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ZINC: ITS COMPOSITION IN FOOD AND ROLE IN HUMAN NUTRITION
Harold H. Sandstead, M.D.
University of Texas Medical Branch
Department of Preventive Medicine and Community Health

Calveston, Texas 77550

The essentiality of zinc for humans we suggested more than four, decades ago by findings of
Eggleton in patients with severe malnutrition (Eggleton, 1980). About 30 years ago, Vallee et al.
(Vallee, et al., 1956) described conditioned zinc deficiency in alcoholic-cirrhotic patients. Zinc
deficiency related primarily to diet was described more than 20 years ago by Prasad et al.
(Prasad, et al., 1963a; Prasad, et al., 1963b; Sandstead, et al., 1967) and Halsted et al. (Halsted, et
al., 1972) in patients from Egypt and Iran. Since then, our understanding of the importance of
zinc in human nutrition and recognition of the association of zinc deficiency with a variety of
clinical circumstances has progressively accelerated (Sandstead, et al., 1976). About 15 years ago,
Hambidge et al. (Hambidge, et al., 1972) described zinc responsive failure to thrive in infants and

children from Denver.
Subsequently, Jameson reported the decline in serum zinc that is
associated with pregnancy, and provided the first evidence that pregnant women are at risk of
zinc deficiency; women with low plasma zinc levels early in pregnancy had a higher incidence of

some complications of pregnancy (Jameson, 1976). Others also found decreases in plasma zinc
during pregnancy (Crosby et al., 1979; Mukerjee et al., 1984; Meadows et al., 1981; Cherry et al.,
1987; Cherry et al., 1981; Hunt et al., 1983) and some found association between low indices of

maternal zinc nutriture and pregnancy complications including fetal distress (Mukerjee et al.,
1984), and pregnancy induced hypertension (Cherry et al., 1981).
Associations between low
maternal tissue zinc and fetal growth retardation were reported (Meadows et al., 1981; Patrick et
al., 1982; Simmer and Thompson, 1985). Evidence that zinc deficiency-was in part responsible for
the observed abnormalities was provided from therapeutic trials with zinc in which outcomes were
improved in mothers treated with zinc (Cherry et al., 1987; Jameson, 1982). Improved growth of
growth retarded preschool Hispanic children from Denver who were treated with zinc provided
further evidence of zinc deficiency in the U.S., among a population at potential risk (Walravens
et al., 1986). The elderly were another group found at risk of zinc deficiency, in part on the

basis of the relation between economic resources and food choices and also from the effects of
underlying diseases on nutrition (Sandstead et al., 1982).
These various reports and other associated research findings suggest that with the exception
of patients with underlying diseases that impair zinc metabolism or homeostasis, zinc deficiency
is, to a significant degree, related to food availability and food choice.
Intake of zinc may vary widely depending on foods selected (Table I). For example, the zinc
content of institutional diets reported to be consumed by children ages 8-12 in the continental
United States ranged from 3.2 to 16.2 mg per day with a mean of about 4.5 mg daily (Murthy et
al., 1971). White et al. (White, 1976) reported that self-selected cafeteria diets of 14-16 year old

girls ranged from 0.8 to 19 mg zinc daily while older women selected foods that provided 4.8 to

\

47.0 mg zinc daily. Higher levels of intakes in these subjects were associated with the selection
of zinc rich foods. In Scotland, Lyon (Lyon et al., 1979) found zinc intakes of 7.3 to 9.7 mg
daily in children ages 8-12 and 7,6 to 10.1 mg daily in adults. Working in Maryland, Holden et

]

al. (Holden et al., 1979) chemically analyzed 132 self-selected, 3-day diet composites that were

I

daily. The mean zinc intake for the group was 8.6 mg. Abdulla (Abdulla et al., 1977) analyzed 37

|

j
|

i

obtained on 22 persons ages 14-64 years and found a range of zinc intakes from 5.9 to 12.4 mg

self-selected diet composites from 67-year old Swedish persons and found mean intakes of 8.3 and
7.2 mg daily in men and women, with a range of intake of 3.7 to 20.4 mg. Calculated zinc

intakes of various population groups provided by others have generally been similar to levels
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Table 1. Zinc Contents of Diets

Group

Institutional - Children, 8-12 y
Cafeteria - Girls, 14-16 y
Cafeteria - Women
Home - Children, 8-12 y
Home - Adults
Home - Person, 14-64 y
Home - Elderly, 67 y

Mg Zinc

Reference

3.2-16.2
0.8-19.0
4.8-47.0

Murthy et al., 1971
White, 1976

7.3-9.7

Lyon et al., 1979

7.6-10.1
5.9-12.4 (X 8.6)

3.7-20.4 (X'8.0)

White, 1976
Lyon et al., 1979
Holden et al., 1979
Abdulla et al., 1977

measured by chemical analysis.

