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Little Effect of Insurance Status
or Socioeconomic Condition on Disparities
in Minority Appendicitis Perforation Rates
Edward H. Livingston, MD; Robert W. Fairlie, PhD

Objective: To estimate how much of the gap in appen-
dicitis perforation rates between minority and white chil-
dren is explained by differences in socioeconomic and
insurance factors.

Design: Observational analysis of hospital discharge
information.

Setting: The Healthcare Cost and Utilization Project
database.

Participants: Appendicitis perforation rates deter-
mined from the Healthcare Cost and Utilization Project
database of hospital discharges from 2001 to 2008.

Main Outcome Measures: The proportion of the gap
between perforation rates explained by various patient-
and hospital-level variables.

Results: There were no disparities observed in adult ap-
pendicitis perforation rates. The perforation rate for white

children was 26.7%; black children, 35.5%; and Latino
children, 36.5%. Gap analysis showed that only 12.0%
of the difference in perforation rates between black and
white children was explained by insurance status and only
12.7% of the difference between Latino and white chil-
dren was explained. Income level only accounted for 7.2%
of the gap for black children and 6.1% for Latino chil-
dren. Age explained one-third of the gap for Latino chil-
dren and one-third was not accounted for by measur-
able variables. Two-thirds of the difference between
appendicitis perforation rates between black and white
children was not explained by measurable factors.

Conclusions: A very small amount of the gap between
minority and white children’s appendicitis rates is ex-
plained by the proxy factors for health insurance and pov-
erty status that might relate to health care access. Ap-
pendicitis perforation rates are not an appropriate
indicator of health care access.
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O NE OF THE GREAT MEDI-
cal discoveries of the late
19th century was that ap-
pendiceal rupture caused
many cases of lethal pel-

vic infection. Carefully studying a large se-
ries of autopsies, Reginald Fitz1 postu-
lated that the appendix became inflamed
and eventually gangrenous, with subse-
quent perforation causing pelvic sepsis. In

this earlier time before antibiotics and fluid
resuscitation were available, pelvic sep-
sis was usually lethal.2 The lethality of per-
forated appendicitis led surgeons to ad-
vocate emergency appendectomy once a
diagnosis of appendicitis was suspected.3

Prevention of appendiceal rupture is be-
lieved to be a race against time, with ap-
pendectomy performed immediately once
a diagnosis of appendicitis is established.

Assuming perforation is the inevitable
fate for untreated appendicitis,4 perfora-
tion rates are considered a reliable marker
for access to health care systems. Numer-
ous reports of minority patients, the im-
poverished, and those who are underin-
sured have concluded that patients from
these groups with inadequate health care
access have higher appendicitis perfora-
tion rates.5-14 These analyses have relied on
descriptive statistics or regression analy-
ses without quantifying how much of an ef-
fect any individual factor has on perfora-
tion rates. More recent epidemiological
studies have questioned the inevitability of
perforation when appendicitis is pres-
ent.15,16 A growing body of literature sug-
gests that appendicitis does not need emer-
gent treatment because perforation rates are
not impacted by delayed treatment.17,18

If perforation is not an inevitable con-
sequence of delayed treatment, there must
be an explanation for why several large-
scale investigations concluded that there
was an association between race, ethnic-
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ity, and socioeconomic factors and appendicitis perfora-
tion rates. We hypothesize that this apparent relation-
ship results from not considering the relative magnitude
of socioeconomic and health care access factors to perfo-
ration rates above and beyond simple statistical signifi-
cance. We further hypothesize that gap analysis will show
that the reason there was an apparent socioeconomic ef-
fect on perforation rates resulted from incomplete con-
sideration of uncontrolled residual confounding vari-
ables. To fully evaluate the potential for racial, ethnic, and
socioeconomic disparities to influence appendicitis per-
foration rates, we used gap decomposition techniques to
quantify how much these factors contribute to perfo-
rated appendicitis outcomes. This analysis will also quan-
tify the degree to which unmeasured confounding fac-
tors contribute to appendicitis perforation rates.

