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Abstract

Objectives: We explored how restaurant inspection frequency and restaurant neighborhood sociodemographic charac-
teristics are related to food safety inspection outcomes in chain and nonchain restaurants to better understand external
factors that may influence inspection outcomes.

Methods: We categorized the results of restaurant inspections in Philadelphia, Pennsylvania, in 2013 and 2014 by restaurant
type (chain or nonchain), inspection frequency (I, 2, or >3 per 2-year study period), and violation type (total number of
violations, foodborne-illness risk factor violation, or good retail practice violation). We collected 2013 US Census block group
sociodemographic data for each restaurant neighborhood. We used nested mixed-effects regression analyses to determine the
association between restaurant inspection frequency and inspection violations, as well as between inspection violations and
restaurant neighborhood sociodemographic variables, stratified by restaurant type.

Results: Compared with nonchain restaurants, chain restaurants had significantly fewer total violations per inspection (mean
[SD]: 6.5 [4.6] vs 9.6 [6.8] violations, P < .001). For nonchain restaurants, an increase from | to 2 inspections resulted in 0.8
(P <.001) fewer mean violations per inspection, and an increase from | to >3 inspections resulted in 1.6 (P <.001) fewer mean
violations; this association was not seen in chain restaurants. For nonchain restaurants, a higher proportion of black residents
in a restaurant neighborhood was associated with 0.6 (P < .001) fewer mean foodborne-illness risk factor violations but 1.0
(P <.001) more mean good retail practice violations per inspection.

Conclusions: A risk-based stratified approach to restaurant food safety inspection frequency, based on whether or not
restaurants are part of chains, could reduce the frequency of violations, particularly in restaurants with the most violations.
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Foodborne illnesses are a serious public health concern, with
the annual burden estimated to be 48 million illnesses,
128 000 hospitalizations, and 3000 deaths in the United
States in 2011."? In a study published in 2015, the estimated
aggregated annual cost of foodborne illness to the US econ-
omy was $55.5 billion.> Although foodborne illnesses can be
caused by food cooked in or outside the home, two-thirds of
foodborne illness outbreaks occur in restaurant settings.” This
finding raises even more concern in the United States, where
the proportion of meals eaten outside the home has been
increasing: 43.7% of food budgets in 2014 were spent in res-
taurants, and >$738 billion was spent in 2015 on food con-
sumed outside the home.>° In a 2013 report, consumption of
food prepared outside the home was listed as 1 of the 5 pri-
mary factors contributing to foodborne illness.”

Restaurant safety monitoring has traditionally been
handled by municipal inspection officials in accordance with
the recommendations of the US Food and Drug Administra-
tion (FDA) Food Code, which lists 5 major areas that
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inspectors should cover during routine inspections.® The
FDA Food Code recommends inspecting full-service restau-
rants 3 times per year. However, cities are not required to
follow these recommendations and may instead establish
independent, more lenient inspection protocols.

Although the FDA suggests that inspection scores are a
proxy measure for restaurant food safety, research has not
demonstrated a relationship between restaurant inspection
scores and the burden of foodborne illness. Some studies
have found a relationship between inspection scores and
rates of foodborne illness, whereas others have not."*!! This
discrepancy may be caused in part by the challenges of
studying the epidemiology of foodborne illnesses, which
include difficulty determining the location of the foodborne
illness exposure and underreporting of subclinical cases of
foodborne illness.*’

The discrepancy in study findings about the relationship
between restaurant inspection scores and foodborne illness
rates could also be related to socioeconomic disparities that
may exist for foodborne illness rates and local restaurant
food safety practices. For example, some studies have
reported more restaurant violations in areas of high poverty,
whereas other studies have observed fewer violations in
these areas.'? Also, people with higher incomes may be more
likely than those with lower incomes to handle raw meat and
have discretionary income to spend on restaurants.'*'> How-
ever, residents in areas of lower socioeconomic status may
have less access to supermarkets and more access to fast-
food chain and takeout restaurants than those living in areas
of higher socioeconomic status.'*'” Yet, the importance of
many of these socioeconomic differences is not well under-
stood. For example, the relationship between foodborne
illness and access to supermarkets and fast-food restaurants
is unclear. Additionally, although reliance on restaurant
food instead of food obtained from supermarkets may
decrease the risk of foodborne illness, results of research
on this topic are mixed. Finally, although differences in
foodborne illness rates for different socioeconomic groups
have been reported, these differences may reflect differ-
ences between better-educated diners and less-well-
educated diners in rates of illness reporting (likely because
of differences in treatment-seeking behavior) as well as
differences in access to health care according to a neighbor-
hood’s socioeconomic status.'?!'®