The importance of economics and food choice for zinc nutriture has been illustrated by
calculations of possible zinc intakes from USDA Thrifty Food Plan diets that might be selected
by elderly persons (Sandstead et al., 1982). These calculations indicated a range of zinc intake
from 8.1 to 14.8 mg daily depending on the foods selected at a cost of $1.59 to $1.82 at the time
of the study. From these calculations and findings of the Ten State Nutrition Survey (DHEW,
1972) it was evident that cost of a diet is not necessarily closely related to zinc content. It
seems that food choice is the major determinate of dietary zinc content, and that income
becomes important in circumstances of severe economic deprivation.
The zinc content of common household portions of selected foods was published by Murphy
(Table II) (Murphy et al., 1975). The findings suggest that beef and beef liver are particularly

rich sources of zinc for Americans. It was estimated by an expert committee that about 43% of
dietary zinc is provided by meat, poultry and fish while 25% is provided by milk, cheese,
ice-cream and eggs (National Research Council, 1979). According to Welch and Marston, the
major dietary source of zinc for Americans is beef (Welch and Marston, 1982). Variety meats
such as liver and beef heart are also very rich in bioavailable zinc and may be important sources
of zinc for persons with restricted incomes.

Bioavailability appears to be a major issue affecting zinc nutriture (Sandstead, 1985).
Selection of diets low in red meat may substantially reduce the amount of readily bioavailable
zinc consumed. Experimental studies have shown that mild zinc deficiency can be induced in
humans by limiting animal protein sources to white poultry meat and white fresh water fish

(Milne et al., 1983; Kykaski et al., 1984).

Substances in food derived from plants such as phytate, certain hemicelluloses, lignin, and
products of Maillard browning can form insoluble complexes with zinc and prevent its absorption
(Sandstead, 1985). Experiments in animals established the adverse effects of phytate on zinc
bioavailability (Oberleas, 1973; Erdman, 1979; and Davies and Nightingale, 1975). Findings in
humans fed whole meal bread were consistent with this work (Reinhold et al., 1973). It has been

suggested that the ratio of dietary phytate to zinc may be an important determinant affecting
zinc bioavailability (Oberleas and Prasad, 1976).

Studies of Reinhold et al. (Reinhold et al., 1973; Reinhold et al., 1976a; Reinhold et al., 1976b)
and others (Sandstead et al., 1987) suggest that high intakes of whole meal bread prepared from
high extraction wheat flour might be an important contributing factor to the occurrence of zinc

deficiency among populations that subsist on diets based on cereals and who rarely have meat.
In Vitro observations by Ismail-Beigi et al. (Ismail-Beigi et al., 1977) have shown the binding of
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Table II. Content of Common Household Portions of Selected Foods

Fish, light poultry meat, shellfish

3 oz

(except crab & oyster)
Poultry liver, dark chicken neat
Pork, veal, crab, dark turkey meat,

3 oz

3 oz

4.0/5 .0

3 oz

>5.0

(whole)

Peanut butter

'

Mature dried beans, lentils, chickpeas,
split peas (boiled, drained)
Ccw peas, black eyed peas (boiled, drained)
Milk: Whole fluid
Canned,

j
j
j
i

|

evaporated

Dried nonfat,

instant

Ice cream

Cheddar cheese
Cooked oatmeal

Cooked whole wheat cereal
Wheat flakes

Bran flakes (40%)

1

0.5

2 Tbsp

0.9

1/2 cup

0.9/1 .0

1/2 cup

1.5

1 CUD-

0.9

1/2 CUD

1.0

1/3 cup

1.0

1 1/2 cup

1.6

1 cup

1.2
1.2

1 CUD

1 OZ*

1.0

1 Tbsn

0.9

;

Corn flakes

j

Cooked corn meal

1 cup

Whole wheat fcread

1 slice
1 slice

White wheat bread

I
I

Cooked brown rice ;hot)
Cooked white rice (hot)

|

Precooked white rice (hot)

0.6

1 OZ

Wheat germ (toasted)

|

1.0

3 slices (1 1/2 oz)

I

i

3.0/4 .0

Oyster

Egg

;

2.0/3 .0

'

ground beef (77% lean)
Beef liver, beef

":

'.

3 oz

<2.0

1 oz *

1 cup

0.08
0.3

0.2
0.5

1.2

1 cup

0.3

1 CUD

0.4

zinc by whole meal wheat bread. More recent studies showed that as little as 26 grams dry
weight of wheat bran added to bread will inhibit zinc retention from a mixed American diet
(Figure 1) (Sandstead et al., 1987).
Other research has shown that toasting of corn flakes to produce Maillard browning will

impair the bioavailability of zinc that has been incorporated into the corn during the growing

process (Figure 2) (Lykken et al., 1986).
Consistent with these observations, foods such as
tortilla and frijoles (beans) were shown to impair zinc absorption from a zinc rich animal protein
source (oyster) (Solomons et al., 1979b).
In these experiments, phytate, lignins and Maillard
browning products were presumably the inhibitors of zinc retention.
Certain animal proteins appear to facilitate zinc retention.
When subjects were fed whole
meal wheat bread with or without animal protein in the form of meat, absorption of a 65-zinc
tracer from meals that provided 3.1 to 3.6 mg zinc was about 15% when the meal provided 27

H.H. SANDSTEAD

65

ZINC

RETAINED

from

CORN GRITS and CORN FLAKES
by WHOLE BODY COUNTING
(n = 6, ^=5.30, /X0.003)

flakes

Grits
at ui. .Ill

souKce.

