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Abstract: The population of a pediatric practice was followed
prospectively and determinants of acute gastrointestinal illness were
evaluated in a nested age-matched case-control study. Children over
age one taking low fat milk as their only milk source in the three
weeks prior to illness had five times the risk of a doctor's visit for
acute gastrointestinal illness as did children taking only whole milk

Introduction

One proposed means of reducing cardiovascular disease
risk is to reduce the consumption of milk fat beginning very
early in childhood.' The American Academy of Pediatrics
has not agreed to such a strategy for children below the age
of two years.2 The potential of benefits, it was felt, did not
outweigh the potential risk. Neither risks nor benefits have
yet been quantified.

One potential risk of low fat milk consumption is that it
contributes to a low fat diet, and associated chronic nonspe-
cific diarrhea of childhood.34 Another potential risk is the
loss of antiviral properties in the lipid fraction of milk.
Antiviral properties have been found in human milk lipid
fractions5 and presumably could be present in cow milk lipid
fractions. Additionally, cow milk processing into formulas,
which largely involves fat exchange, has been shown to
result in the loss of an aqueous phase non-antibody related
antiviral activity.6 It is a reasonable hypothesis that defatting
milk could do the same.

As part of a general study of risk factors for acute
gastrointestinal illness, we assessed the relative risk of low
fat milk consumption for acute gastrointestinal illness in
children over age one in a private pediatric practice.

Materials and Methods
Study Design and Population

The private practice of one of the authors (VJT) provid-
ed the population base. The practice sees mostly lower and
lower middle class patients from Ypsilanti, Michigan. A
prospective, population-based, case control study was con-
ducted from January 1980 to April 1981 with a vacation in
May and June of 1980 due to personnel problems. Cases and
matched controls came from cohort lists established in July
1979. Patients were placed on separate lists by birth month
and by residence inside or outside of Ypsilanti. For birth
months more than two years but less than four years
previous to any specific time during the study, monthly lists
were aggregated into quarterly lists. For birth months over
four years prior to the study date, monthly lists were
aggregated into yearly cohort lists. The lists were updated as
patients came into or left the practice.
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during the same time period. This increased risk could not be
explained by numerous potentially confounding variables or poten-
tial biases. There was no indication that the increased risk differed
for rotavirus positive or rotavirus negative illness, or that it varied
by children's age. (Am J Public Health 1984; 74:1371-1373.)

The cases in this study are all patients on the cohort list
whose guardian telephoned or visited the practice regarding
a gastrointestinal illness in the patient. Cases were not
included in this study if the clinician found that there was no
gastrointestinal illness, if the illness had begun more than 10
days before the office visit, if the illness was only vomiting
explained by another condition, or if the patient was less
than one year of age. The cases were seen free of charge and
there were no refqsals to participate in the study. Controls
were matched to cases by birth date and geographic area
through random number selection from the same cohort list
containing the case. Controls were interviewed within a
week of the c'ase. Any patient who had had a gastrointestinal
illness within the past two weeks was not accepted as a
control. Controls included patients who at other times were
cases. Less than 5 per cent of selected controls could not be
contacted or refused to participate. When this occurred, a
second control was drawn.

Both cases and controls were interviewed to ascertain:
exposure to other cases inside or outside of the household,
race, income, medical payment plan, pet exposures, number
and ages of siblings, day care or school attendance by the
patient or siblings, baby sitting arrangements, church atten-
dance, breast-feeding and/or type of milk or formula feed-
ings* in the three weeks before the onset of illness or
interview. Cases were interviewed in the office and were
contacted weekly by telephone to obtain further illness
history. Controls were interviewed over the telephone.

