2 li' diameter)
PL3 (2 3/4" diameter)

PL4 (3'/0" diameter)
PLs (3 3/4" diameter)

PL6 (4'lo" diameter)
PL7 (4 3/4" diameter)
PLB (5'/¿" diameter)
PL9 (5 3/4" dÍameter)

9 3/8" Plate With Wedges

PN

PR

PE (1/B of plate)
PS (1 /6 of plate)
PQ (70 of plate)
PT (1 /3 of plate)

0.51 fl oz (15 ml)

7.0 in'z (45 cm'?)

11.0 in2 (71 cnz)

16.0 in'z (103 cm'?)

32.0 inz (206 cm'z)

3.0

5.0

7.0

11.0

13.0

1 6.0

in' (20

i n' (33

Í n' (45

inz (71

in 2 (85

in2 (103

cmt )

cm')

cmt )

cm')

cm')

cmt )

2.4 in2

4.0 in2

5.9 in 2

8.3 in 2

11.0 in'?

14.2 inz

17 .7 in2

21.6 inz

26.0 in2

cm')

cm')

cm')

cm')

cm' )

cm')

cm')

cm')

cm')

cm')

cmt )

cm')

cmt )

cm')

cm')

(16

(26

(38

(53

(71

(e1

(114

( 140

(167

3.6

5.1

8.6

11.5

17 .3

23.0

inz (23

in2 (33

in2 (56

in 2 (74

in2 (111

in2 (148

145



APPENDIX 4



2

Foods modified or added to the database.

Bannock (Code 4111)

The fat content of bannock was modified to be 8.5 g/100 g of bannock
rather than 0.6 s/ 100 g. The amount of energy was modified accord-
ingly to be 299 kcal/100 g rather than 228 k¿ât/100 g.

Determination of fat content was made usÍng the mean amounts in the
following recipe which was obtained from a Nutrition and Health
Advisor from the Frontier School Division:

2 or 3 Tbsp. Baking Powder
3 or 4 Tbsp. Lard
2 lo 4 Cups Flour
1 Pinch Salt

Two calculations were made, one assuming 1 cup of whore milk was
used, and one assuming only water was uied. The amounts of fat from
these two calculations were averaged.

"Cooked" moose (Code 6002)

values for nutrients were calculated by using amounts in raw moose
as analyzed by Mann and coworkers (1962). These values were multi-
plied by "cooked to raw" ratios which were calculated by averaging
values for 17 choice cuts of separable lean beef in u.S. Handbõok-
No. B. (Watt and Merrill, 1963).

Nutri ent Composition of
100 g of

raw moose

"cooked to raw"
ratio

Composition of
100 g of

"cooked" moose

l,later (g )

Energy (kcal )

Protein (g)

Fat (g)

Carbohydrate (g)

Ash (g )

Calcium (mg)

Vitamin A (RE)

Thiamin (mg)

Riboflavin (mg)

1.1

0

1.0

16

72.4

113

25.5

300

0.021

0.365

0.84

1 .35

1.41

1.26

.13

61.0

153

36.0

1.4

300

0.016

0.440

0

1.1

17.04

.004

.76

.21

0

1

a

r47

The ratio calculated for vÍtamin A by the above defined procedure
þras 1.09, but it was decided to use 1.00 as 15 of the 17 ratios
were 1.00 with the other two being 2.00 and 1.50. There is litile
vitamin A in beef (3 to 9 RE/100 g).



3.

4

5.

Roasted venison (Code 6004)

Values were those reported by paut and Southgate (1979).

Steakettes (Code 6006)

values used were those reported for "beefburgers" by paul and South-gate ( 1978).

Potatoes fried from raw in butter (Code 6008)

values used were the same as those for potatoes fried from raw (code
1790) in u.S. Handbook No. B (watt and ir4eryiil, 1963) with 1ãg.rÈg nrof vitamin A/100 g.of potqto.added. There are 14.2 g of fat/100 gof fried potatoes (Code 1790) and 0.1 g of fat/100 g-of raw potãtões,
thus Ít was assumed that for potatoes iried in butter the amount of
vitamÍn A/100 g of potatoes would be equivalent to that in 14.1 g of
butter.

t4B
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Figure 5. Line <lrawing number 1

(Pr'lnraska, 1gB0)
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Figure 6. Line drawing number 2

(Pornaska, 1gB0)
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Figure B.