METHODS

The Healthcare Cost and Utilization Project (HCUP) data-
bases for 2001 to 2008 were combined. The HCUP database is
composed of administrative state-level discharge records that
account for 20% of all US nongovernment hospital admis-
sions. A subset of this database was created by inclusion of rec-
ords that had International Classification of Diseases, Ninth Re-
vision diagnostic codes of 540.0 to 543.9 (appendicitis) in any
of the 15 diagnosis entries or if any of the 15 procedure codes
ranged from 47.0 to 47.99 (operations on the appendix). Per-
forated appendicitis was considered present if any diagnostic
code was 540.0 (rupture of the appendix) or 540.1 (appendi-
citis with peritoneal abscess). Nonperforated appendicitis was
considered present if any diagnostic code ranged from 540.0
to 543.9 exclusive of the 2 earlier-cited perforation codes.

Race/ethnicity was obtained from the HCUP database core
elements file and encoded as white, black, and Latino. Be-
cause of relatively small numbers, other racial ethnic catego-
ries were not considered for more detailed analysis. The HCUP
database is missing race data in its entirety in records from Geor-
gia, Illinois, Kentucky, Maine, Minnesota, Nevada, Ohio, Or-
egon, Washington, and West Virginia. Race information is miss-
ing from some California records. A combination variable of
white, black, and Latino was created to test the distribution of
perforation rates as a function of various demographic fea-
tures between the missing data and the combination variable.
This was done to determine if the population of patients with
missing race information was similar to that for which race was
designated in HCUP. As a sensitivity analysis, records with miss-
ing values were randomly assigned race designations in pro-
portions equivalent to the known race population. The ran-
domly assigned variables were studied alone and also following
combination with the records from patients with known race.

Because the spectrum of appendicitis perforation rates differs
greatly between adults and children, the analytic data set was seg-
regated into an adult population (�18 years old) and children
(�18 years old). The HCUP database also contains medical in-
surance information. Socioeconomic status was estimated from
the average income for the zip code region where the patient lived.
Poor was defined as income less than $36 000 to $39 000 per year
for 2001 to 2008 (the exact threshold changes annually in the
HCUP core data elements file); lower middle-class incomes were
$36 000 to $39 000 to $46 000 to $49 000 annually; upper middle
class, $46 000 to $49 000 to $62 000 to $64 000; and “rich” if the
annual salary exceeded $62 000 to $64 000.

Patient insurance status and hospital-specific characteristics
were obtained from the HCUP database. Hospital size was ob-

tained from the variable Hosp_Bedsize in the HCUP hospital file
data elements (http://www.hcup-us.ahrq.gov/db/vars/hosp
_bedsize/nisnote.jsp). The definitions used for small, medium,
and large bed size are presented in eTable 1 (http://www.archsurg
.com). The variable Hosp_Control was assessed to determine the
relationship of hospital ownership to appendicitis perforation
rates. Teaching status and hospital environment were obtained
from the hospital file variables Hosp_Teach and Hosp_Loca-
tion, respectively. The number of appendectomies performed in
each hospital per year was calculated.

Multivariate logistic regression was used to assess the im-
pact race, ethnicity, poverty, and insurance status had on pe-
diatric appendicitis perforation rates. Regressions were nested
to examine the effect addition of variables had on each other.

Factors that contribute to the differing appendiceal perfo-
ration rates between white and minority patients were as-
sessed by gap decomposition. The differences in perforation rates
are composed of measured factors that contribute to some por-
tion of the difference and an unmeasured component that is
unexplained by the information available for analysis. Patient-
and hospital-level factors were assessed to quantify how much
they contribute to the higher perforation rates observed in mi-
nority patients.
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The first term in brackets on the right side of the equation de-
termines the explained portion of the group difference (ie, gap).
The second term determines the proportion of the gap that is
unexplained by the variables used in the analysis. This second
term is not reported in this article. For logistic regression, the
following definitions are used:
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represents the average probability for perforation in the white
cohort as determined by summation of each patient’s pre-
dicted probability for perforation (determined by solution of
the logistic regression equation) for appendicitis perforation
divided by the number of white patients.

Xi
W

is a vector of individual values for the explanatory variables for
white patients (eg, age, sex, and insurance type). Substituting
the distribution of individual values for black patients

Xi
B

into the regression equation using the estimated regression co-
efficients for white patients

β̂W

facilitates estimation of the amount of the overall difference in
appendicitis perforation rates attributable to the factors entered
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as independent variables in the regression equation.19 Greater
detail regarding gap decomposition and the R and SAS codes used
to perform this analysis is presented in the eAppendix.

