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Abstract

The relation of food and supplemental intake of irom, vitamin E and ascorbic acid and other lifestyle variables
to packed cell volume (PCV) and serum vitamin levels was studied in urban and rural (71% Amish) communities,
Subjects were interviewed (24-h dietary recalls) on three occasions over 18-months, and blood samples were taken
(maximnm observations = 442). Mean PCV was lower in rural males (43.3) than in urban males (45.4) despite
higher mean food iron intake (18.7 and 14.4 mg/day, respectively). Mean meal iron availability was higher at lunch
and lower at breakfast and dinner for rural than for urban suhjects. Smoking was the number one variable
in males and females explaining variance in PCV. Supplemental vitamin E and ascorbate intakes explained the
most variance in serum vitamin E and ascorbate levels, respectively. Serum vitamin E was also associated with
supplemental aseorbate intake (r=0.29). Serum ascorbate was also associated with food ascorbate intake (r=0.28)

and body weight (r=-0.24),
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INTRODUCTION

The nutritional status of groups of Americans and its rela-
tion to nutrient intake and other lifestyle variables is of con-
tinuing concern to health specialists and the frequent subject
of nationwide as well as limited local dietary surveys. In the
1965 Nationwide Food Consumption Survey the mean dietary
intake of three minerals including ascorbic acid was lower
than the 1968 RDA (1} for one or more sex-age groups (2).
In the 1977 ~78 Nationwide Food Consumption Survey (2) and
the Second Health and Nutrition Examination Survey (HANES
2) (3) mean intakes of vitamin C exceeded the 1980 RDA
{4) for all sex-age groups, but iron intakes provided as liule
as 53 percent of the 1980 RDA in some groups. Recently
the National Nutrition Monitoring System identified shortfall
nutrients as iron, Ca, Zn, vitamin A, vitamin B and vitamin
C (3). Due to deficiencies in food composition information,
intakes of many nutritients including vitamin E have not been
studied in the surveys (2), but in an analysis of menus based
on the UDSA Thrifty Food Plan or the Four Food Group Plan,
vitamin E levels were below the RDA {6,7).

In HANES 2 (8) approximately 3.6% of the study popula-
tion had less than acceprable serum ascorbic acid levels (<14
gfdL, males; <12 g/dL,, females). Presumably, biochemical mea-
sursments not subject to homeostatic control are more sen-
sitive indicators of nutritional status than dietary information
(9,10). However, biochemical indices of nutritional status and
dietary intake information have not been correlated in at least
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one national nurritional sorvey (11). Certainly, difficulties as-
sociated with accurate measuremenis of nutrient intakes and
individual differences in nutrient requirements could account
for the weak associations. In some Instances attitudinal behav-
ioral variables may be more predictive of nutritional status
than intake variables (9,12).

Ascorbic acid is known to be the most effective water
soluble dietary antioxidant. It appears to protect against lipid
peroxidation by scavenging peroxyl radicals in the aqueous
phase before they can initiate lipid peroxidation and by re-
generating the active form of vilamin E, lipophilic antioxi-
dant. Futhermore ascorbic acid is involved in the regulation
of iron metabolism ((3-15). It increases absorption of nonheme
iron and iron deficiency is a significant public health problem
in all social strata, not just among the poor in USA (16-19).

In this study we investigated the association of nutrient
intake and other selected lifestyle variables with biochemical
indices of vitamin E, ascotrbic acid and iron siatus in two
sample populations with very different lifestyles. One was
a group of middle class urban subjects living in a consumer
test market {Columbus, Ohio). The other group consisted of
rural, predominately Amish, subjects who had a lifestyle and
diet more typical, we thought, of early 20th century America.

