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ABSTRÀCT:

Forty-Lwo adults, 4 mares and 38 femares, rnuit patients from

communities in Northern Manitoba and Northern Territories
participated in the study to test the performance of a recently
proposed method to measure dark adaptation outside the laboratory
with a group of people who can be expected to have vitamin A

deficiency. A dark adaptation test which requires less than 20

minutes was carried out. The procedure may el-iminate the need for
b1ood sample analyses in aIl patients.

A diet history survey was carried out, to describe the vitamin
A intake this of popuration group, for whom previous studies on

vitamin A status were not concl-usive. A 20 ml venous blood sample

was drawn from each subject for determination of plasma retinol
varues and serum zinc and copper values. The serum zinc and

copper status $7ere described allowing a better interpretation of
plasma retinol results. The haemoglobin and haematocrit count

values were described thus providing a better understanding of
their nutritional status in general.

No evidence of vitamin A deficiency was suggested by the dark

adaptation test for there $¡as no retinar impairment, nor the
biochemical indicators or Lhe diet nutrient intake. The mean dark

adaptation times recorded were similar to times recorded in other

l].L



popurations with adequate vitamin A status. The mean dark
adaptation time to separate the white chips during dark
adaptation v/as 43.0 I 22.0 seconds while the mean time to
identify the blue chips during dark adaptation vras 2L3 I 44.0

seconds. The dark adaptation time vTas not correlated to plasma

retinol vaLues and estimates of vitamin A obtained by diet
history. However, dark adaptation blue chip test times were

positively correlated with serum zinc values (p=0.05). This
indicated an effect on the purkinje shift during dark adaptation.
The effect of age on the perception of purkinje shift was

significant (p<0.05).

The nutrient intake indicated
nutrient deficient, as for vitamin A

RE/day which $ras within range of
vitamin A.

a population that is not

(RE) mean intake was l-074 ug

the recommended intake for

The pregnant women had low serum zínc values compared to the
sample group. The sampre mean was 9.8 1 2.L umol/L with a range

of 6.7-L3.4 umol/L whil-e the mean serum zinc value for pregnant
\.rromen r¡/as 7.9 I 1.3 umor/L and a range of 6.7-Lr.2 umol/L as

compared to non-pregnant çvomen whose mean was 10.4 1 r. B umor/L

and a range of 7.8-r3.4 umol/L. The vitamin A sLatus of the
sample group was adequate and there was no retinal impairment

detectable by dark adaptation.
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1.0

Chapter I

INTRODUCTION :

The human eye is capable of automaticarly adjusting to an

extremely wide limit of Iight intensities. Dark adaptation occurs
when the eye is exposed to a dark environment after previous
exposure to a right environment (pitt, rg8r). The earl_iest
cl-inicar sign of hypovitaminosis A is a decrease in dark
adaptation ability. Night blindness is a decrease in the retinal
sensitivity to right under dim light conditions. crinicar
manifestations of the deficiency of vitamin A occur when the
deficiency is severe and rong standing. As a result, serum

vitamin A levels do not reliably indicate moderate vitamin A

deficiency in individual subjects. A wide range of borderline
serum retinol vafues exist where vitamin A dependent functions of
the retina may or may not be affected (carney and Russell, r9B0;

Russel-r et â1., L97B; Russelr et âf ., l-973). serum retinor revers
normally are reduced only when most of the retinol- stored in the

liver has been depleted. However, serum vitamin A can be affected
by other physiological- conditions such as lack of retinol binding
protein, even when liver retinol- stores are adequate (pitt, rgBl;
TurIey and Brewster, l-987) .

Standard dark adaptation testing procedures are cumbersome and

lengthy (45 minutes). rn addition expensive equipment is required



which, is not suitabl-e for use under fierd conditions. A simpre

inexpensive test for evaluation of dark adaptation is desirable,
because vitamin A deficiency is prevarent in many deveroping

countries and is associated with high mortality rates (Sommer et
â1., r9B3; sommer, l9B4). rt is also an important cause of night
bl-indness which is a preventable nutritional problem (Carney and

Russell, 1980; Solomon et âI. , L9B2). EarIy detection of
hypovitaminosis A and institution of prophylactic therapy
programs could dramaticalry reduce the prevalence of
xerophtharmia and vitamin A deficiency bl-indness among

populations.



Chapter fI

2 . O LITERÀTT]RE R.EVIEW:

2.T DARK ADAPTATTON:

Night bl-indness can be quantified by observing dark adaptation
perf ormance under test conditions. For the cl-assical- dark
adaptation curve and rod-cone breakpoint see figure r. The

tradiLional dark adaptation is based on measurement of the final
dark adapted threshotd. The final dark adapted threshotd is the
minimum amount of right capabre of stimulating the retinar
receptors after minutes in an environment without light. The rod-
cone breakpoint in the traditional- dark adaptation has been shown

to be useful for the diagnosis of sub clinical vitamin A

deficiency. Poor dark adaptation may indicate abnormal vitamin A

content of the body, since dark adaptation abiJ_ity is influenced
by vitamin A status in the body (Hecht and Manderbaum, r939).
Consequently, they concluded in their study thatr cêrtain
measurement of dark adaptation ability when carried out under

properry standardized conditions, can be used as an aid in the
determination of Vitamin A condition of the body. Diminution in
the supply of vitamin A to the rod cell-s of retina resul-ts in
impairment of the function of dark adaptation and this may be

detected by rod scotometry and dark adaptometry. However, none of
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these methods is applicabl-e in arr popuration groups, because a

cooperative and responsive subject is essentiar. Arso, the
methods are not suitabl-e for field studies because expensive and

del-icate equipment is required. The development of a simple but
sensitive objective biophysical test of rod function applicable
to al-1 popuration groups susceptibre to vitamin A deficiency
would be a distinct advance in measuring the extend of the
problem (Joint wHo/usArD Meeting, rg76). such a method, the rapid
dark adaptation test \^¡as devetoped by Thorton (Lg77 ) , and

varidated by vinton and Russell, (r98r), and is appricabte in arl_

population groups for easy detection of vitamin A deficiency
( Solomons, I9B2) .

The Rapid Dark Adaptation test (RDAT) (Thornton, rg77)
requires inexpensive equipment and easy to use under field
conditions $ras described by Thornton (L977). The Rapid Dark

adaptation test measures the time required for subjects to
observe the Purkinje shift during dark adaptation (Thornton,

L977), which is the change in spectral sensitivity of the retina
that occurs at the rod-cone breakpoint during dark adaptation.

The change in sensitivity, also known as the purkinje shift
phenomenon, occurs when Lhe peak waverength sensitivity of the
retina changes from red towards blue frequencies in the visual
spectrum during the transition from day vision (photopic or cone

mediated) to night vision (scoptic or rod mediated). Rods are



activated under scoptic lighting conditions (Vinton and RusselI,
19Bl ) . The purkinje shift is perceived by subjects as an

increasing brightness of brue objects under low-l_ight (starl-ight)
condition where col-our vision does not operate. Therefore a blue
object appears as a brighter shade of grey than woul_d a red
object. rt is suggested that, in vitamin A deficiency, the time
to the rod-cone breakpoint becomes prolonged by the delayed onset
of predominantly rod mediated vision thus resul-ting in a

prolonged dark adapted time (patek and Haig, 1939; Hecht and

Menderbaum, 1939; Russel-l- et àr., 1973). The Rapid Dark
Adaptation Test, based on the purkinje Shift as an indicator of
the rod-cone breakpoint, has been proposed as a tool to identify
preclinical Vitamin A deficiency (Thorton, Ig77; Carney and

Russell, l9B0; Solomons et âI. ,

Russell- et â1., I97B) .

1982; Russel-l- et âI. , L973;

Russel-I et â1., (I973), investigated 13 patients, g women and

4 men, between the ages of 2L to 75 years. Arl patients had

normal visual acuity and v/ere without eye diseases. There were no

signs or symptoms of vitamin A deficiency except for one patient
# 5, who complained of difficulty with driving at night. Seven

controls were serected from patients referred to the
ophthalmology clinic for a variety of probrems that were not
associated with dark adaptation function. Their visual- acuity was

from 20/25 to 20/l-00. Dark adaptation was studied on modified
Goldman-weeker adaptometers. The subject fixated on a 2 mm light



located t5 degree above the centre of test light with retinal
subtense of I degree. The stimul-us consisted of Iight flashes of
one second interval of darkness. A tracking method \,vas used

whereby luminance of fight vras increased or decreased depending

on the response of the subject. Arl tests were preceded by an

instructionar period and initial trial. Each subject was

initially adapted to diffused white right of 3.13 fog
mil-1il-ambert of luminance for t0 minutes after which dark
adaptation threshol-d measurement were started immediately. Dark

adaptation was usually complete after 35 to 40 minutes.

The final- threshold was defined as the average of the three
ascending and three descending thresholds obtained after 35-40

minutes in dark (an "ascending threshold" lvas the intensity at
which the subject first saw the test light as its luminance çvas

increased; a"descending threshol-d" was the intensity at which the
subject ceased to see the test light as Íts l-uminance was

lowered). This final- threshold attained in 40 minutes was the
measure of retinal function used.

All- thi rteen patients showed abnormaÌ1y high f inal threshol-d
ranging from 5.20 to 6.07 rog picolamberts, with a mean of 5.55.
The mean for the seven control was 4.9 and a range of 4.6-5.2 log
picolamberts. Hence Russe1l et â1. , (Ig73) , concluded that,
quantitative dark adaptation tests are potentiarly useful
clinical- tools for recognising subclinical vitamin-A deficiency.



The dark-adaptation test is, therefore, abl-e to uncover the
initial functional deficit which is a functional abnormality that
is readily reversible.

2.2 VITÀüIN A DEFTCTENCY:

Ïn the adult human, Vitamin A deficiency resul-ts in impairment

of retinol- rod f unction, dark adaptation and in lowered bl_ood

revers of the vitamin. rf the deficiency is proronged
conjunctival and corneal xerosis, stromal vascul-arization and

corneal ulceration may ensue (sauberlich et âr., rg74).

Vitamin A has a mul_tiplicity of functions, but only a role in
vision is well understood. The photosensitive pigments in the eye

consist of a metabol-ite of retinor ( retinar ) attached to a

protein known as scotopsin. The pigment can not be produced or
replaced at normal rates when vitamin A is deficient in tissues.
continuous break down and regeneration produce a shift in
chemical- balance. Hence the retina becomes l-ess sensitive to
right, resulting in night bl-indness. The epitheliar tissues
normally bathed in mucous or other secretions but during vitamin
A deficiency they become dry, keratinized and suscepLible to
infection. This change cal-l-ed Keratinizing Metaplasia, has a

disastrous effect on the cornea and conjunctiva and can cause

permanent bl-indness (Bureau of Nutritional- Sciences I975b¡
Pratinindhi et âf., 1987; patek and Haig, L939; Joint V{HO/USAID



Meeting, I976; Sommer et âI., l9g0; Sommer, 1984)

One function of vitamin A has been wel-I defined biochemically-
namely' its interaction with various opsins of the retina to form
visual pigments. On exposure to light, the l_l-cis form of
retinal-dehyde is isomerized to the aII-trans form, which in turn
triggers off a series of chromophoric changes in the comprex.

Concomitantly ion transport and membrane potential are affected.
The latter may weII give rise to nerve impulse that are sensed in
the brain as vision (Joint WHO/USAID Meetingr Ig76; Sklan, L}BT).
The greatest variability is in the times required to cure night
blindness. The visual pigments are composed of Vitamin A aldehyde
(retinene) joined to specific protein of the rods and cones

called opsins. The amount of visual- pigment that can be formed in
the normal retina are rimited by vitamin A and by the opsins
( f ig . 2) ( Dowl íng and Wald, t_9 58 ) .

During dark adaptation, a large amount of vitamin A (retinol)
is converted into rhodopsin and reconversion of retinene and

opsin into rhodopsin al-so takes prace. Because of these
reconversions, the visual receptors (rods) become so sensitive
that even a minute amount of right causes excitation (fig. 3).
Note the sensitivity of the retina is very low on first entering
the darkness, but within I minute the sensitivity has increased
ten-fo]d' that is, the retina can respond to right of one tenth
the previously required intensity. At the end of 20 minutes the



sensitivity has increased about 6000-fold, and at the end of 40

minutes it has increased about 25,00O-ford. The regeneration of
rhodopsin in the retina is dependent on vitamin A. rn night
bl-indness, the retina contains less rhodopsin than a normar

retina and the rate of regeneration of rhodopsin is much slower,
and this condition can reflect on dark adaptation abirity of
individuals (Guyton, t-986). vitamin A is the precursor of the
visual- pigment of the rods and cones in the retina. rt seems

reasonabl-e to suppose that on a diet deficient in this factor the
retina eventually synthesizes subnormal amount of visual- pigment,
with the corresponding decrine of visuar sensitivity that
constitute night blindness.

Investigations conducted by Medical Research Council of Great
Britain commonly referred to as sheffield study have been

considered the most extensive and best controrred study on

vitamin A and carotene in humans. Sixteen healthy vol-unteers were

fed comptete dieLs except for deficiency in vitamin A and

carotene for a period ranging from 6 to 25 months. During eight
months on the deficient diet, plasma vitamin A rever fell in part
of the subjects. Pl-asma carotenoids disappeared in 3 weeks. one

person failed to manifest any decrease in his plasma vitamin A

lever after 22 months on the vitamin A deficient diet. The

symptoms which appeared in vitamin A deficient subjects were

increased intensity in dark adaptation, dryness of skin and eye

discomfort. Howeverr only 3 subjects had dark adaptation changes

10
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of sufficient magnitude to serve as criteria to measure the
ability of varying amount of retinor or carotene to cure them.

The plasma vitarnin A leve1 in these subjects felt to less than 15

ug/L00 mL (50 ru) at the onset of impaired dark adaptation. of
these three subjects, one was treated with 390 ug (I300 IU) of
retinol- per day which gradualry restored his capacity to adapt to
darkness (Hume and Krebs, Lg49).