116/95.

1'Jai

Figure 1.

ZINC

ANCOVA

to

RETENTION

Control
.

for Zinc

Intake

n=18

mm
Ulots-

Figure 2.

Conlrol

txp^rlf

Conrrol - 15?: protoln. no added Wh«al Bron, incg/
Exp -

1SS protaln. <26g dry w). whaot Bron.

Zlr>c= \ 3.5mg/d

ZINC: ITS COMPOSITION IN FOOD AND ROLE IN HUMAN NUTRITION

grams of animal protein but only 8% when animal protein was substantially reduced (Sandstrom et
al., 1980). The type of protein appears to be important. For example, it has been suggested by
Lonnerdahl that casein may form insoluble complexes with phosphate and zinc that impair zinc
utilization (Lonnerdahl, 1987).
This phenomenon might account in part for the poorer
bioavailability of zinc from cow milk than from human milk (Lonnerdahl et al., 1981) and may
explain the lower zinc retention from dairy products than from other animal sources (Pecoud et
al., 1975).
Calcium and phosphorus are among the minerals in food that influence zinc bioavailability. In

experimental animals, high calcium intakes suppressed zinc absorption (Davies and Nightingale,
1975; Becker and Hoekstra, 1971).

On the other hand, substantial intakes of calcium salts added

to human metabolic diets by Spencer et al. (Spencer et al., 1965) did not reduce zinc retention.
Perhaps this discrepancy is related to the dose of calcium administered. Studies in animals have
shown that an interaction between calcium and phytate facilitates the binding of the zinc and
impairment of zinc retention (Forbes, 1964; and Franz et al., 1980).
Occurrence of this
phenomenon in some humans seems possible where the calcium content of diets is very high
(Franz et al., 1980). Evaluation of potential predictors of zinc requirement by regression analysis

of balance data from more than one hundred 26-30 day balance studies in men who were fed
conventional diets suggested that both dietary calcium and phytate are significant predictors of
amount of zinc required for homeostatic equilibrium (Sandstead et al., 1985). The prediction
formula was: Requirement = 0.194O.37(zinc balance)+9.75(diet calcium)+42.69(diet phytate)-18.97(diet
calcium x phytate).

An inhibitory effect of high phosphate intake on zinc retention was reported by Greger and
Snedeker (Greger and Snedeker, 1980).
We found a similar relationship through regression
analysis of balance data from the above experiment (Sandstead, 1985). Our findings suggested
that both dietary protein and phosphate content influenced zinc retention. Analysis of 157 man
months of balance diet show that zinc balance, dietary phosphorus and dietary nitrogen predicted

83% of the variance in the amount of zinc required for homeostatic equilibrium. The prediction
equation was: Requirement = - 1.466+0.23 (zinc balance)+5.19(diet phosphorus) +0.40 (diet
nitrogen)-0.30 (diet phosphorus-1.389)(diet nitrogen-14.646).
Using the equation, the theoretical requirements for zinc at various levels of dietary protein
and phosphorus intake were calculated (Table III). The calculations showed that increases in
either dietary phosphorus or protein resulted in an increase in the amount of zinc necessary for
homeostasis equilibrium.
Thus, a diet that provided 60 grams of protein and 1500 mg of
phosphorus required a mean of 10.27 mg of zinc daily for equilibrium. The 95% confidence
interval was 9.47-13.06 mg. However, if protein intake was 100 grams daily while the phosphorus
intake was 1500 mg, the calculated zinc requirement for equilibrium was 12.57 mg daily, with a
95% confidence interval of 9.78-15.36 mg. These estimates of zinc requirement were exclusive of
the loss of zinc in sweat that occurred in the air-conditioned environment of the metabolic unit.
Other studies from the unit showed that 0.50 +/- 0.38 mg of zinc was lost daily in eighty-eight
24-hour "whole body" collections of sweat loss from 13 men (Jacob et al., 1979).
Other substances taken as medications or diet supplements that can impair zinc retention

include ferrous iron and folic acid. Apparent adverse effects of both on zinc nutriture have been
observed in humans. Solomons et al. (Solomons et al., 1979a) showed an inhibition of zinc
absorption by ferrous iron when the ferrous salt was administered simultaneously with a zinc salt.
Hambidge et al. (Hambidge et al., 1983) found evidence in pregnant women that suggested iron
salts might affect zinc nutriture. Impairment of zinc retention by folate was first observed in
men who were fed a diet limited in zinc, and given 400 meg of folate every other day (Milne et
al., 1983). Subsequently, a dose of 350 ug folate was shown to inhibit absorption of zinc during
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Table

Til

Predicted Relationship of Adult Male Daily Dietary Zinc Requirements (mg) as

Affected by Setary Phosphorus and Protein in Mixed American D1ets*+

protein

40

60

80

5.27

6.91

8.54

100

is

phosphorus (mg)
1,000

1,500

2,000

2,500

(2.48-8.07)'

9.11

(6.32-11.91)
12.95

(4.11-9.70)

10-27

7.47-13.06)
13-63

(5.74-11.33)
.

