341
Journal of Food Protection, Vol. 75, No. 2, 2012, Pages 341–346
doi:10.4315/0362-028X.JFP-11-333

Ground Beef Consumption Patterns in the United States,
FoodNet, 2006 through 2007
ETHEL V. TAYLOR,1,2* KRISTIN G. HOLT,3 BARBARA E. MAHON,2 TRACY AYERS,2 DAWN NORTON,4
L. HANNAH GOULD2

AND

1Epidemic

Intelligence Service and 2Enteric Diseases Epidemiology Branch, Centers for Disease Control and Prevention, Atlanta, Georgia 30333;
Department of Agriculture, Food Safety and Inspection Service, Atlanta, Georgia 30333; and 4California Emerging Infections Program, Oakland,
California 94612, USA
MS 11-333: Received 5 July 2011/Accepted 1 September 2011

ABSTRACT
Infection resulting from foodborne pathogens, including Escherichia coli O157:H7, is often associated with consumption of
raw or undercooked ground beef. However, little is known about the frequency of ground beef consumption in the general
population. The objective of this study was to describe patterns of self-reported ground beef and pink ground beef consumption
using data from the 2006 through 2007 FoodNet Population Survey. From 1 July 2006 until 30 June 2007, residents of 10
FoodNet sites were contacted by telephone and asked about foods consumed within the previous week. The survey included
questions regarding consumption of ground beef patties both inside and outside the home, the consumption of pink ground beef
patties and other types of ground beef inside the home, and consumption of ground beef outside the home. Of 8,543 survey
respondents, 75.3% reported consuming some type of ground beef in the home. Of respondents who ate ground beef patties in the
home, 18.0% reported consuming pink ground beef. Consumption of ground beef was reported most frequently among men,
persons with incomes from $40,000 to $75,000 per year, and persons with a high school or college education. Ground beef
consumption was least often reported in adults $65 years of age. Men and persons with a graduate level education most
commonly reported eating pink ground beef in the home. Reported consumption of ground beef and pink ground beef did not
differ by season. Ground beef is a frequently consumed food item in the United States, and rates of consumption of pink ground
beef have changed little since previous studies. The high rate of consumption of beef that has not been cooked sufficiently to kill
pathogens makes pasteurization of ground beef an important consideration, especially for those individuals at high risk of
complications from foodborne illnesses such as hemolytic uremic syndrome.

Consumption of raw or undercooked products of
bovine origin is a risk factor for infection with Escherichia
coli O157:H7, multidrug resistant Salmonella, and other
foodborne pathogens (12, 17). In the United States, among
the 235 outbreaks in 2007 that were attributed to a single
food commodity, contaminated beef accounted for 16% of
illnesses (7). Illnesses and outbreaks have commonly been
linked to consumption of ground beef, specifically undercooked (pink) ground beef (15, 23). A few studies have
been conducted on ground beef consumption in the general
population (3, 8, 19). On average, 80% of persons in the
United States have consumed fresh ground beef in the home
within the previous 2 weeks, and ground beef is eaten an
average of 1.7 times per week by those reporting eating
ground beef at all (19). Of adult respondents reporting
ground beef consumption, 9 to 23% reported eating pink
ground beef (1, 16, 22, 30). However, these studies were
conducted .10 years ago, with limited populations, or only
among adults.
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The Foodborne Diseases Active Surveillance Network
(FoodNet) is a collaborative effort among the Centers for
Disease Control and Prevention, the U.S. Department of
Agriculture Food Safety and Inspection Service, the U.S.
Food and Drug Administration, and selected state health
departments. FoodNet conducts active surveillance for
seven bacterial and two parasitic pathogens transmitted
commonly through food and for cases of hemolytic uremic
syndrome. FoodNet also has conducted periodic surveys of
the general population to obtain data on exposures that
might be risk factors for foodborne illness, including the
consumption of potentially risky foods, and to determine the
prevalence of self-reported diarrheal illness (5). We used
data from the 2006 through 2007 FoodNet Population
Survey to describe the demographic and seasonal patterns of
ground beef consumption among persons residing within the
FoodNet catchment area.
MATERIALS AND METHODS
Survey. The survey was conducted from 1 July 2006 through
30 June 2007 among residents of the 10 FoodNet sites (in
Connecticut, Georgia, Maryland, Minnesota, New Mexico,
Oregon, and Tennessee and selected counties in California,
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Analysis. We were interested in consumption of ground beef
at home or outside the home and consumption of any pink ground
beef patties inside the home. Predictor variables included
respondent age, gender, race, state of residence, income, level of
education, seasonality of ground beef consumption, and residential
setting. For analysis of ground beef and pink ground beef patty
consumption by age, respondents were grouped into three age
categories: 0 to 17, 18 to 64, and 65 or more years of age. Selfreported race responses were categorized as white, black or African
American, or other (i.e., American Indian or Alaskan Native, Asian
or Pacific Islander). Respondents who did not report belonging to
one of these categories were not included in the analysis by race.
For analysis by education level, respondents were divided into
three groups: completed high school or lower, any college or
technical education, and any graduate education. Seasonal ground
beef consumption was examined by month and by season for
summer (May through October) and winter (November through
April). Data were weighted to account for unequal probabilities of
respondent selection and age and gender of the population
surveyed using methods similar to those previously described for
the Behavioral Risk Factor Surveillance System and previous
cycles of the FoodNet Population Survey (13, 18). We performed
statistical analysis using the Proc Surveyfreq and Proc Surveylogistic procedures in SAS version 9.2 (SAS Institute, Cary, NC).
We conducted descriptive analyses and comparisons of proportions
on weighted survey data. We also generated P values from
modified Rao-Scott design-adjusted chi-square tests. Wald chisquare test P values and Wald 95% confidence intervals also were
calculated for the multivariate logistic regression model conditioned on state location. A two-sided P value of ,0.05 was
considered significant.
Predictor variables that were significantly associated with
ground beef consumption outcome variables at P , 0.05 in the
univariate analyses were considered for inclusion in multivariable
logistic regression models to examine factors independently