2.3 SERUü RETTNOL AND DARK ADAPTATTON:

Carney and Russell_, (f980), did a study with 67 patients.
They reported that a serum vitamin A l_evel-s equar to or greater
than 40 ug per 100 mL predicted norma] dark adaptation ( retinal
function) 95 Z of the time, a serum vitamin A level_s equal to or
greater than 30 ug per 100 mL predicted normal dark adaptation 68

z of the time and a level- equal to or greater than 20 ug per 100

mL predicted normal function 27 ? of the time. Therefore, Carney
and Russell (1980) concluded that in individual patients with
serum vitamin A Ievels

vitamin A sufficiency only if a normaL dark adaptation response

is el-icited. In contrast, Do significant correlation between

RDAT score and plasma vitamin A l-eveI was observed in healthy
Guatemalan children (Solomons et â1., 1982). Serum retinol levels
are reduced only when most of the retinol- stored in the liver
has been depleted (Bureau of Nutritional Sciences I975b; Turley
and Brewster, I9B7; pitt, IgBI).

13



In their study, Sauberlich et al-. (I974) reporterd impaired
dark adaptation in one subject even though his plasma vitamin A

was still at a revel of 30-35 ug/L00 mL. rn the other subjects
however' significant dark adaptation impairment r{as observed only
after their prasma vitamin A revels had dropped below 30 ug/r}o
mL.

Incidence of abnormal- dark adaptation attributed to vitamin
deficiency have been reported at different serum vitamin
l-evel-s. Sauberlich et al.
adaptation at serum vitamin

(]-97 4) , reported abnormaf dar

A

A

k,

A level greater than 20 ug/I00 mL,

while carney and Russell, ( t9B0 ) , reported abnormal dark
adaptation at serum vitamin A level of l-ess than 40 ug/:-00 mL but
most studies report serum vitamin A l-evel-s equal to or l-ess than
r0 ug/r00 mL to present a high risk of vitamin A deficiency
(Joint V'IHO/USAID Meeting, L976; Bureau of Nutritionat Sciences

r975b; sauberrich et â1. , r97 4) . However a l-ow vitamin A level_

above that known to be al-most invariably associated with
deficiency (r0 ug/100 mL) can not arone predict deficiency in an

individual- (Pilch , 1987 ) . sauberlich et âr. , (rg74) , reported
onset of abnormal- dark adaptation which was reversible on vitamin
A treatment' in one patient whose serum vitamin A l-evel- ranged

from 30 to 35 ug per r00 mL. carney and Russelr, (1980), pointed
out that in individual patients with serum vitamin A level <40 ug

per 100 mL one can be sure of vitamin A sufficiency only if a

normal dark adaptation response is elicited. rn their study,
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among patients \^/ho had serum vitamin A levels between 30-39 ug

per r00 ftL,6 of rB had abnormal dark adaptation tests. upon

vitamin A therapy dark adaptation lvas normalized in atr six
within l--4 weeks.

rt is uncertain whether vitamin A l_evels greater than 40 ug

per I00 mL can be safely interpreted as predicting normal- vitamin
A-dependent retinal function in otherwise normal- individuals (i.e
apparently health) to maintain normal rod and cone funcLioning or
íf it is higher than Lhat which would be required. This
uncertainty of accurate vitamin A requirement emphasises the
unreliability of plasma retinol values as a measure of vitamin A

adequency. Subsequently, since the High performance Liquid
Chromatography (HPLC), is recommended for retinol- measurements

(Kaplan et â1.,1987). Kaptan et àr., (1987) used the HPLC to
develop reference ranges for plasma retinor by age and sex ( see

tables l- and 2). rn addition recent works of (Turrey and

Brewster' L9B7) suggest plasma retinol concenLration vary with
age and sex of individuals wiLh chil-dren having levels of 25 to
45 ugrz100 mL and adu]ts revel-s of 32 to 90 ug/r00 mL. A strong
correl-ation between age and gender was found using HpLc to assay
serum retinol. Retinol l-eveIs $rere signif icantty higher in men

than in women (Kap]an, l-987). Low plasma vitamin A concentration
may not necessarily indicate depressed vitamin A stores. Vitamin
A circul-ates in pl-asma complexed to retinol--binding protein and

prealbumin. A deficiency in these proteins caused by
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Tabl-e # 1.

Reference means for l-asma retinol b age and sex:

lege-group l Mare 
I

I lyears¡ |

tt
(ug/L) 

I

I

(ug/L lprobability I

I of gender 
I

difference.
lre-za

I zs-t+

I zs-a+

l¿s+

I err

I

520 (230-760 )

600 ( 310-830 )

660(430-9e0)

710 ( 4s0-1030 )

630 ( 380-e30 )

4Bo(3to-zao¡ 
|

s3o(320-B40) 
|

4e0(300-1000) 
|

6ro(360-eBo) 
|

s3o(320-Boo) 
|

<0.02

<0.007

<0.003

<0.03

<0.00t_

*5th-95th percentites in parentheses adapted from (Kaplan et
âf.,(I987).
**p statistics comparing 1og-transformed means.
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Table # 2.

Plasma retinol- rcentiles re rted for adults b age and sex
(ug/t ) z

I eercentile points

lro 25

for plasma nutrient levels

s0 75 90

Sexes combined I sOo

Males I a:o

Females | :ao

440

5r0

410

550

620

500

720

620

B1o 
I

670 7Bo 
I

740l

Kap1an et â1. , I9B7 ) .
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hypoproteinemia results in a decrease in prasma retinol even

though hepatic stores of vitamin A remain adequate (Turrey and

Brewster, r9B7 ) . rn zinc deficiency, retinol-binding protein
synthesis is decreased and a similar situation occurs which
results in decreased plasma retinol even though hepatic stores of
vitamin A remain adequate. supprying protein and zinc in each

respective case, restores circulating retinol--binding protein and

in turn vitamin A plasma l-evel-s return to normal (Turley and

Brewster, 1987 ) . A recent review points out the rimited
usefulness of serum vitamin A as an indicator of total vitamin A

stores (Nutritional Review, l9B7).

Favaro et â1. , ( r9B6 ) , reported the rerationship between
plasma vitamin A levels and the dark adaptation test response in
31 preschoor chirdren. The resurts of a rapid dark adaptation
test were compared with the estimates of dietary intake of
vitamin A (in 29 children) and with plasma levels of retinol (in
31 children ) ( Favaro et âr. , r9B6 ) . The coefficient of
correlation (r) for the prasma vitamin A against RDAT \{as zero
and vras expressed as y=r8.670-0.002x. However, intake of dietary
vitamin A showed a positive and significant correl_ation (p<0.00r)
with plasma vitamin A level-s.
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2.4 ZINC AND DARK ADAPTATTON:

When retinal tissue is deprived of vitamin A, both rod and

cone function is impaired. The first clinical sign of vitamin A

deficiency is night blindness, impaired dark adaptation. rt has

been proposed that row revers of vitamin A can be caused by

impaired mobilization of the vitamin from the liver as a result
of zínc deficiency (solomons and Russell, r9B0). Altermately the
improvement in dark adaptation by intake of zinc supplements may

be due to enhanced activity of previousJ-y depressed retinor
dehydrogenase (Morrison et â1., 1978).

Retinaldehyde must be suppJ-ied constantly to the rods for the
formation of visual pigment (rhodopsin) and the prevention of
night blindness. rl-lumination of the retina bleaches rhodopsin
causing a rel-ease in retinaJ-dehyde which is then reduced to
retinol-. To resynthesize rhodopsin retinol must be reoxidized to
retinaldehyde by alcohol dehydrogenase which is a metall-oenzyme

of zínc (Morrison et âI.,1978; Russell et âI.,1978).

solomon and Russerl, ( r9B0 ) , reported a study which
demonstraLed that a singre intraperitoneal_ injection of r0 mg of
zLnc surfate (2.4 mg of zinc) produced an abrupt rise in pÌasma

retinol- and a reciprocal decline in hepatic retinol, on

monitoring liver and plasma retinor levels during a 6-hrr post
injection period, compared to sal-ine-injected rats. This study
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supported the hypothesis that the metabolic defect produced by

zínc deficiency was a failure to mobil-ize hepatic vitamin A. The

conclusion was that, mobirization of retinol- from the tiver
stores to circulation would be achieved by the administration of
zinc-sufficient diets to animals depteted of zinc (SoIomon and

Russel-l-, l9B0 ) .

Russerl et â]., (1978), reported a case of two subjects who's

dark adaptation threshold failed to respond to supplementation of
vitamin A. These subjects had serum zinc revel_s berow 65 vg/L
(i.e

mg/day when it was added to the regimen of dairy vitamin A

supplements as reflected by a drop in dark adaptation threshol_d.
Dark adaptation normarized in both subjects within one week (fig.
3). The other two subjects who had elevated dark adaptation
threshol-ds, failed to show any change in finar dark adaptation
untir they $¡ere supplemented with 10,000 ug/dL dairy of vitamin A

orar supprement for I to 2 months. However this did produce

increased plasma vitamin A level-s of 26 and 56 ug/dL
respectively, but final threshol-d remained elevated (Russell et
âf., I97B; Morrison et âf., l97g; Solomons and RusseII, 1980).

Morrison et âr., (Lg7B), reported on 6 patients with abnormar

dark adaptation who responded to zinc replacement by a decrease
in final dark adapted threshords to normar ( see tabre 3 ) . Two of
the six patients had been treated with vitamin A (f0,000 ru/day)
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for 2 Lo 4 weeks without satisfactory response. However, after
addition of orar zinc sulfate (220 mg/ð,ay ) for l_ to 2 weeks

their final dark adapted threshol-ds returned to normar. Three
other patients who were treated with zinc sulfate prior to
vitamin A therapy arso responded with normal_ dark adaptation
tests (see tabte 3).

smith et â1, (r974) have demonstrated that weanring rats on

zínc deficient diets had plasma retinol binding protein l-evel_s

which were 25eo of normal and hepatic level-s which v/ere 50% of
normal. The low retinol binding protein concentrations in the
l-iver of zinc-deficient rats is in contradiction to the erevated
l-evels of hepatic retinol binding protein in vitamin A deficient
animals. These observations suggesL that zinc deficiency resul-ts
in depressed hepatic synthesis of retinor binding protein, whire
vitamin A deficiency resul-ts in decreased secretion of the
transport protein from the liver.
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Tab1e # 3.

Dark adapted thresholds ( Unit: Iog
supplementation with retinol_ and zinc.

lux) before and after

THRESHOLDS

Patient I rn:-tial

I before

I treatment

I vitamin a

I ro,ooo ru

I tz-a $rk )

I zinc sulfate

I zzo ms/day

I tt-z wk)

Vitamin 
I

A and zinc 
I

(2 rdk) I

I

I

I

I

I

I

I

I

I

I

I
2

3

4

5

6

3.2

3.0

3.r

2.5

4.3

2.8

2.6

3.2

2.L

2.2

2.2

2.r

3.1

2.3

I

I

I

I

I

I

I

NormaI dark

0.2 log l-ux

adapted threshold for
(Morrison et al., I97B).

6 age matched control-s:2.1 +

the subjects who's dark

zinc supplementation is

The dark adaptation curve of one of
adaptation threshold normalized after
il-lustrated in f igure 4.
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FIG 4. dar'k adaptation curve of one of the subjects who normalize their dark

adaptation after zinc supplementation

from MORRISON ET AL., 1978.
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2.5 ZINC AND COPPER STATUS IN PREGNANCY:

smith et âr., (1988) undertook a study to l_ook at the effect
of pregnancy on zinc metaborism. They had lg non-pregnant women,

16 early-pregnant women (13-17 weeks) and l6 Iate-pregnant v/omen

(28-34 weeks) in their study. Brood v/as colrected at 0,30, 60,
L20 ' and 180 minutes after ingesting 100 g grucose to evaruate
changes in variables of zinc nutriture. They observed that
fasting plasma zinc concentrations decreased significantly as

pregnancy progressed. The late-pregnant women had significantly
higher erythrocyte zinc levels and greater 24-hour urinary zinc
and glucose excretion in response to glucose challenge. pl-asma

zinc after grucose load in nonpregnant women exhibited a

curvilinear response whereas no change was observed for the
pregnant \^¡omen. This l-ack of response by pregnant women may be

related to their prasma zínc concentrations. prasma zínc
concentrations were found to decl-ine with pregnancy. smith et
â1., (1988) reported that Iate-pregnant rvomen excreted 2.4 and

1.5 times more zinc than early-pregnant and non-pregnant women

respectively.

El-evated serum copper and ]ow leve1s of serum zínc have been

documented as effects of oral- contraceptives although the Iatter
$tas not found as consistently as elevated copper concentration.
Prasma copper level- was observed to be significantly higher
(P<0.01) for oral- contraceptive users than for non-user of oral_

contraceptive (Crews et al., 1980).
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2.6 SUllt{ÀRY:

rt has been shown that vitamin A deficiency leads to night
blindness, a decrease in retinol sensitivity to light under dim

Iighting conditions. However, serum retinol- values have been

found to be quite unreliable as an indicator of vitamin A status
due to the wide range of varues in which night brindness may or
may not occur. rt is therefore, more reliabl-e to use serum

retinol values coupled with other physiologicaJ- indicators in
assessing vitamin A status.

Retinal sensitivity can be assessed by use of the cl-assical
dark adaptation and rapid dark adaptation test measurements.

However ' due to the inconvenience and the expensive nature of the
equipment required for classicar dark adaptation, rapid dark
adaptation has been proposed as a useful_ method for detecting
vitamin A deficiency in the fierd. on the other hand, several_

factors, olher than vitamin A deficiency have been shown to cause

night blindness. zinc deficiency results in the immobilization of
vitamin A from liver stores, thus resulting in night blindness,
in spite of the adequate liver stores of vitamin A. Since other
factors appear to affect the zinc status, such as pregnancy, use

of oral contraceptives, cirrhosis etc, it is important to
investigate some of these other factors in conjunction with
vitamin A status.
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2.7 NT]TRITTONAL STATTJS OF THE INUTT POPTJLATTON:

Forlowing the Nutrition canada survey of rg70-rg72, concern
was expressed regarding the Vitamin A status of native Canadians

in isorated communities. Firstry, diets reported by rnuit people
during the survey vTere calculated to contain considerabry fewer
vitamin A active compounds than diets of either the nationat
survey sample or the rndian survey sample. Though seasonaÌ
variation in intake courd be expected, a low vitamin A status of
rnuit peopte lvas assumed (f ig. 5 ) (Bureau of Nutritional
Sciences, J_975a and 1975b). It was noted Lhat the interpretation
of the data from 24-hour recaII $ras especialty difficult for
vitamin A. The varuesr âs expected varied over a wide range and

the mean for each intake qras 1.3 to 1.8 times the median (Bureau

of Nutritional Sciences I975b).

The survey al-so described lower serum retinol val-ues for the
rnuit than $Jere present in the National or rndian samples. The

median varues were lower for arl age groups, even though none of
the val-ues were found to be in the high risk category estabtished
for the survey, set at 10 vg/I00 mL (see table 4).