Briefly, a logistic regression equation was estimated for all po-
tential racial, ethnic, and patient- and hospital-level explanatory
variables. An individual white patient’s estimated risk for perfo-
ration was calculated by entering the explanatory variables into
the regression equation. This individual was paired with a black
patient whose explanatory variables were entered into the same
regression equation that used the same estimated coefficients. This
was done 1 variable at a time, and on subtracting the estimated
probability for the black patient from the white patient, an esti-
mate of the explained portion of the perforation rate gap was ob-
tained. This process was repeated for all the explanatory vari-
ables, resulting in a set of gap estimates for each variable. Because
there were more white patients than minority patients in the
sample, they were randomly matched 1:1 with a minority pa-
tient in each iteration of the estimation process. One thousand
iterations were performed with rerandomization of the white pa-
tient–matching cohort and the mean contribution to the gap for
each variable was calculated. During this analysis, variables were
grouped together into similar categories. For example, all vari-
ables indicating a patient’s type of insurance were grouped into a
single “insurance” category such that the amount of the perfo-
ration rate gap that can be explained by any difference in medi-
cal insurance status was reflected in this single variable.

The variables were assembled into 11 groups: (1) sex, (2) age
and age�age, (3) income level derived from zip code informa-
tion, (4) region of the country, (5) insurance type, (6) elective
or emergent hospital admission status, (7) hospital size (see HCUP
definition in the eTables), (8) hospital ownership and teaching
status, (9) urban or rural location of the hospital, (10) total hos-
pital volume and annual appendectomy volume and the square
of these variables, and (11) year of the surgery.

RESULTS

The study cohort included 526 925 cases of appendici-
tis contained in the HCUP database between 2001 and
2008. When we evaluated perforation rates for the en-
tire population, there were no clinically important dif-
ferences between racial categories. Adult appendicitis per-
foration rates were very similar among white, black, and
Latino patients (eTable 2). Disparities were evident be-
tween children, with white patients having a 26.7% per-
foration rate. The pediatric appendicitis perforation rate
was 35.5% for black children and the perforation rate was
highest in Latino children at 36.5%. The racial, ethnic,
and socioeconomic and insurance status for children with

Table 1. Race, Ethnicity, Socioeconomic and Insurance Status, and Hospital Characteristics and Pediatric Appendicitis
Perforation Rates

%

White Black Latino Other

Perforation rate 26.7 35.5 36.5 29.7
Insurance

Medicaid insurance 30.5 38.7 40.1 34.7
Private insurance 25.2 33.1 31.4 27.5
Self-pay 26.7 30.7 35.4 32.8

Income
Poor 28.1 37.8 38.1 32.5
Lower middle class 27.8 34.5 37.9 31.2
Upper middle class 27.4 34.4 35.5 30.6
Rich 25.0 32.9 33.3 27.4

Region
Northeast 24.1 32.8 27.9 29.1
Midwest 28.4 36.2 35.2 28.6
South 26.9 36.3 36.0 32.9
West 29.0 38.5 40.5 30.1

Hospital size
Small 27.6 33.0 36.5 29.0
Medium 25.6 32.9 37.0 30.1
Large 26.8 37.0 36.3 30.5

Hospital type
Nonfederal government 27.5 30.8 36.3 26.5
Private, nonprofit 25.1 34.7 36.1 28.6
Private, investor owned 24.1 27.2 34.5 29.6

Hospital location
Rural 20.5 31.6 29.6 27.2
Urban 27.0 35.8 36.9 30.9

Teaching status
Teaching 29.6 38.3 38.3 33.5
Nonteaching 24.5 30.7 34.4 27.3

Hospital volume
Low quartile (�103/y) 25.3 30.3 31.5 28.3
Midquartile 1 (103-199/y) 25.7 32.9 34.5 29.8
Midquartile 2 (200-323/y) 27.6 37.4 37.8 30.6
High quartile (�323/y) 28.4 40.0 38.6 33.0
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perforated appendicitis is presented in Table 1. Ap-
proximately one-third of all records either did not have
racial or ethnic information or those patients were cat-
egorized as belonging to a group other than white, black,

or Latino. Because many states contributing to HCUP do
not supply race information, we compared the patient-
and hospital-level appendicitis perforation rates for data
with missing race information with a combination vari-
able of white, black, and Latino. The distribution is very
similar, suggesting that race information is missing in a
way that is equivalent to being random and that exclu-
sion of data with missing race information from subse-
quent analysis should not impact our results.

