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ABSTRACT

Background: Thevitamin A requirements of elderly humans have
not been studied.

Objective: Inacross-sectional study of 60—88-y-old men (n = 31)
and women (n = 31) in rural Philippines, we assessed the dietary
intakes of elders with adequate (= 0.07 umol/g) or low (< 0.07
umol/g) liver vitamin A concentrations to estimate vitamin A re-
quirements for this age group.

Design: Total-body vitamin A was assessed by the deuterated-
retinol-dilution technique; liver vitamin A concentrations were as-
sessed by assuming that liver weight is2.4% of body weight and that,
in this marginally nourished population, 70% of total-body vitamin
A isintheliver; serum retinol was measured by HPLC; and dietary
intakes were assessed with 3 nonconsecutive 24-h dietary recalls.
The mean vitamin A intake + 2 SDs of subjectswith adequate liver
vitamin A concentrations was used to estimate an acceptable or
sufficient vitamin A intake value for elders.

Results: Themean (+ SD) vitamin A intakesof themen and women
with adequate vitamin A in liver were 135 + 86 and 134 + 104 ug
retinol activity equivalents(RAE)/d, respectively; intakesof themen
and women with low vitamin A in liver were 75 &+ 53 and 60 + 27
g RAE/, respectively. Total-body vitamin A or liver vitamin A but
not serumretinol correlated with dietary RAE, preformedvitamin A,
B-carotene, fat, and protein. An estimated acceptable or sufficient
dietary vitamin A intake associated with adequate liver vitamin A
concentrationsin eldersis 6.45 wg RAE/kg body wt; for areference
76-kg man and a 61-kg woman, these values are ~500 and 400 g
RAE/d, respectively.

Conclusion: Thedietary vitamin A intakes of elders with adequate
or low liver vitamin A concentrations as estimated by use of the
deuterated-retinol-dilution technique are useful for assessing vita-
min A requirements. Am J Clin Nutr 2004;79:633-41.

KEY WORDS Vitamin A, retinol, deuterated retinol dilution,
stable-isotope dilution, carotenoids, B-carotene, retinol activity
equivalent, vitamin A requirements, elderly humans

INTRODUCTION

Thevitamin A requirements of elderly humans have not been
studied. The current US recommended dietary allowances
(RDASs) for vitamin A of 900 and 700 g retinol activity equiv-
alents (RAE)/d for men and women, respectively, have been set
tobethesamefor al adultsaged = 19y (1). The 1989 Philippine

RDAs for men and women aged = 16 y are 525 and 450 ug
retinol equivaents (RE)/d, respectively (2). The 2002 FAO/
WHO “recommended safe intake” of vitamin A for men and
women aged 19-65 y are 600 and 500 ng RE/d; that for all
subjects aged > 65y is 600 wg RE/d (3). However, because no
dataon thevitamin A needs of elderly personsareavailable, itis
unknown whether the vitamin A requirements of the elderly are
similar to or different from those of younger adults.

Theliveristhemainstorageorganfor vitamin A (4); thus, liver
concentrations of vitamin A are a good indicator of vitamin A
status. With the use of the deuterated-retinol-dilution (DRD)
technique (5), quantitative estimates of total-body vitamin A and
of liver vitamin A concentrations can be obtained without di-
rectly measuring liver samples.

Inthiscross-sectional study, weaimed to assessthevitamin A
status of men and women aged = 60 y and to estimate their
vitamin A requirements. Specifically, weaimed to determinethe
habitual dietary vitamin A intakes of elderswith adequate or low
liver vitamin A concentrations by using avalue of = 0.07 wmol
vitamin A/g liver (20 ng/g) as being indicative of an adequate
liver reserve. According to Olson (6—8), this concentration of
vitamin A inliver will meet all physiologic needsfor thevitamin
and will maintain areserve for 3-4 mo when intakes are low or
during periods of increased need resulting from infections and
other stresses. Another aim of our study wasto correlate dietary
intakes of vitamin A, provitamin A carotenoids, and other nutri-
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ents (fat, protein, and carbohydrates) with total-body vitamin A,
liver vitamin A concentrations, and serumretinol concentrations.

SUBJECTS AND METHODS

Subjects

Thestudy participantswere men and women aged = 60y who
resided intheadjacent rural villagesof Malabanan and Palsarain
the municipality of Balete, Batangas province, ~80 km south of
Manila. These villages were selected as study sites because of
their relatively largeelderly populationsand the good probability
of finding some elders with low liver vitamin A stores. These
communities have low socioeconomic status and a high preva-
lence of mal nutrition among schoolchildren; 21998 survey con-
ducted by the Nuitrition Center of the Philippines (NCP) among
school children in the areashowed that vitamin A intake was|ow
(47% of the Philippine RDA) and the prevalence of anemiawas
high (55%) (9). A list of elderly residents in the villages was
verified by house-to-house visits made by NCP personnel with
the help of local health workers. Written informed consent was
obtained from the elders, and approval to conduct the study was
obtained from the Ethical Review Board of the Philippine Coun-
cil for Health Research and Devel opment and the Tufts Univer-
sity—New England Medical Center Human I nvestigation Review
Committee.