Population denominators were determined in June 1980
as follows: stratified random sample of the parents of
children over one year of age was selected in June 1980. The
proportion Qf all illness care that the child received from the
practice was determined by ascertaining the number of
illness episodes attended in the practice or elsewhere. The
number of patients multiplied by the percentage of acute
illness care attended to by the practice gave thg following
effective population sizes: 149 children age one, 307 children
age two through four, and 741 children age five to 16. Annual
population rates of illness were determined from January
1979 to April 1980 with proportionate weighting so that each
month contributes evenly to the annual rate.
Laboratory Methods

Stool or rectal swabs were collected in the office and
transported to the University of Michigan daily. Rotavirus
was detected by an indirect enzyme linked immunosorbant
assay using goat antirotavirus serum as the capture anti-
body.7 Results were confirmed by comparisons to controls

*Skimmed (0.5 per cent) or 2 per cent fat milks were recorded.
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using pre-immune goat sera from the same animal. Beginning
in January 1980, specimens were examined for a full range of
bacterial pathogens including enterotoxigenic E. coli and
colonization factor positive E. coli. The laboratory methods
used are described in more detail elsewhere.8
Statistical Analyses

Associations of feeding type with gastrointestinal illness
were assessed with matched pair odds ratios. Confidence
intervals were calculated with reference to tables of the
exact confidence limits of the binomial distribution as out-
lined by Fleiss.9 Attributable risks were estimated as out-
lined by Schlesselman. '0 Confounding of the associations by
all measured third variables together or separately was
controlled by logistic regression of the discordant pairs."

Results
Disease Frequency and Etiology

The estimated incidence in one year old children was
0.39 episodes of acute gastrointestinal illness per child-year.
In two- to four-year old children, it was 0.17. In children
over age five, it was 0.02. There were 131 case-control pairs
over the age of one year who had the type of milk they were
consuming specified. Fifty-seven were age one, 54 were two
through four years of age, and 20 were five years or older.
There were no bacterial pathogens isolated among cases in
this study. Seventeen per cent of the one-year old cases had
rotavirus identified in their stool; 15 per cent of the two-
through four-year old cases were rotavirus positive; there
were no rotavirus positive cases over the age of four.
Whole versus Low Fat Milk Analyses

Skimmed milk was distinguished from 2 per cent and 0.5
per cent fat milk. Only six cases and one control had
skimmed or 0.5 per cent milk so these were combined with
the 2 per cent milk under the heading of low fat milk. The
detailed distribution of the 131 case-control pairs with regard
to type of milk consumed is presented in Table 1. Twenty-six
cases and six controls consumed low fat milk. The matched
pairs odds ratio (which approximates the increase in gastro-
intestinal disease risk in low fat milk consumers over con-
sumers of other milks) is 4.3 (26/6; 95 per cent CI =
1.7-12.3). Restricting the study to subjects exclusively on
whole or low fat milk, the odds ratio is 5 (25/5; 95 per cent CI
= 1.9-15.7).

The risk of low fat milk consumption was not confined
to any age group. There were 14 discordant pairs in one-year
olds (odds ratio of seven); 12 discordant pairs among two- to
four-year olds (odds ratio of six); five discordant pairs
among children age five and older (odds ratio of four).

The risk did not differ for rotaviral or non-rotaviral

TABLE 1-Case-Control Pairs in Children Age One or Older by Type of
Milk Consumption

Cases

Breast and
Whole Low fat Breast or Lowfat

Controls Total Milk Milk Formula Milk

Total 131 89 26 15 1
Whole Milk 121 83 25 12 1
Lowfat Milk 6 5 0 1 0
Formula 4 1 1 2 0

TABLE 2-Symptom Frequencies in Acute Gastrointestinal Illness Cases
in Children over Age One by Type of Milk Consumed

Exclusively Exclusively
Symptom Whole Milk Low Fat Milk

Total Number 89 26

Diarrhea 93 93
Vomiting 58 61
Fever 52 61
Abdominal Pain 42 44
Mucus in Stool 35 30
Anorexia 58 68
More Than 5 Stools per Day 44 39
More Than 10 Stools per Day 14 13
Cough 51 43
Rhinorrhea 63 54
Average Duration 10 days 6 days

illness. All four rotavirus positive discordant pairs had the
case on low fat milk. There were 27 discordant pairs where
the case was rotavirus positive; in five of these, the case was
on whole milk, and in 22, the case was on low fat milk. This
gave an odds ratio of 4.4.

The symptoms of cases consuming whole or low fat milk
are presented in Table 2. These data bear on possible case
selection bias: if parents who give their children low fat milk
contact the pediatrician for illnesses of less severity than the
parents of children receiving whole milk, a case selection
bias might be creating the association of illness with low fat
milk consumption. There is no evidence to support this
interpretation.