In general, children with Medicaid insurance had
higher perforation rates than those with private insur-
ance or those who were classified as “self-pay.” Too few
minority children had Medicare insurance to include in
this analysis. Similarly, children in families with lower
incomes had higher appendicitis perforation rates than
their counterparts in higher-income families.

Regional differences in pediatric appendicitis perfo-
ration rates were small for white and black children. In
contrast, there was a 27.9% perforation rate for Latino
children living in the Northeast and a 40.5% perfora-
tion rate for those living in the western United States. Dif-
ferences in hospital size had little effect on perforation
rates. Pediatric appendicitis perforation rates were lower
(27.2%) for black children in private, investor-owned fa-
cilities as compared with the 34.7% rate in private non-
profit hospitals. Perforations were more common in ur-
ban environments and were more common in teaching
hospitals. This may be related to differences in racial and
ethnic compositions at these facilities. Teaching hospi-
tals are enriched with black patients, with 6.7% of all ap-
pendicitis cases being black in teaching hospitals com-
pared with 3.6% in nonteaching facilities. The same is
true for Hispanic patients, with 23.7% of appendicitis cases
being Hispanic in teaching facilities compared with 18.4%
in nonteaching hospitals. Similarly, more black individu-
als were treated in urban than rural facilities (5.4% vs
2.7%) and substantially more Hispanic individuals were
treated at urban hospitals (23.2% vs 7.1%). Perforation
rates were higher in high-volume hospitals.

Nested logistic regression analysis reported in Table2
showed independent effects of black race or Latino eth-
nicity compared with white race, poverty, and the use of
Medicaid insurance on pediatric appendicitis perforation
rates. Each variable remained significant after addition of
the other variables into the regression equation, suggest-
ing that race, ethnicity, poverty, and Medicaid insurance
status each had independent effects on perforated appen-
dicitis rates. Further exploration of the contribution of each
factor on perforation rates was performed by decomposi-
tion analysis. eTable 3 shows the mean values for all vari-
ables entered into the regression used for decomposition
analysis. eTable 4 presents the results of the regression.
Decomposition analysis for the black-white gap in pedi-
atric perforated appendicitis rates is shown in the Figure,
A. Because black children’s perforated appendicitis rate was
0.355 and for white children, it was 0.267, the difference
to be explained was 0.088. Of this, only 7.2% of the 0.088
difference was explained by difference in income groups
among these children. Twelve percent of the difference was
explained by insurance status, 7.8% by teaching status, and
5.5% by age differences. Approximately two-thirds of the
0.088 difference in perforated appendicitis rates was not

Table 2. Nested Multivariate Logistic Regressiona

Group

OR (95% CI)

Race Poverty Medicaid

All 1.37 (1.33-1.42)
All 1.44 (1.40-1.47)
Black vs white 1.53 (1.43-1.60)
Black vs white 1.42 (1.34-1.50) 1.26 (1.21-1.31)
Black vs white 1.53 (1.42-1.65) 1.18 (1.12-1.24)
Black vs white 1.46 (1.35-1.58) 1.09 (1.03-1.16) 1.24 (1.16-1.33)
Latino vs white 1.58 (1.54-1.63)
Latino vs white 1.54 (1.47-1.61) 1.19 (1.14-1.25)
Latino vs white 1.54 (1.47-1.61) 1.19 (1.14-1.25)
Latino vs white 1.44 (1.37-1.51) 1.09 (1.04-1.15) 1.30 (1.23-1.37)

Abbreviations: CI, confidence interval; OR, odds ratio.
aRace/ethnicity was evaluated by comparing black with white patients or

Latino with white patients while excluding all other patients from the analysis.
Poverty (income �$25 000/y) was compared with the highest income level
(�$45 000/y). Medicaid insurance was compared with any insurance that was
not classified as Medicaid.
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Figure. Decomposition analysis for pediatric perforated appendicitis rates in
black patients (A) and Latino patients (B) compared with white patients. The
horizontal bars represent the percentage of the difference in perforation rates
between black (A) or Latino (B) and white children explained by racial
differences in the listed factor. Bars to the right of the zero line contribute to
the higher perforation rate observed in minority children. Those to the left of
the line are associated with a reduced risk of perforation in minority children.
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explained by any of the patient- or hospital-level factors
we studied. Higher appendicitis case volume was associ-
ated with a lower perforation rate but volume only ex-
plained 2.3% of the gap.