The relationship between restaurant inspection scores and
rates of foodborne illness may also be influenced by the types
of food and preparation methods used in restaurants. Chain
restaurants typically serve food that is less perishable and
requires less preparation than food in nonchain restaurants.
As a result, chain restaurants have generally had lower rates
of foodborne illnesses and fewer inspection violations than
nonchain restaurants. In contrast, full-service nonchain res-
taurants have had higher rates of foodborne illnesses as com-
pared with chain restaurants, likely because they use more
raw ingredients and complex food preparation.’*'® Consis-
tent oversight and standardized food preparation protocols

may also contribute to better inspection scores in chain res-
taurants than in nonchain restaurants. Consequently, non-
chain restaurants may benefit from the use of data on
inspection outcomes in chain restaurants as benchmarks for
comparison, particularly when trying to assess the impact of
other environmental and socioeconomic factors on their food
safety practices and outcomes.

The objective of this study was to explore how restaurant
inspection frequency and restaurant neighborhood sociode-
mographic characteristics are related to restaurant food
safety inspection outcomes in chain and nonchain restau-
rants. We hypothesized that restaurant inspection frequency
and restaurant neighborhood sociodemographic characteris-
tics would be more strongly associated with inspection out-
comes in nonchain restaurants than in chain restaurants.

Methods

Data Sources

We obtained restaurant names, locations, and inspection
results from the Clean Plates database, compiled by the Phi-
ladelphia Inquirer and available to the public.?® This data-
base contains aggregated data that are automatically updated
from the online website of the Philadelphia Department of
Public Health, which conducts all restaurant safety inspec-
tions in Philadelphia, Pennsylvania. The Philadelphia
Department of Public Health uses a modified inspection pro-
tocol based on FDA recommendations, and it aims to con-
duct routine inspections of all restaurants within the city
limits once per year.

We collected Philadelphia restaurant inspection data
reported from January 2013 through December 2014. These
data included details on inspections (date, time, purpose,
type, inspector name), restaurants (name, license number,
location, name of person in charge), and violations (number
and type of violations). The Clean Plates database includes
tabulated reports of 2 types of violations: foodborne-illness
risk factors and good retail practices. Foodborne-illness risk
factor violations are practices or procedures that, scientists
say, play a direct role in transmitting germs, and they include
food kept at improper temperatures and failure to properly
clean equipment used to prepare food. Good retail practice
violations, which are considered to be less critical violations,
are deficiencies in practices or procedures that, research sug-
gests, can prevent the conditions that lead to contamination
but do not cause illness directly, such as dirty floors or
improper garbage storage. We received these data from the
Philadelphia Inquirer in a comma-separated values file.?!

We filtered the data set in several ways. We included only
routine annual inspections and excluded inspections that
were compliance checks, reinspections, environmental
assessments, or responses to complaints. We limited the type
of facilities to eat-in or takeout restaurants; thus, we excluded
retail food establishments, daycare facilities, schools, resi-
dential facilities, and caterers. We also excluded restaurants
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within the Philadelphia International Airport because they
are not located within the boundaries of the city of Philadel-
phia and therefore could not be matched with our sociode-
mographic data. We also excluded some variables in the data
set (eg, name of the inspector, person in charge of the res-
taurant) because they were not pertinent or were difficult to
analyze quantitatively.

We divided restaurants into 2 types: chain and nonchain.
We defined chain restaurants as those with at least 15 loca-
tions worldwide, and we determined which restaurants fit
into this category by manually searching Internet-based
sources, such as restaurant websites. We categorized restau-
rant inspection frequency as 1, 2, or >3 inspections during
the 2-year study period. Restaurants rarely received >3
inspections during this period.