Dark Adaptation Test Recording Form

Code

Time of day

Glasses prescribed

Glasses worn Yes

Comments:

Trial 1

Trial 2

Trial 3

Date

Yes No

Test Times

White Time

Area of Study

B I ue Time

No

i 54

Initials
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T-test and Bonferroni multiple comparisons B used to test
for the community differences in the intake variables.

T-test

L -0

1

was the calculated t value;
was the contrast defined on page 64;

was the standard deviation for the contrast calcu-
lated using the following equation:

MSE /1 1

l-r-l

\n(graA) n (g16A)
S

where MSE was the mean square for error from the
one-way AN0VA for the ten community by grade
groupings;

n(gr4A) and n(gr6A) were the sample sizes for
grades 4 and 6 in one communÍty;

and n(gr4B) and n(g168) were the sample sizes for
grades 4 and 6 in another community.

t*
1 s1

ere tI
Lt

wh

and S¡

I n(gr4B)
*'\

n(g168)/4

Bonferroni multiple comparisons B for two-sided tests

B=t

(Neter and l¡Jasser-
man,1974)

*f 2s,nr-r

where t was the tabular t value;
q was the level of significance (0.05);
s was the number of contrasts Ín the family for each
intake variable (10);

nT was the total sample sÍze (133);

and r was the number of community by grade groupings used
Ín the AN0VA (10).

If ti ) B, then it was concluded that there was a signÍficant
difference between the two communities compared.
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T-test

T-test and tabular t used to test for the school

supplement effect on the intake variables.

1 -0
t(
2

2t
tf,

where t|
¡L
L2

and S¡
L2

was the calculated t value;
was the contrast defined on page 65;

was the standard deviation for the contrast calcu-
lated using the following equatÍon:

1

n ( gr6BA )

where MSE was the mean square for error from the one-v\ray
AN0VA for the eight community by grade groupings,
excluding data from Brochet;

and n(graCR), n(gr6CR), n(gr4ML), etc. were the sample
sizes for the eight community by grade groupings.

Tabular t for one-sided tests

t=t .*, flT_f

where t was the tabular t value;
e( was the level of significance (0.0S);
nT was the total sample size (104);

and r was the number of community by grade groupÍngs used in
the AN0VA (B).

If tä) t, then it was concluded that there was a significant

MSE/ 1 1 1

+ _ + --- + ... +
4 \n(graCR) n(g16CR) n(gr4ML)

ti,

school supplement .effect.
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FÍgure 9. Interviewer hÍstograms of vitamÍn A intake residuals from a
one-way ANOVA of the ten community by grade groupings.

Res i dua I
Midpoints
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B
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E

= Crane River, grade 4
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= Moose Lake, grade 4
= Moose Lake, grade 6
= Cormorant Lake, grade 4

ormorant Lake, grade
arrows Junction, grad
arrows Junction, grad
rochet, grade 4
rochet, grade 6

6
e4
e6
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Figure 10. Interviewer histograms of energy intake residuals from a
one-way ANOVA of the ten community by grade groupings.
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Table 26. DATa times in seconds for children with glasses prescribed
but not worn for.the community by grade by vÍtamin Ã concentrategroupings; l, (n).

Crane
River

Moose
Lake

Cormorant
Lake

Bamows Brochet
Junct i on

No Vitamin
Concentrate

Vitamin
Concentrate

No Vitamin
Concentrate

V itami n
Concentrate

296
(1)

196
(1)

248
(3)

209
(4)

241
(1)

Grade 4

Grade 6

a

(0 )
299
(1) (o) (o)

244
(1)

198
(2)

244
(1)

221
(1)

250
(1)

237
(3)

(0)
116
(1)

244
(5)

300
(1)

424
(1)

DAT time for one indivÍdual was the average tÍme of the two recordedtrials.
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Tab|e 27. DATa
correction or wo
concentrate grou

times Ín seconds for children who did not need vision
re theÍ! glasses for the community by grade by vitamin A
pings ; 1, (n ) .

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrov¡s Brochet
Junct ion

Grade 4

Grade 6

a

No Vitamin
Concentrate

VitamÍn
Concentrate

No Vitamin
Concentrate

Vitamin
Concentrate

276
(e)

269
(8)

231
(8)

214
(B)

296
(4 )

267
(6)

248
(1)

219
(2)

196
(5)

259
(8)

202
(1r)

197
(e)

212
(tz¡

183
(7)

249
(8)

181
(1)

200
(1) (0 )

215
(1)

204
(1)

DAT time for one individual was the average time of the two recordedtrials.