Age explained nearly one-third of the 0.099 difference
in perforated appendicitis rates between Latino and white
children (Figure, B). This difference was driven largely by
Latino children at risk of perforation being younger than
white children at risk. Only 6.1% of the perforation rate
difference between Latino and white children was ac-
counted for by income level; 13.6%, by regional differ-
ences; 12.7%, by insurance type; and 2.7%, by hospital
teaching status. One-third of the 0.099 difference in ap-
pendicitis perforation rate between Latino and white chil-
dren could not be accounted for by the factors assessed in
this analysis. Being in the northeastern United States was
associated with a higher risk of perforation for black chil-
dren but less for Latino children. Large hospital size was
associated with higher perforation rates in black children
relative to white children but only explained 0.7% of the
gap, whereas large hospitals were associated with few per-
forations for Latino children but hospital size only ex-
plained 0.2% of the observed white-Latino gap in perfo-
ration rates.

COMMENT

Logistic regression analysis is one of the most common
statistical methods used to assess the contribution of fac-
tors to a dichotomous outcome variable in observa-
tional studies. Results are reported as odds ratios that are
interpreted as the odds of an event occurring relative to
the odds of it not occurring if the factor is present or ab-
sent. Using logistic regression, we found an odds ratio
of approximately 1.50 for appendicitis perforation rates
for black children relative to white children. This means

that the odds of a black child having perforated appen-
dicitis are 50% higher than for a white child. When Med-
icaid insurance status was entered into the regression
equation, the odds ratio for insurance status was ap-
proximately 1.25, suggesting that Medicaid insurance sta-
tus accounts for a 25% increased risk for perforation in
black children independent of their race. Expression of
the results as a percentage of increased risk in odds ratio
makes the impact of the risk factor on an outcome ap-
pear larger than is merited by the actual, raw numbers.

Analysis by simple logistic regression can also over-
estimate the effect a variable has on an outcome. Un-
measured or nonincluded factors (confounders) affect-
ing an outcome that are correlated with a variable included
in the regression equation cause the appearance of a larger
effect on the outcome than really exists. For example, obe-
sity and diabetes mellitus are highly correlated. If one ex-
amined the relationship between obesity and mortality
without inclusion of diabetes in the regression, a very
strong association between obesity and mortality might
be found that would be lessened if diabetes had been con-
trolled for.20 This situation is known as having residual,
unmeasured confounders. Another problem with logis-
tic regression is that if the prevalence of some factor is
small, it will only contribute a small amount to the ex-
plained variance of an effect, yet it, by itself, may have a
strong association manifested by a large odds ratio.21

Numerous studies have reported that minority chil-
dren have higher appendicitis perforation rates than do
white children (Table 3). In many of these studies, lo-
gistic regression was performed to determine the contri-
butionof insuranceandsocioeconomic factors to thehigher
perforation rates observed in minority children (Table4).
The proportions of patients with perforation and the re-
sults from regression analysis in most of these studies are
very similar in magnitude to those we obtained by similar

Table 3. Prior Studies of Perforated Appendicitis in Children That Examined Racial, Ethnic, Insurance, and Income Effects
on Perforation Rates

Source (Year), Perforated Appendicitis Rate

Luckmann
and Davis22

(1991)

O’Toole
et al12

(1996)

Bratton
et al7

(2000)

Gadomski
and Jenkins8

(2001)

Guagliardo
et al9

(2003)

Guagliardo
et al9

(2003)

Ponsky
et al13

(2004)

Smink
et al14

(2005)

Nwomeh
et al11

(2006)

Jablonski and
Guagliardo10

(2005)

White 22.0 a a a 27.0 27.5 35.2 29.7 23.7 29.0
Black 27.0 a a a 30.0 37.5 40.5 36.8 30.1 36.0
Latino 31.0 a a a 38.6 33.0 a 39.5 a 36.0
Commercial

or private

a 23.0 23.0 29.0 28.6 28.8 31.7 29.7 24.1 a

HMO a 27.0 23.0 a a a a a a a

Medicaid or self-pay 37.0 28.0 36.0 38.7 30.0 45.0 39.9 30.3 a

Income
�$45 000 a a a a 29.2 26.4 a 31.2 25.8 29.0
�$25 000 a a a a 44.0 33.1 a 34.3 (2%) 28.6 (1%) 38.0