MATERIALS AND METHODS

Subjects and experimental design
Rural and urban subjects recruited for this prospective
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study were interviewed by trained nutritionists on a maximum
of three ocecasions, 4 to 6 months apart. Each interview occur-
red on a different day of the week in a different season of
the year. Casual venous blood samples were drawn inio vacu-
tainers with heparin or without anticoagulant at the time of
or within ten days of each interview. All subjects, or in the
case of minor children, subjects’ parents, signed an informed
consent form approved by the Ohio State University Biomed-
ical Sciences Human Subjects Review Committee prior to
the first interview.

The intial rural sample consisted of 73 males and females
(52 Old Order Amish: 10 Mennonite), ranging in age from
3 to 73 years. Most rural households were actively engaged
in farming and grew much of their own food. Eighty-two sub-
jects, 4 to 76 years of age, comprised the initial urban sample.
These subjects lived in middle to upper class neighborhoods
and purchased most of their food at supermarkets ar resian-
rants. Ouly subjects completing three interviews were included
in the studies of vitamin E and iron. Serum ascorbate data were
more limited due 1o the fact that blood samples far ascorbate
analyses were not drawn during the early interviews and were
not obtained for subjects under 20. All subjects providing one
or more blood samples for ascorbic acid analysis were used
in the ascorbic acid study.

Dietary data were obtained by 24-h dietary recall. Infor-
maticn on nutrient supplement use, alcohol, cafteine and cig-
arette consumption, and on energy expenditure in daily phys-
ical activities was also obtained during the interviews.

Intake analyses

Fach dietary recall was coded and analyzed by the Ohio
State University Hospital Dietary department Nutrient Data
Base for intakes of ascorbic acid, iron, food energy and the
other nutrients used as independent variables in the multiple
regressions analyses. Since dietary infortation for vitamin
E is incomplete in The Ohio State University Hospital Data
Base, vitamin E intakes were computed manually using food
labels and a table of alpha tocopherol values (20). Alpha to-
copherol intakes (mg) were nltiplied by 1.2 to compute total
vitamin E activity in milligrams alpha tocopherol equivalents
(4). Supplemental vitamin E intake is reported, as il was on
the supplement labels, as International Units. The alcohol and
cafleine intakes used in the regression analyses, were also
computed manually (21,22).

The Ohio Staie University Nutrient data Base also has the
capacity to compute the proportion of nutrient intake pro-
vided by 22 different food groups. Using this option we iden-
tified the food groups providing the greatest percentages of
ascorbate intake for rural and urban population samples. We
also used the option to compute the proportion of iron intake
provided by animal flesh foods and from this information cal-
culated heme iron imntake (40 percent of lotal iron of animal
tissues (16). The mean availability of iron in meals consumed
by rural and urban subjects was calculated from the meat, poul-
try, fish, and ascorbic acid content of the meal using pub-

lished procedures (4). High, medium and low availability meals
were assigned values of 3, 2, and 1, respectively (23).

Biochemical analyses

Blood samples were packed in ice, iransported to the labo-
ratory and cells were separated within 8 h {typically 4 h).
Packed cell volumes were delermined in duplicate. For ascor-
bic acid analyses, serum samples were deproteinized with four
volumes of 5% trichloroacetic acid and were stored at -20°C
until analysis with 2,4 dinitrophenylivydrazine (24}. Results
of a prestudy indicaied (hat ascorbate activity remained stable
during this procedure. A colorimetric assay was used to deter-
mite plasma vitamin E concentration (25).