11.42

(8.62-14 .'21)

14.30

(10.16-15.75)

(10.83-16.42)

(11.50-17.09)

16.79
(14.00-19.59)

16.99
(14.19-19.78)

17.18
(14.38-19.97)

10.17
(7.38-12.96)
12.57

(9.78-15.36)
14.97

(12.18-17.76)
17.37

(14.53-20.16)

j. n 23 (zinc balance) + 5.19 (diet phosphorus) +

! 0.S jS£ *££» - "W) (diet nitron - 14.646)
These data are exclusive of the zinc lost in sweat, which was 0.50 ± 0.38 mg

Ha 24-hr collections on 13 men under temperate conditions

a 95% Confidence interval
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Zinc homeostasis is not only influenced by substances that impair absorption from the
intestine but also by substances that influence its excretion in urine. Dietary protein was shown
by Greger and Snedeker (Greger and Snedeker, 1980) to increase urinary zinc loss. Similarly,
Mahalko found that an increase in dietary protein from 65-95 grams daily was associated with
increased urinary zinc (Mahalko et al., 1983). Balance studies from the same laboratory showed

that dietary phosphate and nitrogen predicted urinary zinc excretion (R2=0.16,P<0.001) (Sandstead,
1982).

Other studies suggest that the level and type of protein in the diet influences intestinal
absorption of zinc. Spencer et al. (Spencer et al., 1965) reported that roughly 3% of zinc was
retained in balance studies when dietary protein was 27 grams compared to 15% when dietary

protein was 90 grams (Figure 5). The cause of the lower zinc retention from the lower protein
diet is unknown. Apparently in contrast to the findings of Spencer et al. (Spencer et al., 1965),
analysis of balance data from studies in which men were fed about 60 grams protein or 100-120
grams protein in a mixed diet suggested that zinc retention was better when dietary protein was
60 grams daily than when the high levels were consumed, i.e. more zinc was required in the diet
for equilibrium when the protein level was higher (Figure 6) (Sandstead, 1985).
Alcohol is another important nutritional factor that influences zinc nutriture. High intakes
can induce substantial zincuria (Sullivan, 1962a). High intakes of alcohol with diets that are
marginal in bioavailable zinc increase the risk of zinc deficiency (Spencer et al., 1965). The
public health significance of this phenomenon seems high in view of the fact that many
Americans consume substantial amounts of alcohol on a daily basis and the estimate of some
authorities that 10% of elderly persons are heavy drinkers (Iber et al., 1982).

The possibility that low molecular zinc binding ligands in food facilitate zinc retention has
received considerable study. In addition to amino acids such as histidine and cysteine, substances
such as citrate and picolinic acid which coordinate with zinc in vitro have been shown in some
experiments, but not in others, to facilitate zinc absorption.
Their importance for zinc
homeostasis under usual circumstances is therefore unresolved, and indeed much remains to be
done to fully elucidate the mechanism of zinc absorption across the intestinal cell. Current
hypothesis and supporting research have been reviewed in detail by Cousins (Cousins, 1985).
Factorial estimates of human requirements for zinc in relation to bioavailability illustrate the
importance of bioavailability and homeostatic adaptation for zinc nutriture (Sandstead, 1973). For
example, when reported mean zinc intakes of children living in institutions in the United States
(Murthy et al., 1971), and the zinc content of self-selected cafeteria diets of young women
(White, 1976) were evaluated in terms of the factorial estimates of their respective zinc
requirements and zinc bioavailability, it became apparent that many of these individuals were at
risk of zinc deficiency, if the factorial estimates of their zinc requirements were correct, and if
homeostatic mechanisms for maintenance of zinc nutriture were unable to adjust sufficiently to
assure adequate zinc absorption and retention when their zinc intakes were below the calculated
need. Because information on the homeostatic capacity to adjust to low intakes is limited, it
seems prudent to assume that many individuals in these groups were at risk. Clearly, research is
needed to test this hypothesis.