163



Table 28. BestDATa times in seconds for children with qlasses ore-scribed but not worn for the community by grade ov vitañiñ-Ã-ðoñc.n-trate groupings; I, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

No VÍtamin
Concentrate

VitamÍn
Concentrate

No Vitamin
Concentrate

V Ítami n
Concentrate

233
(1)

245
(1)

163
(1)

180
(3)

199
(4)

Grade 4

Grade 6

a

207
(1) (0 )

296
(1) (0) (0)

180
(2)

154
(1)

217
(1)

224
(1)

194
(3)

(0 )
100
(1)

194
(5)

293
(1)

369
(1)

BestDAT time for one individual was the shortest time of the two
recorded trials.
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Table 29. BestDATa times in seconds for children who did not need
vision correction or wore their glasses for the community by grade byvitamin A concentrate groupings;-i, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

No Vitamin
Concentrate

Vitamin
Concentrate

No Vitamin
Concentrate

Vitamin
Concentrate

232
(e)

229
(8)

211
(B)

177
(B)

234
(6)

Grade 4

Grade 6

236
(1)

177
(5)

262
(4)

230
(B)

214
(2)

173
(11)

164
(e )

134
(7)

192
(12)

171
(1)

177
(1) (0)

212
(8)

189
(1)

168
(1)

aBestDAT time for one individual was the shortest time of the two
recorded trials-
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Table 30. Rapid dark adaptation test times in seconds which have been reported in the literature

Resea rche rs

Vinton and
Russell, l9Bl

Kim and Soìomons,
1982

Sol ornons et al
198?

Cambri dge, MA

Guatemal a

Heal thy

Col our Bl i nd

Heal thy

Sample Description
Location Subiect Health Age Sex

Bal timore, MD Hea 1 thy

Heaì thy

Vit A Deficient

Ari thmeti c
Mean t StM

lB2 r 15

265 t lzb

458 t 29c

Geometri ca
Mean

171

144

n

to

l6

l4

Comments on procedure

-used matte finish Munsell colour discs

-used average of 2 recorded triaìsd
after an initial trial

-liqht adaptation for 60 sec at 50 cm
from a standard x-ray view box

-useC matte finish plastìc discs
-used average of ? best atternots among
3 recorded trials after an initial
trial

-light adaptatìon for 120 sec at 45 cm

from a standard x-ray view box

-useci matte finish Munsell colour d'iscs
-used a singìe valid trial after an
initial trial

-lìght adaptation for 60 sec at 50 cm

from a standard x-ray view box

-used matte finish plastic discs
-used average of 2 best attempts among
3 recorded trials after an initial
tri al

-ìight adaptation for 120 sec at 45 cm

from a standard x-ray view box

20-39 yr

40-60 yr

40-60 yr

t4& F

H&F

M&F

O't\

x=23 yr

x=20 yr

adui ts

M20
M20

M&F I 00

143 t l3

154 + lB"

136

143

r48

Bal t imore , l'lD. ileaì thy

Guatemal a Heal thy

4-5 yr M&F I 6

5-12 yr M&F 27



TabIe 30. (continued)

Sevenhuysen, 1984 Winnipeg, Man. Healthy

l,lìnnipeg, ltîan ^ Heaìthy

Ì9-30yr F 5 278

Corrnents on procedure

-used reflective finish pìastìc discs
-used mean of 4 consecutive trials
recorded after an initial trial

-light adaptation for 60 sec at reaCing
distance from a 2' by 3' matte off
white paper illuminated wjth a 200 'ñ

tungsten bulb

-used matte fi n i sh l"lunsel I col our di scs
-used mean of 4 consecutive trials
recorded after an initial trial

-ìight adaptatìon for 60 sec at reading
djstance from a 2' by 3' matte off
white paper illuminated with a 200 l,/

tungsten buìb

r e6B)