We accessed 2013 US Census American Community Sur-
vey block group data to collect sociodemographic informa-
tion related to the location of each restaurant in our study.?
The restaurant inspection database included latitude and
longitude coordinates for each restaurant, which we used
to locate the restaurants on 2013 US Census maps of Phi-
ladelphia. In the US Census, block groups are contiguous
areas of land that are divisions of a census tract and typi-
cally contain 600 to 3000 residents. Block groups are the
smallest geographical unit with census sociodemographic
data available and were considered most representative of
the area surrounding each restaurant. By merging the res-
taurant geographic data with the census block group data,
we were able to obtain restaurant neighborhood data on our
variables of interest, including total population count, med-
ian age of residents, proportion of college-educated resi-
dents, median annual household income, proportion of
black residents, proportion of Hispanic residents, and pro-
portion of residents living in poverty. We merged geo-
graphic data using ArcGIS release 10.2.%

Statistical Methods

We summarized continuous variables using means and
standard deviations (SDs), and we compared restaurant types
(chain vs nonchain) using 7 tests. We summarized categorical
variables using frequencies and percentages, and we com-
pared groups using Pearson y tests. We analyzed the number
of violations (total and by type) reported for each restaurant
inspection conducted during the study period. Because mul-
tiple inspections could occur in a single restaurant or in a
single geographic block group, we adjusted for multiple
instances of the same restaurant and block group.

We used a nested model to adjust for random effects of
multiple data points within the same restaurant and block
group. We used mixed-effects linear regression to determine
the relationships between the frequency of inspections at
each restaurant during the 2-year period and the number of
inspection violations found at each restaurant, stratified by
restaurant type (chain or nonchain). We adjusted the model
for block group sociodemographic characteristics, including

total population count, proportion of unemployed residents,
proportion of college-educated residents, median annual
household income, proportion of black residents, proportion
of Hispanic residents, and proportion of residents living in
poverty. We coded the inspection frequency category as a
factor variable to assess the relationship between inspection
frequency and number of violations per inspection.

We also used nested mixed-effects logistic regression to
assess the relationships between number of violations per
inspection and block group sociodemographic characteris-
tics, adjusted for all block group sociodemographic charac-
teristics. We assessed these relationships among all
restaurants; then, we compared chain restaurant relationship
results with nonchain restaurant relationship results. We used
a nested model to adjust for random effects of multiple
inspection outcomes within the same individual restaurant
and within the same block group.

We performed statistical analyses using Stata release
12.** We considered P < .05 to be significant. This study
was reviewed and deemed exempt by the Institutional
Review Board of the University of Pennsylvania.

Results

During the 2-year study period, 68.0% (2662 of 3915) of
nonchain restaurants and 58.8% (394 of 671) of chain restau-
rants were inspected only once (P < .001; Table 1). Com-
pared with nonchain restaurants, chain restaurants had
significantly fewer total violations per inspection (mean
[SD]: 6.5 [4.6] vs 9.6 [6.8] violations, P < .001), fewer
foodborne-illness risk factor violations per inspection (1.9
[2.1] vs 2.9 [3.0] violations, P <.001), and fewer good retail
practice violations per inspection (4.6 [3.2] vs 6.6 [4.7] vio-
lations, P < .001). Compared with the block groups near
chain restaurants, the block groups near nonchain restaurants
had a significantly lower mean total population (1316 [5978]
vs 1516 [640] people, P < .001), lower median household
income ($43 035 [$22872] vs $45016 [$21483], P = .01),
higher proportion of black residents (38.3% [36.4%] vs
28.9% [31.1%], P < .001), higher proportion of Hispanic
residents (11.0% [17.6%] vs 9.6% [13.9%], P = .02), and
higher proportion of residents living in poverty (25.2%
[17.4%] vs 21.7% [15.3%], P < .001).