The present study was conducted between March and May
2000. Elders (n = 179) were initially interviewed to determine
their medical history and dietary habits. VVolunteers(n = 98) with
no history of major illnesses, who did not take medications or
nutritional supplements, and who were ambulatory weregiven a
physical examination, a chest X-ray, and an electrocardiogram.
Trained nutritionists and nurses performed anthropometric mea-
surements. Fasting blood was drawn for blood tests, which in-
cluded acomplete blood count and measurement of fasting blood
sugar, cholesterol, and other biochemical variables(hemoglobin,
hematocrit, C-reactive protein, albumin, prealbumin, serum ret-
inol, and carotenoids). The DRD procedure (5) for measurement
of total-body and liver vitamin A was conducted on 78 generally
healthy subjects; however, 9 of these subjects had incomplete
dietary or biochemical data.

Fat absorption test

For the fat absorption test, a 3-d high-fat (=80 g fat/d) menu
was prepared by NCP dietitians for the subjects to consume as
morning and afternoon snacks for 3 consecutive days in their
homes. Stool sampleswere collected on the fourth day and were
transported under ice to a laboratory in Manila for fecal fat
analysiswith the use of Sudan |11 dye (Sigma-Aldrich, St Louis)
(10, 11). The criteria established by Drummey et a (11) for the
microscopic evaluation of split fat in stoolswere used: anormal
(+) stool may contain afairly large number of fat globules, but
the globules aretiny (< 4 wm in diameter); increased fat (++)
instool ischaracterized by the presence of up to 100 fat globules
per high-power field, the diameter of thefat globulesbeing 4—8
um; and markedly increased fat (++ +) in stool ischaracterized
by the presence of fat globulesthat are 6—75 wm in diameter and
increased in number (> 100 fat droplets per high-power field).

Helminthic infections

Fecal samples were examined for helminths (Ascaris lumbri-
coides, Trichuris trichiura, and hookworm) by using the Kato-

Katz procedure (12). Thethreshol dsproposed for useby aWorld
Health Organization Expert Committee (13) for the classes of
intensity of infection (light, moderate, and heavy) for each hel-
minth are as follows: for A. lumbricoides, 1-4999 eggy/g feces
(epg) (light), 5000—49 999 epg (moderate); and = 50 000 epg
(heavy); for T. trichiura, 1-999 epg (light), 1000-9999 epg
(moderate), and = 10000 epg (heavy); and for hookworm,
1-1999 epg (light), 2000—3999 epg (moderate), and = 4000 epg
(heavy). Thefecal analysesweredoneby parasitologistsfromthe
Department of Parasitology, University of the Philippines.

Blood handling and tests

Blood hemoglobin and hematocrit measurements were done
in the field immediately after blood drawing. Hemoglobin was
assayed by using the HemoCue B-Hemoglobin System (An-
gelholm, Sweden). A centrifuge and refrigerator-freezer were
transported from Manilato the study sitesto prepareand storethe
serum samples. To prevent photodegradation of retinoids and
carotenoids, venous blood was drawn into aluminum-wrapped
evacuated tubes, allowed to clot, and centrifuged at 2800 X g for
10 min in a darkened room at room temperature. Serum (0.5-1
mL aliquots) was transferred into cryovials that were immedi-
ately stored at —20 °C. At the end of each day, the specimens
were transported under dry ice to Manila and stored at —70 °C
until hand-carried under dry iceto the Human Nutrition Research
Center at Tufts University in Boston, where they were kept at
—70 °C until analyzed.

Serum retinol and carotenoids were analyzed under red light
by gradient reversed-phase HPL C with the use of a C5, column
(14) and retinyl acetate and echinenone as internal standards.
Serum albumin was assayed by using the Roche reagent for
albumin (Roche Diagnostic Systems, Inc, Somerville, NJ). Se-
rum prealbumin and C-reactive protein were assayed by immu-
noprecipitation analysis with use of the SPQ Antibody Reagent
Set Il (Atlantic Antibodies, Stillwater, MN).

Deuterated-retinol-dilution procedure

The DRD procedure was used to assess total-body stores of
vitamin A (5). Tetradeuterated retinyl acetate (all-trans-retinyl-
10,19,19,19-[?H ] acetate) was synthesized by Cambridge Iso-
tope Laboratories (Andover, MA). We prepared capsules con-
taining 0.015 mmol [H ] retinyl acetatein corn oil by dissolving
aknown amount of isotope in absol ute ethanol, adding a prede-
termined amount of corn oil, and allowing the ethanol to evap-
orate under nitrogen, as previously described (15).

DRD involvesthe administration of an oral dose of deuterated
retinyl acetate, determination of theratio of deuterated retinol to
nondeuterated retinol (D:H) in serum after the administered iso-
tope has equilibrated with the body’ s vitamin A pool, and appli-
cation of amathematical formulato calculate total-body vitamin
A (5). We reported previously that, in elders, an oral dose of
deuterated vitamin A will equilibrate (reach a plateau in serum)
by 20 d postdosing (15). The DRD technique has been used to
assesstotal-body and liver vitamin A in US (5, 16), Bangladeshi
(16-18), and Guatemalan (15) adults. The technique has been
validated by Furr et a (5) in generaly healthy adult American
surgical patients and by Haskell et a (17) in adult Bangladeshi
surgical patientswith low-to-adequate vitamin A status. Inthese
2 studies, good agreement was found between the calculated
values and values obtained by direct measurement of liver biop-
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sies; Pearson product-moment correlation coefficients (r) were
0.88and 0.75, respectively (5, 17), and the Spearman rank-order
correlation coefficient (p) in the US study was 0.95 (5).

