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Abstract

Background: White blood cell (WBC) counts are commonly used for the diagnosis of acute appendicitis in the early stages of pain.
However, the effect of certain confounders, particularly age and sex, has been less focused. The purpose of this study was to
investigate the diagnostic accuracy of white blood cells in the prediction of acute appendicitis using age-sex-adjusted receiver
operating characteristic (ROC) curve.

Methods: In this cross sectional study, 131 patients who had undergone appendectomy were studied during 2010-2011. Patients
were placed in the normal appendix and acute appendicitis groups. ROC regression was used to identify the effects of the variables of
age and sex on the diagnostic accuracy of WBCs using the area under the ROC curve (AUC). Statistical analysis was conducted in
Stata 12 software.

Results: In ROC regression method, the AUC for the variable of WBC was 0.643 (95% CI: 0.555-0.725) without adjustment for age
and sex variables, 0.672 (0.584-0.751) with an age-adjusted variable, 0.698 (0.612-0.775) with a sex-adjusted variable, and 0.710
(0.624-0.786) with both age-sex adjusted variables.

Conclusion: Results indicated that age-sex adjusted variables increased the diagnostic accuracy of the WBC test for predicting acute
appendicitis using ROC regression method for the WBC test.
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Introduction

Acute appendicitis is the most common cause of ab-
dominal pain leading to surgery. In fact, appendectomy is
the most common emergency surgery in the world (1-2).
About 7% of people suffer from acute appendicitis during
their lifetime (3). The decision for appendectomy is usual-
ly made for cases of acute abdominal pain that manage to
simultaneously exclude other causes of abdominal pain
too. Appendicitis is diagnosed based on the symptoms
expressed by the patient, clinical signs, and serum tests
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(4). None of these symptoms and tests are specific to acute
appendicitis and do not have a high specificity value.
Even in modern medical facilities, these issues have led
to the initial diagnosis of appendicitis to be rejected in
16% to 18% of the cases after a postoperative pathology
(5). Most predictions of the diagnosis of appendicitis are
not acceptable on the sole basis of clinical signs and sim-
ple laboratory tests. Various techniques and indicators
have been proposed, including white blood cell counts.

1What is “already known” in this topic:

White blood cell (WBC) counts are commonly used for the
diagnosis of acute appendicitis in the early stages of pain.
However, the effect of certain confounders, particularly age
and sex, has been less focused.

— What this article adds:
Based on the ROC regression analysis for the WBC test, age-

sex adjusted variables increased the diagnostic accuracy of the
WBC test for predicting acute appendicitis.
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Recent studies show that many variables can affect the
results of diagnostic tests. These variables include the
different conditions of the diagnostic test or the individu-
als’ demographic variables or the severity of the disease
and are called confounding variables in statistics (6-8).

The ROC curve is a very useful diagnostic tool which
examines the association between the sensitivity and spec-
ificity of a test (9). Estimations with the ROC curve can
be used to evaluate the effects of predictive variables on
the accuracy of statistical models (10). In quantitative
tests, eg, WBC count, analyzing ROC curves can specify
an optimal cutoff point and determine the accuracy of the
tests both separately and in combination (11). The accura-
cy of diagnostic tests is determined based on the area un-
der the curve (AUC). AUC values range between zero and
1 and those closer to 1 indicate higher accuracy (12, 13).
AUC is often used to represent how likely it is that the test
will classify patients into 2 classes: one with an illness and
one without in the correct order across various thresholds
(6-8). More intuitively, AUC is the chance that a random-
ly selected patient with a lesion will be ranked above a
randomly selected normal patient (14). A perfect test
would have 100% sensitivity with zero false positives
(100% specificity), across all thresholds. This point lies at
the extreme top left-hand corner of the ROC plot;
AUC=1.0.

Statistical models for assessing the effect of confound-
ers on ROC curve were first presented by Tosteson &
Begg in 1988. Further studies were conducted on the
models in 1995 by Toledano & Gatsonis (14). In 1988,
Pepe began working on these methods and expanded
them.

In a study conducted in 2009, Janes and Pepe introduced
a number of confounding variables that can affect the ac-
curacy of diagnostic tests and ROC curve and investigated
the effect of the covariate of age on the accuracy of pros-
tate cancer diagnostic test (15). In a study conducted in
2010, Zare et al compared 3 diagnostic tests to show fever
in children by considering 2 binary variables (left or right
ear) as confounding variables in drawings of the ROC
curve and concluded that considering the confounders, the
area under the ROC curve is not significantly different
from any of the 3 methods (16).