Severe zinc deficiency has been induced in humans by feeding formula diets or diets in which

meat was replaced by soy substitutes (Hess et al., 1977; and Prasad et al., 1978b). Biochemical
and metabolic consequences of severe experimental zinc deficiency in humans have thus been
documented. In contrast, our observations on men who were fed 3.5-4.0 mg zinc in diets based

on white poultry meat or fresh water white fish meat indicate that it is possible to become
mildly zinc deficient from selection of a diet of conventional foods that does not include red
meat or other good sources of readily bioavailable zinc (Milne et al., 1983; and Lukaski et al.,
1984). While individuals so deprived of zinc display substantial homeostatic adjustments to reduce
zinc losses for many days, some of them eventually lose the ability to adjust and go into
10

ZINC: ITS COMPOSITION IN FOOD AND ROLE IN HUMAN NUTRITION

INFLUENCE of PROTEIN
on ZINC RETENTION
from METABOLIC DIETS

"a!

tx

l(

*

27g
S»«mu«<

rt m,

Prof«in

9Og

Prol«in

I "JO/

Figure 5.

RELATION of PROTEIN INTAKE
to ZINC RETENTION
(ANCOVA. n = 36. /?<O.O1)

&''.

Figure 6.

of

En»rgy

of

Cnargy

H.H. SANDSTEAD

negative balance, with increased zinc loss both in urine and feces. These studies suggest that
the zinc requirement of adult men might be between 4 and 5 mg daily when the dietary zinc is
readily bioavailable. One might presume that the addition of dietary fiber and phytate to such

diet would impair zinc bioavailability and precipitate deficiency.
Estimates of provisional of human zinc requirements by an expert committee of the World

Health Organization documented the influence of bioavailability on zinc requirements of various
age groups (Table IV) (World Health Organization, 1973). According to calculations of the
committee a pregnant woman at 20-30 week gestation who was consuming a diet from which zinc
is 10% bioavailable, would need 29 mg zinc in the diet to meet the minimal requirement for
growth of the fetus and homeostatic maintenance. On the other hand, if the dietary zinc was

20% bioavailable, the amount of zinc required would be 14.5 mg daily, and if the zinc was 40%

bioavailable, only 7.3 mg zinc would be required in the diet to meet requirements. These
provisional requirements do not include allowance for variability in individual response or allow
for adaptation that might occur in colonic fermentation when the diet habitually includes
substances that can bind zinc and prevent its absorption by the upper small intestine. Increased
colonic fermentation of dietary fiber and phytate might release zinc for absorption by the colon.
A recent study indicates that zinc and calcium installed into the colon from below can be
absorbed by the colon (Sandstrom et al., 1987).

It seems possible that some adaptation occurs to

habitual high intakes of dietary fiber and phytate. This question needs exploration to define the
limits of adaptation.

Colonic fermentation of dietary fiber and phytate may be very important

for the homeostasis of zinc and other metals in populations that subsist on diets high in cereals

and vegetables.

_

..

...

., ..,-.

of this approach for zinc has not received sufficient investigation.

In the meantime, as recent

Review of available information suggests that the zinc content of diets, its bioavailability,
adjustments in homeostatic mechanisms that regulate zinc 'absorption and excretion, and
adaptations in colonic fermentation that may occur are the major nutritional factors that
influence zinc nutriture. Further understanding is needed of adaptive mechanisms that maintain
zinc homeostasis.
In particular, the limits of adaptation need clarification.
Methods for
improving adaptation, or for improving the bioavailability of presently poorly bioavailable forms of
zinc need exploration. Novel approaches such as "bio-engineering" human colonic flora to
increase fermentation of dietary fiber and phytate should be explored. If successful, it might be
possible to increase the bioavailability of zinc and other essential minerals from diets that are
based on cereals and vegetables. Such bio-engineering might also increase the availability of
dietary energy, a need in many Third World countries. Another more conventional approach to
improving nutrition of vitamins and some minerals is enrichment of common foods. The efficacy
findings of Prasad et al. of the critical role of zinc in the function of thymulm and immune
function (Prasad et al., 1987), and our own calculations from 1973 (Sandstead, 1973) suggest, it

seems likely that zinc deficiency will continue to emerge as a much more common problem for
human health, and indeed public health than has previously been suspected.
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Table IV. Provisional Dietary Requirements for Zinc in Relation to Estimates of Retention, Losses,
and Availability*

Necessary mg in
daily diet if

Peak

daily

retention
Ace

Urinary
excretion

(TO)

Total

Sweat

excretion
(m)

required
(nt?)