In the present study, a capsule containing [>H ] retinyl acetate
was ingested by volunteers with a high-fat meal (consisting of
fried rice and fried chicken), and after 20 d, fasting blood was
drawn for measurements of serum D:H by gas chromatography—
mass spectrometry (19). Values of vitamin A reserves were ex-
pressed astotal-body vitamin A (mmol retinol or wmol retinol/kg
body wt) and as liver vitamin A concentrations (wmol retinol/g
liver). The vitamin A concentration in liver was estimated by
assuming that liver weight is 2.4% of body weight in adults (6)
andthat, inthisstudy cohort of marginally nourishedindividuals,
70% of total-body vitamin A is found in the liver. In well-
nourished persons, the liver contains > 90% of total-body vita-
min A (4, 6). In poorly or marginally nourished individuals, liver
vitamin A concentrations are lower than in well-nourished per-
sons, although vitamin A in other tissuesremainsrel atively con-
stant (4); thus, the percentage of total-body vitamin A in extra-
hepatic tissues is raised from < 10% to ~10-50% and that in
liver becomes lowered from > 90% to ~50-90% (4, 6).

Dietary assessment

Threenonconsecutive 24-h dietary recallswere obtained from
study participants by NCP dietitians. Food models and house-
hold measuring tools were used by dietitians to aid the subjects
in estimating their food intakes. Dietary intakes of vitamin A,
B-carotene, fat, protein, and carbohydratewereassessed by using
Philippinefood tables (20), and because these food tables do not
currently provide information on food carotenoid content other
than for B-carotene, intakes of other provitamin A carotenoids
(ie, B-cryptoxanthin and a-carotene) were assessed by using the
USDA-NCC Carotenoid Database for US Foods (21). Note,
however, that many Philippinefoodsarenot listed in the USDA-
NCC database; thus, intakes of B-cryptoxanthin and «a-carotene
may have been underestimated. The results from the 3 dietary
recallswereaveraged. Vitamin A intakewas expressed asretinol
activity equivaents (RAE), adietary index that is more conser-
vative than the RE. One RAE isequal to 1 ug retinol or 12 ug
B-carotene or 24 g of other provitamin A carotenoids, whereas
1REisequal to 1 ugretinol or 6 ug B-caroteneor 12 ug of other
provitamin A carotenoids (1).

Statistical analyses

For total-body vitamin A, diet, and serum retinol and provi-
tamin A carotenoid concentrations, atwo-factor analysisof vari-
ance (ANOVA) was used to study the main effects of sex and
liver vitamin A status and their interaction. Variables that were
not normally distributed were log transformed. When the sex X
liver vitamin A statusinteraction was not significant (P > 0.05),
no further subgroup analysis was performed and only the main
effectsof sex and of vitamin A statusare described and discussed.
When appropriate, comparisons between men and women, be-
tween subjectswith adequate and those with low liver vitamin A
concentrations, between subj ectswith and those without helmin-
thicinfections, and between subjectswith normal and thosewith
abnormal fat absorptiontest resultsweredone by using Student’s
unpaired t test or the Mann-Whitney U test for normal or non-
normal distributions, respectively. Additionally, data that could
be normalized by log transformation were analyzed by use of

Student’s unpaired t tests. To study correlations between vari-
ables, Spearman rank-order correlations or Pearson product-
moment correlations were done. All statistical analyses were
performed by using STATVIEW SE + GRAPHICS software
(Abacus Concepts, Inc, Berkeley, CA). For al tests, P < 0.05
was considered statistically significant.

RESULTS

Measures of dietary intakes and vitamin A status were ob-
tained from 69 generally healthy elderly volunteers. However,
datafrom 7 womenwith abnormal fat absorptiontest resultswere
not included inthefinal analyses because thetotal-body vitamin
A values of these women were significantly lower than those of
thewomen who absorbed fat normally (median: 0.098 compared
with 0.171 mmol retinol; P = 0.04). Among the women who
malabsorbed fat, total-body vitamin A in those with markedly
increased fat (+++) in stool (n = 4) was not significantly
different fromthat inthosewithincreased fat (4 +) instool (n =
3) (median: 0.098 compared with 0.107 mmol retinol, respec-
tively; P > 0.05).

Only one subject (amale) had an abnormal C-reactive protein
value of 25 mg/L. C-reactive protein concentrations = 10 mg/L
are indicative of an acute phase response to infection, during
which serum retinol may decrease transiently (22). Because this
subject’ sserumretinol concentration wasnormal (2.76 wmol/L),
however, his data were included in the final analyses.

The characteristics of the study participants are presented in
Table 1. There were no significant differences between the men
(n = 31) and the women (n = 31) in age, body massindex, and
serum albumin. However, body weight, height, serum preal bu-
min, blood hemoglobin, and hematocrit were significantly
higher in the men than in the women. The percentage of subjects
who were underweight [body massindex (inkg/m?) < 18.0] was
25.8% (16.1% of the men and 35.5% of the women); the per-
centage who were overweight (body mass index: 28—30) was
4.8% (6.5% of themen and 3.2% of thewomen). All subjectshad
normal serum abumin concentrations (3.6-5.2 g/dL). Three
subjects (1 man and 2 women) were anemic on the basis of the
World Health Organi zation hemogl obin cutoff valuesfor anemia
of < 13g/dL for menand < 12 g/dL for women (23); one subject
(awoman) had alow hematocrit value on the basis of the World
Health Organization criteria for normal hematocrit of 37-43%
for women (23).