Statistical analyses

Statistical analysis system (SAS) procedures were used to
compute least squares means and correlations for the iron
and vitamin E studies. The population samples were divided
into subgroups by location and gender, and least-squares
means were adjusted for unequal subclass frequencies with
respect o location, gender, location by gender, age and
weight. Harvey's Mixed Model Least Squares and Maximum
Likelihood Computer Program (26} was used to compute: cor-
relations and least squares means adjusted for a variety of
variables including location, gender, location by gender, age,
weight, and interview for the ascorbate data. For step-wise
multiple regression analyses, dala points obtained at the inter-
views were averaged to give one value per subject for each
variable of interest. Subjects under 20 were not included in
the analyses. Packed cell volume, and serum ascorbate and
vitamin E concentrations were the dependent variables, The
statistical model included the following independent variables
: absolute age; age group (20--45 or over 45); gender; body
weight; relative body weight (according to the 1959 Metro-
politan Life Insurance tables (27); daily intake of food and
supplemental iron, vitamin E and ascorbic acid, daily intake
of energy, protein, carbohydrate, fat, cholesterol. linoleic acid,
saturated fat and selenium; cigareties smoked per day; num-
ber of years of cigarette smoking; cups of coffee equivalents
consumed per day; alcoholic drinks consumed per month; and
keal expended per kg body weight in daily activities. Regres-
sion analyses were un for the entire cohort, males, females
and urban and rural subjects.

RESULTS

Iron intake and packed cell volume

In this study rural subjects consumed significantly more
food iron but had significantly lower packed cell volumes
(Table 1). Rural males tended to consume more food and
supplemental iron than urban males. On the average, urban
females consumed more supplemental iron than rural females
but similar amounis of food iron. Thus, there was a significant
location : gender interaction for food and supplemental iron
intake. The range of food and supplemenial iron intakes as
determined at individual interviews was large for all location
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Table 1. Least-squares means £ SEM and ranges of supplemental and food iron intakes and packed cell volumes"

Iron intake (mg/day)

Packed celi volume

Group n
Food Supplemental n Percent
Location
Rural 213 153205 351038 213 4121202
Uuban 299 13.0£04 40+08 225 435102
P 0.0003 0.6600 0.0001
Gender
Males 214 16.60.5 23+0.8 443102
Females 228 1L.7=05 5.3%t08 40.4+0.2
P 0.0001 0.0129 0.0001
Location = Gender
Rural males 108 18.7 0.6 33%1.1 108 433203
(5.5-57.0) (0-60.0} (34.5-51.2)
Rural females 105 11.9x0.7 39+1.1 105 39103
(1.2-31.1) (0-60.0) {29.0-48.0)
Urban inales 106 14407 14+t1.2 105 454103
(2.7-38.8) {0-27.00 (37.2-52.2)
Urban females 123 115106 67111 120 41,8103
(3.2-40.2) (0-65.0h (32.0-47.0)
P (interaction) 0.0045 0.0420 (0.3973

1JLeast-sa.juares means adjusted for unequal subclass frequencies with respect to location, gender, location by gender, age and weight

(General Linear Models Procedure)

: gender groups (Table 1). This was true for all nuitients stud-
jed in this project. The following mean percentages of Lhe
RDA were provided by food iron : rural males, 180 6; rural
females, 80 = 6; urban males, 1422=7; and urban females,
80 = 7. When supplements were included in the intake, mean
intake for these population samples ranged from 105 (rural
females) to 213 (rural males) percent of the RDA. The range
of packed cell volumes suggested that some subjects had less
than acceptable values. The latter vary with age and gender,
for example, <44 for adult males and <33 for adult females
(28). Numbers of subjects displaying less than acceptable
average values for all blood tests were as follows: rural
males, 11; rural females, 8; urban males, 5; and urban females,

3. None of the subjects had “deficient” values for all tests,

The possibility was investigated that rural subjecis, espe-
cially males, consurned diets with lower iron bioavailability.
However, there was no significant difference in heme iron
intake between rural and urban subjecis (Table 2), but females
consumed significantly less heme iron than males. The iron
bicavailability of the breakfast and dinner meals was signifi-
cantly higher for urban subjects than rural subjects while that
of the “lunch” meal was significantly lower. An explanation
was that the midday meal of the rural subjects tended to be
a heavy meal with more meal whereas the evening meal was
lighter. Rural subjects tended to consume less meat and vita-
min C sources at breakfast than urban subjects. There was

Table 2, Least-squares means —SEM of heme iron intakes and bicavailability of iron in meals”

Heme iron iniake

Tron bioavailabililty”