associated with ground beef and pink ground beef patty
consumption. Variables were retained in the model when the P
value from the residual chi-square test was ,0.05; the two-sided P
value is reported here. We considered models with interaction
terms; however, only the main effects model is presented because
the interaction terms were not significant.

RESULTS
Of 17,372 respondents in the 2006 through 2007
FoodNet Population Survey, 8,543 randomly selected
respondents who were asked about ground beef consumption were included in the analysis. Among individuals
included in the survey (Table 1), 51.9% were female,
25.2% were children #17 years of age, and 1.5% were
,1 year of age. Whites made up 78.3% of the respondents,
and about one-third were in the lowest categories for
education level and income (30.5 and 28.5%, respectively).
Overall, 75.3% of respondents reported consuming
some type of ground beef in the previous 7 days (Table 1);
61.8% of these reported consuming ground beef inside the
home and 45.8% reported consuming ground beef outside
the home (Table 2). Among respondents who ate ground
patties beef in the home, 18.0% reported consuming pink
ground beef (Table 1). Consumption of pink freshly made
hamburger patties was more frequently reported (13.9%)
than consumption of pink previously frozen hamburger
patties (5.9%; Table 2).
Male respondents reported eating ground beef (80.1%)
and pink ground beef patties (20.2%) in the home more
frequently than did female respondents (71.0 and 15.5%,
respectively; Table 1). Children ,18 years of age reported
consuming ground beef most frequently (80.2%), whereas
respondents $65 years of age reported consuming ground
beef least frequently (70.2%; Table 1). Conversely, children
reported consuming pink ground beef patties in the home
the least often; 7.9% of children ,18 years of age reported
consuming pink ground beef patties compared with 22.5%
of persons 18 to 64 years of age and 18.5% of persons
$65 years of age (Table 1). Adults living in a household
with at least one child ,18 years of age were slightly more
likely to eat pink ground beef patties in the home (20.7%)
than were adults with no children living in the home
(16.2%). A lower percentage of respondents with higher
socioeconomic status (based on education and income level)
reported consuming ground beef, but a higher percentage
reported consuming pink ground beef patties in the home
(Table 1). Similarly, respondents from California reported
ground beef consumption least often (57.3%) and pink
ground beef patty consumption in the home more often
(26.5% of those who consumed ground beef) than did
respondents from the eight other sites (Table 1). The
analysis also indicated differences in ground beef and pink
ground beef patty consumption among racial groups and
between urban and rural dwellers (Table 1). Whites and
rural dwellers reported ground beef consumption more
frequently, and whites and urban dwellers reported pink
ground beef patty consumption in the home more frequently
than did their counterparts. No variation in ground beef or
pink ground beef patty consumption in the home by season

Downloaded from http://meridian.allenpress.com/jfp/article-pdf/75/2/341/1685679/0362-028x_jfp-11-333.pdf by guest on 24 May 2022