The loads of A. lumbricoides and T. trichiura were not sig-
nificantly different in the men and thewomen; however, themen
tended to have more hookworm than did the women (P = 0.06).
Theintensities of these helminthic infections were mild to mod-
erate and were unrelated to total-body vitamin A, liver vitamin A
concentrationss, or serum retinol concentrations (data not
shown).

The vitamin A status of the study participants is shown in
Table 2. Total-body vitamin A valuestended to be higher in the
men than in thewomen (P = 0.098), but not when expressed per
kg body wt. Total-body vitamin A was correlated with body
weight (r = 0.48, P = 0.0001). Liver vitamin A concentrations
werenot significantly different between the men and thewomen.

Nine subjects (14.5%) had low liver vitamin A concentrations
(< 0.07 umol/g); and 25 subjects (40.3%) had liver values that
were marginally adequate (0.07—0.14 pwmol/g). However, none
of the subjects had serum retinol values that were low (< 0.7
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TABLE 1
Characteristics of the elderly study participants

Men (n = 31)

Women (n = 31)

Age(y)

Weight (kg)

Height (cm)

BMI (kg/m?)

Serum albumin (g/dL)

Serum prealbumin (mg/L)

Blood hemoglobin (g/dL)

Blood hematocrit (%)

Ascaris lumbricoides
Prevalence (%)
Intensity (eggs/g feces)

Trichuris trichiura
Prevalence (%)
Intensity (eggs/g feces)

Hookworm
Prevalence (%)
Intensity (eggs/g feces)

66.8 + 7.0 (60-86)*
53.3 + 9.7 (40.0-75.1)
159 + 5 (149-170)
21.0 + 3.5 (16.8-29.6)
43+ 0.3(3.7-4.9)
309 + 50 (198-394)
17.2 + 1.6 (12.4-19.8)
451 + 3.3 (40-50)

670 + 2232 (0-10896)

20 + 70 (0-360)

419 + 913 (0-3792)

67.8 + 8.1(60-88)

45.9 + 10.1 (30.0-74.8)2
150 + 5 (144-161)?

20.2 + 4.1 (14.5-30.0)
44+ 02 (4.04.7)

259 + 56 (150-381)?

15.2 + 2.3(7.2-18.4)2

41.6 + 2.9 (35-48)?

133
438 + 2320 (0-12720)

10.0
20 + 74 (0-336)

30.0
275 + 779 (0-3744)

1 X £ SD; minimum and maximum values in parentheses (all such values).

2 Significantly different from men, P < 0.002.

umol/L), and only 2 had serum values that were marginal (0.7—
1.05 wmol/L). Nevertheless, asignificant correlation was found
between liver vitamin A concentrations and serum retinol con-
centrations in this marginally nourished population (p = 0.31,
P = 0.02).

The total-body vitamin A values that corresponded to ade-
quate (= 0.07 uwmol/g) or low (< 0.07 wmol/g) liver vitamin A
concentrations in men and women are shown in Figure 1.
ANOVA resultswere asfollows: P = 0.33 for sex, P = 0.0001
for liver vitamin A status, and P = 0.71 for sex X liver vitamin
A status interaction. In al subjects (both sexes) with adequate
or low liver vitamin A, the total-body vitamin A values were
0.269 + 0.131 and 0.064 + 0.025 mmol retinol, respectively
(P = 0.0001).

We calculated the value of total-body vitamin A/kg body wt
that was equivalent to a minimally adequate liver vitamin A
concentration of 0.07 wmol/g and found thisto be 2.40 wmol/kg.
This value was obtained by proportion by using the individual
valuesfor liver vitamin A concentration (assuming that 70% of
the body’s vitamin A reserves are in the liver) and total-body
vitamin A/kg body wt.

Selected dietary intakes of the men and women whose liver
vitamin A concentrations were either adequate or low are
shownin Table3. ANOVA showed no significant sex X liver
vitamin A statusinteraction related to any of the dietary vari-
ables (P = 0.24).

TABLE 2
Vitamin A status of the elderly study participants*

In all subjects (both sexes), RAE intake was significantly
higher among those with adequate than among those with low
liver vitamin A concentrations (P = 0.01). All subjects with
adequate liver vitamin A a so had significantly greater intakes of
preformed vitamin A (P = 0.04), B-carotene (P = 0.05), and
a-carotene (P = 0.03) than did subjectswithlow liver vitamin A
(Table 3).

Between the men and the women, there were no significant
differences in mean intakes of RAE (127 and 122 ug/d), pre-
formedvitamin A (99 and 103 ng/d), B-cryptoxanthin (55 and 47
ngl/d), a-carotene (26 and 11 wg/d), fat (14.4 and 14.1 g/d),
carbohydrate (242 and 215 g/d), and total energy (5.2 and 4.7
MJ/d), but the men had significantly higher protein intakes than
did the women (36 and 29 g/d; P = 0.03) and tended to have
higher intakes of B-carotene (294 and 208 u.g/d; P = 0.06). The
percentages of total energy obtained from fat, protein, and car-
bohydrates were 10.4%, 11.7%, and 77.9% for the men and
11.5%, 10.6%, and 77.9% for the women.

All of the elderly male study participants had energy intakes
that were below the Philippine RDAs of 2090 kcal (8.7 MJ) for
men aged 60—69 y and 1880 kcal (7.9 MJ) for menaged = 70y
(22); their energy intakes were 63% of the Philippine RDA.
Among thewomen, 87% had energy intakesthat were below the
Philippine RDAs of 1540 kcal (6.4 MJ) for women aged 60—69
y and 1390 kcal (5.8 MJ) for women aged = 70 y (22); their
energy intakes were 71% of the RDA.