Breakfast {n)

Lunch (n)

Dinner (n)

Gitoup ! (mg/day)
Location

Rural 196 1.60.1

Urban 218 1.6+0.1

P 0.9448
Gender

Males 202 1.8t0.1

Females 212 13101

P 0.0010
Location » Gender

Rural males 103 1.820.1

Rural females 93 1.3+0.1

Urban males 99 1.7+0.1

Urban females 119 1.4+0.1

P (interaction) 03121

1.30£005 (204)
1.52:4-0.05 (205)
0.0023

1.41-0.05 (192)
1.412.0.05 (217)
09591

1.32+0.07 {104)
1.29+0.07 (100)
1.50:£0.08 (88)
1.530.07 (117)
0.7038

2.0410.06 (209)
1.81X0.06(219)
0.0042

2.02=0.06 (207)
1.83£0.06 (221)
0.0285

2,16 +0.08 (106)
19340.08 (103)
1.89+0.00 (101)
1.74+0.08 (118)
0.6227

1.97 £ 0.06 (203)
2.31-0.05 (227)
0.0001

2.2240.06 (209)
2.06E£0.06 (321)
0.058

2.06-0.08 (105)
1.88 % 0.08 (98)
2.38+0.08 (104)
2.241+0.08 (123)
0.819

lJLewst-squarn:s means adjusted for unequal subclass frequencies with respect to location, gender, location by gender, age and weight

(General Linear Models Procedure)

E)High, medium, and low iron availability meals are rated 3, 2, and |, respectively. See methods section for calculation details.
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no significant location : gender interaction in heme iron in-
take or bicavailability of iron in meals. The iron bicavail-
ability of midday and evening meals tended to be lower for
females than for males probably due to lower meat consump-
tion.

Results of correlation and maltiple regression analyses shed
some light on factors associated with packed cell volumes
of adult subjects in this study (Tables 3, 4). Thirteen variables
in the mode! had significant Pearson correlations with packed
cell volume, the strongest of which, not surprisingly, was
gender (-0.64), which accounted for 43 percent of the variance
in PCV in the entire cohort (Table 4) in multiple regression
analysis." The factor appearing most consistenily in multiple
regression analyses was cigaretle smoking, the number one
variable in analyses for males and females (Table 4). Age

Table 3. Significant (p<0.03} Pearson correlation coefficients for
packed cell velumes and selected independent variables (entire
cohort)n

Independent variable T (n=124) P

Gender -0.64 0.0001
Protein intake 0.42 0.0001
Food energy intake 0.37 0.0001
Selenium intake 0.36 0.0001
Fat intake 0.34 0.0001
Body weight 0.33 0.0002
Iron intake 0.32 0.0003
Cigarettes/day 0.32 0.03003
Relative body weight 031 0.0008
Carbohydrate intake 0.29 0.0010
Linoleic acid intake 0.28 0.0019
Saturated fat intake 0.23 0.0099
Alcohol intake 0.21 0.0195

or age group also appeared consistently in all analyses in-
valving females. Food but not supplemental iron intake was
significantly correlated with packed cell volume in the entire
cohort (Table 3) but only appeared in the multiple regression
analyses for rural subjects (not shown) where it explained
about 2 percent of the variance.

Yitamin E intake and sermin E levels

Rural subjects consumed significantly more supplemental
vitamin E, less food E, and had higher serum vitamin E levels
than urban subjects {Table 5). Food vitamin E provided 84 =
7.5 and 10025 percent of the RDA for tural and urban re-
spondenis, respectively. Some tural subjects, especially males,
consumed massive doses of supplemental vitamin E ranging

Table 4. Stepwise multiple regression a.nalgses of packed cell vol-
umes and selected independent variables

Variable R’ B
Entire Cohott (n=114)
Intercept 41.0543
Gender (males=1; females=2) 0.44 4.0344
Cigarettes/Day 0.50 0.1282
Age group (20-45=1;.45=2) 0.52 1.2834
Protein intake (g/day) 0.53 0.0167
Males (n=56)
Intercept 44.6910
Years of smoking 0.12 0.07910
Females (n=38)
Intercept 34,7170
Cigarettes/Day 0.16 0.2477
Age group (20-45=1:43=2} 0.33 5.7454
Age (years) 0.40 -0.1219
Protein intake (g/day) 43 0.0746
Fat intake (g/day) 0.47 -0.0374

"Average subject value for each variable used in computing cor-
relations {adults only).