content of

available zn is
10%

20%

40%

Infants

0-4 months

0.35

0.4

0.5

1.25

12.5

6.3

3.1

5-12 months

0.2

0.4

0.5

1.1

11.0

5.5

2.3

8.0

4.0

Males
0.2

0.4

1.0

1.6

16.0

11-17 years

0.8

0.5

1.5

2.8

28.0

14.0

7.0

18+ years

0.3

0.5

1.5

2.2

22.0

11.0

5.5

1-20 years

Females
1-9 years

0.15

0.4

1.0

1.55

15.5

7.8

3.9

10-13 years

0.65

0.5

1.5

2.65

26.5

13.3

6.6

14-16 years

0.2

0.5

1.5

2.2

22.0

11.0

5.5

17+ years

0.2

0.5

1.5

'2.2

22.0

11.0

5.5

0-20 weeks
20-30 weeks

0.55

0.5

1.5

2.55

25.5

12.8

6.4

0.9

0.5

1.5

2.9

29.0

14.5

7.3

30-40 weeks

1.0

0.5

1.5

3.0

30.0

15.0

7.5

3.45

0.5

1.5

5.45

54.5

27.3

13.7

Pregnant women

Lactating women

* The above estimates were based on the assumption that the fat-free tissue
concentration of zinc in man is approximately 30 yg/g.
This figure is
equivalent to 2.0 g of zinc in the soft tissues of an adult male and 1.2 g in
the soft tissues of an adult female, as determined from lean body mass with age.
Bone zinc was not included in these calculations, because zinc in bone is
relatively sequestered from the metabolically active pool of body zinc.
The
zinc content of sweat was based on an assumed zinc surface loss of 1 mg/liter.

The estimated requirement for lactation was based on a zinc content in milk of 5
mg/liter and a daily milk secretion of 650 ml.

The urinary excretion of zinc

was based on reported levels.
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USD A SURVEYS: PAST AND PRESENT
Robert L. Rizek, Ph.D. and Katherine S. Tippett, M.S.

The 1980's ushered in a new era in USDA's food consumption surveys. The Continuing Survey
of Food Intakes by Individuals (CSFII), initiated in 1985, was the first nationwide dietary intake
survey in this country to be conducted on a year-by-year basis. This innovative survey was
designed to provide continuous data on the adequacy of diets of selected population groups and
early indications of changes in food consumption practices.

April 1 marks the completion of data collection for the second year of the CSFII and it also
marks the beginning of the USDA's next decennial survey—the Nationwide Food Consumption
Survey of 1987 (NFCS 1987). It is timely, therefore, to talk about our experiences with the
CSFII and our plans for future surveys.

THE CSFII EXPERIENCE

Methodology. The core of the CSFII was a sample of women 19 to 50 years of age and their

children 1 to 5 years.

These age groups were selected because previous surveys have shown that
they are more likely than other population groups to have diets low in certain nutrients. In each
of the first 2 years of the survey, data were collected from approximately 1,500 women and 500
of their children. In addition, the CSFII included separate samples of low-income women and

children in 1985 and 1986 and of men in 1985.

Backed by 3 years of preliminary studies and investigations, several new methodological

approaches were instituted in the CSFII:

1. The use of a panel of respondents who were asked to provide 6 individual days of dietary
data over a 1-year period. Each day's data were collected with a 1-day dietary recall at
intervals of approximately 2 months. The use of the panel differs from previous surveys
in which individuals were asked to provide either 1 day of data or 3 consecutive days of
data. The panel approach assumes that surveying days spaced over the year provides a
better measure of usual intake for an individual than surveying adjacent days.
2. The use of the telephone to collect dietary data. The first day of data in the CSFII was
collected in a personal interview; subsequent days of data were collected by telephone.
The personal interview in the first wave built rapport with the respondent prior to

telephone interviews in later waves.
The telephone interviews were cost-effective,
requiring less time for data collection and processing since the calls were made from the
main office. However, the capability to conduct personal interviews in the field was
important because of the relatively large percentage of households that did not have
phones.
For example, in 1985, 9 percent of the core sample and 30 percent of the
low-income sample did not have telephones.
In addition, a significant number of
telephones were "disconnected" during the 2 years of the CSFII.

3. The collection of information on the use of fat in the preparation of the food and, if
used, the type.

Information was also obtained on use of salt in food preparation.

These

questions were asked of the main meal planner/preparer—not of all individuals.
4. The use of a computer-assisted system for coding foods reported by survey respondents.
In previous surveys, foods had been coded on the questionnaire before being entered into
the data processing system. The new system reduced coding to one operation, reducing
processing time substantially and improving the quality of the data because of the
reduction in coding errors.

The better measure of usual intake available with the panel approach was accompanied by

several drawbacks. Response rates dropped substantially between the first and sixth days.
number of respondents in the first wave was 1,459, compared with 902 in the sixth wave.

The
The
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Stake daS* °CCUrr6d after the firSt and second waves" Onlv 692 women Provided all 6 days of
Part of the decline in response rates was built into the survey design. Because funds were
limited, respondents were not followed if they moved out of their original area. During the

survey year 145 respondents (10 percent of the women) moved. Analysis of the data as well as

interviewer debriefing indicates that a number of socioeconomic characteristics are associated
with the likelihood of dropping out. Factors associated with being less likely to participate in
four or more waves included: being younger, having a low income, having poor health, being on a
special diet, having one or more children, being suburban, being black, or working For the most
part, the opposite characteristics were associated with the women who participated for four or

more waves.

Prior to the initiation of the CSFII, several exploratory studies were conducted to determine
the best method for collecting information from a panel of respondents. In a study of individuals
of all incomes, the response rates obtained with the telephone were as good as those obtained by
m-person interviews.

Actual experience with telephones in the CSFII was not as good as the

preliminary studies had predicted.