Among all restaurants, an increase from 1 to 2 inspections
during the 2-year study period was significantly associated
with a 0.9 decrease in mean violations per inspection (P <
.001), and an increase from 1 to >3 inspections was signif-
icantly associated with a 1.4 decrease in mean violations per
inspection (P < .001; Table 2). The findings for nonchain
restaurants were similar: an increase from 1 to 2 inspections
was significantly associated with a 0.8 decrease in mean
violations per inspection (P < .001), and an increase from
1 to >3 inspections was significantly associated with a 1.6
decrease in mean violations per inspection (P <.001). How-
ever, this association between increased number of inspec-
tions during the 2-year period and decreased mean violations
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Table I. Inspection frequency, types of violations, and block group® sociodemographic characteristics associated with 6340 routine
restaurant inspections,” by type of restaurant, Philadelphia, Pennsylvania, January 2013-December 2014
Restaurants
Measure All Nonchain Chain P Value
Total restaurants inspected, No. (%) 4586 (100.0) 3915 (85.4) 671 (14.6) NA
Inspection frequency per restaurant during 2-y study period, No. (%)
| inspection 3056 (66.6) 2662 (68.0) 394 (58.8) <.001
2 inspections 1322 (28.8) 1079 (27.6) 243 (36.3) <.001
>3 inspections 208 (4.5) 175 (4.5) 33 (49) <.001
Total restaurant inspections, No. (%) 6340 (100.0) 5363 (84.6) 977 (15.4) NA
No. of violations per inspection,” mean (SD)
All violations 9.1 (6.6) 9.6 (6.8) 6.5 (4.6) <.001
Foodborne-illness risk factor violations 2.8 (2.9) 29 (3.0 1.9 (2.1) <.001
Good retail practice violations 6.3 (4.5) 6.6 (4.7) 4.6 (3.2) <.001
Block group sociodemographic characteristics, mean (SD)
Total block group population, n 1347 (609) 1316 (598) 1516 (640) <.001
Unemployed residents, % 6.5 (4.7) 6.5 (4.7) 6.3 (4.8) .30
College-educated residents, % 26.0 (12.4) 26.1 (12.5) 25.4 (12.0) .08
Median annual household income,® $ 43336 (22674) 43035 (22871) 45016 (21483) .0l
Black residents, % 36.8 (35.8) 38.3 (36.4) 289 (31.1) <.001
Hispanic residents, % 10.8 (17.1) 11.0 (17.6) 9.6 (13.9) .02
Residents living in poverty, % 24.6 (17.2) 25.2 (17.4) 21.7 (15.3) <.001

Abbreviations: NA, not applicable; SD, standard deviation.

*Block group sociodemographic data obtained from the 2013 US Census American Community Survey.?? Block groups are contiguous areas of land that are
divisions of a census tract and typically contain 600 to 3000 residents. Block groups are the smallest geographical unit with census sociodemographic data
available and are considered most representative of the area surrounding each restaurant.

PAll restaurant inspections were performed by the Philadelphia Department of Public Health, and inspection data were obtained from the Clean Plates

database, compiled by the Philadelphia Inquirer and available to the public.20

“Violation types: foodborne-illness risk factors are practices or procedures that, scientists say, play a direct role in transmitting germs; good retail practices are
deficiencies in practices or procedures that, research suggests, can prevent the conditions that lead to contamination but do not cause illness directly.

9The number of data points for the median annual household income measure was lower (all: 625 I; nonchain: 5300; chain: 951) than for all other block group
sociodemographic characteristics (all: 6340; nonchain: 5363; chain: 977) because of missing income data in the 2013 US Census American Community Survey.

per inspection was not seen among chain restaurants
(Figure).

Among all restaurants, the number of total violations per
inspection was not associated with any block group socio-
demographic characteristics (Table 3). However, the number
of foodborne-illness risk factor violations per inspection was
significantly negatively associated with the proportion of
black residents in restaurant block groups (coefficient =
—0.59, P <.001), whereas the number of good retail practice
violations per inspection was significantly positively associ-
ated with the proportion of black residents (coefficient =
1.00, P < .001) and Hispanic residents (coefficient = 1.47,
P =.007).

The findings for nonchain restaurants were similar to
those for all restaurants: the number of foodborne-illness risk
factor violations per inspection was significantly negatively
associated with the proportion of black residents in restaurant
block groups (coefficient = —0.78, P < .001), whereas the
number of good retail practice violations was significantly
positively associated with the proportion of black residents
(coefficient = 1.00, P < .001) and Hispanic residents (coef-
ficient = 1.52, P = .007; Table 3).

Among chain restaurants, the number of good retail prac-
tice violations per inspection was significantly negatively

associated with the total population count of restaurant block
groups (coefficient =—0.01, P = .05), but we did not identify
any additional significant associations between the number
of restaurant inspection violations and block group sociode-
mographic characteristics.

Discussion

This study provides a new perspective on restaurant food
safety in a large, diverse US city. We identified substantial
differences between chain and nonchain restaurant inspec-
tion outcomes in Philadelphia during the study period. In
nonchain restaurants, increased inspection frequency was
associated with fewer violations per inspection; however,
in chain restaurants, changes in the number of inspections
did not affect the number of violations per inspection. In
addition, the number of inspection violations per inspection
were consistently higher in nonchain restaurants than in
chain restaurants, regardless of inspection frequency. Our
findings of lower rates of violations in chain restaurants
compared with nonchain restaurants are consistent with pre-
vious research on the impact of employee training on inspec-
tion outcomes, in which findings indicated that critical
violations were more likely to be found in nonchain
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Table 2. Relationships® between total inspection frequency per
restaurant and total violations per restaurant inspection for 6340
routine restaurant inspections,b by chain vs nonchain restaurants,
Philadelphia, Pennsylvania, January 2013—December 2014