YAverage subject value for each variable used in multiple regres-
sion {adulis only).

Table 5. Least-squares means=tSEM and ranges of supplemental and food vitamn E intakes and serum vitamin E concentrations”

Vitamin E mtake

Grou
P Food (mg @-tocopherol equiv.) Supplemental (TU} Vitamin E (pgfmL)
Location
Rural 210 74104 180.7:-254 134303
Urban 219 88104 24 4+28.8 12.0-+0.3
P 00018 0.0002 0.0011
Gender
Males 210 8.8+04 128.2+30.9 12.4+03
Females 219 74L04 76.81+30.1 12.9=0.3
P 0.022] 02541 0.2671
Laocation < Gender
Rural males 105 BA4E06 21591417 129404
(0.1-34.0) (0-4571) (6.8-32.4)
Rural females 105 64106 1454417 13.9204
(0.1-29.4) (0-1800) (6.641.1)
Urban males 105 0210.64 0.6 448 12005
(0.9-33.2) (0-415) (5.121.7)
Urban females 114 84106 81x424 12.0X204
(2.0-45.3) {0-800) (3.8-29.7)
P (interaction) 0.3001 0.6399 0.2485

U§ past-squares means adjusted for unequal suhclass frequencies with respect to location, gender, location by gender, age and weight
| 3 4 q

(General Linear Models Procedure)
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up to 4571 I (3068 mg alpha tocophercl equivalents) per
day. Supplemental vitamin E had the strongest Pearson cor-
relation (p=0.51) with plasma vitamin E of any of the variables
studied (Table 6) and was the number one variable in the
multiple regression analyses for the entire cohort, males and
females, explaining 26, 42, and 20 percent of the variance,
respectively (Table 7). Age or age group was also consis-
tently associated with plasma vitamin E levels (Table 6, 7).
Supplemental ascorbate was positively associated with plasma
vitamin E in some analyses (entire cohort, males, rural sub-
jects), explaining from 3 up to 10 percent of the variance.
Food vitamin E intake was generally not an important factor
in these analyses, but it did explain about 3 percent of the
variance in plasma E in rural subjects.

Ascorbic acid intake and serum ascorbate

Rural and urban subjects did not differ significantly in
medn serum ascorbate concentration or in mean intake of food
or supplemental ascorbate although there was a tendency for
rural subjects to consume more supplement (Table 8). The
mean intake of food ascorbate ranged from 1.53 up to 2.35
times the RDA (60 mg). Rural males tended to consume more

Table 6. Significant (p<0.05) Pearson correlation coefficients for
serum vitamin E and selected independent variables (entire co-
hort)

Independent variable r{n=124) p

Supplemental vitamin E 0.51 0.0001
Age group 0.33 0.0002
Age 0.32 0.0003
Supplemental ascorbale 0.29 0.0011

Y Average subject vatue for each variable used in computing cor-
relations (adults only).

209

ascorbate than rural females. Nevertheless, females had a
sighificantly higher mean serum ascorbate level than males,
None of the subjects had deficient or even fow {<0.4 mg/dL)
(29) serum concentrations of ascorbate.