Resea rche rs Sa
Locati on

le Descri
Subject Health

ption Ari thmet i c
Mean 1 SEM

Geomet ri ca
Mean

m p

Age Sex n

Ol
Co

ì9-3ù yr F 5 155

ageometric mean = (xl' x2. xr...xn)l/n, und is a'lways ìess than the arithrnet'ic mean (Alder and Roessìer,
h I c J ll -
"significantly different from healthy adults,20-39 yr (p<0.00ì)
csignificantly different from healthy aduìts, 40-60 yr (p<0.001 )
d-no signìficant difference between the twc recorded trials
eno signifjcant difference from healthy men
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Table 31. vitamin A intake, exctuding the contrÍbutions
from moose and the school supplement, expressed in retinol
ÇÇuivalents for the community by grade groupings; i t SEM,(n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

Grade 4

Grade 6

Grade 4

Grade 6

375r98
(12¡

515t154
(tt¡

57 1 rB0
(t+¡

6541 1 05
(14)

693t81
(15)

405145
(14)

381r139
(13)

66311 BB
(12)

53911 02
(14)

702t112
(l+¡

Table 32. vitamin A intake, excluding the contributions
from moose and the school supplement, expressed as a per-
centage of the canadian recommendation fôr the community bygrade groupings; i + SEM, (n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Bamows Brochet
Junct i on

51x14
(12)

70x21
(lt¡

81!12
(1+¡

B7r1 3
(t+¡

9011 1

(ts¡

49!6
(1+7

46!17
(m¡

83t23
(12)

67t12
(14)

87l.14
(t+¡
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Table 33. vitamin A Íntake, excluding the contributÍons
from moose and the school supplement, expresieO as a per-
centage of the weÍght recommeirdatÍon for'the communitv bvgrade groupings; i I SEM, (n).

Crane
Ri ver

Moose
Lake

Corrnorant
Lake

Barrows Brochet
Junct i on

Grade 4

Grade 6

Grade 4

Grade 6

64!20
(12)

77!22
(11)

97t13
(14)

102!13
(14)

109!14
(15)

60r6
(t+¡

51t19
(m¡

1 00t28
(12)

77t14
(14)

104x19
(1+¡

Table 34- vitamin A density, excluding the vitamin A and
9!9rgy from moose and the sôhoot supprõment, expressed in
RE/100 kcat for the community by grääe grorpiñg!;-*-i-sËN,(n).

Crane
Ri ver

Moose
Lake

Cormorant
Lake

Barrows Brochet
Junct i on

1 8r4
(tz¡

3319
(11)

44!6
(t+1

3718
(t+'¡

33r4
(15)

21t4
(14)

20t6
(ts¡

35rB
(12)

34t6
(14)

3515
(14)

One-way ANOVA and t-tests (see pages 62 and 64, formula 1, )indÍcated that crane River'had ii!nificañtrv-rówei üãiü.11'than Cormorant Lake (p<0.03).
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Table 35- Resuits of tests for relatÍonships between serum vitamin A
and the four intake variables.

Relationship Group n
Coefficient of

CorrelatÍon
(r)

Coefficient of
Determination

(r' )

p

Serum vitamin A in
!g/1oo mt

VS

NSNCA

NSCb

OTHERNCC

OTHERCd
ô

ALL-

14

8

6B

20

110

0.0857

0. 1 326

0.1152

0.0617

0.1131

0.0073

0.0176

0.0133

0.0038

0.0128

0 .771

0.754

0.350

0.796

0.239

V tam in
in

A intake
RE

Serum vitamin A in
Pslloo mt

VS
Vitamin A intake
expressed as a %

of the Canadian
recommendat i on

NSNC

NSC

OTHERNC

OTHERC

ALL

0.1816

0.1326

0. 1316

0.0694

0. 1 200

0.0330

0.0176

0 .01 73

0 .0048

0.0144

0.534

0.754

0.285

0.771

0.212

14

B

6B

20

110

Serum vitamin A in
jtsl 1oo ml

VS

Vitamin A intake
expressed as a %

of the weight
recommendat i on

NSNC

NSC

OTHERNC

OTHERC

ALL

0.2626

0.0736

0.0960

0.1162

0.083 1

0.0689

0.0054

0 .0092

0.0f35
0.0069

.862

.436

.626

0.388

14

I
6B

20

110

.3650

0

0

0

Serum vitamin A in
!g/100 ml

VS

Vitamin A density in
RE/100 kcal

NSNC

NSC

OTHERNC

OTHERC

ALL

0.2844

0.1576

0. 1 405

0.0366

0.1014

0.0809

0.0248

0 .0197

0 .001 3

0 .0103

0.324

0.709

0.253

O. B7B

0 -292

14

B

68

20

110

uDutu for children who did not receÍve their regular school food
. supplement and who did not take a vitamin A coñcentrate.
bDutu-for children who did not receÍve their reqular schoot food
supplement and who took a vitamÍn A concentratõ.

cDutu for all other children who did not take a vitamin A concentrate.
dDutu for all other children who took a vitamin A concentrate.
eData for all children.
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Table 36. Results of tests for relationships between DATa time and thefour intake variables.