Total Violations per Inspection

Restaurant Type:

Inspection Frequency No., Mean Coefficient P
During 2-y Study Period (SD) (SE) Value
All

| 9.6 (6.7) | [Reference]

2 8.7 (6.5 —0.94 (0.18) <.00l

>3 82(6.2) —1.42(0.33) <.00I
Nonchain

| 10.1 (6.9) | [Reference]

2 9.2 (6.7) —0.81 (0.20) <.00l

>3 84 (6.5 —1.59(0.34) <.00l
Chain

| 6.6 (4.7) | [Reference]

2 63 (45) —035(0.33) .28

>3 7.0 (4.7) 0.47 (0.54) .38

Abbreviations: SD, standard deviation; SE, standard error.

?Based on nested mixed-effects linear regression analysis, adjusted for total
population count, percentage of unemployed residents, percentage of
college-educated residents, median annual household income, percentage
of black residents, percentage of Hispanic residents, and percentage of
residents living in poverty.

PAll restaurant inspections were performed by the Philadelphia Department
of Public Health, and inspection data were obtained from the Clean Plates
database, compiled by the Philadelphia Inquirer and available to the public.°

Chain Restaurants

Non-Chain Restaurants

Mean No. of Violations per Inspection

2 3+ 1
Number of Inspections per Restaurant

Figure. Number of inspections per restaurant and number of
violations per inspection for 6340 routine restaurant inspections, by
chain vs nonchain restaurants, Philadelphia, Pennsylvania, January
2013-December 2014. All restaurant inspections were performed
by the Philadelphia Department of Public Health, and inspection
data were obtained from the Clean Plates database, compiled by the
Philadelphia Inquirer and available to the public.2’ Error bars indicate
confidence intervals.

restaurants than in chain restaurants.>> In restaurant neigh-
borhoods with higher proportions of black residents,
nonchain restaurants were likely to have fewer foodborne-
illness risk factor violations per inspection than chain restau-
rants yet more good retail practice violations per inspection.

Finally, we found that in restaurant neighborhoods with
larger populations compared with smaller populations, chain
restaurants were likely to have fewer good retail practice
violations per inspection than nonchain restaurants.

We note that nonchain restaurants that were inspected
only once during the 2-year study period had an average of
65% more violations per inspection than chain restaurants
with the same inspection frequency. These results indicate
that in this particular setting, nonchain restaurants may have
been more influenced by the frequency of food safety inspec-
tion than chain restaurants. These findings also imply that
changes in the targeting and scheduling of food safety
inspections could improve the efficiency of detecting viola-
tions. Health departments and city inspection officials could
use these findings to focus their efforts on nonchain restau-
rants and use risk-based models to increase the frequency of
inspections in those restaurants.

In restaurant neighborhoods with higher proportions of
black residents, nonchain restaurants had fewer foodborne-
illness risk factor violations than restaurant neighborhoods
with lower proportions of black residents. In areas of Phila-
delphia with more black residents, nonchain restaurants may
have served food carrying substantially less risk of food-
borne illness than restaurants in areas with fewer black res-
idents. These nonchain restaurants may process their
ingredients and handle raw food to a lesser extent than non-
chain restaurants with fewer black residents so that they more
closely resemble chain restaurants. Alternatively, these results
may have been influenced by other unrelated factors. For exam-
ple, Philadelphia’s Center City, which is the city’s main tourist
destination and has a predominantly white population, has a
high density of nonchain restaurants compared with other areas
of the city. Using US Census area data and location variables
within our inspection database, we found 513 restaurants per
square mile in Center City and 24 restaurants per square mile
outside Center City.”® Thus, the results for Center City may
have been influenced by the large number of nonresident vis-
itors, in which case the block group sociodemographic charac-
teristic data that we used, which were based only on local
residents, may not have accurately represented the customers
of these restaurants. Future analyses may be necessary to more
fully understand the impact of restaurant density and tourist
population characteristics on inspection outcomes.