In an article published in 2009 by Alvarez et al, the ef-
fects of confounding variables on diagnostic tests along
with drawings of the ROC curve were studied (17). Fol-
lowing Pepe's study, Korner et al presented another study
using diagnostic markers for acute appendicitis and meas-
ured the values of specificity and sensitivity by drawing
the ROC curve and applying these models. In the study
just mentioned, the value for the AUC indicator was cal-
culated to be between 0.56 and 0.69 (18). In Wang's study
conducted in 2006, the ROC curve was estimated with
incorporating the confounding variables. In that study,
logistic regression models were used to determine the con-
founding role of the covariates (19). ROC regression
methods have recently been introduced in Stata software,
which helps directly examine the effect of covariates on
the ROC curve (6). Previous studies have used simple
ROC curve to assess the accuracy of white blood cell but
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the present study aimed to investigate the diagnostic value
of white blood cell counts to predict acute appendicitis
with adjustment for age and gender variables.

Methods

Population

In this cross sectional study, 131 patients who had un-
dergone appendectomy from March 2010 to March 2011
in Valiasr hospital in Arak University of Medical Sciences
due to their diagnoses of acute appendicitis were studied.
Patients, whose lab test results, particularly their white
blood cell count, were incomplete, were excluded from
the study. The patients were only included if they had
acute abdominal pain (suspected appendicitis) and under-
went appendectomy and were finally diagnosed to have
acute appendicitis based on the histopathological exami-
nation. The gold standard for the diagnosis of the acute
appendicitis was considered to be the histopathology re-
port by the same pathologist. A surgeon examined the
patients and completed a questionnaire accordingly. The
criteria used to establish the diagnosis of acute appendici-
tis were CT scan and periappendiceal inflammatory
changes such as leukocytosis and C-reactive protein. An
appendix larger than 6-mm in transverse diameter was
considered abnormal. Informed consent for participation
in the study was obtained from all participants, or if par-
ticipants were children (minors), consent was obtained
from a parent or a guardian. Then, 10-cc venous blood
samples were drawn from each patient under sterile condi-
tions. Appendectomy was performed based on standard
protocols and the removed appendixes were sent to the
laboratory where lymphocyte culture was conducted and
the severity of appendicitis was assessed. The patients
were divided into 2 groups: acute appendicitis and normal
appendicitis. WBC counts were measured and recorded
for all the patients.

This study was approved and conducted by the Ethics
Committee of Arak University of Medical Sciences and
each patient declared their satisfaction to participate in the
study. Authors confirmed that all experiments were per-
formed in accordance with relevant guidelines and regu-
lations.

Statistical analysis

First, the accuracy of the WBC was measured through
calculating the AUC. Then, to examine the role of the
confounders of age and gender on the accuracy of WBC in
predicting the patients, the ROC regression analysis was
used.

One method of parameter estimation in ROC regression
analysis is the maximum likelihood method. This method
assumes that the test has a normal distribution and that the
effect of the confounders and the test variance are differ-
ent in the control and the case groups. This model was
introduced in 2003 by Pepe (14).

ROC (u) = ®{X'B + a® (W)} = &fy, +
@7 (w)} (D

In this model, ® is a normal cumulative distribution
function, u is a false positive rate (FPR), and @ = g5 . gp.
The area under the ROC curve is estimated using the fol-
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Using the ROC regression analysis, 4 different models
were compared in terms of their area under the ROC
curve. In the first model, the accuracy of the WBC test
was calculated without adjusting for age and gender vari-
ables; in the second model, it was calculated adjusting for
age; in the third model, it was calculated adjusting for
gender; and in the fourth model, it was calculated adjust-
ing for both age and gender. Statistical analysis was con-
ducted in Stata 12 software.

Results

Of the 131 cases whose data were used in the present
study, 86 (66%) had acute appendicitis and 45 (34%) cas-
es had normal appendix. Of the 86 patients, 59 (69%)
were male and 27 (31%) were female. Of the total of 45
individuals in the normal groups, 22 (49%) were male and
23 (51%) were female, and the proportion of sex was sta-
tistically significant between the 2 groups (p=0.03).
Therefore, it can be concluded that sex was a variable that
does affect the prognosis of acute appendicitis and its ef-
fect on diagnostic accuracy should be examined. Results
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indicated that WBC accuracy was higher for males than
for females (AUCmaie = 0.7346, AUC femate = 0.5998).

The overall mean age of participants was 22.2+10.2 (4
to 55) years. The results of the independent t test showed a
statistically significant difference (p=0.04) between the
mean age in the normal group (19.6+8.8) and in the dis-
ease group (23.3+10.8). Thus, it can be concluded that age
was also a variable that affected the prognosis of acute
appendicitis.

By grouping the age variable, WBC accuracy was in-
vestigated in each group. Individuals younger than 15
were placed in group 1, those between 15 to 25 in group 2,
and those over 25 in group 3. WBC accuracy was higher
in age group 1 than in age groups 2 and 3, and also higher
in age group 2 than in age group 3 (AUC a1 = 0.754,
AUC 402 = 0.741, AUC goe3 = 0.5564).