Colorado, and New York). Methods for the FoodNet Population
Survey have been described (13) and are similar to those used in
the national Behavioral Risk Factor Surveillance System survey
(1). For the survey, households were contacted by telephone, using
a single-stage random-digit dialing system (13). One person from
each household was randomly selected to participate in the study.
Respondents $12 years of age were interviewed directly, and an
adult parent or guardian responded for children ,12 years of age.
Verbal informed consent was obtained from all respondents and
from parents of all children ,18 years of age.
Among the 17,372 respondents, 8,543 were randomly
selected to complete a series of seven questions on ground beef
consumption both inside and outside the home. Respondents were
first asked whether they had consumed fresh or prefrozen ground
beef patties at home in the previous 7 days, a standard exposure
window for foodborne outbreaks and analytic studies that
encompasses incubation times for most foodborne pathogens.
Those who reported ground beef consumption at home were then
asked whether the patties were pink on the inside when eaten.
Respondents also were asked whether they had consumed anything
else made with ground beef at home and whether they had eaten
any burgers or ground beef products at a fast-food restaurant or
anywhere else away from home in the previous 7 days. Questions
about pink ground beef consumption were asked only of those who
consumed ground beef patties in the home; respondents were not
asked whether ground beef consumed at a restaurant or anywhere
else away from home was pink nor were they asked about other
types of pink ground beef consumption in the home.
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TABLE 1. Characteristics of respondents reporting consumption of ground beef and pink ground beef patties in the previous 7 days,
FoodNet Population Survey, 2006 through 2007 a

% total respondents
(n ~ 8,543)

Characteristic

Total
Genderb,c
Age (yr)b,d

Educationb,c

Racee

Siteb,c

Communityb,d
Season

48.1
51.9
25.2
62.5
12.3
30.5
52.0
17.5
28.5
37.9
33.6
78.3
13.8
8.0
7.2
6.0
7.6
20.6
12.0
11.7
4.2
9.4
8.2
13.0
77.4
22.6
60.2
39.8

75.3
80.1
71.0
80.2
75.3
70.2
78.9
75.3
67.3
75.2
79.4
70.9
77.1
71.3
69.7
57.3
76.3
71.1
75.1
71.0
83.0
79.1
76.7
75.1
82.8
72.9
81.5
76.2
74.0

(74.0–76.7)
(78.1–82.0)
(69.2–72.9)
(77.4–83.1)
(73.6–77.0)
(67.7–72.6)
(76.5–81.3)
(73.5–77.2)
(64.0–70.6)
(72.6–77.8)
(77.7–81.2)
(68.3–73.4)
(75.9–78.4)
(66.0–76.6)
(62.7–76.7)
(51.3–63.2)
(72.7–79.8)
(67.4–74.8)
(71.0–79.2)
(67.3–74.7)
(80.1–85.9)
(75.2–83.0)
(73.3–80.1)
(71.7–78.5)
(79.8–85.7)
(71.2–74.6)
(78.9–84.1)
(74.6–77.9)
(71.8–76.2)

18.0
20.2
15.5
7.9
22.5
18.5
15.5
18.5
23.1
16.1
16.9
21.2
18.5
10.4
16.3
26.5
22.5
27.4
15.8
19.9
18.8
14.3
19.4
15.9
11.8
20.0
13.0
17.1
19.6

(16.0–20.0)
(17.2–23.2)
(12.9–18.1)
(5.1–10.7)
(19.6–25.4)
(15.2–21.8)
(11.9–19.1)
(15.7–21.2)
(17.6–28.7)
(12.3–19.9)
(13.9–19.9)
(17.5–24.9)
(16.4–20.7)
(5.3–15.4)
(7.1–25.5)
(14.9–38.1)
(15.6–29.4)
(20.9–33.9)
(10.1–21.5)
(14.2–25.6)
(13.2–24.4)
(8.9–19.7)
(13.0–25.8)
(10.7–21.0)
(8.0–15.6)
(17.3–22.6)
(9.7–16.3)
(14.7–19.5)
(16.0–23.2)

a

For some items, n may vary by small numbers. CI, confidence interval.
Modified Rao-Scott chi-square statistic at P , 0.001 for ground beef.
c
Modified Rao-Scott chi-square statistic at P , 0.05 for pink ground beef.
d
Modified Rao-Scott chi-square statistic at P , 0.001 for pink ground beef.
e
Modified Rao-Scott chi-square statistic at P , 0.05 for ground beef.
b