No clinical cases of vitamin A deficiency were observed and

the data did not confirm deficiency status for the rnuit
population. However, the l-ow Vitamin A intakes and serum retinol
val-ues below the national average suggested a risk of inadequate
vitamin A status. Hence the rnuit popuration of Arctic Bay was

26



t000

r¡o0

r¡û0

tr00

r?00

r000

¡o0

¡o0

a0a

too

G

I

I

1
i
I

¿
I

I

J
I

I

¡

i

j
I

1

j
I

I

xÁTroilAr- Âr{D EsKt}to SURVEYS

TIE^D{AN NTAKES OF VfTAf,IIN A
A5reltr hrUrr
h¿Ja+;¡lc htrlc

?0-t¡
Í

N¡l¡rr¡' S.ry?t
Es\r¡p Ss.-wy

E,
D

Þ
Þ

0-.
TF

t-f
t¡lF

¡35)
r?

10. r9
¡

20 .1r
I

a0-s¡
¡ 10.r9

G

! 1?¿

aO.5{ ' tS +

Fç
H¡r ' Þ7(C,trnþ 33

¡r)3 g-cl ¡??3 6tg3i 3? 3€- 2Ë
¡3{3 ¡s3r 81E3_c 3S tE

768
IE¿slioñâl Su+ey (.G6.( MAF. G5 + trrEF)

Fig. 5., National- and Eskimo surveys Eedian intakes of vitamin A.
a

(Bureau of NutriÈionaI Sciences, t975a).

27



P.r..nr.g. of subjectr rl 'High Rlsk'by thc Nutririon c¡nrdr survcy criterir

Nutrition C¡n¡d¡
Nrtionel Eskimo

Araic Bay ¡nd N¡nisivil

I 9t0
Non-lnuit

I 97t I 97t l9 80

i of rpcrimcns'

0.7
2.3
7

t3

6

9t

6
t.2
8

t3

0
0
8

ô
t5

0

ö
6

ó
0
5

0.02
t9

0.2
0.2

300

0.?
2

t2
9

s2

0
0
0

I
0

2S

roglobin
HC
rrnsfcrrin S¡turrtion
m Folrtc ((2.5)
m Folatc (({.0)f
min C
min A
þslcrol

t2
tt
16
0
t
0

0.7
0.{

t2
t0
3l

t.3
¡4

rfl¡vin
lC 6.t

0.7
1.2

¡bcr-of spccimcns - not all spccimcns wcrc of adcquatc sizc for all tcsrs. nor *.crc spccimcns obtained fr;- 
"ll 

;ùJ..rr G g
t chìldrcn)-

infants and somc

I Risk by thc Montre¡l hospital laborarory cri¡cria.

(Verdier eL aI., r9B7).

Pcrcentrge of vrlues Betow thc Nutrition crnad¡ survey N¡tional semple 5th Percendle'

nraic B"Y ¡nd Nanisivik
Nutritioo
C¡¡¡d¡

Eskimo Rcpon
1972

louit
t980t978

I 97Er 97ó

lcr of rpccimcosi

moglobin
mrtocnl
:HC
n
Íransfcrrin Sat uration
r¡m Folatc
:amin C
.rmi¡ l.

bofìavin
Jinc

355

t?
tó't6
6
t

12
33
22

300

l3
9
5

l0
7
3

9t

26
t2
l1
4
3

5-
30 33

52

0
0
0
0
0
0

l2

t3

t5
E

0
I
i
0

0
0

287

ll
t8
0.1
7
6
1

29

¡19-2i13e-
P.roni"r. of V¡lucs Abovc thc Nutrition Canada Survcy
¡ !'-''¡i-D- 

Ñ"rional Samplc 95th Pcrccntilcl

¡olestcrol t - :;,:;. ,* t.fãntq Rnd somc small

mbcr of spccimcns _ Dor a, spccimcns vcrc of adcquarcrir. ro, ¡r rcsrs Dor *.r. ,p.ìñ.irlGiã f -m all subjcas (c'g infants and sooc

(Verdíer et al. 
' 
I987) '

28



investigated over the Period between Lg76 and IgBl (verdier eL

âf., r9B7; verdier and Eaton, L}BT). Four separate surveys were

carried out. The study concruded that the rnuit subjects had

bl-ood l-evel-s indicative of fewer deficiencies than Nutrition
Canada Survey, with the exception of Vitamin A (Table 5 and 6).
The data was compared with that reported in the Nutrition Canada

Eskimo Report by showing the percentage of persons at risk of
deficiency and percentage of persons having varues below the
fifth percentile and above 95th percentile of the national
distribution. "High risk" v,ras def ined as the ]evel at which there
is "a high probability that a nutritionar probrem may exist,,.
"Moderate risk" as "an average probability that a nutritional_
probrem is present or developing". Because of the smarl number

involved, the total poputation was used in the initial comparison
(see table 6) (Verdier et âf., I9B7).

rn all phases a higher percentage of subjects had values below
the national 5th percentile and l-ower than the values seen in the
rnuit during the Nutrition canada Eskimo survey. rn the third
phase' 3 subjects had values at "high risk" (< l-0 ug/r00 mL)

(verdier et âr., r9B7). The number of rnuit with ]ow levers of
serum vitamin A increased during the three phases of the study
over the number observed in the Nutrition Canada survey(see table
5). The low serum vitamin A found in this study were similar to
those reported in the Al-aska survey report (r956) which stated
"Food sources of vitamin A are rich and plentiful and yet prasma

l-evers are often low". The only trend seen v¡as an increasing
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Tabl-e 2 -->Nutrition canada interpretive standards; ---> tabl_e #6
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number of subjects lvith extremely l-ow serum vitamin A levels.
Verdier et aI . (L987 ) Conclusion \¡/as based on the observation
that the distribution of serum retinot values was considerably
lower than that of the national sample for Canadians investigated
during the Nutrition canada survey. About 30? of the sample v/as

found to record serum retinol val-ues below the Nutrition Canada

nationar sample 5th percentire. yet, onry r.3% of the rnuit
subjects vTere found to have serum retinol- values below 10 ug/I¡O
ITIL' most of whom were chirdren (verdier et âr., 1987).

rn the dietary survey accompanying their study Verdier and

Eaton (I987) found low intakes of milk and vegetables which are
important sources of vitamin A for Southern Canadians. A simil-ar
pattern vTas therefore found in both the Nutrition Canada Survey

and the Arctic Bay study, indicating few or no deficient
individual-s in spite of low apparenL intakes of vitamin A

containing foods.

2.8 CONCLUSION:

The health effects of lower than average vitamin A status
found among rnuit popuration groups are uncrear. Low vitamin A

status has been associated with increased risk of mortatity among

children¡ âs well as clinical symptoms related to epidermal
function and l-owered immune response (sommer et âf., 19B0; 1983;

1984; 1987 i sommer, 1984). The l-ow vitamin A status observed
among rnuit populations may therefore affect the prognosis of
medical- care. rn addition no resul_ts of serum retinot
measurements are available for Inuit patients.
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Chapter IIf

3.0 TEE STUDY PROTOCOL:

3.1 THE PURPOSE OF THE STUDY:

The purpose of the research was to test the performance of a

recently proposed method to measure dark adaptation for use

outside the laboratory with a group of peopre who might be

expected to have vitamin A deficiency. Rel-iability of the method

depends on standardization of the test procedure, especially
under the survey conditions. The outcome of the project could
lead to a procedure for screening peopre for vitamin A status,
without the need for bl-ood sample anaryses. The procedure
requires l-ess than 20 minutes and is interactive. It coul-d find
practical application in the clinicat setting, in research and in
field surveys ( Solomons et âf, 1gg2) .

The study describes the vitamin A status of a popuration group
for whom previous studies are not concl-usive but indicated the
possibility of vitamin A deficiency (Bureau of Nutritional
Sciences, J-975a and 1975b). A dark adaptation procedure $/as used

as part of testing for vitamin A status, with the expectation
that this procedure can be used in the future as a screening tool
for vitamin A stalusr preliminary to the more cumbersome blood
analyses. rn addition, zinc and copper status were described
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allowing better interpretation of the plasma retinol resul-ts. The

haemoglobin level-s and the haematocrit count IeveIs provided a

better understanding of the subjects, nutritional status in
general, since vitamin A status may infruence the patients'
response to a variety of infectious diseases (sommer, r9B4¡
sommer, 1987). The dietary history questionnaire provided data
for cal-culation of retinol equivalence, retinol concentration and

totar energy among other nutrients. This provided knowredge of
the subjects dietary intakes of vitamin A and other nutrients.

3.2 R.ESEARCH DESIGN:

rnuit patients from Northern Communities of Manitoba and
Northwest territories (Appendix r ) who !,iere attending medical_

care facil-ities in Winnipeg provided data to test the hypotheses.
The patients who had just arrived and who had not spent more than
3-4 days in winnipeg were considered to avoid the infruence of
vitamin A fortified foods provided at the rnuit boarding home in
the study. A total of 50-r00 subjects were expected to
participate.

Prasma retinol- levers, serum zinc revers, serum copper 1eve1s,
haemoglobin revels, haematocrit count revels, rapid dark
adaptation test times and dietary intakes of vitamin A were

estimated for atr subjects. statisticar anarysis and any other
interpretation of the data took expected varues for these
indicators into account in relation to gender, â9e, heal_th status
and pregnancy status.
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3.3 EYPOTEESES:

1. Rapid dark adaptation measurement times are inversely related
to plasma retinol values.

Dependent variable -Rapid dark adaptation measurement

t imes .

Independent Variabl-e - plasma retinol values.

2. Prasma retinol values are reLated to estimates of dietary
Vitamin A obtained by diet history.

- Dependent Variable plasma retinol val_ues.

rndependent variabre - Estimates of dietary vitamin A.

3. Dark adaptation times are rerated to estimates of dieLary
vitamin A obtained by diet history.

- Dependent Variable Dark adaptation times.
rndependent variabte - Estimates of dietary vitamin A.

4. Rapid dark adaptation test values show inverse relationship to
serum zinc values.

- Dependent variable - Rapid dark adaptation test val-ues.

Independent Variabl_e Serum zínc values.
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Chapter IV

4.0 DATÀ COLLECTTON.

4.1 ST]BJECT CONTACT AND SELECTION:

AII- subjects were patients from Inuit Communities in Northern
Èfanitoba and Northwest rerritories (Appendix r) traverling to
Winnipeg for medical care. The Northern t'fedical Unit keeps record
of al'I the patients who come from the Northern Communities to
winnipeg for medical care. some of these patients sLay for r-3
days, others stay for r-3 weeks or longer, depending on their
medical problems. Most pregnant r^romen who come to winnipeg f or
delivery stay in the city for at l-east three weeks or as long as

several- months ' depending on gestat ion and due date . [r]hen these
patients arrive in Winnipeg, they reside at the boarding house (5
East Gate)' with friends or in hotels. The Northern Medical- Unit
has contact with each patient during the time they atLend
outpatient crinics or the time they are admitted to a hospital
ward. The Northern Medicar unit is notified when they are
discharged from the ward, or transferred to another hospitar.

The investigator received the names of patients, a day before
they arrived in winnipeg. The investigator went to the boarding
house every day of the study in the evening to meet with those
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subjects who had arrived during the day to explain the study and

ask for their participation in the research. An interpreter
accompanied the investigator when necessary. Those who agreed to
take part were asked to sign a consent form in the presence of a

witnessr who was either, a felrow patient from the North, a

friend or the interpreter. For the subjects who signed the
consent form, a meeting uras arranged at the Hearth sciences
centre, Department of community Medicine, Health sciences. The

meeting took place within 72 hours (3 days) of the subject
arriving in Winnipeg. Transportation lvas provided for the patient
where necessary. Data was collected at this single contact with
the subject.

4.2 PROCEDT]RES:

The study was carried out under the supervision of Department

of Foods and Nutrition and the Department of Community Medicine.
The study and methods were presented to the Keewatin Regional
Hearth Board for approvat by one of the doctors in community

Medicine. Prior approval for the SLudy was also obtained from the
Faculty of Human Ecology, University of l,lanitoba in accordance
with its procedures for research with human subjects.

Those subjects who agreed to participate in the research \^/ere

requested to answer a diet history questionnaire which took about
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t hour. Next Lhe Rapid Dark Adaptation Test was carried out which
took about 20 minutes. Both of these procedures \^rere carried out
in one room at the Department of community Medicine, Heal-th

sciences. Following Lhe diet interview and RDAT, the subjects
were taken to the Haematology Laboratories of the Hea1th Science
Centre where a 20 mL blood sample was taken. The blood sample was

drawn by a nurse or a technologist employed by the Haematology

Laboratories. rt r,¿as colrected in two vacutainer tubes, a

heparinized tube for plasma retinol anatysis and a metal--free
tube for the serum zinc and serum copper anaJ_yses. The subjects
r¡Jere returned to their place of residence whenever it v/as

necessary.

The blood sample were refrigerated until later in the day when

the investigator removed the plasma and the serum at the
university of Manitoba Department of Foods and Nutrition
l-aboratory. The plasma v,ras then f rozen at -2OoC until atI
subjects' data had been corlected. The serum \,¡as stored at 0-4oc
for a period of l-ess than two weeks then it was transported to
st. Boniface Hospital Haematology Laboratories for zinc and

copper analyses.

4.3 ANALYSES:

The prasma was analyzed for plasma retinor l_evers at the
university of Manitoba Foods and Nutrition laboratory using
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High-Performance Liquid chromatography (HpLc) (Driskel-r et al_

19B2; Beiri et al 1979). serum zinc and serum copper were
determined at st. Boniface Hospital using Atomic Absorption
spectrophotometry (AAS) techniques (Kapran and pesce t9B4; Teit
1986). The latter was supervised by Dr. D. parry of st. Boniface
Hospital Haematology Laboratories.

The retinol- equivalents, total energy and retinol
concentration of the individual diet histories \dere calculated
together with other nutrients at the University of Manitoba using
the canadian Nutrient Fire (Hearth and werfare, r9B6) and

university of Manitoba computer NAp programme. The dark
adaptation times were used as recorded and an arithmetic mean of
the best two attempts among three trial-s was calculated for each

subject.
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Chapter V

5 . O T¡IÀTERTAT,S AND T¡ÍETHODS:

5.1 RÀPID DARK ÀDAPTATTON TEST:.

5.1.l_ Equipment.