Data source OSHPD Buffalo
Children’s
Hospital

Washington
state

Maryland state
discharges
for children

OSHPD New York 36 US
children’s
hospitals

KID Columbus
Children’s
Hospital

KID

Ages, y 5-29 0-16 0-17 0-19 4-18 4-18 5-17 0-18 2-10 4-18
Dates 1983-1986 1990-1993 1987-1996 1989-1992 1997 1995 1997-2002 1997 2001-2003 2000
Sample size 102 546 294 13 532 3614 9077 3245 24 33 184 788 32 784

Abbreviations: HMO, health maintenance organization; KID, Kids’ Inpatient Database; OSHPD, Office of Statewide Health Planning and Development.
aThe study did not look at this parameter.
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analysis of the HCUP database. Analyses in this manner
led the investigators of the prior published studies to con-
clude that socioeconomic factors independently contrib-
uted to appendiceal perforation rates. This was first ob-
served for adults whose insurance status was shown to be
an independent risk factor for appendiceal perforation in-
dependent of race and socioeconomic status, leading to
the conclusions that insurance-related delays in treat-
ment were a significant health policy issue.5,24 Subse-
quent studies focused on children, with a number of them
highlighting apparent racial disparities in perforation rates
that might be related to inadequate health care ac-
cess.9-11,13,14 All of these studies relied on logistic regres-
sion analysis as outlined earlier and arrived at the same
conclusion.

We also performed a similar logistic regression analy-
sis and obtained virtually identical results of prior pub-
lished studies (Table 4). Further exploration of the re-
gression models by gap decomposition suggested different
interpretations than may be obtained from simple logis-
tic regression. Decomposition of the difference between
minority and white patients’ perforated appendicitis rates
demonstrated that insurance and socioeconomic factors
account for a small fraction of the disparity. Using logis-
tic regression, we found that the adjusted odds ratio for
appendiceal perforation for black children was 1.24 for
Medicaid insurance and 1.30 for Latino children. Black
and Latino children had an approximately 9% higher per-
foration rate than white children and decomposition
analysis showed that insurance status only accounted for
12% of this difference. The finding that insurance type
accounts for only 12% of the increased perforation rate
between minority and white children demonstrates that
insurance status contributes only minimally to appen-
diceal perforation in children, a fact that is not evident
from consideration of odds ratios alone.

Minority children have higher appendicitis perfora-
tion rates than white children. Why this occurs is un-
known, but in general, minority patients are in lower so-
cioeconomic categories and have less access to health care
insurance, factors that might contribute to perforated ap-
pendicitis because of delayed treatment. In our analysis
of a large database that incorporates 20% of all US hospi-
tal admissions, we found no differences in perforation rates
for adult white, black, or Latino patients. In an analysis
of similar data from 1979 to 1984, Addiss et al25 observed
that the appendicitis perforation rate for nonwhite pa-
tients was 21.8% compared with 18.2% for white pa-
tients. Our more contemporary data showed that the per-
foration rates for white and nonwhite adults were about
the same at 25% to 29%. Racial and ethnic differences in
appendicitis perforation rates seem to be limited to the pe-
diatric population.24,26

Higher appendicitis perforation rates were observed for
black and Latino children compared with white children.
Consistent with prior observations, these minority pa-
tientshad,onaverage, lowersocioeconomicstatusandwere
more frequently underinsured or uninsured.5 Most of the
gap between perforation rates in black and white children
was not explained by the factors we studied, demonstrat-
ing the large effect of residual confounding in these sorts
of analyses. Age accounted for nearly one-third of the gap
between Latino and white children but socioeconomic or
hospital-level factors explained little of the gap in perfo-
ration rates. Given the minimal contribution of insurance
status to the gap, we conclude that any delays in treat-
ment that might accompany inadequate health insurance
coverage do not substantively contribute to appendicitis
perforation rates. This conclusion is consistent with our
prior epidemiological studies that suggest a disconnect be-
tween acute appendicitis and perforated disease.15,16 If per-
foration is an inevitable consequence of biological factors
and not related to the duration of acute appendicitis, there
would be minimal impact of socioeconomic factors on per-
foration rates, as we found in the current study. Indeed,
there isbiological evidence that immunological factors such
as interleukin 6 activation determine the propensity to per-