Conversely, the total violation and foodborne-illness risk
factor violation outcomes for chain restaurant inspections
were not associated with any block group sociodemographic
characteristics. This lack of variation in the inspection out-
comes for chain restaurants was not unexpected, because
theoretically they engage in the same training, practices, and
oversight in all of their facilities throughout the city. How-
ever, we did find that chain restaurants in neighborhoods
with larger populations had fewer good retail practice viola-
tions per inspection. The finding of fewer good retail practice
violations may have resulted from various unique circum-
stances of chain restaurants in these more populated areas,
such as higher volumes of customers, thereby increasing the
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Table 3. Relationships® between restaurant inspection violation types and block group® sociodemographic characteristics for 6340 routine
restaurant inspections, by type of restaurant (chain and nonchain), Philadelphia, Pennsylvania, January 2013-December 2014

Block Group Sociodemographic Characteristics, Coefficient (SE)

Percentage Median
Total Percentage of of College- Annual Percentage Percentage Percentage

Restaurant Type: Population Unemployed Educated Household of Black of Hispanic of Residents
Inspection Violation® Count Residents Residents Income Residents Residents in Poverty
All

Total 0.00 (0.01) 0.34 (2.45) -0.24 (1.42) -0.02 (0.04) 0.43 (0.41) 1.30 (0.80) 0.81 (0.95)

Foodborne-illness risk factor  0.00 (0.003) —0.65 (0.99) 0.31 (0.59) -0.01 (0.02) —0.59 (0.17) —0.21 (0.32) 0.37 (0.38)

Good retail practice 0.00 (0.004) 0.93 (1.75)  —0.53 (1.00) —0.01 (0.03) 1.00 (0.29)* 1.47 (0.54)°  0.45 (0.67)
Nonchain

Total —0.01 (0.01) 253 (3.93) -1.31(1.96) -0.55(0.63) —0.03 (0.63) 0.35(1.06) —2.18 (1.90)

Foodborne-illness risk factor  0.01 (0.003) —0.32 (1.06) 0.16 (0.63) —0.01 (0.02) —0.78 (0.18)¢ —0.39 (0.34) 0.30 (0.41)

Good retail practice 0.00 (0.01) 1.88 (1.86)  —0.22(1.05) —0.02 (0.03) 1.00 (0.31)% 1.52 (0.56)°  0.34 (0.70)
Chain

Total 0.01 (0.0l) 1.60 (2.60)  —-0.07 (1.50) —0.03 (0.04) 0.23 (0.44) 1.14 (0.83) 0.64 (1.01)

Foodborne-illness risk factor  0.00 (0.003) 0.28 (1.66) 1.09 (0.73) —0.03 (0.02) —0.14 (0.27) 0.34 (0.47) —0.47 (0.64)

Good retail practice -0.01 (0.01)f 229 (2.96) -2.16 (1.50) -0.03 (0.04) 0.03 (0.46) —0.15(0.86) —1.77 (1.43)

Abbreviation: SE, standard error.

?Based on nested mixed-effects logistic regression analysis, adjusted for total population count, percentage of unemployed residents, percentage of college-educated
residents, median annual household income, percentage of black residents, percentage of Hispanic residents, and percentage of residents living in poverty.
®Block group demographic data obtained from the 2013 US Census American Community Survey.?? Block groups are contiguous areas of land that are
divisions of a census tract and typically contain 600 to 3000 residents. Block groups are the smallest geographical unit with census demographic data available
and were considered most representative of the area surrounding each restaurant.

“Violation types: foodborne-illness risk factors are practices or procedures that, scientists say, play a direct role in transmitting germs; good retail practices are
deficiencies in practices or procedures that, research suggests, can prevent the conditions that lead to contamination but do not cause illness directly.

YSignificant at P < .001.
“Significant at P = .007.
fSignificant at P = .05.

restaurants’ profitability and allowing the owners to dedicate
more funding and staff time to aesthetic upkeep.

Nonchain restaurants had more good retail practice viola-
tions per inspection in neighborhoods with higher rather than
lower proportions of black and Hispanic residents. One pos-
sible explanation for this finding is that neighborhoods with
larger racial/ethnic minority populations tend to have fewer
restaurants and less access to municipal services. Therefore,
restaurant owners in these block areas may have reduced
means to maintain restaurant cleanliness or may not empha-
size cleanliness as much as restaurant owners in block groups
with fewer racial/ethnic minority populations because of less
competition from other restaurants. Previous research on res-
taurant inspection outcomes in Philadelphia found that
foodborne-illness risk factor violations were reported at a
higher rate in restaurants in areas with more Hispanic resi-
dents, which represents findings different from those of the
current study.'> However, this previous research was not
stratified by restaurant type, and both studies highlight var-
iations in inspection outcomes based on neighborhood socio-
demographic variables.