Since rural subjects, particularly the Amish, were more
likely to eat home-grown foods and were less likely to pur-
chase citrus fruits (not grown in Ohio) than urban subjecis,
it was of interest o determinc the significant food sources
of ascorbic acid for the two population samples. Ascorbate-
rich fruits provided over one-third of the ascorbate intake
of urban subjects {Table 9), which is agreeable to 38.6%

Table 7, Stepwise multiple regression analyses of plasma vitamin
E and selected independent variables"”

Variable R B
Entire Cohort (n=114)
Iniercept 64110
Supplemental vitamin E {IU/day} 0.26 0.0039
Age (years) 0.32 0.0781
Supplemental ascorbate {mg/day) 036 0.0033
Gender (1=male; 2=fomale) 0.38 1.8886
Food selenium (ugfday) 0.40 0.0167
Males (n=56)
Intercept 6.8309
Supplemental vitamin E (IU/day} 0.42 0.0033
Supplemental ascorbate (mg/day) 0.52 0.0036
Age {years} 0.57 0.0733
Fat intake (g/day) 0.59% 0.0135
Females (n=5%)
Intercept 7.5200
Supplemental vitarmin E TUjday) 020 0.0070
Age (years) 0.26 0.0648
Food iron intake (mg/day) 0.30 02129

I’Average subject value for each variable used in multiple regres-
sion analyses (adults only).

Table 8. Least-squares means+SEM and ranges of supplemental and food ascorbate intakes and serum ascorbate concentrations'

Ascorbate intake {(mg/day)

Serum ascorbale

Group
n Food n Supplementat n mgfday
Location
Rural 174 117+9 171 16645 140 1.4410.05
Urban 204 125+8 204 76139 192 1.37+0.04
P 0.4942 0.1187 0.2644
Gender
Males 185 134+8§ 182 125£33 164 1.33£0.04
Females 193 1088 193 117+£32 168 1.48+0.04
P 0.0012 (1.7543 0.0021
Location x Gender
Rural inales 90 14110 87 17439 74 1.39::0.05
{3-386) {0-1575) (0.46-2.22)
Rural females 84 9211 84 157 40 66 1.49+0.06
(5-281) (0-1200) (0.42-2.42)
Urban males 95 12710 g5 76135 90 1.270.05
(5-405) (0-1200) (0.41-2.26}
Urban females 109 1239 109 7634 102 1.48-+0.04
(1-421) (0-560) {0.43-2.54)
P (interaction) 0.0047 0.7561 0.1502

uLf:asvsqumrf:s means adjusted for unequal subclass frequencies with respect to location, familyflocation, gender, Iocation by gender,
gender by family/location, interview, location by interview, gender by interview, age and weight (Harvey’s Mixed Model and Maximum

Likelihood Computer Program)
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Table 9. Least-squares means =SEM of percentages of ascorbate
intake coming from selecied food group”’

Table 11. Stepwise multiple regression analyses of serum ascorbate
and selected independent variables”

Location
Food group Rural Urban p
(n=174) (n=204}

Agcorbate-rich fruits 242102 353102 0.0093
Vitamin A-rich vegetables 44FL5 5914 04531
Other fruits 12516 107135  0.4252
Milk 62413 67+t1.2 07894
Cereals 6.53+1.0 3.81009 0.0527
Other vegetables 25.8+20 215k19 0.1188
Other beverages 27x12 3.0+1.0 08488
Desserts 7.1=08 19108 0Q.0000

YLeast-squares means adjusted for unequal subclass frequencies
with respect to location, famnilty/location, gender, location by gen-
der, gender by family/location, interview, location by interview,
gender by interview, age and weight (Harvey’s Mixed Model and
Maximum Likelihood Computer Program}

of dietary vitamin C from citrus fruits and juices in other study
(30) but only one-forth of the rural intake, a significant dif-
ference. A major source of ascorbate for rural residents was
other (than vitamin A rich) vegetables. This type of vegetable
was likely to be home grown. Desserts and cereals also con-
tributed more ascorbate to the diet of the rural people than
the urbat residents.