Table 4. Prior Studies Using Regression Analysis
to Examine the Impact Socioeconomic Factors Have
on Appendicitis Perforation Rates in Children

Source (Year) Group OR (95% CI)

Guagliardo et al,9 CA
(2003)

Black vs white 0.90 (0.07-1.16)

Guagliardo et al,9 NY
(2003)

Black vs white 1.44 (1.07-1.95)

Jablonski and
Guagliardo10 (2005)

Black vs white 1.40 (1.27-1.55)

Nwomeh et al11 (2006) Black vs white 1.35 (0.082-2.20)
Smink et al14 (2005) Black vs white 1.23 (1.10-1.39)
Gadomski and Jenkins8

(2001)
Black vs nonblack 1.18 (0.85-1.63)

Ponsky et al13 (2004) Black vs white 1.13 (1.01-1.30)
Smink et al14 (2005) Latino vs white 1.20 (1.10-1.30)
Guagliardo et al,9 CA

(2003)
Latino vs white 1.30 (1.14-1.48)

Guagliardo et al,9 NY
(2003)

Latino vs white 1.22 (0.92-1.62)

Jablonski and
Guagliardo10 (2005)

Latino vs white 1.36 (1.28-1.44)

Guagliardo et al,9 CA
(2003)

Low vs high income 1.22 (1.03-1.45)

Guagliardo et al,9 NY
(2003)

Low vs high income 1.02 (0.72-1.44)

Jablonski and
Guagliardo10 (2005)

Low vs high income 1.15 (1.05-1.27)

Smink et al14 (2005) Low vs high income 1.06 (0.98-1.15)
Bratton et al7 (2000) Medicaid vs

commercial
1.30 (1.20-1.40)

Gadomski and Jenkins8

(2001)
Medicaid vs

non-Medicaid
1.01 (0.83-1.23)

Smink et al14 (2005) Medicaid vs private 1.27 (1.18-1.37)
Weissman et al23 (1992) Medicaid vs private 1.89 (1.53-1.96)
Weissman et al23 (1992) Medicaid vs private 2.22 (1.85-2.78)
Guagliardo et al,9 CA

(2003)
Public vs private

insurance
1.29 (1.14-1.46)

Guagliardo et al,9 NY
(2003)

Public vs private
insurance

0.99 (0.79-1.24)

Ponsky et al13 (2004) Public vs private
Insurance

1.48 (1.34-1.64)

Weissman et al23 (1992) Public vs private
insurance

1.14 (0.93-1.34)

Weissman et al23 (1992) Public vs private
Insurance

1.20 (0.80-1.60)

Ponsky et al13 (2004) Self-insured vs
private insurance

1.36 (1.22-1.53)

Abbreviations: CA, California; CI, confidence interval; NY, New York; OR, odds
ratio.
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forate.27,28 If this is the case and biologically driven differ-
ences could determine appendicitis perforation, exog-
enous factors such as poverty or inadequate insurance
would not substantially contribute to the racial/ethnic gap
in perforation rates. However, the large amount of unex-
plained gap could result from residual confounding that
is not accounted for by the variables available in an ad-
ministrative database. Thus, one cannot definitively con-
clude that any biological, patient, or hospital characteris-
tic accounts for the disparity in childhood appendicitis
perforation rates.

In addition to the substantial amount of unexplained
confounding in this study, it is also limited by the large
number of patients who did not have racial or ethnic in-
formation designated in HCUP. The HCUP database is
created by collating hospital discharge information that
is collected by individual states. Each state has different
reporting requirements such that several of them either
do not collect or transmit race or ethnic information to
HCUP. Since this occurs in a systematic way that is in-
dependent of the outcome, it is likely that these missing
data are missing in a way that is equivalent to being ran-
dom and should not affect our analysis or conclu-
sions.29 We found the distribution of patient and hospi-
tal factors in the missing data to be similar to that for the
aggregated data in which race/ethnicity was present, sup-
porting the notion that this is the case.

Asis thecasewithmostanalysesfromadministrativedata
sets,weusedzipcode–levelapproximationsforincomelevel.
It is conceivable that there is significant heterogeneity of
income levels within a zip code region that could contrib-
ute to error in our analysis. This error might understate
the contribution from racial gaps in income levels.
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