Limitations

This study had several limitations. First, the analysis was not
adjusted for restaurants that had just opened or were closed

permanently during the 2-year period. Some of these restau-
rants may ultimately have had fewer inspections than they
might have had if they had been open during the entire study
period, potentially affecting our inspection frequency results.
In addition, some of the new restaurants may have been
inspected before they had developed established routines;
as such, they may have incurred more violations per inspec-
tion, potentially skewing the outcomes for the groups of
restaurants with fewer inspections. We did try to minimize
the impact of this latter confounder and keep the focus on
fully operational restaurants by excluding from our analysis
all initial-opening inspections for new restaurants. Second,
the data that we used were based only on restaurants that had
been inspected during the 2-year study period. Some restau-
rants in Philadelphia may not have been inspected at all
during that time and so were not represented in the database.
This limitation highlights one of the challenges faced by
public health departments in large cities. We tried to mini-
mize the impact of this limitation by selecting a 2-year study
period rather than a 1-year study period, hoping to capture
data on inspection results from as many restaurants as pos-
sible. Finally, qualitative factors including different
employee training practices or variation in relationships
between restaurant owners and city health personnel could
have affected the restaurant inspection outcome results of our
study. If so, future research may need to consider the roles
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that employee training practices and interpersonal connec-
tions play in the restaurant inspection process.

Conclusion

The results of this study indicate that a risk-based stratified
approach to restaurant food safety inspection frequency,
based on whether or not restaurants are part of chains, could
reduce the frequency of violations, particularly in those res-
taurants with the most violations. These findings may be
valuable for other cities, but a local analysis of inspection
outcomes would be required to determine if similar oppor-
tunities for improvement exist. Based on our findings, public
health departments in Philadelphia and elsewhere could con-
sider focusing more of their food safety inspection efforts on
nonchain restaurants than on chain restaurants, while apply-
ing a lower level of scrutiny to chain restaurants, which have
internal food safety protocols and economies of scale that
may reduce the likelihood of food safety violations. Addi-
tional research is warranted on how the sociodemographic
composition of the neighborhoods around restaurants affects
food safety inspection outcomes.

Acknowledgments

We thank Jerry Skefos and Nancy Leinwand for their editorial
assistance.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Waters AB, VanDerslice J, Porucznik CA, Kim J, DeLegge R,
Durrant L. Impact of Internet posting of restaurant inspection
scores on critical violations. J Environ Health. 2013;75(10):
8-12.

2. Scallan E, Hoekstra RM, Angulo FJ, et al. Foodborne illness
acquired in the United States—major pathogens. Emerg Infect
Dis. 2011;17(1):7-15.

3. Scharff RL. State estimates for the annual cost of foodborne
illness. J Food Prot. 2015;78(6):1064-1071.

4. Wong MR, McKelvey W, Ito K, Schiff C, Jacobson JB, Kass D.
Impact of a letter-grade program on restaurant sanitary condi-
tions and diner behavior in New York City. Am J Public
Health. 2015;105(3):e81-¢87.

5. Economic Research Service. Food expenditures overview.
Table 10: food away from home as a share of food expendi-
tures. http://www.ers.usda.gov/data-products/food-expendi
tures.aspx. Published 2016. Accessed November 15, 2016.

6. Clauson A. Monthly retail sales for food at home and food
away from home. http://www.ers.usda.gov/data-products/
food-expenditures.aspx. Accessed November 8, 2016.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Yeager VA, Menachemi N, Braden B, Taylor DM, Manzella B,

Ouimet C. Relationship between food safety and critical viola-
tions on restaurant inspections: an empirical investigation of
bacterial pathogen content. J Environ Health. 2013;75(6):
68-73.

. Waters AB, VanDerslice J, Porucznik CA, Kim J, DeLegge R,

Durrant L. Examination of the association between announced
inspections and inspection scores. J Environ Health. 2013;
76(2):8-12.

. Buchholz U, Run G, Kool JL, Fielding J, Mascola L. A risk-

based restaurant inspection system in Los Angeles County.
J Food Prot. 2002;65(2):367-372.

. Cruz MA, Katz DJ, Suarez JA. An assessment of the ability of

routine restaurant inspections to predict food-borne outbreaks
in Miami-Dade County, Florida. Am J Public Health. 2001,
91(5):821-823.