Men (n = 31) Women (n = 31)

Total-body vitamin A (mmol retinol)?
Total-body vitamin A/kg body wt (wmol retinol/kg)
Liver vitamin A (umol retinol/g)®

0.263 + 0.144 (0.038-0.664)
4.8+ 2.0(0.9-8.9)
0.139 + 0.058 (0.026-0.260)

0.215 + 0.137 (0.020-0.590)
48 + 32(0.6-15.0)
0.140 + 0,095 (0.019-0.438)

1 All values are X = SD; minimum and maximum values in parentheses.

2 Assessed by use of the deuterated-retinol-dilution procedure (5).

3 Estimated by assuming that liver weight is 2.4% of body weight and that, in this marginally nourished population, 70% of total-body vitamin A isinthe

liver.
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FIGURE 1. Mean (+ SD) total-body vitamin A values corresponding to
adequate (&; = 0.07 umol/g) and low ([J; < 0.07 wmol/g) liver vitamin A
concentrations in elderly men (n = 27 with adequate vitamin A concentra-
tions and 4 with low concentrations) and women (n = 26 with adequate
vitamin A concentrationsand 5withlow concentrations). Total-body vitamin
A was estimated by the deuterated-retinol-dilution procedure (5); liver vita-
min A was estimated by assuming that liver weight is 2.4% of body weight
and that, in thismarginally nourished population, 70% of total-body vitamin
Aisintheliver. ANOVA: P = 0.33for sex, P = 0.0001 for vitamin A status,
and P = 0.71 for sex X vitamin A status interaction.

Among the men, 94% had protein intakes that were below the
Philippine RDA of 60 gfor adult males(22); their proteinintakes
were 61% of the RDA. Among the women, 94% had protein
intakes that were below the Philippine RDA of 52 g for adult
females (22); their protein intakes were 56% of the RDA.

The Spearman rank-order correlation coefficients (p) or Pear-
son product-moment correlation coefficients (r) between se-
lected dietary intakesand vitamin A statusmeasuresin eldersare
shown in Table 4. Dietary RAE, preformed vitamin A, B-
carotene, fat, and protein weresignificantly correlated with total -
body vitamin A. Dietary RAE and preformed vitamin A were
also significantly correlated withliver vitamin A concentrations,
and dietary B-carotene and fat tended to be correlated with liver
vitamin A concentrations (P = 0.09 and P = 0.06, respectively).
Incontrast, noneof thedietary intakesmentioned werecorrel ated
with serum retinol concentrations. Intakes of carbohydrate were
unrelated to total-body vitamin A, liver vitamin A concentra-
tions, and serum retinol concentrations.

The serum concentrations of retinol and provitamin A carote-
noidsin the men and women with adequate or low liver vitamin
A concentrations are shown in Table 5. ANOVA showed no
significant sex X liver vitamin A statusinteraction related to any
of the variablesin serum (P = 0.50), but a sex effect on serum
retinol was noted (P = 0.047).

Serum retinol was significantly higher in the men than in the
women (2.06 and 1.78 umol/L; P = 0.02), but there were no
significant differences in serum concentrations of trans-3-
carotene, B-cryptoxanthin, a-carotene, and 13-cis-B-carotene
between the sexes. Among all subjects (both sexes), serum ret-
inol tended to be higher in those with adequate than in those with
low liver vitamin A concentrations (1.96 and 1.64 umol/L; P =
0.06). However, serum carotenoid values (trans-B-carotene,
B-cryptoxanthin, a-carotene, and 13-cis-B-carotene) between
these 2 groups were not significantly different.

We calculated an acceptable or sufficient dietary vitamin A
intake value (in ug RAE/Kkg body wt) associated with adequate
liver vitamin A concentrations (= 0.07 wmol/g) in persons = 60
y of age by taking the mean RAE + 2 SDs[135 + 2(95) = 325
wg RAE] consumed by all subjects whose liver vitamin A con-
centrations were adequate (n = 53) and dividing this value by
their mean body wt (50.40 kg). Adding 2 SDsto the mean RAE
in the calculation gives amargin of safety to cover the needs of
most healthy elders. We had chosen a midpoint value of 70% as
the percentage of total-body vitamin A present in livers of mar-
ginally nourished individuals;, however, these percentages may
range from ~50% to 90% (4, 6). We calculated that for most
relatively healthy elders, an acceptable or sufficient daily dietary
vitamin A intake associated with adequate liver vitamin A re-
servesis 6.45 ug RAE/Kg body wt. For areference 76-kg man
and a 61-kg woman who are = 60 y old, acceptable vitamin A
intakesare 490 and 393 wg RAE/d, respectively. These numbers
may be rounded to 500 and 400 wg RAE/d, respectively.

Wealso calculated, for comparison, what the acceptable vita-
min A intake would be if 50% or 90% of total-body vitamin A
was assumed to be in the liver. Assuming a 50% liver storage
value, 44 subjects had adequate liver vitamin A concentrations
(= 0.07 wmol/g), and an acceptable daily vitamin A intake was
calculated to be 6.78 ug RAE/kg body wt (515 and 414 ug RAE
for areference man and women, respectively). Assuming a90%
liver storage value, 55 subjects had adequate liver vitamin A
concentrations, and an acceptable daily vitamin A intake was
calculated to be 6.39 ug RAE/kg body wt (486 and 390 g RAE
for areference man and women, respectively).