Relationship Group
Coefficient of

Correlation
(r)

Coefficient of
Determination

(r')
n p

DAT time in sec
VS

Vitamin A intake
Ín RE

GR4NSb

GR4SC

GRADE6
ô

ALL-

-0.2123

0.2607

-0.0421

0.0489

0.045 1

0.0680

0 .0018

0.0024

0.288

0.114

0.741

0.582

d

27

3B

64

129

DAT time in sec
VS

Vitamin A intake
expressed as a %

of the Canadian
recommendat i on

GR4NS

GR4S

GRADE6

ALL

-0.1831

0.2550

-0.0368

0.0734

0.0335

0.0650

0 .0014

0.0054

0.360

0.122

0.773

0.408

27

3B

64

129

DAT time in sec
VS

Vitamin A intake
expressed as a %

of the weight
recommendat i on

GR4NS

GR4S

GRADE6

ALL

-0.1469

0.3257

-0.0529

0.0985

0 .0216

0 . 1061

0.0028

0.0097

0.465

0.046

0.678

0.267

27

38

64

129

DAT time in sec
VS

Vitamin A densÍty in
RE/100 kcal

GR4NS

GR4S

GRADE6

ALL

-0.2590

0. 1 308

0.0408

0.0103

0 .0671

0 .0171

0 .001 7

0.000 1

0.192

0 .434

0.749

0.908

27

3B

64

129

a

b

DAT time for one individual was the average time of the two recordedtrials.
Data_for grade 4 children who did not receive their regular school food
s upp I ement .

tDutu for grade 4 children who received their regular school food
s upp I ement .

dDutu for all grade 6 children.
tDatu for att children.
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Table 37- Results of tests for relationships between bestDATa time andthe four intake variables.

Relationship Group
Coefficient of

Correlation
(r)

Coefficient of
Determi nat i on

(r')
n p

BestDAT time in sec
VS

Vitamin A intake
in RE

GR4NS

GR4SC

b

GRADE6
A

ALL-

-0.2827

0.3427

-0.0459

0.0597

0.0799

0.1175

0.002 I

0.0036

0. 153

0.035

0.7 19

0.501

d

27

38

64

129

BestDAT time in sec
VS

Vitamin A intake
expressed as a %

of the Canadian
recommendat i on

GR4NS

GR4S

GRADE6

ALL

-0.2433
0.3219

-0.0445

0.0843

0.0592

0. 1 036

0.0020

0.0071

0.222

0.049

0.727

0 -342

27

3B

64

129

BestDAT time in sec
VS

Vitamin A intake
expressed as a %

of the weight
recommendat i on

GR4NS

GR4S

GRADE6

ALL

-0.205 1

0.3838

-0.0547

0.1123

0.0421

0.1473

0.0030

0.0126

0.305

0.017

0.668

0.205

27

38

64

129

BestDAT time in sec
VS

Vitamin A density in
RE/100 kcat

GR4NS

GR4S

GRADE6

ALL

-0.27 14

0.2047

0.0452

0.032 1

0.0736

0 .041 9

0.0020

0.0010

0 .171

0.218

0.723

0.7 18

27

3B

64

129

aBestDAT time for one indÍvidual was the shortest time of the tworecorded trials.
l\
"Data.for grade 4 children who did not receive their regular school food

supp I ement.
?"Data.for grade 4 children who received theÍr regular schoot food

s upp I ement .
d-Data for all grade 6 children.
eData for ail children.
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Table 38. Results of tests for relationships between DATa time and thenatural logs of the four intake variables

Relationship Group
Coefficient of

Correlation
(r)

Coefficient of
Determ i nat ion

(r')
n p

DAT time in sec
VS

l-n (Vitamin A intake
in RE)

GR4NS

GR4SC

b

GRADE6

ALLC

-0.1329

0.2617

0.0575

0. 1 166

0.0177

0.0685

0.0033

0.0136

0.509

0.112

0.652

O. 1BB

d

27

38

64

129

DAT time in sec
VS

Ln (Vitamin A intake
expressed as a %

of the Canadian
recommendat i on )