was observed (Table 1). Frequency of consumption of fresh
and frozen ground beef patties, other types of ground beef
consumed at home, and ground beef consumed away from
home also differed by age and race. Persons $65 years of
age reported eating ground beef outside the home less
frequently than did other age groups, and blacks reported
eating ground beef outside the home more frequently than
did other races (data available at http://www.cdc.gov/
foodnet/webappendix.htm). Although overall consumption
of ground beef did not differ by month or season,
consumption of fresh ground beef, other types of ground
beef at home, and ground beef away from home were
reported more frequently from November to April than from
May to October (data available at http://www.cdc.gov/
foodnet/webappendix.htm).
Factors significantly associated with ground beef
consumption in the univariate analyses at P , 0.05 and
therefore considered in the multivariate analyses were age,
race, gender, residential setting, education, and income; for

pink ground beef, only age, race, and gender were
significantly associated with consumption in the univariate
analyses. In multivariate analyses, all of these factors
remained independently associated with ground beef
consumption, with the exception of income (Table 3). In
the multivariate model for pink ground beef patty
consumption in the home, only age 18 to 64 years (odds
ratio, 2.9; 95% confidence interval [CI], 1.9 to 4.3), age
$65 years (odds ratio, 2.4; 95% CI, 1.6 to 3.6), and male
(odds ratio, 1.8; 95% CI, 1.4 to 2.3) were significantly
associated (Table 3).
DISCUSSION
Ground beef is a frequently consumed food item in the
United States. In this survey of residents of the 10 FoodNet
sites, most respondents reported eating ground beef in the
previous week, and nearly one in five persons who ate
ground beef patties at home reported eating pink ground
beef patties at home, a marker (although imperfect) for the
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Income (per year in
U.S. dollars)b

Male
Female
#17
18–64
$65
High school
College or technical
Graduate
,$40,000
$40,000–$75,000
.$75,000
White
Black
Other
California
Colorado
Connecticut
Georgia
Maryland
Minnesota
New Mexico
New York
Oregon
Tennessee
Urban or suburban
Rural
May–Oct
Nov–Apr

% (95% CI)
% (95% CI) respondents reporting pink
respondents reporting
ground beef consumption among respondents
ground beef
reporting ground beef patty consumption in
consumption (n ~ 5,980)
the home (n ~ 2,944)

344

TAYLOR ET AL.

J. Food Prot., Vol. 75, No. 2

TABLE 2. Reported consumption of ground beef products in the
previous 7 days, FoodNet Population Survey, 2006 through 2007
95%
confidence
interval

Inside the home
Fresh hamburger patties
Fresh hamburger patties eaten pinkb
Frozen hamburger patties
Frozen hamburger patties eaten
pinkb
Other type of ground beef

61.8
27.5
13.9
15.8

60.3–63.3
26.1–28.9
12.1–15.6
14.6–17.0

5.9
45.4

4.7–7.2
43.8–47.0

Outside the home
Fast-food restaurant
Other location

45.8
39.0
19.9

44.2–47.4
37.4–40.6
18.6–21.3

Location of ground beef consumption and
type of ground beef consumeda

a

b

Categories of ground beef consumed were not mutually
exclusive; therefore, percentages may not sum to 100%.
Consumption among participants who ate fresh or frozen ground
beef patties (n ~ 2,944).

consumption of undercooked ground beef. We also found
that ground beef consumption patterns differed according to
several demographic factors, i.e., age, gender, race,
education, income, and residential setting, but that patterns
of consumption did not differ by month or season.
We noted a distinct lack of seasonality in the
consumption of ground beef or pink ground beef patties in
the home. This contrasts with the marked seasonality
reported for E. coli O157:H7 infections in humans, which
peaks in the summer months (24). These data suggest that
factors other than seasonality in ground beef consumption,
such as differences in food handling practices or increases in
the amount of bacterial contamination on meat and other
foods or environmental sources during warmer months, are
responsible for the seasonal increase in E. coli O157:H7
infections. Shedding of E. coli O157:H7 by cattle peaks
during the spring and summer months (2, 11, 28),
corresponding to the period of the highest incidence of
human infections (24). Others have suggested that fluctuations in E. coli O157:H7 prevalence in cattle may be linked
to human infections (11). Our data support this hypothesis
and suggest that further attention to preharvest food safety
interventions may be warranted to decrease the numbers of
organisms shed in cattle feces and, ultimately, decrease the
number of human infections.
Although children were the age group least likely to
consume pink ground beef patties in the home, 7.9% of
children who ate ground beef reported consuming pink
ground beef patties, indicating continued potential for
exposure to E. coli O157:H7 by this route among this
vulnerable population (24). Children are particularly
susceptible to developing hemolytic uremic syndrome, a
serious complication of E. coli O157:H7 infections that can
cause severe illness and death (10). This finding indicates a
need to further explore efforts to change food safety
behaviors in parents. Similarly, rates of death from E. coli
O157:H7 infection and hemolytic uremic syndrome are