DISCUSSION

The mean total amount of vitamin A in the body of rura
Filipino elders (0.24 mmol retinol) is3 timeslower than what we
reported for rural Guatemalan elders (0.78 mmol retinol) (15) by
using the same DRD procedure (5). The better vitamin A status
of the Guatemalan eldersis most likely due to the national Gua-
temalan program of fortifying domestic sugar withvitamin A and
not to socioeconomic differences between the rural populations.
Thecalculated meanliver vitamin A concentration of theFilipino
elders (0.14 wmol/g liver) is aso lower than val ues obtained by
direct measurement of liver vitamin A in autopsies of subjects
who were = 60 y old at the time of death (valuesin umol/g
liver): 0.34inlllinois (24), 0.44 in Canada (25), 0.57in5US
areas (Missouri, lowa, Ohio, California, and Texas) (4), 0.57
in London (26), 0.93in New Zealand (27), and 1.22 in Wash-
ington, DC (28).

An adequateliver vitamin A concentration isconsidered to be
= 0.07 uwmol/g liver (20 ug/g) (6—8). We determined that the
corresponding value expressed as total-body vitamin A is 2.4
umol/kg body wt. Weinvestigated the dietary vitamin A intakes
of men and women aged = 60 y whose liver vitamin A concen-
trationswere = or < 0.07 wmol/g (or whose total-body stores of
vitamin A were = or < 2.4 umol/kg body wt), with the goal of
obtaining insights regarding the vitamin A requirements of this
agegroup. Thisapproachisappropriate becausethedataindicate
that dietary vitamin A intakes are correlated with total-body
vitamin A or liver vitamin A. A similar approach cannot be done
by using serum retinol concentrations because this measure is
subject to homeostatic control (29). The present study and other
studies (30—32) found that vitamin A intakes are unrelated or
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TABLE 3
Selected dietary intakes of the elderly men and women with adequate (= 0.07 wmol/g) or low (< 0.07 wmol/g) liver vitamin A concentrations®
Men Women All subjects
Adequate (n = 27) Low (n=4) Adequate (n = 26) Low (n=15) Adequate (n = 53) Low (n=9)

RAE (pg/d)?

X+ SD 135 + 86 75+ 53 134 + 104 60 = 27 135+ 95 67 + 38°

Minimum—maximum 31422 17-141 27-513 30-85 27-513 17-141
Preformed vitamin A (g/d)

X+ SD 104 + 76 64 + 47 113 + 102 50 + 22 108 + 89 56 + 34°

Minimum—maximum 2-321 12-124 10-510 28-76 2-510 12-124
B-Carotene (ng/d)

X+ SD 319 + 255 125+ 75 229 + 249 100 = 71 275+ 254 112 + 69°

Minimum—maximum 8-1199 52-198 7-1152 18-195 7-1199 18-198
B-Cryptoxanthin (ng/d)

X+ SD 63+ 173 0 49 + 85 35+ 68 56 + 136 19+ 51

Minimum—maximum 0-858 0 0-309 0-155 0-858 0-155
a-Carotene (ng/d)

X+ SD 30+ 84 0 13+ 29 0 22+ 63 0?

Minimum—maximum 0-359 0 0-136 0 0-359 0
Energy (MJ/d)

X+ SD 52+17 54+13 48+ 20 39+10 50+18 46+13

Minimum—maximum 2.2-86 41-7.2 1793 2.6-5.2 1793 26-7.2
Fat (g/d)

X+ SD 15.3 + 10.7 83*50 141+ 82 144+ 118 147+ 95 117+ 94

Minimum—maximum 28434 3.8-14.7 3.1-37.9 5.1-33.3 28434 3.8-33.3
Protein (g/d)*

X+ SD 36.5 + 14.6 35.7+99 295+ 128 262+ 70 33.1+14.0 304 +93

Minimum—maximum 11.1-711 25.3-48.2 11.7-62.9 20.0-37.8 11.1-711 20.0-48.2
Carbohydrate (g/d)

X+ SD 238+ 80 267 =73 223+ 99 177 £ 55 231+ 89 217+ 76

Minimum—maximum 104-418 208-361 81444 116-254 81444 116-361

1 Philippine food tables (20) were used to assess intakes of preformed vitamin A, B-carotene, fat, protein, and carbohydrate, and the USDA-NCC
Carotenoid Database for US Foods (21) was used to assess intakes of a-carotene and B-cryptoxanthin. Liver vitamin A concentrations were estimated by
assuming that liver weight is 2.4% of body weight and that, in this marginally nourished population, 70% of total-body vitamin A isin the liver. Total-body
vitamin A was assessed by use of the deuterated-retinol -dilution procedure (5). ANOV A showed no significant sex X liver vitamin A statusinteraction related

to any of the dietary variables.

2 Total dietary vitamin A intake expressed in ug retinol activity equivalents (RAE). 1 RAE = 1 ug dietary preformed vitamin A or 12 ug B-carotene or

24 g B-cryptoxanthin or a-carotene (1).

3 Significantly different from all subjects with adequate liver vitamin A concentrations, P < 0.05 (main effect of vitamin A status).

4 Significant main effect of sex (P < 0.05).

only weakly related (33) to serum retinol concentrations, because
serum retinol values remain in the normal range unless liver
reserves are severely depleted.