A second drawback of the panel approach was the apparent conditioning effect that occurred
between day 1 and subsequent days. Food energy intake declined "by 10 percent between day 1
and day 2. There were further declines following day 2, but the decline was greatest between
the first two waves. Analysis of both the core sample and the low-income sample indicated that
the switch from personal to telephone interview method was not responsible for the drop in food

energy. Those households who were interviewed in wave 2 by personal interview reported a droD
in calories similar to those interviewed by telephone.

In addition to food energy, the number of food items consumed each day declined We are in
the process of investigating which foods declined. Nutrient intakes also declined between day 1
and 2 and, to a lesser degree, after day 2. On a nutrient density basis, however, the intakes of
many nutrients per 1,000 kilocalories remained fairly consistent or increased slightly on a
wave-by-wave basis.

Results. The CSFII demonstrated that frequent surveys can provide timely indications of dietary
changes. For example, between 1977 and 1985 the percentage of individuals drinking whole milk I
declined, while the percentage drinking lowfat/skim milk increased. Data from the 1986 CSFII '
indicate a continuation of this trend.

The CSFII results also indicate a drop in meat intakes between 1977 and 1985

Previous !

surveys, including the 1977 survey, have shown the consumption of meat to be higher at
successively higher income levels. In 1977, high-income women-those from households with
incomes over 300 percent of the poverty level-reported 20 percent more meat than women from i
households under 131 percent of the poverty level. In 1985, however, high-income women j
reported 25 percent less meat than low-income women. Although meat intake by all three income

groups was lower in 1985 than in 1977, the decline was greatest for the high-income group

The CSFII confirmed findings of the 1977-78 NFCS that multiple days of data are necessary to
explain the vanability of intakes among individuals and the day-to-day variability for a specific
individual. A single 1-day recall provides adequate information for deriving population means.
However, it can be misleading for showing the distribution of intakes or the percentage of
intakes that meet a defined level, such as the Recommended Dietary Allowance (RDA).

For example, we looked at 1-day intakes and 4-day intakes at the 5th and 95th percentiles for
food energy and selected nutrients. For all nutrients, the spread of nutrient intakes is wider for
1-day intakes than for 4-day intakes. For example, for food energy, the 4-day intake at the 5th

percentile is 47 percent below the intake at the median, but the 1-day intake is 60 percent
below.
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The difference between the 1-day and 4-day intakes at the 5th and 95th percentiles differs
among food components. Food energy intakes have the smallest difference; vitamin A intakes
have

the

greatest.

For

some

food

components—in

particular,

vitamins

A,

C, and

B-12,

cholesterol, vitamin E, calcium, polyunsaturated fat, and folacin—the difference in 1-day and
4-day ranges at the 95th percentile is very large. These are generally food components that are
provided in large amounts by certain food types that some people eat and others do not. For
example, several vegetables, especially dark-green and deep-yellow ones, are rich in vitamin A

and citrus fruits in vitamin C.

People who eat these vegetables and fruits, even in reasonable

amounts, consume well above the median intakes of vitamins A and C.

Over 4 days, their

selections of some items less rich in these nutrients tend to reduce the average vitamin A and C
intakes.

We have used the average intake for 4 days of CSFII 1985 to take a first look at the
proportions of women who achieved specified fat and cholesterol levels.
These preliminary
averages indicate how many women might meet the goals recommended by some groups.
Fat: Of the women reporting 4 days of food intake, only 12 percent ate fat furnishing the less
than 30 percent of calories suggested by some authorities, such as the National Cancer
Institute and the American Heart Association (AHA). But these .low-fat diets were not all
good. The mean levels of calcium, iron, and zinc in these lower fat diets were below levels
for women who had higher fat diets. Only 10 percent of the women reported 4-day diets with
saturated fat below 10 percent of calories, as AHA suggests. These women also had mean

J in
y
|
1 ° 1
1 a !
j

ary

intakes of iron and zinc that were especially low. From these findings, it appears that women
need food selection guidance to help them to improve nutrient levels while controlling fat in
their diets. Studies are under way to illustrate dietary changes that might be required to

meet various goals suggested.
Cholesterol: The 300 milligrams or less of cholesterol suggested by AHA in 1978 was achieved
in 62 percent of the women's 4-day diets. However, the more recent'recommendation of less
than 100 milligrams of cholesterol per 1,000 calories was achieved by only 9 percent of the
women. We question the soundness and the practicality of this recommendation.

The last point I want to make on the CSFII experience relates to the timely release of

results.

s

In previous dietary surveys, the data had been published several years following the

completion of data collection. With the CSFII, however, the first report from each of the 2
years of data collection was available about 6 months after the completion of data collection.
This is a commitment HNIS made before the CSFII, and we are proud to be one of the first
agencies to provide data of this complexity on such a timely basis.
SURVEY PLANS

I

The NFCS 1987. The contract for the Nationwide Food Consumption Survey 1987 (NFCS 1987) was
signed in September 1986. Data collection started April 1, 1987, and will run for a year. The
NFCS 1987 is the seventh in a series of surveys conducted at approximately 10-year intervals.
NFCS 1987 consists of two samples—a basic sample of 6,000 households of all incomes and a
sample of 3,600 low-income households.