Because low fat milk consumption has been associated
with chronic diarrhea, we evaluated the possibility that
chronic, or recurrent cases account for the increased risk of
low fat milk consumption. The average duration seen in
Table 2 is not consistent with this possibility.

We had been recording cases in a prospective fashion
for one year before the case-control study, and therefore
could evaluate illness recurrence by milk consumption type.
Sixty-three per cent of the low fat milk consuming cases and
44 per cent of the whole milk consuming cases were seen
more than once during the course of the study. The average
number of visits during the entire study for those cases
consuming low fat milk was 2.0 and for those consuming
whole milk was 1.8.

The risk factors for acute gastrointestinal illness identi-
fied in this study were used to control for confounding of the
relation between low fat milk consumption and illness. The
distribution of these factors in cases and in controls on whole
or low fat milk is presented in Table 3; the lack of potential
for confounding can be appreciated. In general, the children
on low fat milk have fewer other risk factors. When the
discordant pairs were controlled for the influence of these
other factors, separately or together, the estimated odds
ratios increased considerably over those presented earlier.
Attributable Risks

Using a relative risk estimate of five, we estimate that 14
per cent of the cases seen in the practice population over age
one are attributable to low fat milk consumption. The rate of
illness attributable to low fat milk consumption in low fat
milk consumers is 1.2 episodes per year for one-year olds,
0.5 episodes per year for children ages two through four, and
0.06 episodes per year for children over the age of five.
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TABLE 3-Selected Exposure Frequencies in Cases and Controls on
Low Fat or Whole Milk

Cases Controls

Exposure Low Fat Whole Low Fat Whole

Total Number 26 89 6 121

Black Race 4 11 0 14
Medicare 13 32 0 20
<$10,000 income 15 42 0 24
Day Care Nursery 8 19 33 7
Baby Sitter 31 40 17 50

Discussion

There are no comparable data to ours that we could
locate assessing the association between the consumption of
low fat milk and acute gastrointestinal illness. There were
data available for analyses, however, in the First National
Health and Nutrition Examination Survey (NHANES) con-
ducted from 1970 to 1974. A detailed description of the
specific content and plan of operations of this study has been
published. 12 This survey collected data only on children over
age one. There were 2,652 children in the NHANES survey
between the ages of one and six who drank some milk. The
usual consumption of skimmed and whole milk in the past
three months was ascertained in these children. Two per
cent milk was used relatively infrequently at that time and
was not ascertained. There were only 185 children in these
ages who consumed predominantly skimmed milk. Only six
of these had diarrhea at the time of the interview; five of the
six were age one. The diarrhea prevalence in children age
one who drank predominantly skimmed milk was 3.4 times
the prevalence in those drinking predominantly whole milk.
Thus the NHANES data demonstrate an association be-
tween low fat milk consumption and gastrointestinal illness
similar to the association we observed.

We do not feel that the association we observed is
artifactual. Confounding seems very unlikely to explain the
association we observed because we controlled many poten-
tial confounders in our analysis. The symptom picture we
observe is not consistent with a case selection bias. Recall
bias seems quite unlikely for so easily obtained a datum as
the type of milk a child is consuming in the past few weeks.
The direction of a causal relation is not well established by
this study as it is possible that children with a predisposition
to acute gastrointestinal illness are put on low fat milk. This
seems unlikely, however, because cases on low fat milk did

not have more frequent prior illness than cases on whole
milk.

Causal inferences about the associations we have ob-
served should await demonstration of causal mechanisms or
replication of the study findings in other populations. The
estimation of a rate of disease of 1.2 episodes per year in
one-year old children potentially attributable to the con-
sumption of low fat milk demonstrates the importance of
eventually making ajudgment about causation. If the mecha-
nism of this association is the lack of some anti-infective
factor in low fat milk, then we might expect to see an even
higher rate of illness attributable to low fat milk consumption
in developing countries. The findings in this study should
thus raise concern about the common practice of sending
defatted milk from developed countries to developing coun-
tries where diarrhea is a severe problem.
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