Weincluded datafrom eldersfound to have mild-to-moderate
hel minthic infections because we found these to be unrelated to
vitamin A status. Among 3—6-y-old Indonesian children with
parasitic |oadsthat were 10 times greater than what we observed
among these elders, it was reported that serum retinol concen-
trationswereimproved by anthelmintic treatment plus provision
of additional dietary fat and B-carotene sources (34).

Elderly men tended to have greater amounts of total-body
vitamin A thandid elderly women. However, when expressed per
kg body wt or per g liver, vitamin A valuesin men and women
weresimilar. Thelack of asex differenceinthevitamin A content
of liversobtained at autopsieshasbeenreported (4, 25). Themale
study participants, however, had higher serum retinol concen-
trations than did the women, as was found in the third National
Health and Nutrition Examination Survey (35) and other studies
(30, 33, 36).

The 3 nonconsecutive 24-h dietary recalls provided areason-
able average estimate of usual vitamin A intakes because signif-

icant correlations were found between RAE and total-body or
liver vitamin A. However, the study was doneduring arelatively
short time period (March to May), and we did not test whether
seasonality might affect estimatesof dietary vitamin A intakeand
vitamin A status in the population. There were no significant
differences between men and women in RAE intakes. Assuming
that 70% of total-body vitamin A wasin the liver of these study
participants, 15% had liver vitamin A concentrations that are
considered to below (< 0.07 umol/g). Themeantotal vitamin A
intake (RAE) of subjectswith low liver vitamin A reserves was
only about one-half of that of subjects with adequate liver re-
Serves.

The term estimated average requirement (EAR) was intro-
duced by a US scientific panel who evaluated the dietary refer-
ence intakes of US and Canadian populations (1). The EAR is
defined as “the average daily nutrient intake level estimated to
meet the requirement of half the healthy individualsin a partic-
ular lifestageand sex group,” and the RDA—whichisdefined as
“the average daily dietary nutrient intakelevel sufficient to meet
the nutrient requirement of nearly all (97—98%) healthy individ-
ualsinaparticular life stage and sex group” —was set to be equal
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TABLE 4
Correlations of selected dietary intakes with vitamin A statusin Filipino elderst

porr P
RAE vstotal-body vitamin A 0.43 0.0004
RAE vsliver vitamin A concentration 0.36 0.004
RAE vs serum retinol concentration 0.12 0.35
Preformed vitamin A vstotal-body vitamin A 0.35 0.01
Preformed vitamin A vsliver vitamin A concentration 0.27 0.03
Preformed vitamin A vs serum retinol concentration 0.08 0.52
B-Carotene vs total-body vitamin A 0.30 0.02
B-Carotene vsliver vitamin A concentration 0.22 0.09
B-Carotene vs serum retinol concentration 0.16 0.22
B-Cryptoxanthin vs total-body vitamin A 0.12 0.58
B-Cryptoxanthin vsliver vitamin A concentration 0.03 0.90
B-Cryptoxanthin vs serum retinol concentration —-0.09 0.50
a-Carotene vs total-body vitamin A 0.14 0.30
a-Carotene vs liver vitamin A concentration 0.16 0.22
a-Carotene vs serum retinol concentration 0.07 0.59
Fat vstotal-body vitamin A 0.35 0.01
Fat vsliver vitamin A concentration 0.24 0.06
Fat vs serum retinol concentration 0.05 0.72
Protein vstotal-body vitamin A 0.27 0.03
Protein vsliver vitamin A concentration 0.12 0.37
Protein vs serum retinol concentration 0.16 0.20
Carbohydrate vs total-body vitamin A 0.09 0.49
Carbohydrate vs liver vitamin A concentration 0.01 0.93
Carbohydrate vs serum retinol concentration 0.17 0.19

1 Spearman rank-order correlation coefficient (p) or Pearson product-moment correlation coefficient (r) for 62 elders. One retinol activity equivalent
(RAE) = 1 png dietary preformed vitamin A or 12 ug B-carotene or 24 ug B-cryptoxanthin or a-carotene (1). Total-body vitamin A was assessed by use of the
deuterated-retinol-dilution procedure (5). Liver vitamin A concentrationswere estimated by assuming that liver weight is 2.4% of body weight and that, in this
marginally nourished population, 70% of total-body vitamin A isin theliver.

tothe EAR + 2 SDs (1). In the present study, the small number ever, the habitual RAE intakes of elderly subjects whose liver
of subjects with low liver vitamin A concentrations (< 0.07 vitamin A amounts are adequate (= 0.07 umol/g) can provide
umol/g) did not alow us to determine an accurate EAR. How- information regarding the vitamin A requirements of elderly

TABLE 5
Serum concentrations of retinol and provitamin A carotenoids in the elderly men and women with adequate (= 0.07 wmol/g) or low (< 0.07 umol/g) liver
vitamin A concentrations®

Men Women
Adequate (n = 27) Low (n=4) Adequate (n = 26) Low (n=15)
umol/L umol/L

Retinol?