1. A standard dark 1ight fixture on 4 ft stand.
2. One 7 I/2 Watt, bul_b (L2O volts).
3. A neutrar density film (flashed density on film arrowing rz

transmittance): Exposed x-ray firm cut to aperture.
4. 1B plastic discs (poker chips) with refl_ective finish. Five

were white, six \¡Jere brue and seven vJere red (Reference disc
from Mu.nsell colour laboratories). Each disc had a diameter
of 3.8 cm.

5. A dark non-refÌective work surface: sheet of brack felt to
cover the table surface.

6. Two stop watches.

7. An absolutely dark room without light l-eaks for conducting the
test' achieved by covering doors and windows with plastic

and/or felt using tape.

Luminosity of the test room vras reduced to 0.00 2 foot
lambert, or 0.00068 cd/m2, target brightness. This revel of
brightness \,ras achieved by suspending the light and taking
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readings directly under the fixture using an opticon moder 550

Radiometer/ehotometer by EG & G Eletro-optics Division, ontario.
The Rapid Dark Adaptation test vras performed on a furry right
adapted eye. The subjects were in a dark room that v/as brightry
1it before beginning dark adaptation test.

The procedure was explained to individual subjects before the
beginning of the dark adaptation test. During the explanation,
the subject lvere shown a pile of colored discs which had been

mixed together and requested to start separating them according
to colour (white disc first forl_owed by blue) once the lights
were dimmed. He or she would then proceed to separate out the
white discs and then signar as soon as they were separated.
subsequently the subject signared to stop the test when the red
and bl-ue discs were separated. Throughout the period of the test,
the investigator replaced any discs that !^iere wrongry categorized
to the unseparated pile in the middre of the working surface
until all discs $/ere correctry separated. The finar time
indicated the amount of time required to complete the test with
100å accuracy. ArJ, subjects \,/ere asked to repeat the right
adaptation and the rapid dark adaptation test three consecutive
times. This took about 20 minutes.

One stop watch timing was stopped

separated the white discs and signalled
watch timing was stopped at the end of the
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and red discs. The times showed the
separation for respective colors (white

time taken to complete the separation.

The retinol equivalence, total
concentration were cal_cul_ated among other

time taken to do the

and blue ) hence total-

energy and retinol
nutrients from the diet

rt was exprained to the subject that under reduced J_ighting
conditions he or she would not be abte to distinguish col-our and

would only be able to separate the discs according to relative
brightness. rndividuar sub jects \,¡ere then right adapted f or one

minute by fixating on a white hard paper surface which \.vas

praced on the work tabre. stop watch timing was started at the
same time as the right was dimmed down to 0.00 2 foot l_ambert or
0.0068 cd/m2 the subject then proceeded to separate the discs.

5.2 DIET ETSTORY INTERVTEW:

The diet history questionnaire enquired about the long term
dietary intake of Vitamin A sources. The interview allowed open

ended answers and food models rvere used to standardize responses

on food amounts. Responses rtrere intended to reflect the subjects
eating pattern over the last month. changes in eating pattern
between seasons were incruded in the questioning. The diet
history interview took about t hour with the herp of an

interpreter.

4T



history responses using the Canadian Nutrient FiIe (Heatth and

welfare, 1986) and the NAp programme of university of Manitoba.

5.3 DETERI{TNATION OF VfTA¡{IN A IN pLASt¡fÀ:

5.3.1 Procedure:

The procedure for determination of vitamin A using High-
Performance Liquid chromatography (HpLc) that was used in this
was study simirar to that of Driskell et âf., (rg}2) except that
tocopherol acetate was used as the internal standard instead of
retinor acetate and methanol was used instead of ethanol_ to
dissolve the sample prior to injection. Mobil-e phase composition
was adjusted to optimize peak separation.

5.3.2 Extraction üethod:

- using a glass syringe type pipetter, r00 uL of internal
standard was transferred into a r0 by 75 mm glass disposable
tube.

100 uL of sample (plasma) was added and mixed on a vortex
for 20 seconds (pipet tip was primed with sampte by firling
and emptying once before actual_1y pipeting).

200 uL hexane was added and mixed on a vortex for 45

seconds.

- The mixture was then centrifuged for 3 minutes at
approximateJ_y 2000 RpM ( IEC model CS 3/ 4 speed ) .
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- Using a 100 uL glass pipetter, about 150 uL of the hexane

layer v¡as transferred to a l-.5 mL microcentrifuge tube
(pipetLer was rinsed twice with hexane between sampJ-es).

- The hexane layer was then evaporated under nitrogen.
- using a grass syringe pipetter the sides of the tubes were

washed with 100 uL of methanol.

- The tubes were capped, mixed on vortex for 30 seconds and

puL in the refrigerator.

5.3.3 Analysis Method:

50 uL of the prepared sample were injected onto the HPCL column.
The operating parameters were as fol_Iows:

COLUT'ÍN: Ultrasphere OD, S 5.0 urtr 250 mm x 4.6 mm

PRECOLUMN: Al-l-tech pellicular CIB

SOLVENT: Methanol:Water 98l.2

FLOW RATE: 2 ml/minute

DETECTOR: UV at 280 nm. Range 0.0I
INTEGRATOR: Hewl_ett packard 3390 A.

fntegrator v¡as set as fol_lows:

ZERO =0-0.8 0.00INTG#- g

ATT 21 = 3 2.00 INTG # = -9
CHT SP = 0 .2 5.00 pK WD = 0.l_6

TRSH =4 yI.50STOP

ARREJ =0
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5.3.4 Reagents:

Methanol:Water 98z2- HPLC grade methanol- was mixed with HPLC

grade water and filtered it through a 0.45 um Type FH mitlipore
filter under a water aspirator vacuum. Degassed it under vacuum

f or 10 minutes whil_e stirring.
Hexane reagent grade or HPCL filtered as above.

Ethanol_ anhydrous, filtered as above.

Methanol HPCL grade filtered as above.

5.3.5 Standards:

Stock standards

1. Retinol 500 ug/mL- weighed 50 mg of retinor(Kodak # 5159)

into a smarl beaker, dissorved in ethanor, transferred to
100 mL volumetric and brought to volume

with ethanol.

Tocopherol acetate 500 ug/mL - weighed 50 mg of
tocopherol acetate (sigma T-3376) into a smal_1 beaker,
dissorved in ethanol , transferred to a r00 mL vol_umetric
and brought it to volume with ethanol.

2. Standards for determination of purity
Retinor L ug/mL - diruted 0.050 mL (using glass syringe
pipetter ) of 500 ug/nL retinol to 25 mL with ethanol.
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Tocopherol acetate - 50 ug/mL - diruted r.0 mL of 500

ug/mL tocopherol acetate to I0 mL with ethanol.

The retinol and tocopherol- acetate standards were measured

in a spectophotometer at 325 and 2g5 nm respectively to
determine their puriLy and values in the standards curves
$rere corrected accordingly

3. standards for contamination checked by HpcL. standards
hrere prepared as indicated berow and run on HpcL to
determine retention time for each standard and to check

standards for contamination.

Retinor 5 ug/mL - dituted 0. r mL of 500 ug/mL retinol_ to
10 mL with methanol_.

Tocopherol acetate 100 ug/mL - diluted r.0 mL of 500

ug/mL tocopherol acetate to 5 mL with methanol.

4. Internal- standard

Tocopherol acetate z0 ug/mL dilute I mL of 500 ug/mL

tocopherol acetate to 25 mL with ethanol.

5. Recovery checks standards

combined retinol and tocopheror 20 ug/mL retinol and r
ug/mL tocopherol-diluted 0.050 mL of 500 ug/mL retinol_ and

1.0 of 500 ug/mL tocopheror to 25 mL with ethanor-.
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Tocopheror acetate 40 ug/mL -diluted 2.0 rnl, of 500 ug/mL

tocopherol acetate to 25 mL with ethanol.

To deLermine recoveries, 50 uL of 40 ug/mL tocopheror aceLate
sol-ution and 50 uL of combined retinol- and tocopherol standards
were added to a set of plasma sampres instead of Lhe l-00 uL of
internal- standard added in step one of the extraction procedure.
Another set of samples had 50 uL of 40 ug/mL tocopheroJ. acetate
and 50 uL of ethanol added. Recover vTas then cal-cul-ated f rom the
difference between the two set of results.

5.3.6 Standard curve:

standards for car-ibration curve \^7ere prepared by combining
different quantities of retinol with a finited amount of
tocopheror acetate. After running the standards on the HpcLr peak

area ratio for R/TA vrere determined and protted against weight
ratios which had been corrected for the purity of the standards.

5.3.7 Calculations:

Tocopheror acetate \,ras added to the sampre so that the finar
concentration vras 0.5 ug/50 uL. once the sampre had been run the
area of the retinor peak was divided by the area of the
tocopheror acetate peak. The val_ue thus obtained v/as applied
directly to the standard curve or the previously calculated slope
and intercept val-ues to obtain a weight ratio of retinor/
tocopherol acetate. Mul-tiplying the area ratio by 2000 resul_ted
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in ug ReLinol/dl, plasma. It \^ras not

every day once the calibration curve

standard was run every day before the

necessary to run

was established.

samples were run.

standard

However a

Formul-a for cal-culation:

This is the slope and

weighl ratio + 0.002 x

intercept.

2000 = ug/dL

13. B0

5.4 SERUIIT ZTNC AND sm.Uu coPPER ESTIMÀTIONS:

A venous blood sample \^Jas drawn by a technologist or a nurse
using metal- free vacutainer tubes and refrigerated untiÌ 1ater in
the day when the serum v¡as extracted by the investigator and

stored at 0-4oc for periods of less than two weeks. The serum $¡as

then t ranspor ted to st . Boni face Hospi tar Haematorogy
Laboratories where it was anaryzed for serum zinc and serum

copper using Atomic Absorption spectrophotometry under the
supervision of Dr. D. parry of st. Boniface Hospital.

5 . 5 EAET{OGLOBIN ÀND EAET,IATOCRIT COI]NT ESTrI{ATTONS:

A venous blood sampre ( whole brood ) was used by the
investigator to determine the subjects haemoglobin Level-s and the
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haematocr i t count leveIs . The haemoglobin r^/as determined in
duplicates using carorimetry. A standard of L2 ng/dL \,{as used to
standardize the haemoglobin absorbency. The standard vras Ieft to
I{7arm up to room temperature f or 15-20 minutes and the venous

blood was fulIy mixed and reft to stand at room temperature. rt
$¡as l-ater mixed thoroughly but gently before using it for
determination of the haemoglobin l-evel-. A1l samples v/ere done in
duplicate and repeated when there rdas a l0Z difference between

the duplicates. The cyanomethemogrobin reagent, Drabkin,s
sol-ution and cyanomethemogrobin standard solution were used as

the reagents (Sigma procedure No.525)

For heamatocrit determination whole blood

and then drawn into capillary tubes, capped

centrifuge for I0 minutes. The tubes vrere

grove and the hearnatocrit percent was then

the data record. Duplicates that differed
repeated.

!{as thoroughly mixed

and spun in a micro-

placed on a readers

read and recorded in
by 10? or more were
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Chapter VI

6.0 STATISTICAL ANALYSIS:

The univariate procedure produces simpre descriptive
statistics (incruding quantiles) for numeric variabres. The

univariate procedure provides greaL detail on the distribution of
a variable. The folrowing is included in the univariate
procedure: detair on the extreme val_ues of variables, quantiles,
median, severar prots to picture the distribution, frequency
tabl-es and test that the data are normarry distributed (sAs,
l9Bsb).

The other statistical- procedure used vras the General- Linear
model-s (GLM) procedure which uses the method of reast squares to
fit generar rinear models. Among the statisticar methods
avail-able in GLM are regression and partial correration. GLM

handles classification variables, which have discrete levelsr âs

wel-I as continuous variables, which measures quantities. In this
study GL¡,l vTas used for simpre and murtipre regressions. rn
multiple regression, the var-ue of a dependent variabr-e (arso
called a response variable) are describe or predicted in terms of
one or more independent or explanatory variable (SAS, 1985a).
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The statistical- analyses were carried out in the following
steps:

l-. Descriptive statistics, including the arithmetic mean,

standard deviation, standard error and range, r,\rere determined
for the data collected for al1 the subjects.

2. Pearson's correlation coefficients was determined for each

hypothesis to determine degree of association between the
dependent and independent variables.

3. Linear statistics r^/ere car-curated using small ranges where

possible or when it r^Jas necessary.

4. For each hypothesis, the independent variable was used in a

regression equation.

5. MurtipJ-e regression anarysis was carried out to determine
the influence of zinc status on the relationship between

plasma retinol and dark adaptation test times.
6. Dietary information was categorized into high, medium and row

nutrient intake, and used in analysis of covariance to
determine the association of dark adaptation times with plasma

retinor values, haemoglobin l-evels or haematocrit.
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Chapter VIf

7 . O R.EST]LTS:

7.T THF: DESCRTPTION OF THE SAUPLE GROI]P:

The experimental sample was made up of Inuit patients who eame

from Communities in northern Manitoba and Northwest Territories
for medical- care facilities in the HeaIth Sciences Centre,
winnipeg (Appendix r). The sample consisted of 44 subjects who

$/ere informed about the study, and signed the consent form to
participate in the study (Appendix A). The consent form was

written in English and transrated into the rnuit ranguage for
those who courd not read English (Appendix B). The sample

included patients with gastrointestinal problems, with metabotic
systemic problems and pregnant \¡¡omen. Mean age $/as 32.0 I r4.0
years' with a median of 29 years, and range rB*73 years.

Data was col-rected from arr 44 subjects, who compreted the
rapid dark adaptation test, the dietary history questionnaire and

provided 20 mL of venous blood in two different tubes, one for
retinor analysis and the other for copper and zinc anaryses
(Record form, Appendix C; data, Appendix D).

Two subjects were dropped during statistical_ anarysis of the
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data because their dietary history quesLionnaires rr/ere not
considered properly completed due to problems through the
interpreter. A medical- diagnosis was obtained for every subject
(see table 19). One subject was omitted from the calculation of
mean vitamin A intake (RE), because she reported a very high
intake of foods that contribute vitamin A (RE) (Appendix c). The

high intake of l-iver led to vitamin A intake more than 3.5
standard deviation above the mean, skewing statistical_
calculation in a way that did not represent the totar sample.