As in 1977, NFCS 1987 includes two parts: a household food use phase and an individual intake
phase. In the household phase, respondents are asked to provide information on the food used by
the household for a 1-week period and on the prices paid for purchased foods used. The
household phase of the NFCS 1987 will differ from that of NFCS 1977-78 in that the interviewer
will ask questions as presented on a computer screen and enter responses directly into the

computer. This procedure will reduce data-processing time, making survey results available on a
more timely basis than for previous surveys.

In the individual intake phase, household members are asked to provide 3 days of food intake
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information. This information is collected by asking individuals to recall the food they have
eaten in the previous 24 hours and then to keep a diary of food eaten for 2 additional days.
This method is similar to that used in the 1977-78 survey but differs from the 6-day panel
approach used in the CSFII. In other aspects, the individual intake phase of the NFCS 1987 will
be similar to the CSFII. However, the NFCS includes individuals of all ages rather than the
specific age groups surveyed in the CSFII.

In addition to the household and individual intake information, the NFCS 1987 will obtain
socioeconomic information such as income, education, employment, and participation in food
assistance programs.
Also, individuals are being asked to evaluate their health status and
household food managers are asked to assess the sufficiency of their food.
In preparation for the NFCS 1987 and in response to requests from the Congress, the National
Academy of Sciences, and others that the NFCS surveys be better linked to the National Health
and Nutrition Examination Surveys (NHANES), several working groups were formed to investigate
comparability and to make recommendations for linkage. One working group reviewed variables
to be used in NFCS 1987 and planned for NHANES III. Thirty-eight variables were studied. One
set of variables was found to be conceptually so similar that only minor changes were suggested
if any—urbanization, sex, age, education, pregnancy status, reported height, and self-evaluation of
general health status. Another set had similar intent, and suggestions were made for attaining
closer linkage through inclusion of one or more common questions, alterations in reference time
periods, or other dimensional change—race, employment status, farm, lactating female, breastfed
child, reported weight, cigarette-smoking, and surrogate respondent. A third set of variables had
major conceptual differences which precluded comparability through modification of questions or
definitions—income, five household-versus-family variables, and physical activity. Some of these
differences are necessary because the purposes of the surveys differ. Staff developing the NFCS
also reviewed variables from the Current Population Survey ,and the Survey of Income and
Program Participation and reworded questions as appropriate.
A total of 19 reports are planned for NFCS 1987; the first two, covering the first quarter of
data, are planned for release late this year or early in 1988. Initial in-depth analytical studies to
be conducted extramurally have been planned, and the Requests For Proposals will be issued

shortly.

The CSFII. Plans to reinstate a modified CSFII in 1989 are now nearing completion. The two
CSFII surveys in 1985 and 1986 demonstrated that continuous monitoring of population groups in
the years between the large decennial surveys can provide timely notice of changes in foods
eaten by individuals and in their dietary status. Also, continuous monitoring of dietary status of
the general population and of low-income Americans has been called for by the Congress. The
CSFII proposed for 1989 and beyond will provide this continuous monitoring using a cost-effective
"moving-average" approach recommended by two committees established by the Food and Nutrition
Board of the National Academy of Sciences.
The CSFII that is to be initiated in 1989 and continued in following years will provide a
2-to-5-year moving average of the dietary status for all sex-age groups. Annual estimates for
both men and women 19 to 50 years old will be provided after 2 years, while estimates for other
sex-age groups will be provided after 3 to 5 years. The new CSFII will include two samples—a
sample of all individuals in 1,500 households of all incomes and a sample of all individuals in 750
low-income households. Low-income households are defined as those with incomes of 130 percent

of the poverty level or less.

The survey will be designed so that low-income households in the

general sample can be combined with households in the low-income sample. This will increase
the number of low-income individuals for whom we have dietary data. Several other changes
have been made for CSFII 1989. First, all individuals from a household will be included in the
sample, rather than the specific age groups that were included in the 1985 and 1986 surveys.
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Second, dietary intakes will be taken for three consecutive days by the recall/record method, as
in the decennial survey, rather than for six 1-day recalls, as in the CSFII 1985/86.
This
approach is less costly and, we believe, will improve the response rates. Finally, at least part of
the interview process will be computerized—in particular, the sociodemographic household data
and the initial 24-hour recall.
The Human Nutrition Information Service has undertaken an ambitious program to meet the
nutrition monitoring needs of the nation. In addition to conducting the two surveys, HNIS has
committed its resources to maintaining and improving other research areas that either support or
complement the survey activities.
These include improvements in the Nutrient Data Bank, a
continuation of the methodological research aimed at improving survey efficiency and data
quality, and the release of survey results on a timely basis.
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