GR4NS

GR4S

GRADE6

ALL

-0.09 1 3

0.2654

0.0633

0. 1 358

0.0083

0.0704

0.0040

0.0184 0.125

27

38

64

129

50

07

19

0.6

0.1

0.6

DAT time in sec
VS

Ln (Vitamin A intake
expressed as a %

of the weight
recommendation )

GR4NS

GR4S

GRADE6

ALL

27

3B

64

129

0 .0014

0.0762

0.0012

0 .0183

0.853

0.094

0.787

0.126

-0.0375

0.2760

0.0345

0. 1 353

DAT time in sec
VS

Ln (Vitamin A
density in

RE/100 kcat )

GR4NS

GR4S

GRADE6

ALL

27

3B

64

129

-0.2316

0. 1 349

0.1237

0.0773

0.0536

0. 0182

0.0153

0.0060
.330

.384

245

.420

0

0

0

0

a

b

DAT time for one individual was the average time of the two recordedtrials.
Data.for grade 4 children who did not receive their regular schoot foodsupp I ement.

t?g!9,for grade 4 children who received their regular school food
s upp I ement .

dDutu for alt grade 6 children.
tDutu for all children.
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Table 39. Results of tests for relationships between bestDATa time andthe natural logs of the four intake variabläs.

Relationship Group
Coefficient of

Comel at i on
(r)

CoeffÍcient of
Determination

(r')
n p

b
BestDAT time in sec

VS
Ln (Vitamin A intake

in RE)

GR4NS

GR4SC

27

3B

64

129

GRADE6

ALLC

-0 .1976

0.3798

0.0782

0. 1 583

0.0390

0.1442

0 .006 1

0.025 f

0.323

0.019

0.539

0.073

d

BestDAT time in sec
VS

Ln (Vitamin A Íntake
expressed as a %

of the Canadian
recommendation )

GR4NS

GR4S

GRADE6

ALL

-0.1483

0.3776

0.081 9

0.1787

0.0220

0.1426

0.0067

0 .031 9

0 .46027

38

64

29

0

0

0

019

520

043

BestDAT time in sec
VS

Ln (Vitamin A intake
expressed as a %

of the weight
recommendat i on )

GR4NS

GR4S

GRADE6

ALL

-0.0976

0.3856

0.0610

0.1835

0.0095

0.1487

0.0037

0.0337

0.628

0.017

0.632

0.037

27

38

64

129

BestDAT time in sec
VS

Ln (Vitamin A
density in

RE/tOo kcat )

GR4NS

GR4S

GRADE6

ALL

-0.2411

0.2560

0.1487

0.1271

.0655

.0221

.0161

0.226

0.121

0.241

0.151

27

3B

64

129

.05810

0

0

0

aBestDAT time for one individual was the shortest tÍme of the two
recorded trials.

bDutu.for grade 4 children who did not receive their regular school food
s upp I ement .

tDutu.for grade 4 children who received their regular school food
s upp I ement.

d"Data for all grade 6 children.

"Dutu for all children.
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Tabte 40. Results of tests for relationships between DATa time and
serum vitamin A plus its natural log.

Relationship Group
CoeffÍcient of

Correlation
(r)

Coefficient of
DetermÍnation

(r' )

n p

b

DAT time in sec
VS

Serum vitamin A in
l9l100 ml

GR4NC

GR4CC

37

20

46

10

113

GR6NCd
ô

GR6C"¡
ALL 

I

0.2253

-0.14.74

0.2035

0.1529

0. 1 836

0 .0507

0.0217

0 .0414

0 .0234

0 .0337

0. 180

0.535

0.175

0.673

0.052

DAT time in sec
VS

Ln (Serum vitamin A
in )tg/t00 ml)

GR4NC

GR4C

GR6NC

GR6C

ALL

37

20

46

10

113

0.2212

-0.1487

0.1917

0.1294

0. 1813

0 .0489

0.0221

0 .0367

0 .0168

0 .0329

O. 1BB

0.532

0.202

0.722

0.055

aDAT time
trials.

bDutu 
fo,^

tDutu fo,^
dDutu 

fo,^
tDutu fo,
fDutu 

fo,^

for one Índividual was the average tÍme of the two recorded

grade 4 children who did not take a vitamin A concentrate.
grade 4 children who took a vitamin A concentrate.
grade 6 children who did not take a vitamin A concentrate.
grade 6 children who took a vitamin A concentrate.
all children.
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Table 41. Results of tests for relatÍonships between bestDATa time and
serum vitamin A plus its natural log.