X £ SD 2.08 £ 0.48 1.89 + 0.62 1.84 + 0.61 144+ 0.34

Minimum—maximum 1.47-3.32 1.32-2.74 0.97-3.53 1.01-1.88
Total provitamin A carotenoids

X £ SD 0.40 £0.33 0.34 £0.18 0.42 £ 0.26 0.26 £ 0.11

Minimum—maximum 0.03-1.43 0.08-0.48 0.11-1.23 0.17-0.39
trans-pB-Carotene

X £ SD 0.22 £0.20 019 +£0.11 023+ 0.14 0.16 = 0.07

Minimum—maximum 0.01-0.79 0.04-0.30 0.05-0.70 0.11-0.25
B-Cryptoxanthin

X £ SD 0.11 £ 0.17 0.09 £ 0.09 0.12 £ 0.12 0.05 = 0.02

Minimum—maximum 0.01-0.78 0.02-0.21 0.01-0.51 0.03-0.08
a-Carotene

X £ SD 0.06 = 0.04 0.05 £ 0.04 0.06 £ 0.02 0.04 = 0.03

Minimum—maximum 0.01-0.18 0.02-0.10 0.02-0.12 0.02-0.07
13-cis-B-Carotene

X £ SD 0.01 £0.01 0.01 £ 0.01 0.02 £ 0.01 0.01 £ 0.01

Minimum—maximum 0-0.05 0-0.03 0-0.05 0.01-0.02

1 Liver vitamin A concentrations were estimated by assuming that liver weight is 2.4% of body weight and that, in this marginally nourished population,
70% of total-body vitamin A isin theliver. Total-body vitamin A was assessed by use of the deuterated-retinol-dilution procedure (5).
2 ANOVA showed no significant sex X vitamin A status interaction, but a sex effect on serum retinol was noted (P = 0.047).
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people. Wedefined an acceptable or sufficient dietary vitamin A
intakeassociated with adequateliver vitamin A reservesinnearly
all relatively healthy men and women aged = 60y by taking the
mean RAE + 2 SDsof elderswith adequate liver vitamin A and
adjusting for differences in body weights. There was no advan-
tageto having separate cal cul ationsfor men and women because
their total-body vitamin A when expressed per kg body wt was
identical. The acceptable or sufficient amount of vitamin A in-
take by eldersis 6.45 wg RAE/Kkg body wt, or 500 and 400 g
RAE/d for areference 76-kg man and areference 61-kg woman,
respectively. On the basis of the results of the present study, the
Philippine (2) and FAO/WHO (3) recommendations for elderly
persons appear adequate, whereas the US recommendations for
the elderly (1) seem high.

Olson (6) calculated that the recommended dietary intake for
adult men and women is 9.3 ug retinol/kg body wt, or 707 and
567 wgfor areference man and areferencewoman, respectively.
Thus, he suggested that the US dietary vitamin A recommenda-
tions should be lowered to 700 and 600 w.g retinol, respectively,
for adult men and women of all ages (6). Our study was done on
= 60-y-old subjects only and did not test whether the vitamin A
requirements of young and older adults differ. However, age-
related changes in vitamin A status and metabolism have been
reported. Data from the third National Health and Nutrition Ex-
amination Survey showed an increase in serum retinol in older
compared with younger adults (35). Absorption of B-carotene
and its conversion into retinyl esters have been reported to be
enhanced in older humans (37). Inrats, the intestinal absorption
of vitamin A was found to be increased with age (38, 39), pos-
sibly as the result of decreased thickness of the unstirred water
layer in the small intestine of older animals (40). Another study
in rats, however, did not show any effect of age on vitamin A
absorption (41). Furthermore, decreased clearance of vitamin A
from the circulation by hepatic uptake has been reported in el-
derly humans (42) and in aged mice (43).

Use of the DRD technique for assessing the body’ svitamin A
reserves shows associations that are not discernible with the use
of serum retinol, which is subject to homeostatic control. Our
finding of a significant correlation of dietary B-carotene with
total-body vitamin A, but not serum retinol, has important im-
plicationsfor the effectiveness of plant carotenesasavitamin A
source. de Pee et a (44) reported no improvement in serum or
breastmilk retinol in breastfeeding Indonesian women after they
consumed dark-green leafy vegetables and carrots; thus, the au-
thors questioned whether increasing vegetabl e intakes can com-
bat vitamin A deficiency. However, this question can best be
answered by using stable-isotope-dilution proceduresfor assess-
ment of vitamin A reserves, and not by serum retinol measure-
ments.

Wefoundasignificant correlation of fat intakewith total-body
vitamin A but not with serum retinol concentrations. Studiesin
ferrets (45) and Mongolian gerbils (46) fed B-carotene showed
that increasing dietary fat resultsin higher hepatic vitamin A but
has no effect on serum or plasmaretinol. Furthermore, our study
showed asignificant correlation of proteinintakewithtotal-body
vitamin A, athough the correlation was weaker than that ob-
served between dietary fat and total-body vitamin A; dietary
protein was unrelated to serum retinol concentrations. In ferrets
fed B-carotene, increased dietary protein resulted in increased
vitamin A concentrationsin liver but not plasma (45).

In summary, we assessed the tota-body and liver vitamin A
reserves of men and women aged = 60y by use of the DRD tech-
nique and determined the subjects’ total dietary vitamin A intakes
(RAE). Elderswithlow liver reserves (< 0.07 wmol/g) had intakes
that were about one-half the intakes of those with adequate liver
reserves (= 0.07 umol/g). We estimated that an acceptable or
sufficient dietary vitamin A intake associated with adequate vi-
tamin A reserves in liver is 6.45 ug RAE/kg body wt; for a
reference 76-kg man and areference 61-kg woman aged = 60,
these intakes are 500 and 400 wg RAE/d, respectively. B
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