7.2 RÀPID DARK ÀDAPTATION TEST:

Three triars of the rapid dark adaptation test \,vere carried
out with each subject. The first trial was used as a rearning
experience and though recorded was not used for analysis. This
trial thus provided standardízed Iighting conditions for a period
of ten minutes before subsequent tr ial_s were conducted
(sevenhuysen, r9B4). Thornton, (L977), judged that a time of more

than three minutes to complete the rapid dark adaptation test was

considered an abnormal dark adaptation time. In the present study
the time taken to complete the test with 1002 accuracy determined
the individual's dark adaptation ability.

The mean time taken to identify the brue chips during dark
adaptation was 2L3 I 44 seconds, L9 of 42 (452) subjects had

time above the sample mean.
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The mean time to separate out the white chips çvas 43 I 22

seconds' with a very wide range from 19-117 seconds. The shortest
trial- of rapid dark adaptation test measurement times had a mean

of lBl 1 39 seconds. Among the 42 subjects, 22 (s2.42) recorded
their shortest triat of the last two trials above the mean time
of the total sampre's shortest time to dark adapt (see tabl_e 7).

7.3 DIETARY TNTÀKE:

From the responses to the dietary history questíonnaire,
retinol equivarence, total energy, and other serected nutrients,
namely protein, carbohydrate, fat and iron vJere calculated using
the canadian Nutrient fire (Health and werfare, r9B6) (see table
B).

The mean daily intake of selected nutrients, calculated from
the dietary history questionnaire, showed the mean intake of
vitamin A (RE) was 1074 1 70r (s.D) RE/day. The mean intake was

higher than the median (948 RE), which this means there were some

reports of high intakes of rich sources of vitamin A among the
subjects. However, both the mean intake and the median intake for
vitamin A showed that the vitamin A (RE) intake for the sample

population was within range of recommended intakes for adults.
These data refl-ect a population consuming a diet adequate in
vitamin A sources although their mean plasma reLinol- was in the
low normar range (46.8 1 14.3 ug/d,L). This trend al_so was
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observed by

I9Z of the

RElday.

Verdier et âf., (1987). However, in the present study
subjects had 1ow vitamin A (RE) intake set at 0-500

7.4 PLASì¡IÀ RETINOL:

Among the 42 subjects, 6 had plasma retinol l-evel-s below the
normal range (see tabr-e rB ) . of these 6 sub jects, 4 were
expectant' I had gastrointestinal problems and I had minor tests.
All four male subjects in the sampre had plasma retinor 1evers
within the normal range ( see table I; Appendix D; E) .

Among the 37 $romen, L4 were pregnant according to medical
diagnosis- However, onry 12 indicated they v/ere pregnant to a

question about their pregnancy status (see Appendix c¡ D). Among

these 14 women, 4 had prasma retinor level_s below normal range
set at (32.0-80.0 ug/dl-), (see table I; table tB; Appendix E).
However they did not show significant functional- impairment with
any of the variables.

7 .5 SERUU ZINC:

ït was observed that there was a high incidence of low serum
zinc levers among the subjects (see tabre 9). Twenty-two subjects
(522) had serum zinc val-ues below normal, defined as I0.0_I9.0
umol/L. None of the subjects had serum zinc above r9.0 umol-/L.
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Two pregnant $7omen had low serum z inc val_ues of 6 .7 and 6 . B

umoL/L. However their dark adaptation performances, ât 225 and

227 seconds respectively, were slightly higher than the sample

mean' but still within the mean found in the Iiterature for
vitamin A sufficient individuars (vinton and Russerl, r9B1).

one of the five mal-e subjects had a row serum zinc l_evel (8.9
unor/r,¡. Arl other subjects with 1ow serum zine were women.

According to doctor's diagnosis of the 22 subjects who had row

serum z inc 1eve1s, 13 were expectant women, 5 had
gastrointestinal problems, 2 had metabolic systemic problems and

4 had other minor medical probrems. severar subjects were
diagnosed with more than one medical- problem. Hence there r^7ere

more subjects diagnosed with low serum zinc levels than those
reported (see table IB; Appendix D; E).
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Tabl-e # 7 .

Rapid Dark Adaptat ion Test Measurements Times seconds for 42

subjects:

Variabl-es Mean Std. Dev. l,ledian Range

Ivlean RDAT time for blue chipsa 2r3

22

43 214 r35-348

43 3B I 9-1 r7Mean RDAT time for white chipa

Shortest timeb 181 39 L82 107-300
a Mean test time was the average Lime of the second and thirdtrials.
b Shortest test

trial-s.
time was the shorter of the second and third
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Tabl-e # B.

Diet Histor Nutrient Intake Estimate for 42 sub ects:

Mean dailv intakes of selected nutrients.
Variables

Protein ( g )

Fat (g)

Carbohydrates (g)

Energy (KCaI¡*

Vitamin A (ug Re ¡'t*
Iron (mg)

I sta.oev. I

læl
I so 

I

lrsol
I ttzt 

I

lzorl
Iz5 l

Mean

1rB

82

297

237 0

r070

24

l,fedian 
I

103 
I

70 
I

2Be 
I

23so 
I

e4B 
I

r.e I

Range

r92-330

10- 2 01

24-623

480-4810

BB-3876

5-164

I

I

I

I

I

I

I

**Rounded to l0 Kcal

*(N=41)
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Table # 9.

Efoqd values of 42 subiects:

Va r iabl-es

P1asma Retinol

Serum Zinc

Serum Copper

HB

I I I l¡ean

lar* ¡ 46.8

laz I g.a

I az I zs.t

laz I r:.0

I st¿. oev I t'tedian

I ra.r | 43.s

I z.t I s.6

I e.z I 2L.2

I z.s I r3.e

Range 
I

23.L-7e.3 
I

6.7-r3.4 
I

ro. e-4]. r 
I

7.0-18. e 
I

Haematocrit 23.0-57 .0

Norma1 range

Plasma retinol
Serum ztnc

Serum copper

Haemoglobin level

32.0-80.0 ug/dL

10.0-19.o umol/I

12.0-20.o umol/1

11.0-16.0 ug/dL

37 .0-47 .0 eo

38.0-93.0

10.0-19.0

L2 .0-20 .0

13.0-18.0

40.0-s4.0

female males

Haematocrit count?

ug/dI

umol/I

umol/1

ug/dI

z

*One plasma retinol sample lost during storage.
(Henry and Winkelman, J-974).
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7 .6 EYPOTITtrSES:

7 .6 .I Hlæothesis t. ,

Rapid dark adaptation measurement times are inverseì.y rel-ated
to plasma retinol val_ues.

- Dependent Variable Rapid dark adaptation measurement

times.

- Plasma retinol values.Independent Variable

- Covariate - Age

Dark adaptation performance is defined in two ways:

(i) Abirity to perceive white chips (white objects).
(ii) Ability to perceive brue chips (brue objects).

Table # 10.

Correlation of white chi test time with lasma retinol and a

Parameters

P1asma retinol
Age

Plasma retinol- and Age interaction

en>lrl

0.2s78

0 .27 53

0.5059

Es t imate

-0.59808

0.76094

-0.01032
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Ilhite chip test time:

There is no relationship between plasma retinol val-ues and

dark adaptation test times for the white chips (see table l0).
However, the correration r^ras negative, which coul_d be f urther
examined for influence of other variabl-es such as training,
language (an interpreter qras used when the subject could not
communicate satisfactorily in Engrish) and using a rarger sample.
Age seemed to influence the relationshipr lounÇ individual-s
recorded shorter rapid dark adaptation times for white chips. The

strong relationship of white chips times with p]-asma retinol and

age interaction vras primariry due to 3 elderly subjects in Lhe

sample. Therefore, the hypothesis that rapid dark adaptation
white chips test times was inversely related to plasma retinol
values was rejected.

Tabl-e # 1I.

Correlation of bLue chi test time with l-asna retinol and aqe:

Parameters

Plasma retinol
Age

Plasma retinol and Age interaction

PR>lrl

0.4389

0.0832

0.2429

Es t imate

L .087 42

3.9387s

-0. 0 487 0
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BIue chip test times:

Prasma retinor does not appear to infruence the rapid dark
adaptation test times for blue chip (see table lI), but when dark
adaptation test time for the brue chip lvas assessed against â9ê,
plasma retinol appeared to show a negative re]ationship with age.
The purkinje shift appeared to be delayed in respect to age.

since rapid dark adaptation measurement times and the
separation of either white chip or bl-ue chips (p<0.05), were not
significantly correrated to plasma retinor_ values, the
hypothesis that the observed ',estimate" is equar to zero was

therefore accepted. This meant that rapid dark adaptation
measurement times were not inversely related to plasma retinot
l-evels and the latter did not seem to influence RDAT. Therefore,
the hypothesis that rapid dark adaptation bl-ue chips test times
lvas inversery rerated to prasma retinol val-ues was rejected.

7 .6 .2 H}T>othesis 2. ;

Plasma retinor varues are related to estimates of dietary
Vitamin A intake obtained from diet history.

- Dependent Variable - plasma retinol values.
rndependent variabl-e - Estimates dietary vitamin A intake.
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and energy:

Table # 12.

Correlation of Iasma retinol with dietar intake of vitamin A

Parameters

Vitamin A intake

Energy intake

Vitamin A and Energy intake interaction

en>lrl

0.5208

0 .67 89

0.53s9

EsLimate

0.00867

0 .00245

-0.00003

Pl-asma retinol values were not significantly correlated to
estimates of dietary vitamin A (see tabl_e l_2). since plasma

retinor values were not deemed significantly correlated to
estimates of dietary vitamin A (p<0.05), the hypothesis that the
observed "estimate" is equal to zeÍo was accepted. This means

that r plasma retinol val-ues lvere not related to estimates of
dietary vitamin A. Therefore the hypothesis that plasma retinol
vafues \¡rere inversely related to dietary vitamin A obtained from
diet history was rejected (see other statistic on appendix F)
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Table # 13.

The estimates of Dietary intakes cat orized.
The nutrient
Energy ( KcaI )

Categor ies

GroupI

Group2

Group3

Group4

Range

0-1s00

1501-2500

2s0r-3500

Above 3500

T

L2

13

II

6

( ? of total )

28 .6

31.0

26.2

l-4.3

Vitamin A(RE) Groupl

Group2

Group3

Group4

0-s00

500-1000

1000-r500

Above I500

B

15

t1

B

19.0

35.7

26.2

r9.0

*Mean intakes see table g.
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The dietary data rras categorized according to the Recommended

Nutrient rntake (Bureau Nutritional sciences, r9B3 ) . The
recommended vitamin A intake for the adult \¡Jomen is 800 RE and

for the adutt men is 1000 RE. The recommended vitamin A intake
for the pregnant women is increased with an additional 100

RE/day, therefore' the total recommended intake for the pregnant
r^¡omen is 900 RE/day ( Bureau Nutritional sciences, l_gB3 ) . The

dietary data for the subjects v,las categorized according to those
subjects who fel-I below the recommended nutrient intake for
vitamin A (RE), those within the category of the recommended

nutrient intake, those above the recommended nutrient intake and

those with a very high intake compared to the recommended daily
intake for vitamin A (RE) (see table r3). There were g of 42

sub jects ( 19? ) ingesting less than the recoÍì.mended vitamin A (RE)

intakes, 15 0f 42 (35.72) with vitamin A (RE) intakes within the
recommended intake, r1 0f 42 (26.22) with vitamin A (RE) intakes
above the recommended intake and B of 42 (19.0?) with very high
vitamin A (RE) intakes compared to the recommended intake (see
table 13 ) .

The mean dairy intakes of ser-ected nutrient (see tabre B),
were calcul-ated with an exception of one subject. one subject was

ornitted due to her high intake of organ meats which are a rich
source of vitamin A. Her inclusion in the total cal-cul-ated mean

woul-d have biased the results of estimated daity intake of
vitamin A. equivalence. The type of foods and amounts the subject
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consumed are listed in appendix G. The rest of the foods for this
subject were within conceivabl-e amount of intake per month.

7 .6 .3 Elrpothesis 3 . ;

Dark adaptation times are rerated to estimates of
vitamin A.

dietary

Dependent Variable - Dark adaptation times.

rndependent variabl-e - Estimates of dietary vitamin A.

Table # 14.

Correlation of dark tation test tines white chi with dietar
intake of vitamin À and aqe:

Parameters

Vitamin A intake

Age

Vitamin A intake and Age interaction

PR>lrl

0.9287

0.002s

0.9257

Est imat e

0.0007s

r.L6679

0.00003

White chip test tine:
Dark adaptation test times for the white chips v/as not related

to the estimates of dietary intake of vitamin A (see tabre 14).
Therefore the hypothesis that the observed "estimate,' is equal to
zeto $Jas accepted. This means there was no relaLionship between

dark adaptation test times for the white chips and dietary intake
of vitamin A. Note that age showed a relationship with dark
adaptation white chip test times as was observed previously.
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Correlation of dark adaptation tes t imes

Tab1e # 15.

Parameters

Vitamin A intake

Age

Vitamin A and Age interaction

7 .6.4 Hypothesis 4.;
Rapid dark adaptation

serum zinc values.

- Dependent Variable

Independent Variable

- Covariate - Age

test values show inverse relationship to

Rapid dark adaptation test val_ues.

Serum zinc values.

PR>lrl

0 .07 54

0.0040

0.0465

Est imate

0.03885

2.80640

-0.00173

BIue chip test times:

A correlation between impaired dark adaptation test times for
the blue chips and dietary intake of vitamin A woul-d be expected
as v¡as shown previousry in adul-ts (vinton and Russell, 19B1) .

However the purkinje shift did not seem to be rer_ated to the
estimates of dietary vitamin A. Therefore the hypothesis that
dark adaptation times are rel-ated to estimates of dietary vitamin
A obtained by diet history was rejected.
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Table # 16.

Correlation of white chi test times with ser rm zinc and aqe:
Paramete r s

Serum zinc

Age

Serum zinc and Age interact ion 0 .4L2L

PR>lrl

0 .77 4s5

0.0s97

Es t ima te

r.14005

2.14425

-0 . 0 9147

White chip test times:

The mean rapid dark adaptation for separating the white chips
I¡/as not signif icantly correlated to serum zinc. Nevertheless, â9ê

appeared to have an effect on the rel_ationship (p=0.06). However,

the hypothesis that the observed "estimate" of the serum zinc
parameter is equal to zero was accepted. There rdas no inverse
relationship between dark adaptation white chip test times and
serum zinc levels. Therefore the hypothesis that rapid dark
adaptation test val-ues show inverse relationship to serum zinc
was rejected.

Table # Lt.