Jones TF, Pavlin BI, LaFleur BJ, Ingram LA, Schaffner W.
Restaurant inspection scores and foodborne disease. Emerg
Infect Dis. 2004;10(4):688-692.

Darcey VL, Quinlan JJ. Use of geographic information sys-
tems technology to track critical health code violations in
retail facilities available to populations of different socio-
economic status and demographics. J Food Prot. 2011;
74(9):1524-1530.

Chang M, Groseclose SL, Zaidi AA, Braden CR. An ecologi-
cal analysis of sociodemographic factors associated with the
incidence of salmonellosis, shigellosis, and E coli O157: H7
infections in US counties. Epidemiol Infect. 2009;137(6):
810-820.

Baker EA, Schootman M, Barnidge E, Kelly C. The role of
race and poverty in access to foods that enable individuals
to adhere to dietary guidelines. Prev Chronic Dis. 2006;
3(3):A76.

Zenk SN, Schulz AJ, Israel BA, James SA, Bao S, Wilson ML.
Neighborhood racial composition, neighborhood poverty, and
the spatial accessibility of supermarkets in metropolitan
Detroit. Am J Public Health. 2005;95(4):660-667.

Walker RE, Keane CR, Burke JG. Disparities and access to
healthy food in the United States: a review of food deserts
literature. Health Place. 2010;16(5):876-884.

Larson NI, Story MT, Nelson MC. Neighborhood environ-
ments: disparities in access to healthy foods in the US. Am J
Prev Med. 2009;36(1):74-81.

Younus M, Hartwick E, Siddiqi AA, et al. The role of neigh-
borhood level socioeconomic characteristics in Salmonella
infections in Michigan (1997-2007): assessment using geo-
graphic information system. /nt J Health Geogr. 2007;6:56.
Phillips ML, Elledge BL, Basara HG, Lynch RA, Boatright
DT. Recurrent critical violations of the food code in retail
food service establishments. J Environ Health. 2006;68(10):
24-30, 55.

The Inquirer. Clean plates: Philadelphia. Restaurant inspec-
tions. http://data.inquirer.com/inspections. Accessed March 4,
2015.

City of Philadelphia Department of Public Health. Food facility
inspections in the City of Philadelphia. http://www.phila.gov/


http://www.ers.usda.gov/data-products/food-expenditures.aspx
http://www.ers.usda.gov/data-products/food-expenditures.aspx
http://www.ers.usda.gov/data-products/food-expenditures.aspx
http://www.ers.usda.gov/data-products/food-expenditures.aspx
http://data.inquirer.com/inspections
http://www.phila.gov/health/pdfs/FoodFacilityInspections%20ntheCityof%20Philadelphia12114%20final.pdf

Leinwand et al

187

22.

23.

health/pdfs/FoodFacilityInspections%20ntheCityof%20Phila
delphial2114%20final.pdf. Published 2014. Accessed April
12, 2015.

US Census Bureau. American Community Survey: 2013 Amer-
ican Community Survey 5-year estimates, table B15003. http://
factfinder2.census.gov. Accessed April 12, 2015.

ESRI Inc. ArcGIS Desktop: Release 10. Redlands, CA: Envi-
ronmental Systems Research Institute; 2011.

24.

25.

26.

StataCorp. Stata: Release 12. College Station, TX: StataCorp
LP; 2011.

Cates SC, Muth MK, Karns SA, et al. Certified kitchen man-
agers: do they improve restaurant inspection outcomes? J Food
Prot. 2009;72(2):384-391.

US Census. QuickFacts: Philadelphia County, Pennsylvania.
http://www.census.gov/quickfacts/table/PST045215/42101,00.
Published 2015. Accessed April 12, 2015.


http://www.phila.gov/health/pdfs/FoodFacilityInspections%20ntheCityof%20Philadelphia12114%20final.pdf
http://www.phila.gov/health/pdfs/FoodFacilityInspections%20ntheCityof%20Philadelphia12114%20final.pdf
http://www.phila.gov/health/pdfs/FoodFacilityInspections%20ntheCityof%20Philadelphia12114%20final.pdf
http://www.phila.gov/health/pdfs/FoodFacilityInspections%20ntheCityof%20Philadelphia12114%20final.pdf
http://www.phila.gov/health/pdfs/FoodFacilityInspections%20ntheCityof%20Philadelphia12114%20final.pdf
http://factfinder2.census.gov
http://factfinder2.census.gov
http://www.census.gov/quickfacts/table/PST045215/42101,00


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