Supplemental ascorbate was the most important factor in
the statistical model associated with serum ascorbate (Table
10, 11). Food ascorbate was also consistently associated with
higher serum ascorbate levels in all correlation and multiple
regression analyses performed. Interesiingly, body weight was
associated with lower level of serum ascorbate in the entire
cohort and in males. Female gender was associated with high-
er levels,

DISCUSSION

Nutrient intake and status

Daily food intake of iron, vitamin F (mg alpha tocopherol
equivalents) and ascorbic acid of raral and urban subjects
varied widely from day to day from less than one milligram
up to as much as seven times the RDA. Mean daily intakes
of food ascorbaie, over twice the RDA for all population

Table 10. Significant (p<0.05) Pearson correlation coefficients for
serum ascorbate and selected independent variables {entirc co-
hort)n

Independent variable r{n=124) P

Supplemental ascorbate 0.33 0.0002
Food ascorbate 0.28 0.0015
Gender 025 0.0057
Weight -0.24 0.0062
Fat intake -0.20 0.0300
Enerpy intake 0.18 0.0414

YAverage subject value for each variable used in computing corre-
lations (adults only).

-

Variable R* p
Entire cobort (n=114)
Intercept 1.3744
Supplemental ascorbate (mg/day) 0.11 0.0004
Weight (1bs) 0.21 -
Food ascorbate (mgfday) 0.29 0.0021
Gender replaces weight 0.32 0.1395
(1=male; 2=female)
Food vitamin FE (mg/day) 0.34 -0.0147
Weight 0.36 -0.0017
Males (n=56)
Intercept 1.9830
Supplemental ascorbate (mg/day) 0.19 0.004
Food ascorbate (mg/day) 0.35 0.0025
Weight (Tbs} 046 -0.0047
Food wvitamin E (mg/day) 0.54 -0.0251
Saturated fat intake (g/day) 0.60 -0.0085
Protein intake (gfday) 0.80 0.0029
Femnales (n=58)
Intercept 12105
Supplemcntal ascorbate (mg/day) 0.07 0.0005
Food ascorbate (mg/day) 017 0.0017

”Average subject value for cach variable used in multiple regression
analyses {adults only).

samples except rural females, ranged between the 50th and
the 75th percentile of intake estimated for HANES 11 respon-
dents (3). Fifty of the subjects regularly ingested supplemen-
tal ascorbate of sufficient polency in some cases that the
mean total intake of both tural and urban samples exceeded
200 mg per day.

Mean food iron intakes of all males and females in this
study (161 and 80 percent of the RDA, respectively) were
in agreement with means estimated for all males and females
above poverty level in HANES II (8) but higher than that
for women aged 18 to 44 years in other study (31). The mean
total iton intake of all rural and urban fernales exceeded the
RDA, although this might not have been the case for all
women of child-bearing age.

Mean intakes of food vitamin B were 10-20 percent below
the RDA for all population samples except urban females.
Fifty three of the subjects look vitamin E supplements of
such potency in some cases that mean total supplemental in-
take exceeded the RDA considerably in all population sam-
ples except urban females. Mean supplemental intake of rural
males was almost 10 times the RDA.

According 1o their serum chemistries all subjects were in
adequate ascorbate and vitamin E status at all times during
the 1.5 year study. This finding was in contrast to HANES
[T in which 3.6 percent of the population had unacceptable
serum ascorbate values (8), Mean seram ascorbate values for
males and females in this study were 0.2--0.3 mg/dL higher
than corresponding values for HANES II respondents. As
in HANES [I, females in this study had higher serum as-
corbate levels than males although they consumed somewhat
less ascorhic acid on the average. This finding suggests thal
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females, perhaps because of lower body weight, need less
of this vitamin than imales, a viewpoint reflected in an earlier
edition of the RDA. Body weight had a significant negative
correlation with serum ascorbate levels in the entire cohort
and explained about [0 percent of the variance in serum as-
corbate in the entire cohort and in males and 17 percent of
the varfance in wrban respondents {data not shown}.