Predictors

Odds ratio

95% confidence
interval

Predictors of ground beef consumption
#17 yr of age
1.55
18–64 yr of age
Reference
$65 yr of age
0.53
White race
Reference
Black race
0.70
Other race
0.64
Female
Reference
Male
1.72
Rural community
Reference
Urban or suburban
community
0.77
Graduate education
Reference
Less than graduate
education
0.64
Income ,$40,000
Reference
Income $40,000–
$75,000
1.19
Income .$75,000
0.80
Predictors of pink ground beef patty consumption
#17 yr of age
Reference
18–64 yr of age
2.85
$65 yr of age
2.36
White race
Reference
Black race
0.45
Other race
0.65
Female
Reference
Male
1.75

1.23–1.95
0.41–0.69
0.52–0.94
0.45–0.91
1.47–2.02

0.62–0.95

0.53–0.77

0.98–1.44
0.64–1.0

1.92–4.25
1.55–3.59
0.26–0.75
0.34–1.24
1.36–2.26

highest among persons $60 years of age (10). Because
almost 20% of persons in this age group who ate ground
beef reported consuming pink ground beef patties in the
home, this finding indicates a need to improve communication of the risks to seniors.
Although persons with higher education and income
reported consuming pink ground beef patties in the home
more often, this group consumed ground beef overall less
frequently. These findings do not explain these patterns, but
we speculate that the increased level of risky behavior
among more highly educated and higher income respondents may be due to several factors. These persons may not
prepare food at home as often as other groups (25) and
therefore may be less practiced in appropriate safe food
handling and cooking practices or they may prefer pink
ground beef. Higher income persons have been shown both
to have more confidence in the safety of the national food
supply and to be more likely to use unsafe food practices
than lower income persons (20). Persons that are more
educated may also perceive themselves to be at less risk for
foodborne illness and consequently be more likely to engage
in risky behaviors. The increased willingness among this
population to engage in unsafe food-related behaviors has
been suggested to rise from more prevalent beliefs that they
understand and can control food safety risks (9). Information on food safety knowledge was not collected in this
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Weighted %
reporting
consumption
(n ~ 8,543)

TABLE 3. Predictors of ground beef and pink ground beef patty
consumption from multivariate models
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served within the home. Because consumption of food
prepared outside the home is a significant risk factor for
foodborne infection (14), conclusions of this study may not
be relevant for all foodborne illnesses associated with
consumption of pink ground beef. This study also could not
link food exposure to subsequent diarrheal illness; therefore,
we were not able to assess whether pink ground beef
consumption was associated with increased risk for
diarrheal illness among this population. Although adults
living in households with children were slightly more likely
to report consuming pink ground beef themselves, surrogate
responses for exposures have generally been associated with
more uncertainty than directly reported exposures. Parents
who responded for children younger than 12 years of age
may be less likely to report their children practicing this
risky behavior, leading to an underestimation of pink
ground beef consumption among children.
Food safety regulations and process changes implemented by the food industry have decreased the risk of
foodborne illness associated with eating ground beef (4, 27).
Beef slaughter and processing facilities have implemented
hazard analysis and critical control point systems. Observed
decreases in human infections with E. coli O157:H7 of up to
44% from baseline measures suggest progress is being made
(6). However, many people still consume pink ground beef
and are at risk for complications from E. coli O157:H7
infections. Based on observed differences in consumption,
education and risk communication campaigns targeted at
specific high-risk groups are an important component of
efforts to decrease foodborne infections related to ground
beef consumption. However, the potential impact of
campaigns directed at consumers is undoubtedly limited.
Preconsumer interventions, including measures to lower
contamination levels in live cattle and ground beef, also
should be considered. Decreasing foodborne infections will
likely require continued or expanded efforts in education,
risk communication, and pre- and postharvest food safety
interventions across the farm-to-table continuum.
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