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Abstract: Disparities in quality of care have always been a major

challenge in health care. Providing information to patients may help to

narrow such disparities. However, the relationship between level of

patient information and outcomes remains to be explored. More impor-

tantly, would better-informed patients have better outcomes through

their choice of higher quality providers? We hypothesize that medical

professionals may have better outcomes than nonmedical professionals

following definitive surgery for colorectal cancer (CRC), and their

choice of provider may mediate this relationship.

We identified 61,728 patients with CRC receiving definitive surgery

between 2005 and 2011 from the Taiwan National Health Insurance

Research Database. Medical professionals were identified via the

registry for medical personnel. Indicators for surgical outcome such

as emergency room (ER) visits within 30 days, medical expenses, length

of hospital stay (LOS), and 5-year mortality were analyzed by using

fixed and random effects multivariate regression models.

Compared with nonmedical personnel CRC patients, a greater

proportion of medical personnel received definitive surgery from higher

volume surgeons (median 390 vs 311 within the study period) and/or in

higher volume hospitals (median 1527 vs 1312 within the study period).

CRC patients who are medical personnel had a shorter median LOS
Lin, MD, Yu-Ting en Hu, MD,
PhD, and Yiing-Jenq Chou, MD, PhD

characteristics, medical personnel had a significantly lower hazard of

5-year mortality, and were significantly more likely to have a LOS

shorter than 14 days than their nonmedical personnel counterparts.

However, after adjusting for patient and provider characteristics, while

medical personnel were significantly less likely to have a long LOS,

no significant difference was observed in 5-year mortality between the

2 groups.

Medical personnel did have a significantly better survival outcome

and a shorter length of stay following definitive surgery than nonmedical

personnel patients. The outcome disparities can be partially explained

by characteristics of their treatment providers. The findings may serve as

an important reference for better understanding how information may

narrow gaps in quality of care through better choice of providers.

(Medicine 94(4):e402)

Abbreviations: CRC = colorectal cancer, ER = emergency room,

ICD-9-CM = International Classification of Diseases, Ninth

Revision, Clinical Modification, LOS = length of hospital stay,

NHI = National Health Insurance, NHIRD = National Health

Insurance Research Database, RCIP = registry for catastrophic

illness patients.

INTRODUCTION

C olorectal cancer (CRC) is a global issue and the highest
incident cancer in Taiwan. Effectiveness of screening for

CRC reduces mortality through early detection of CRC and
multidisciplinary treatment.1 Definitive surgery is the backbone
of multidisciplinary CRC treatment. The 5-year survival of
patients with CRC receiving definitive surgery has seen remark-
able improvement.2

Colectomy is a common definitive surgery and can be
performed in different levels of hospitals. The circumferential
resection margin is a prognostic factor for both local recurrence
and overall survival.3 In addition, a large prospective trial and
2 population-based studies proved that an increase in the
number of lymph nodes evaluated can improve survival through
accurate staging and tailored treatments.4–6 An increasing body
of research has consistently documented that surgical compli-
cations and long-term survival rate are correlated to providers’
volume.7–9 Surgery-related deaths can be avoided if cancer
surgeries are performed by high-volume providers.10 In addition
to the ‘‘practice-makes-perfect’’ hypothesis, high-volume pro-
viders also often adopt multidisciplinary approaches,11 adhere
to guidelines,12 and provide high treatment quality.13
l, presumably the better informed con-
might have different care-seeking beha-
tterns of health care service.14 Possibly
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due to either limited provider performance information being
available to the public or multiple difficulties in the public’s
understanding or ability to translate the performance infor-
mation, many may seek advice from their medical professional
friends or relatives when choosing their surgical providers.15

Medical personnel are believed to be the ‘‘insiders’’ of medical
care systems, and have better understanding or information
about reputations and the outcomes of providers. However, it is
unclear whether medical personnel do have better outcomes
following definitive surgeries for colorectal cancer (CRC). In
addition, if they do, are the better outcomes mediated through
their choices of surgical providers?

The National Health Insurance (NHI) program in Taiwan
is a single-payer, mandatory universal social insurance, which
provides comprehensive coverage to all Taiwanese residents. Its
comprehensive coverage of cancer care with no or very limited
cost-sharing substantially reduces financial burdens of the
patients with CRC. In addition, the claims data collected by
the NHI program allow for comparing possible outcome dis-
parities between general patients and patients who were medical
personnel following definitive surgeries for CRC, and investi-
gating whether the differences in choice of surgical providers
contribute to the outcome disparities.

PATIENTS AND METHODS

Data Sources
Taiwan’s NHI program was established in 1995, and its

coverage includes outpatient, inpatient, emergency, dental, and
traditional Chinese medical services, as well as prescription
medicine. The National Health Insurance Research Database
(NHIRD) provides nationwide data for health research. The
registry for catastrophic illness patients (RCIP) integrates
multiple NHI databases, including NHI enrolment files, claims
data, and the registry for drug prescriptions, to provide com-
prehensive information on NHI enrolment and utilization of

Liu et al
health care resources of all patients with severe diseases, of
which cancer is included. Patients with catastrophic illness
receive copayment exemption under the NHI program.

From January 1, 2005, to
74,583 patients with 

colorectal 

Excluded:

Excluded:

Diagnosed at <20 years of age
(n = 37)

61,728 patients with c

Received surgery for colorectal
cancer before January 1, 2005
(n = 132)

FIGURE 1. Patient selection flow chart.
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All NHIRD information that can potentially identify an
individual patient is encrypted. All data is confidential, as
required by the Bureau of National Health Insurance and the
National Health Research Institute policies. This study was
approved by the Institutional Review Board of the Taipei Veterans
General Hospital, Taipei, Taiwan (No. 2014-05-002BE).