Correl-ation

Parameters

Serum zinc

Age

Serum zinc and Age interaction

PR>lrl

0.0503

0.0018

0.0066

Es t imate

r7.08034

B.95Bs0

-0 .7 67 46
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Blue chip test times:

The rapid dark adaptation measurement times based on the
purkinje shift appears to be affected by serum zínc levels
depending on the age of the individual. Rapid dark adaptation
tesl times showed a positive rerationship with serum zinc val-ues
which appeared to be significantly infruenced by age. This
finding suggests that serum zinc levels are rerated to the
perception of the purkinje shift. However, the hypothesis that
the observed "estimate" of the serum zinc parameter is equaJ_ to
zeto has to be rejected. However the hypothesised relationship
between dark adaptation measured by chip test times and serum
zinc val-ues ' \¡/as an inverse one. Since a positive relationship
was found a mechanism other than the hypothesised one must
explain the observations.

This rerationship was stronger when the age of the subjects is
taken into consideration. This means that the expected rapid dark
adaptation test times wilr be greater at higher rever_s of serum
zinc for younger subject than the older subject.
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Tab1e # 18.

Serum zincr sêru[r r and asma retinol- Ievel-s diaqnosis

Diagnosis

Pregnant

GI problems

Metabol i c/sys temic

problems

Other

Serum zinc

( umol/L)

I <r0 >r9

14 13 0

7s0

52
l_6 4

Serum copper

( umol/L )

<L2 >20

0 t3

Plasma retinol

( usld1 )

<32 >90

40
10

l0

I

l

0

0

0

0

TotaI 42240 0 18 6 0

(Nunber of subjects).

69



7 .7 EAEI¡ÍOGLOBTN LEVELS AND HAEI,ÍÀTOCRTT 3:

There was a higher incidence of 1ow percent haematocrit âmong

the subjects than the incidence of l-ow haemoglobin levels.
Fourteen subjects (33?)r âI1 females, had haematocrit val_ues

below the normal range. Only 4 of. 42 subjects (g.52), three
females and one males, had haemoglobin levels bel-ow the normal
range (Appendix D).

Nonetheless, the haemogrobin l_evers showed a normar
distribution with 16 femare subjects having haemoglobin 1evels
bel-ow the 50th percentile. The 50th percentile was 13.5 ug/dL for
the female subjects, and L4.5 ug/dL for the male subjects based
on the set standard normar ranges. A1l the five men had
haemogl-obin revers berow their 50th percentire. simirarry,
haematocrit count showed a normar distribution (see statistic
Appendix F). Two female subjects, both of whom lvere pregnant and
19 years of age had row haemogrobin ]evels (g.2 and 8.0 ng/dL)
and low percent haematocrit (23.0 and 32.0 ? respectivery). These

two sub j ects al-so were observed to have l-ow serum z inc levels
(7 -9 and 7.2 umor/L respectivery) and high serum copper l_evels
(4r'r and 39.2 umol/L respectively). Their plasma retinol l-eveIs
also \^¡ere below the normal range for their specific sex_age
reference group (see table 1 Kaplan et âr., r9B7). Their retinol_
levels were 30.0 and 29.8 ug/dr, respectively. rn spite of these
values their dark adaptation times \^/ere below the mean times for
the sample (see the tables 19 and 20), indicating that dark
adaptation performance was not affected.
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Table # 19.

Blood results for two sub ects who's values \,vere outside the

I subject 00s

I Sex femate

I eg" 19

I Hs 8.2

I ttaematocrit ? 23.0

I Serum zinc 7.g

I Serum copper 4I. I
I elasma retinol 30.0

*Both subjects r^/ere B moths pregnant.
* Normal- ranges see appendix E.

Tabl-e # 20.

006

f emal-e

19

8.0

32 .0

7.2

39.2

29.8

I

I

I

I

I

I

I

I

normal range:

Dark adaptation measurements of subject #005 and 006:

sub white chiP test time 81@
00s

006

36. s

26.5

r35.0

207.0

RDAT shorter trial
107.0

203.0

*sample mean=2r3 + 44 seconds.(brue chip test time)
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Tabl-e # 21.

W variables for pregnant and non-Subject)F

chip test time(seconds)

Dark adaptation blue chip
test time(seconds)

Shorter trial_ of the two
two trial-s recorded
( seconds )

Serum zinc(umol/l)

Serum copper(umol/l)

Plasma retinol (ug/dl)

Protein ( g )

Carbohydrate ( g )

Energy (KcaI)

Vitamin A(ug RE)

72

pregnant
N=14

Mean 37.0-
srd 6.0
Range 26.0-45

l"lean 2I7.0
srd 43.0
Range L35-278

mean I93.0
srd 40.0
Range L07-242

mean 7 .9
srd 1.3
Range 6.7-LJ-.2

Mean 33.3
srd 5.4
Range 23.l--4J-.L

Mean 36.7
srd 7.2
Range 32.I-45.2

l,Iean 134.5
srd 80.3
Range 46-329.9

Mean 320.9
std 152.0
Range 40.2-515.9

l,lean 2638 .3
std 1253.3

Range 727 .7-48I4.6

Mean 1690
srd 1269.3
Range BB.0-4030

W
N=23

¡,lean s / .0
srd 28.0
Range 19-117

l,lean 2I5 .0
srd 46 .0
Range 135-348

Mean 180.0
srd 39.0
Range 120-300

Mean 10.4
std 1. B

Range 7. B-I3.4

Mean 20.6
std 5.6
Range L2.5-33.2

Mean 47
std 12.3
Range 31.0-79.3

Mean l-07 .1
std 6t.7

Range 23. I-290.8

Mean 273.5
std 146.8
Range 24-623.0

Mean 2157.I
srd 1020. s

Range 477-4653.4

Mean 920.2
srd 537.9

Range2 29 . 4-2280 . 6



Tabl.e * 22.

Correlation of white and blue chi test tines with retinol and
zinc for pr nant and non nt women(37 sub-iects

Pregnant ( n=l4 ) Non-pregnant ( n=23 )

I I Not significant Not significant
I ln>lrl nstimare pR>lrl nstimare

correration of white I zinc lo.oszl 23.47806 0.5546 -3.2r750
chip test time wirh I eg" I o. osso 5.87533 0.3068 l_ .56945
serum zinc and age. I rnter. I o.0652 -0.75271 0.8835 -0 .0223r

I lNot significant Not significant
correlation of br-ue I zinc I o. ooas n.63692 0.3859 r_0.3 2578

chip test time wirh I eg" I o. azrs -3.202:.0 0.036 3 7 .2s2gL
serum zinc and age. lrnter. lo.52Bg 1.19546 0.0773 _0.60770

I lNot significant Signi fi cant
correl-ation of whitelnetinot lo.alsa r.30277 0.0368 _r.95094

chip test time with leg" lo.zr¿r 0.89984 0.6295 -0.48463
retinol and age. I rnter. | 0.6384 -0. 3314 0.0803 0.0411_4

I lNot significant Not significant
correlation of brue lRetinotlo.zoao 3.55919 0.873r_ 0.3728L
chip tesr rime with I ug" lo.+za+ r0.48312 0.418 2 2. rs500
retinol- and age. I tnter. | 0.7100 -0. t 3824 0.7001 _0.0 2304
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Chapter VfII

B. O DISCUSSION:

B. ]. RÀPTD DÀRK ÀDAPTATTON:

In present study' correlations between plasma retinol and mean

rapid dark adaptation measurement times, were found to be

nonsignificant. Carney and Russe1l, (I980), also assessed the
relationship between dark adaptation and serum retinol- and
concl-uded that serum vitamin A rever-s greater than 40 ug/r00 mL

can safery be interpreted as predicting normar vitamin A

dependent retinal function. Hence, serum vitamin A less than 40

ug/r00 mL woul-d be taken as vitamin A sufficient only when a

normal dark adaptation has been ericited. rn the present study
normal- dark adaptation was elicited in spite of the fow normal_

prasma l-evel-s observed among the sub jects . yarbrough and Dann,

(I94I) in reporting on a North Carolina study, concluded that a

singre measurement of dark adaptation courd not be used as an

indicator of avitaminosis A. rn the present study, three measures

of dark adaptation çrere used. Nonetheless, there is need to
determine the precision of dark adaptation measurements due to
the variations observed (sevenhuysen, l9B4). Favaro et ar. (r986)
found no correlation between rapid dark adaptation times and

vitamin A status as determined by plasma retinol revers of

74



preschool chil-dren. A similar observation \,/as

solomons et âr., (r982) with Guatemaran children.

reported by

There appears to be no functional- impairment exhibited by the
subjects in the present study in spite of some 1ow plasma retinol
values, i . e <40 ug/dL (vinton and Russerr, r9g1) . There \^7ere 17

subjects out of 42 ( 40.5% ) who had serum retinol_ ress than 4o

ug/dL. rt has been reported that, functional impairment occurs
at serum retinol levers <30 ug/dl ( sauberlich et âf. , r974¡
Carney and Russell_, 1980 ) . The plasma retinol l-evels in the
present study ranged from 23.r-79.3 ug/dL. These revel-s are
consistent with other reports; Favaro et âr., (r986) did not find
any significant correl-ation between plasma retinol- and rapid dark
adaptation test times in the preschool chil-dren whose plasma

retinol ranged from 9.3-32.0 ug/r00 mL. similarry, sofomon et
âf., (1982), did not find a correl-ation between plasma retinol
l-evel-s and the time for dark adaptation to darkness with children
whose prasma retinol varied from 26.9-5L.7 ug z. As in the above

mentioned studies, in the present study atr subjects completed
the test in a time considered normal according to the results
obtained by Vinton and RusseII, (19g1).

As shown graphically (fig. 6) there was no correlation between
plasma retinol and dark adaptation. The possible explanation for
this observation may relate to the fact that no real functional
change occurred, and the low serum zinc values observed among the
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subjects' most of whom were pregnant women, may be rerated to the
normal low retinol values observed in the present study. previous
studies did not report on the status of pregnant women and though
dark adaptation bl-ue chip test times \^rere significantly
correlated with serum zinc values, iL is possible that the low
serum zinc val-ues observed with pregnancy may be a normal_

physiological response, without accompanying functional_
inpairments. However this needs further investigation.

The purkinje shift did not seem to be rerated to the
estimates of dietary vitamin A intake. However, a correl_ation
between impaired dark adaptation and vitamin A deficient would be

expected as \¡/as shown previously in adults (vinton and Russerr,
1981). But, it is difficult to find a correlation in most studies
because of the many factor that might infl-uence vitamin A status.
The body stores of the individual need to be estabrished, and the
day to day variation in intake of vitamin A food sources need to
be considered, and other nutritional deficiencies that might
affect vitamin A intake have to be verified.

Difference in food consumption are however, most likeJ_y to be a
major factor in determining carotene l-evels but not retinol-
l-evel-s ( Kapran et âr. , r9B7 ) . Rerationship with gender might
also be rerated to rife-styJ-e practices other than diet, such as

smoking and alcohol usage, the absorption of the carotenes from
the gut, or to the manner in which they are carried in the bl-ood
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(Kaplan et â1., 1987).

metaboLized to retinoL
directly absorbed by

vitamin A status of the

Although most dietary beta carotene is
in the 9ut, a considerable amount is

passive mechanisms depending upon the
individual.

8.2 DIETARY TNTAKE:

The dietary data \,{as calculated using the Canadian Nutrient
File (Hearth and welfare, r9B3). The nutrient intake per day
cal-cul-ated f rom the dietary history questionnaire, showed a mean

intake of vitamin A (RE) of 1070 I 701 RE/day. The mean intake
$ras higher than the median (g48 RE). However both the mean

intake and the median intake showed vitamin A intake of the
population to be within the range of the recommended intake for
adults. These resul-ts refrected a population consuming a diet
rich in vitamin A sources alLhough their mean plasma retinol \¡/as

in the row normar- range (46.8 I l-4.3 ug/dL). This trend was

observed by verdier et âr., (r987). rn car_culation of mean

vitamin A intake for the total sample group, one subject was left
out because she reported a very high intake of organ meats which
resul-ted in a very high intake of vitamin A retinor equivalent.

The estimated dietary intake for energy and retinol
equivalents (RE) was categorized into four groups (see Table 10).
Among the subjects , 35.72 fell in Lhe group that had vitamin A

intake between 500-r000 RE/day. This category was within the
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reconmended vitamin A intake which for women is 800 RE/day and

1000 RE/day for men. The recommended intake for pregnant e/omen

includes an additional 100 RE giving them a recommended intake of
900 RE/day. However there were two groups of rgz of the subjects
on each side of the recommended nutrient intake category ( see
table r3). one of the groups was ingesting r_ess than the
recommended nutrient intake and the other group vTas ingesting
much more than the recommended nutrient intake (Bureau of
Nutritional Sciences, r9B3). There is need for concern over the
r9z of the subjects that v¡ere ingesting vitamin A below the
recommended nutrient intake although they did not show impaired
retinal function or abnormal dark adaptation.

The mean energy intake vras z37o 1 rL27 Kcar_ and median was

2347 Kcal. when the estimated dietary intake for energy vTas

categorized' 3l-.0? of the subjects ingested 1501-2500 Kcal_ per
day which is within the accepted dietary intake for energy.
However , 26.2 z of the subjects consumed between 2501-3500 Kcal_.

This high energy intake courd have been as a resur-t of a high
energy intake among the pregnant \{omen in the sampre or an over
estimate due to use of food frequency questionnaire which tends
to overestimate in most cases. Fourteen percent of the subjects
reported a very high energy intake (above 3500 kcar/ð,ay), which
could l-ead to overweight. Further investigation is required to
establish if the number of overweight cases in the popuration is

in this sampl_e 28.6% of the sub jectsincreasing. Nevertheless,
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reported low energy intakes, between 0-1500 kcal/day, with one

subject having an extremery l-ow energy intake (480 kcal/day).
Moffatt (1988) reporting on nutritional_ problems of Native
canadians, indicated that rnuit rÁ/omen f requentJ-y have caroric
intakes in the borderrine range. rn this study a simir_ar
observation was made with 28.6% consuming caloric intake on the
borderline or even lower categorized as 0-r500 kcar (see tabl_e
13)'rt should be recognized that the methodology used to record
what each subject had consumed over the period of a month may not
have recorded all items and the possible influence of the method
needs to be investigated further.