Packed cell volumes were 1-- L.5 percentage points higher
for men and women in this study than in HANES TII (8),
where the mean value for males of all ages and races (42.8
percenty was i {he marginal category according to the crite-
rion used for adult males in the 10 State Nutrition Survey
(28). About 18 percent of the subjects in this study had low
but not deficient packed cell volumes. More low values were
noted in rural than in urban subjects. Nevertheless, it is obvi-
ous that the numerous pregnancies occurting in rural female
respondents, who cormmonly had more than six and some-
limes as many as eleven. children, did not result in serious
anemia at least in our sample. Bul lower packed cell volumes
is troublesome and will be discussed further in the next sec-
tion.

Lifestyle variables and serum chemistries

Curremly, there is considerable interest in identi{ying bio-
chemical markers, such as level of a nutrient in blood, that
will give an accurate indication of past nutrient intakes (2%).
Reliable biochemical markers should not be under home-
ostatic contrel and should be highly associated with nutrient
intake.

In this study the only serwmn chemisity consistently asso-
clated with recent past food intake was seruom ascorbate.
However, supplemental ascorbate and supplemental vitamin
E were the most important variables identified in this study
as being associaled with serum ascorbate and serum vitarmin
E, respectively. Schutz (12) also observed that vitamin supple-
ment use and daily vitamin C intake were predictive of serum
vitammin C levels. Johnson et al. (32) indicated that factors af-
[ecting serum ascorbate levels in HANES I included age,
gender, smoking and vitamin supplement use. Smokers metab-
olize vitamin C rapidly and have lower ascorbate levels in
blood than nonsmokers at equal intakes (33). Smoking was
not predicitive of serum ascotbate levels in this study.

There have been few, if any, studies of variables associated
with serum vitamin E levels. The relatively consistent and
positive association in this smdy of age and seram vitamin
E level probably was related to supplement use, the number
one variable in the multiple regression analyses for serutn
vitamin E. Younger respondents did not take large doses of
vitamin E and tended not to take supplements at all. The
positive and consistent association of supplemental ascorbate
with serum vitamin E was interesting and merits further in-
vestigation since both nutrients act as antioxidants. The rela-
tionship of serum vitamin E to seleninm intake was modest
at best, Selenium intake was not correlated with serum vita-
min E but explained 2 percent of the variance the entire

cohort.

One of the most interesting observations made in this study
was that rural males consumed on the average more food
and supplemental iron than urban males yet had a mean lower
packed cell valume. Even though packed cell volume is not
a conclusive measure of iron stams (28), food iron intake was
positively and significantly correlated with packed cell vol-
ume in the entire cohort and explained a small amount of
the variance in this parameter in the rural cohort. Since the
rural and urban populations differed considerably in lifestyle,
we considered the possibility that differences in the various
lifestyle correlates would explain the results we obtained with
rural and urban males, Although over half of the independent
variables we studied had significani and positive univariate
correlations with packed cell volume, the most important var-
iable, other than gender, appearing in the multivariate anal-
yses was smoking, which was associated with higher packed
cell volumes, The fact that rural, particulary Amish, males
tended not to smoke may explain their lower packed cell vol-
umes despite their higher mean iron intake.

Singer et al. (34), as a result of an analysis of HANES [ data
on women 1254 years of age, claimed that demographic
variables such as poverty index ratio, education, age, race,
oral contraceptive use, pregnancy and previous diagnosis of
anemia were associated with variance in hemoglobin Jevels.
Food iron intake was only associated with hemoglobin level
in children 1~3 years of age. Employment status and seven
consumer attitudes were more strongly associated with iron
binding capacity of the blood thav was iron intake in 100
adult women (12). We must concur, therefore, with the mumer-
ous other pieces of evidence indicating that indices such as
packed cell volume, hemoglobin, and iron binding capacity
are not highly sensitive indicators of iron intake, af least in
subjects that are not so deficient in iron that they have de-
ficient values for these parameters.
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