In addition, the difference between the mean WBC in
the normal group (14.4+3.3) and patient group (12.8+4.0)
was statistically significant (p=0.03).

Using ROC regression analysis, the 4 different models
were compared in terms of the area under the ROC curve:
in the first model, AUC = 0.643 (95% CI: 0.555-0.725)
without adjusting for age and sex; in the second model,
AUC = 0.672 (0.584-0.751) adjusted for age; in the third
model, AUC = 0.698 (0.612-0.775) adjusted for sex; and
in the fourth model, AUC = 0.710 (0.624-0.786) adjusted
for age and sex (Table 1). ROC AUC related to 3 adjusted

Table 1. The area under the ROC curve and confidence interval based on four models.

Model adjusted for covariates Sen. Spe. AUC (SE) 95% confidence interval p
W.B.C 73.3 60.5 0.643 (0.051) 0.555 to 0.725 0.005
W.B.C (age) 66.7 72.1 0.672 (0.052) 0.584 to 0.751 0.001
W.B.C (sex) 86.7 60.3 0.698 (0.046) 0.612 to 0.775 <0.001
W.B.C (age, sex) 86.7 53.5 0.710 (0.046) 0.624 to 0.786 <0.001
SE: Standard Error
Sen.: Sensitivity
Spe.: Specificity
vy
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Fig. 1. Adjusted ROC curves for W.B.C by age and sex
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models is presented in Figure 1.

Discussion

The present study was performed to investigate the di-
agnostic accuracy of white blood cells in the diagnosis of
acute appendicitis with incorporating covariates of age
and gender into ROC analysis. Using ROC regression, the
effect of variables and even their interactions can be ex-
amined in the diagnostic test. Similar to other studies, the
results of the present study also showed that the WBC
variable is one of the strongest variables for identifying
patients with acute appendicitis. In most studies on appen-
dicitis, to check the accuracy of tests and new variables to
identify patients, the tests have been compared with one of
the conventional tests, WBC being a persisting example.
In this study, WBC count accuracy has been lower com-
pared to similar studies (ROC = 0.642), but a major point
to take into consideration is the nature of groups studied
and the severity of their disease. The reason is that tests
used for distinguishing individuals who have the disease
from healthy individuals are always more accurate and
powerful than tests used for differentiating patients with
acute conditions from patients with normal conditions of
the disease. Moreover, the present study was conducted to
distinguish individuals with acute appendicitis from those
with normal appendicitis, but the diagnostic accuracy of
variables was evidently slightly low.

Anderson reported that WBC is the strongest discrimi-
nant of advanced appendicitis (ROC= 0.890) (20). How-
ever, in a study conducted by Huang D., given the area
under the ROC curve, the diagnostic accuracy of inflam-
matory markers TNFo (tumor necrosis factor alpha) and
IL-6 (interleukin 6) had a higher diagnostic value in the
diagnosis of acute appendicitis compared to WBC. The
reason might have been the target population and the age
of the patients. In that study, children were the target pop-
ulation, which proves that age is an important factor in the
accuracy of diagnostic tests, particularly the diagnostic
accuracy of WBC (21). When different age groups are
considered, the present study, too, yields different accura-
cies. Another variable that has always been focused in
studies on appendicitis is gender. In a study conducted by
Chung, in the group of patients with perforated appendici-
tis 69% were male and 31% female, and in the group with
normal appendicitis, 64% were male and 36% female,
which is similar to results of the present study (1). This
difference is well illustrated in the study conducted by
Gurleyik where males comprised a higher percentage than
females in all groups, except in the group with normal
appendicitis (4). Nevertheless, none of these studies have
directly examined the effects of gender on the ROC curve.
In a study conducted in 2009, Pepe and Holy Janes con-
sidered the direct effect of the variables of age and gender
on the ROC curve for diagnosing hearing loss and found
the area under the ROC curve to be 0.629 (22). In the pre-
sent study, incorporating covariates age and gender into
ROC regression analysis increased the diagnostic accura-
cy of appendicitis compared to when they were neglected.

Conclusion
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Overall, using certain confounding variables is essential,
whether they increase or decrease accuracy, and the pre-
sent study examined this point with regards to the varia-
bles of age and gender. Age and gender highly affect acute
appendicitis diagnoses, and studies on appendicitis diag-
nosis should consider the direct effects of these variables
on diagnostic accuracy, particularly the area under the
ROC curve, regardless of which tests or variables they
use. Results of the present study showed that considering
the confounding variables of age and gender in the ROC
curve regression analysis for the WBC test increases the
area under the ROC curve. In other words, it increases the
diagnostic accuracy of the WBC test in identifying pa-
tients with acute appendicitis.
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