Generally the estimated nutrient intakes r¡¡ere higher than that
would be expected but, within the range for dietary history
estimates using a food frequency questionnaire which is known to
overestimate intake. rn conclusion, the nutrient intake of the
population did not reflect any inadequacy in any of the serected
nutrient intakes. The mean dairy intakes were srightly higher but
acceptable as a result of food frequency (see table g; r3).
However ' there I4tere a f ew low intake reported f or each nutrient
(see tabl-e B for the ranges and table 13 for the percentages).

8.3 PLAS¡¡ÍA R-ETINOL:

The blood samples were analyzed for plasma ret
zinc and serum copper (see Tabre 9). rn calculati

inol and serum

ng mean plasma
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retinol, one sub ject \,vas not incruded as the sample broke r{as

accidentally during storage. The mean prasma retinol was in the
low normar range (46.9 I 14.3 ug/dl). The median $/as l_ower than
the mean ( see table 9 ) . rt is worthwhil_e investigating the
cause of the l-ow retinol in the pregnant women and in the one

subject who had come for other medical tests, âlthough they did
not show impaired function by the dark adaptation test. As for
the subjects with gastrointestinal- problems, it has been reported
in riterature to resurt in low prasma retinor (soromons et âr.,
1980). one subject had row prasma retinor (23.1_ ug/dL) and atso
low serum zinc (7 .s umor/L ) , but recorded a normar- dark
adaptation brue chip test time (vinton and RusselI, l9B1). Hence

the subject did not show functionar impairment and was within the
times achieved by other investigators (see appendix D; see tabte
7).

rn spite of the normal intake of vitamin A (RE) the sample
exhibiLed a population with r-ow normar vitamin A status, arthough
this did not appear to affect the purkinje shift. There is need

for further investigaLion on these aspects.

8.4 SER.U}I ZINC:

The serum zínc however, hras observed to be row

2.r unol/1). There were 22 subjects with row serum

The sample included I4 pregnanL, women of these 1

(mean 9.BZ 1
zinc values.

3 showed low
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serum zinc (mean 7.9 + 1.3). rt has been reported thatr preÇnanc!
decreases serum zinc due to the excess excretion of zinc (Taper

et ât. , 1980; Smith,et â1. , Igi4; prasad, €t â1. , I9B2a and

1982b; King et âf., 1987). The investigator suggests thaL the
incidence of row zinc within the population needs to be

investigated. The study $ras composed mostly of \domen with onry
four men ' hence there is a possibirity that other factors
rel-ated to women such as oral- contraceptives or pregnancy could
be the contribuLing factor for the row serum zinc levels
observed. However, only one femare, aged 24 years, who reported
taking oral contraceptives had row serum zinc and high serum

copper levels (8.2 and 33.2 umol/L respectively).

ït has also been reported that decreased serum zinc
concentration may be a conseguence of increased urinary crearance
of zinc (RussetI et âl.,Ig7B; Smith et âI., IgBB). pregnant

women in their l-ate pregnancy have been reported to excrete 2.4
and l-.5 times more zinc Lhan early-pregnant or non-pregnant women

respectivery (smith et âf., 19Bs). Arr the expectant women in
this study \¡¿ere in thei r l-ate pregnancy (eight months pregnant

"between 32 and 34 weeks" or the third trimester) except two. The

urinary zinc excretion of the pregnant women was not measured in
this study. There is evidence that certain conditions do resul-t
in low serum zinc revers, such conditions includer preÇna'C!r in
lvomen taking oraL contraceptives, alcoholic cirrhosis and other
types of l-iver disease (Halsted and smith , rg70). Therefore the
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low serum zinc observed among these subjects requires further
investigation.

Moreover low serum zinc level_s or zinc deficiency has been

shown to be associated wi th l-ow pJ-asma vi tamin A revels . Low

plasma vitamin A revers have been shown to be caused by impaired
mobilization of vitamin A from the river as a resurt of zinc
deficiency (So1omons et â1., 19B0; RusseII et âI., l97B).

In the present study serum zínc vras significantly positively
correlated with rapid dark adaptation bl-ue chip test times
(p=0.05). This suggests that the purkinje shift is affected by
serum zinc leve1s.

However a negative rerationship \,ras expected and the positive
one is not exprained by the theoreticar moder. A possibre
explanation of the rerationship may include the forl_owing points:

(1) Non of the rapid dark adaptation test times where below
the leve1 which indicate vitamin A or zinc deficiency meaning
that non of the test times indicated retinar irnpairment.
Therefore the relationship may be spurious.

(2) There \,lere a number of pregnant women whose metabol-ism may

infl-uence serum zínc varues in a way different from a non-
pregnant population. Hence the variable varues may have changed
in such a $ray as to read to a positive reÌationship. rt remains
to be investigated whether a positive relationship wirt be
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observed among population groups that show dark adaptation times
indicative of vitamin A deficiency.

The association of serum zinc levels with perception of the
purkinje shift appears more pronounced when age of the subjects
is taken into account. The correlation of dark adaptation bl-ue

chip time is significant (p<0.05) for the interaction of serum

zinc values with age of the subjects. These associations between

serum zinc level- and age need further investigation.

solomon et âr., (L978), reported no significant correration
between rapid dark adaptation test times and serum zinc revel-s
among Guatemal-an children. However, none of the children's serum

zinc level-s were bel-ow 70 ug/dL (<10 umol/L). rn the present
study, there were 22 subjects who had low serum zinc revels (< r0
umol/L) range 6.7-rL.2 umol/L and a number of them were pregnant
$romen (see table 17i 22). The only explanation for the rack of
retinal- f unctionar impai rment with such l_ow serum zinc is a

possibility of a low physiological serum zínc level which does

not affect organ function in pregnant \^romen (see tables 2r¡ 22).
However this needs to be investigated further.

8.5 HAEIT{OGIOBTN LEVELS AND HAEMÀTOCRIT COTJNT E:

Haemoglobin levers (ng/dL) and Haematocrit count ? refrect the
generar nutritional- status of the population. rn the present
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study haemoglobin levels
reflect a population at
deficiency (Verdier et â1.,
I975a; 1975b).

and haematocrit count percent did not

high r isk of general nutr itional-
L9B7; Bureau of Nutritional sciences,

8.6 NUTRTTTONAL sTATt]s oF PREGNANT WOITIEN:

rn this study there were 37 lromen , 14 of 38 vrere pregnant.
Major differences in plasma constituents and nutrient intakes
r4zere observed between the pregnant and non-pregnant as was

expected (see tabre 2r). The pregnant v¡omen performed the dark
adaptation white chip test times faster than the non-pregnant
I¡/omen (mean 37.0 1 6.0 vs 47 .0 + 28.0 seconds ) , whire there vrere

no significant differences on dark adaptation brue chip test
times and the shortest trial- (see tabre 22). pregnant women

appeared to have signif icant l-ow retinol val-ues as compared to
non-pregnant \^romen. The mean prasma retinor varues for pregnant
women the mean \47as 36.7 t 7 .z ug/dL and range 23.L-45.2 ug/d,L

whil-e for non-pregnant women r^/ere 47.0 + L2.3 ug/dl and the range
3I.0-79.3 ug/dL (see table 2L).

The plasma retinol val-ues were compared to dietary intake of
vitamin A and it was observed that pregnant women had a higher
Vitamin A (RE) intake than the non-pregnant women. This might
indicate that the low normal retinol values observed among the
pregnant women to be more physiologicar than functional_.
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When dark adaptation blue chip and white chip were correlated
with plasma retinor and serum zinc revers no significant
relationship vrTere found except for the retinol values of non-
pregnant r\romen and dark adaptation white chip test times which
indicated a positive relationship. Although low serum zinc l-eveIs
were observed among the pregnant women, those varues alone did
not appear to affect the purkinje shift.
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Chapter IX

IO. O CONCLT]SION:

Clinical signs of hypovitaminosis A cannot be used to detect
early vitamin A def iciency. l,loreover, plasma vitamin A 1evel-s are
uncertain indicators of deficiency in individual subjects because

of the wide range of "borderline varues" in which vitamin A

dependent rod function may or may not be interfered with (Carney

and Russerl; sol-omons et âr., rg82; vinton and Russerl, r9g0).
Nevertheress, dark adaptation test should not be used ar_one

since, night bl-indness can be affected by other nutrients, among

them zinc, riboflavin and vitamin c (Russerl_ et âf., r9B2¡
Sol-omons et âf., I9A2). In the present study, the effect of
vitamin A together with serum zinc and serum copper, was

investigated. However no retinal- impairment was observed despite
the low normal plasma retinol values observed among the subjects.
The plasma retinol values observed in this study \^lere within the
normal range (normar range for females = 32.0-80.0 ug/dt, and for
mal-e = 38.0-93.0 ug/dL) and did not appear to af f ect the
purkinje shift. However, there was a significant correlation
between serum zinc l-evels and dark adaptation blue chip test
times. The Iow serum zínc l-evels observed among the sample
population point to a possible problem in the population. The

purkinje shift appeared to be significantly affected by serum
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zinc l-eveIs thus prolonging dark adaptation times especially when

age v/as taken into account.

The nutrient intakes reveal-ed that the sample popul_ation
consumed nutrients within the range of recommended intakes. Their
vitamin A intakes vtas within the recommended intake ( 800 RE for
vromen and 1000 RE for men). AJ_though, the dietary vitamin A ráras

within the recommended intakes, it showed no significant
correlation with plasma retinol.

rn the present study, serum zinc revels and the serum copper
\Á¡ere f ound to be of concern. A high percentage (522) of the
sample population had serum zínc levels below the normal range
(10.0-r9.0 umol/L). At the same time a high percentage (szz) of
the sample population had higher than normal- serum copper l-evers
(12.0-20.0 umoJ-/L). Consequently, these biochemical parameters
need to be investigated further.

rn concrusion therefore, the rapid dark adaptation
possibJ-y comprement biochemical- determinations. rt may

prove more quantitative as a screening test, but
variation needs to be taken into account and the
needs to be assessed. More than one or two trials
carried out at any one time.

test coul_d

also

individual

age effect
need to be
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Chapter X

PROPOSED RESEARCH:

The sample recorded low mean serum zinc, high mean serum

copper and a mean plasma retinol l-evel wiLhin the normal range.
However , finding no retinar impai rment in the sample, the
investigator proposes further research in rapid dark adaptation
times with only expectant women in all the three trimesters,
with the objective of verifying whether the row serum zinc
observed is purely physiotogical and not functional. The cause of
high serum copper revers observed in the sample population
deserve a further investigation. A dietary intake al-so would need

to be included in the study.
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Appendix A:

RÀPID DARK ADAPTÀTION TEST FOR VTTAüTN A STATUS.

BACKGROUND INFOR}TATTON FOR SUBJECTS (PATIENTS ).
. Dark adaptation is a rel-iab]e and reproducible indicator ofvitamin A status in the individual. Identifying decreased abilityto dark adapt is the first clinical sign of iñadequate vitarnin Â,status. A rapid_dark adaptation test makes use of eye functionswhich operate af ter 3 to 4 minutes in a dark room.- unde, verylow ]ighting you will not distinguish colour but you will be abtåto perceive increasing brightness of objects.

Although Vitamin A deficiency is rare, the Northern
Communities have been reported to iñctude individuals with lowblood vitamin A 1evels. Testing such individuars for darkadaptation function may show the relationship between Vitamin Astatus and performance of the field test. The research wiII studythe performance of a standardized test for dark adaptation foiidentifying peopre at risk to have low vitamin A rruiu"" beforeother clinical symptoms become evident.

when you visi_t the hospitar, we wourd like a technorogist or anurse to draw (20_mr) sample of your brood to measure your serumretinol-, zinc and copper leverJ. !,le wirr then conduct a darkadaptation test in a dark room three consecutive times in aperiod of about 20 minutes. Finally, we wiII ask you questionsabout foods you usually eat.

we require your signed consent. rf you choose not toparticipate it will in no way affect your future medical care. Ifyou do participate we wil-l give you fottow up on the test resul-tsand we will not identify you as an individual in any publicationsresulting from this study.

Consent.

g,r.la-i-"Ð-ãsr-ee- ro-a-n -i-nEãrvi-e-w õñ-Jrff itËii."i"Jl""-'r:"J,' u ïît":åsample will be drawn on me or my child forthe study of Vitamin A deficiency and tneRapid Dark Adaptation Test. r uìderstand that if r refuse toparlicipate it will not affect the care r get, fly child and myfamily, and that r have the right to withdiaw at any time rroñthe study.

(name).

( signature ) .

(witness).
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Appendix c:

SUBJECT DESCRTPTION.

SUBJECT NUMBER

RAPID DARK ADAPTATION TEST.

DAY'S DATE

NAME

AGE

SEX (M) or(F)

WHEN DTD YOU ARRIVE TN WINNIPEG?

TYPE OF MEDICAL PROBLEM

ON MEDICATION NO OR YES

IF YES WHAT?

ARE YOU EXPECTING? NO OR YES

TF YES GIVE GESTATION AGE

ARE YOU ON BIRTH CONTROL PILLS?
NO OR YES

ÏF YES WHAT?

WHEN DID YOU LAST EAT?

TIME THE BLOOD SAì,IPLE WAS DRAWN

TIME THE BLOOD WAS CENTRIFUGED

IOI



Appendix C: cont.