Relationship Group
Coefficient of

Correlation
(r)

Coefficient of
Determination

(r' )

n p

BestDAT time in sec
VS

Serum vÍtamin A in
jtsl100 ml

GR4NCb

GR4CC

GR6NCd

GR6CE
c

ALL 
I

0.1659

0.0055

0.1579

0.2427

0.1749

0.0275

0.0000

0.0249

0.0589

0.0306

0.326

0.982

0.295

0.499

0.064

37

20

46

10

113

BestDAT time in sec
VS

Ln (Serum vitamin A
in ygl1oo ml )

GR4NC

GR4C

GR6NC

GR6C

ALL

37

20

46

10

113

0.1697

0.0115

0.1524

0.2209

0.1767

0.0288

0.000 I

0.0232

0.0488

0 .0312

0.315

0.962

0.312

0.540

0.061

aBestDAT time for one individual was the shortest time of the two
recorded trials.

h"Data for grade 4 children who did not take a vitamin A concentrate.
"Data for grade 4 children who took a vitamin A concentrate.
d"Data for grade 6 children who did not take a vitamÍn A concentrate.
ê"Data for grade 6 children who took a vitamin A concentrate.
ç'Data for all children.
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Table 42. vitamin A densities of locally pr:oduced foods expressedin RE/100 kcal.

Chi ld Food Overa I I
Vitamin A Density

Crane
River

Cormorant
Lake

Barrows
Junct ion

Grade 4

Grade 6

Grade 4

Grade 6

potatoes
tomatoes
potatoes
potatoes

potatoes
strawbemies

105
111
112
114

0
61

0
0

135
137

0
16

302
303
309

337
339

0
2619

305

potatoes
camots (raw)
summer squash

corn
camots (boi led)

44
3387

Grade 4 407

409
411

Grade 6 431 pork chop

whole mi Ik
potatoes, carrots,
and onions
butter, potatoes,
camots, and onions
potatoes
vrhole mi lk

405
406

74

287

609

0
74

0

IBI



APPENDIX 14



Tabl e 43

on

Crane River
Gr4 Gr6 Al I

l'loose Lake
Gr4 Gr6 Al I

100

Cormorant Lake
Gr4 Gr6 Al I

Balrows Junction
Gr4 Gr6 Ai I

B roc het-
Gr4 Gr6 Al I

Contrib-ution of food groups to the daily v.itamin,¡r intake infor each grade and all chiltlren in each communjt,v; x,
ret i nol

(n).
equi va l ents

Food Gr oup

Dairy products
-total excl. school s
-school supp. contrib

h'ild game and fÌsh

Egg s

Donrestic meat, Doultry,
and fí sh

Vegetables incluCing
dri ed leçumes

Soup s

t¿ô
?o

94 109
i7

82
97

92
44

p
j

I ÍN

ut

413

(12)

405

(14)

408

(26)

1 064

(11)

687

(13)

860

(24)

693

(1 4)

777

(12)

to^

(14)

693

(28)

177
il

868

(t5/

t¿o
89

907

(14)

153
70

887

(2e)

126 103 116
000

12A 112 i17

t¿a /,1 lul

B 15 'tC

a) )a7 1ac

58 12 37

i23 148 134

24 12 19

i95

26617

12C 95 107
000

124 67 96

76 113 93

a 21 10

'i54 7 B0

167 109 1 38

1i3 125 11.9

2A 14 18

4128

24424

æ
(^)

0

c00

0 114 61

295

't| B 9

117 10 60

88 14¿. 1 lq

19 5 11

746

5 17 i1

0

426 304 36C

47 ?7 36

4 14 ,Q

139 12i i3i

47 36 41

i01 54 76

655

4 11 B

111 12 58

1?2 115 119

,on a/ù )))

22 31 27

88746

24 60 42

126 2C3 16_?

15 30 22

042

-?1 11 21

Fats anC oils

Frui'us ancl fruit
p rod uct s

Grain products

TOTAL

l'1isc. products incl. sugðrs,
m i xtures , nuts , and seeds

732

(26)

607

(14)