RDAT TIMES: END OF'WHITE: END oF' BLUE AND RED:

FIRST TIME:

SECOND TTME:

THIRD TTME:

MEAN OF THE LAST TVÙO TIMES:

HAEMOGLOBTN LEVELS

HEAI,ÍATOCRIT COUNT

PLASMA RETINOL LEVELS

SERUM ZINC LEVEL

SERUM COPPER LEVEL

DIET HISTORY:
RETINOL EQUIVALENCE

TOTAL ENERGY

RETINOL CONCENTRATION
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Appendix D:

SUBSA

003 I 38

004 L 2r

005 I 19

006 I 19

007 I 4r

008 I 38

009 1 68

010 1 19

011 r 46

0r2 2 34

0r3 r 40

014 r 24

015 2 32

016 r 28

0r7 I 19

018 I 33

020 r 30

02r r 23

022 r 2r

023 r 2r

024 r 29

025 r 36

027 l- 62

BLOOD AND RDAT DATA:

HB HMTC

18.9 54.0

72.8 38.0

8.2 23.0

8.0 32.0

13.9 37.0

16.0 38.0

12.5 36.0

14.0 45.0

L2.r 34.0

7.0 42.5

13. B 40.0

r-4. r 39.5

16.7 45. 5

l-4.2 39.0

L4.2 33.0

1r. B 3r.5

16.0 29.0

ls.3 39.0

12.s 3B. s

L4.2 41.0

12.6 36.5

L4.7 41.0

18.0 57.0

MRDAT

214 .0

186.0

r3s.0

207.0

237.0

157.0

348.0

2r3.5

r71.5

r93.0

l-72.0

225.0

2L6.0

175.0

255.0

227 .5

225.0

r97 .5

256.5

2s5.0

2r3.0

252.5

282.5

r03

SRDAT

207.0

137.0

r07.0

203.0

190.0

150.0

300.0

182.0

145.0

161.0

r44 .0

150.0

165.0

r55.0

r80.0

190.0

190.0

185.0

r83.0

250.0

182.0

190.0

229 .0

SZC SCP

10.6 L7 .7

L2.0 15.5

7 .9 41.1

7.2 39.2

9.6 19.2

12.B 20 .4

7 .B 23.7

7 .B 16.5

9.6 24.2

Ir.2 2I.3

13.4 L7.3

8.2 33.2

8.9 15.0

8.6 14.2

8.0 32.0

6. B 31.5

6.7 29.0

8.2 30.3

10.0 t_5.9

8.3 L7.5

10.0 12.5

L2.4 19.8

r0.2 27 .9

PRET PRE

79.3 N

60.2 N

30.0 Y

29.8 Y

37.4 N

53.0 N

49.2 N

46.3 N

34.7 N

5I.4 N

63.9 N

62.0 N

78.4 N

35.5 N

38.6 N

38.5 Y

45.2 Y

39.0 Y

38.9 N

36.2 N

39.4 N

57.0 N

31.0 N

MRW

46 .0

r9.0

36.5

26.5

s6.0

60.0

rr7.0

28 .0

34.0

30.0

27 .s

27 .5

29.5

32.5

37 .5

40.0

34.5

45.0

72.5

52.5

33.0

30.0

57 .5



Appendix D: cont.

028 r 73 ]-3.2 42.0

029 2 40 15.0 45.0

030 I 29 Lr.2 33.0

031 t- 37 13.9 4r.0

032 L 22 L2.2 33.0

033 l_ 65 r4.4 40.0

034 1 18 j'2.7 39. s

035 1 18 Lr.7 36.0

036 1 34 L3.4 40.0

038 1 34 17.4 4s.0

039 I 19 15.3 42.0

042 I 31 r3.9 39.0

043 2 23 16.6 47 .0

044 2 2L 16. B 48.0

045 L 20 1t-.9 34.0

046 r 28 15.7 44.0

047 r 27 10. B 30.0

048 1 31 L3.2 36.0

049 L 25 r2.2 35.0

109.5

40.0

41.5

34.0

27 .5

I12.5

29.0

37 .s

37 .5

32.5

24.5

3r.0

41.5

45.0

38.0

38.0

40.5

39.0

44.5

208.0

r63. s

245.5

220.0

r52.5

255 .0

r69.0

135.5

r87.5

r88.0

220.0

27L.0

23s.0

160.0

198.0

189.0

229.5

277 .5

242.0

195.0

I4t-.0

190.0

170.0

r30.0

2r0.0

135.0

120.0

170.0

r66.0

IBO. O

242.0

2L5.0

r25.0

19s.0

18r.0

2r7.0

240.0

224.0

52.9 N

73.8 N

43.4 Y

52.9 N

.Y
32.4 N

38.4 N

34.2 N

45.2 N

64.4 N

43.0 N

31.3 Y

75.8 N

63.6 N

23.T Y

48.0 N

36.0 Y

43.5 Y

43.6 Y

10.8 22.3

12.4 19 .2

7 .B 38.3

rt.9 2r.r
7 .0 40.6

11.1 22.L

11.4 14.3

8.2 20.5

12.6 32.2

L2.9 L7 .4

rr.7 L7 .7

8.2 30.2

L2.7 l_6.l_

13.2 10.9

7 .0 23.L

8.9 l.9.4

7.5 33.1

LI.2 32.2

9.7 30.9
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SUB

S

A

HB

HMT

MRW

MRDAT

SRDAT

szc

SCP

PRET

APpendix E:

Meaning of abbreviations:

= The code number of the subject -->ID= 003-049

PRE

sex Femare or I'tare. categorized, Femare (r ) and Mare ( 2 )

Age: The respective age of the subjects in years.

Haemoglobin level in gm/d1 (Normal=F -> 1I-16 gn/dI)
(=M

Haematocrit count ? (normal=F -> 37-472 )( -¡,1 -> 40-54e" )

Mean rapid dark adaptation time white chips in seconds

Mean rapid dark adaptation Test times in seconds

Rapid dark adaptation test shortesL time in seconds

Serum zínc in umol,/I (normal = I0.0-19.0 umol/l)
Serum copper in umol/l (normal = 12.O-20.0 umol/t)
Pl-asma retinol level in ug/dl (normal 32-90 ugrzdl)

( F-> 32-80 ugld1)
( M-> 38-93 ugldl)

Pregnancy status categorized as pregnant(y) or (N).
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Appendix F:

Statistics
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SAS

CENERÀL LINEAR MODELS PROCEDURE

DEPENDENT VARI ÀBLE INFORMATION

NIJHBER OF OBSERVATIONS IN DÀTA SET =42
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Appendix G:

The tvpes of foods and amount consumed by one subject who had
"*".==i ook.

Foods

Caribou frozen meat
Caribou l-iver
Caribou heart
Caribou tongue
Sausage
Arctic char
Chicken eggs
Goose eggs
Whole milk White
Yogurt-fruit

168 gm
304 gm

3B0B gm*
104.5 gm
66.5 gm

I25 gm
895 gm

2
l_

237 nI
L75 gm

Amount/month

* such-h-m amõunE--of--fTvffi in quite high amountofVitamin A Intake(RE)
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Appendix J.

DÍet historY questionnaire. Some examples of the kind of questions asked.
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N

M
E

À
T

S

I 
w

ouLd like 
to ask

about m
eats.

M
ethod of 

cooking?

D
o you add fat 

w
hen

cook i ng?

H
or¡ m

uch do you eat?

H
ow

 m
any tim

es?

IT
E

M

B
eef roast/steak/stew

 
I

steakbtes fried

D
E

S
C

R
I P

T
T

I O
N

ground -Lean/regular

D
o you add gravy/sauce/

ketchup,/ m
ustard/

m
ayonnaise etc?

P
la in 

ham
burgers

M
O

D
E

L

C
heese ham

burgers

D
oub1e ham

burgers

N
O

. O
F

.

S
E

R
V

I N
G

S

D
o you usually eat the

skin?

S
ingIe 

ham
burgers
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À
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N
T

IN
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ork, chops fried
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N

T
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rom
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als?
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ow
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them

?
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ow

 m
uch do you eat?

M
ethod of 

cooking?
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E

M

O
rgan M

eats-K
idney

D
E
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T
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N

N
um
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Liver

H
eart

'!;lzct c¡Í. u¡Lt6ð(¡ë

m
ethod of cooking?

N
O
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F
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R
V

I N
G

S

T
ongue

P
repared M

eats

T
ripe

B
o logna

lw
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À
M

O
U

N
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Q
U

E
S

T
IO

NF
I S

H

N
ow

 I 
w

ould Like to ask
you about fish.
P

lease teII 
m

e erhat type

of fish 
you usually eat?

H
ow

 m
uch do you eat?

M
ethod of 

cooking?

I.¡hen are they avai lable?

W
as fat 

added w
hen

cook i ng?

IT
E

M

S
hellfish(fresh)

P
ickerel

D
E

S
C

R
I P

T
T

I O
N

w
ãs a sauce/ gravy added

before eating?

H
ow

 often do you take
E

 hem
?

w
hitefish

P
i ke

S
ucker

M
O

D
E

L

C
isco

N
O

. O
F

.

S
E

R
V

I N
G

S

Lake trout

D

S
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lw
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M

O
U

N
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IN
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/G
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S
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S
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oked f ish
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t lre r
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E

C
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C
O
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Q
U

E
S

T
IO

N

D
o you usuaÌly eat eggs?

H
ow

 m
any?

H
ow

 often?

M
ethod of cooking?

D
o you usually add fat

w
hen cooking egges?

D
o you add anything to

the eggs before you eat
t hem

?

D
o you eat any w

ild

bi rds?

H
oH

 long are they
avai lable?

E
G

G
S

T
T

E
M

C
hicken

D
uc k
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S
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R
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T

I O
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o you usually drink

any kind of 
m

iLk?

H
on m

uch?

H
ow

 m
any tim

es?

gfhi te 
m

i lk 
- 

H
hol.e

2%
 or 

1%
 or 

S
kim
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ed

D
E
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C
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I P
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T
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anned
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ther

R
egular or sugar free?
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E

T

U
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V
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 I 
w

ould like 
to 

E
alk

about breads and cereals

w
hat kind of bread do

you usua 1J-y ea t ?

H
ow

 m
uch?

H
ow

 of t.en do you eat it?
w

as any butter/m
argarine

added 
?

w
as any Jam

/jetIy/ 
honey

added?

IT
E

M

B
read - 

f.thi te

H
om

em
ade bread(

D
E

S
C

R
I P

T
T

IO
N

B
row

n ( 60%
, 100%
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N
am

e if 
a sandw
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( tilings)

D
id you add peanut

butter?

B
annock rec ipe?

F
r ied?

B
uns - 

H
ot D

og

M
O
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E

L
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N
O
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F
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R
V
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G

S
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M
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Q
U
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S

T
IO

NR
I C

E

D
o you usuälly eat rice?

H
ow

 m
uch do you eat?

D
o you add fat?

H
ow

 often do you eat it?
D

o you usualJ.y add gravy

or 
sauce?

IT
E

M

R
ice _ W

hite

w
hich hot cereal do you

usually eat?

D
o you add sw

eetener?

D
o you add M

iIk/cream
?

I)o you add fat?

D
E

S
C

R
I P

T
T

I O
N

I nstant

w
i Id R

ice B
rorrn

O
ther

M
O

D
E

L
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F
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E

R
V

I N
G

S
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E

R
E
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LS

{hat kind of cold cereals 
I

do you usually eat? 
I

H
ot - 

oabm
eal

D
lw
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M
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U

N
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LS

,/G
M

S

lu

C
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C
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 of w
heat 

I
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Q
U

E
S

T
IO

NF
R

U
I T

S

D
uring sum

m
er season do

you eat any berries?
H

ow
 m

uch do you eat?
H

on m
any tim

es?

D
o you add m

il,k/cream
?

D
o you add sw

eetener?

D
o you eat them

 w
ith

anything else?

P
lease tell 

m
e if 

you

usually eat any other
fruits 

or drink 
any

fruiu 
juice?

IT
E

M

B
erries -gooseberries 

I

D
E

S
C

R
I P

T
T

I O
N

saskatoons

blueberries

M
O

D
E

L

chokecherries 
I

N
O

. O
F

 .

S
E

R
V

I N
G

S

straw
berries

juice or O
thers

raspberries

D
lw

À
pricots / 

C
antaLoup

A
M

O
U

N
T

IN

M
LS

/G
M

S

l¡r

A
ppIe, tresh, rrith skin 

I

canned or Juice

C
O

D
E

F
resh grapes or plum
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I
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Q
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S

T
I 

O
N

V
E

G
E

T
À

B
LE

S

D
o you usually eãt

potatoes?

w
hich M

ethod of 
cooking?

H
ow

 m
uch do you eat?

D
o you add fat 

gravy?

H
ow

 m
any tim

es?

À
dd any m

ilk / 
cream

 /
butter?

IT
E

M

P
otatoes - 

boiled

baked or 
m

ashed

D
E

S
C

R
I P

T
T

I O
N

D
o you eat the skins?

r re sh/ f rozen /ca nned ?

D
o you add tat?

t)o you add gravy/ 
sauce?

P
anfried/E

rench fried 
I

B
eet greens

M
O

D
E

L

P
um

pk i n

N
O

. O
F

 .

S
E

R
V

I N
G

S

B
roccol i

C
arrots

lw

P
ea s

À
M

O
U

N
T

IN

M
LS

,/G
M

S

I 
r'r

C
orn

'l'urnip r.¡r onion

C
O

D
E

Lettuce

C
O

M
M

E
N

T
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Q
U

E
S

T
IO

N

S
O

U
P

S

w
hat kind of 

soup do you

usua lly 
eat?

M
ethod ot 

cooking?

H
o$r m

uch do you take?
H

o¡r m
any tim

es?

D
o you usually eat

crackers w
ith the soup?

IT
E

M

C
ream

, m
ade $ith 

m
ilk

D
E

S
C

R
I P

T
T

I O
N

w
ith w

ater 
I

O
the r

N
oodIe, 

canned

M
O

D
E

L

N
O

. O
F

 .

S
E

R
V

I N
G

S

D
ry

lw

À
M

O
U

N
T

IN

M
LS

/G
M

S

l¡¿

O
ther, 

com
m

erc ial

C
O

D
E

C
O

M
M

E
N

T
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Q
U

E
S

T
IO

N

B
E

V
E

R
À

G
E

S

N
ol, I 

w
ould Iike 

to talk
about drinks

D
o you add any sw

eetener?

IT
E

M

R
egular or diåt?

H
ow

 m
uch do you drink?

H
ow

 frequentLy do you

drink 
it?

C
otfee - 

Instant

D
E

S
C

R
 I P

T
T

I O
N

P
er ked

T
ea

O
ther

S
oft drinks - 

C
ola

M
O

D
E

L

n v 6 / a lrr /lìr,rr/vocl 
k ñ

H
ow

 m
uch?

H
ow

 often?

N
O

.O
F

.

S
E

R
V

I N
G

S

D

À
lcohoLlic - 

B
eer

lw

O
ther

À
M

O
U

N
T

IN

M
tS

/G
M

S

I 
r't

C
O

D
E

W
i ne

D
lst 1l lerì

C
O

M
M

E
N

T

w
hisk

@NF
{



O
U

E
S

T
IO

ND
E

S
S

E
R

T
S

T
he last 

group of 
foods

that I 
w

ould Like to ask
about are desserts and
snack foods.

I T
E

M

W
hat do you usually

for 
dessert?

w
iÈ

h Icing?

D
o you add anything

the ice cream
?

H
ow

 m
uch?

H
ow

 often?

Ice C
rearn - C

hocolate 
I

D
E

S
C

R
I P

T
T

IO
N

eat

V
an i la

Ice C
ream

 bar/sandw
ichl

O
ther

M
O

D
E

L

C
ake -

to

N
O

. O
F

 .

S
E

R
V

I N
G

S

B
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