Study Population
Patients with newly diagnosed CRC were retrieved via the

RCIP according to the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) major codes
153 and 154 from January 1, 2005, to December 31, 2011.
Diagnosis of CRC requires pathological confirmation for enrol-
ment in the RCIP. Those diagnosed with CRC before January 1,
2005, were not enrolled. Patients with CRC diagnosed at
<20 years old and those without definitive surgery during
the study period were excluded (Figure 1). Definitive surgery
for CRC means colectomy with or without metastasectomy.

Variables
The main dependent variable was occurrence of death

within 5 years since the first date of definitive surgery, which
is a common indicator for the long-term outcome of cancer
surgery.16–20 The other indicators for the outcome and resource
utilization included length of hospital stay (LOS), emergency
room (ER) visits within 30 days, and medical costs for definitive
surgery and related expenditures (medical expenses). All
patients enrolled in this study were followed until death, dropout
from the NHI program, or the end of the year 2011.

The medical personnel were identified from the Registry
for Medical Personnel. The medical personnel enrolled in the
registry are required to have a license for medical occupations,
such as doctors, nurses, pharmacists, physical therapists, die-
titians, medical technologists, and others. Surgeons’ and hos-
pitals’ volume were calculated according to the claims made by
providers for CRC definitive surgery. We calculated the volume
of CRC definitive surgeries for each hospital and surgeon. The

Medicine � Volume 94, Number 4, January 2015
median volume of CRC definitive surgeries was 1,312 (inter-
quartile range [IQR] 530–2,623) for hospitals and 321 (IQR
180–560) for surgeons. We divided all patients into 3 tertiles

 December 31, 2011
newly diagnosed
cancer

Excluded:

olorectal cancer

No surgery for colorectal cancer
(n = 12,686)
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according to hospitals’ and surgeons’ volume, respectively.
Information on comorbidities, including hypertension, diabetes
mellitus (DM), heart failure, chronic obstructive pulmonary
disease (COPD), end-stage renal disease (ESRD), dyslipidemia,
liver cirrhosis, and cerebral vascular accidents (CVAs), was
collected from NHIRD. Socioeconomic status was categorized
by degree of urbanization and income.

Statistical Analyses
Demographic data, including age, sex, comorbidity, degree

of urbanization, and income, were compared between CRC
patients as medical personnel or not by using Fisher exact test or
the x2 test for categorical variables, and the Mann–Whitney U
test for continuous variables. Univariate and multivariate Cox
proportional hazards models were used to identify predictors of
mortality among CRC patients. In a similar method, logistic
regression models were used to identify risk factors for hospital
stay at least median, and ER visits within 30 days, and linear
regression models were performed to estimate medical
expenses. All factors with P< 0.1 in the univariate analyses
were included in the multivariate analysis. The surgeon-level
random effects were adjusted by using a frailty model for Cox
regression and a generalized estimating equation for linear and
logistic regression in the multivariate analysis.21,22 Data were
extracted and computed using the Perl programming language
(version 5.12.2). Microsoft SQL Server 2012 (Microsoft Corp,
Redmond, WA) was used for data linkage, processing, and
sampling. All statistical analyses were performed using SAS
9.3 software (SAS Institute Inc, Cary, NC). Statistical signifi-
cance was defined as a P value of <0.05.

RESULTS

Characteristics of the Study Population
We identified 74,583 patients with CRC in the RCIP from

January 1, 2005, to December 31, 2011. Of these, 37 patients
were<20 years of age, 12,686 patients never received definitive
surgery for CRC, and 132 patients received surgery for CRC
before January 1, 2005. Therefore, the final cohort consisted of
61,728 patients, including 34,996 (56.7%) males and 26,732
(43.3%) females, of median age 66 years at diagnosis (IQR 55–
75 years). Overall, this cohort was observed for 149,518 person-
years from 2005 to 2011. There were 480 patients as medical
personnel included in this study. Age, sex, socioeconomic
status, and underlying comorbidities were different between
medical personnel and nonmedical personnel. Medical person-
nel had a higher proportion of choosing high-volume hospitals
and surgeons. The characteristics of hospitals and surgeons are
compared in Table 1.

Differences in ER Visits Within 30 Days, Medical
Expenses, and Hospital Stay

After adjusting for individual characteristics, medical
personnel patients had a significantly lower risk of having
ER visits within 30 days of discharge and lower medical
expenses. The differences are illuminated after taking consider-
ation of provider characteristics in Model 2. Furthermore, the
median LOS was 14 days. Medical personnel had a significantly
lower risk of having a LOS longer than the median LOS
following definitive surgery for CRC compared with nonme-
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dical personnel after adjusting for characteristics of patients
(adjusted odds ratio [OR] 0.68, 95% confidence interval [CI]
0.56–0.82; P< 0.001; Model 1). Similarly, after adjusting for
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both individual and provider characteristics, medical personnel
patients continued to show a significantly lower risk of having a
LOS longer than the median LOS following definitive surgery
for CRC (adjusted OR 0.74, 95% CI 0.60–0.91; P¼ 0.005;
Model 2). The results are summarized in Table 2.

Differences in 5-Year Mortality
Medical personnel with CRC had significantly lower

5-year all-cause mortality than nonmedical personnel did
(25.2% vs 33.0%; P¼ 0.003) (Figure 2). The univariate Cox
proportional hazards analysis showed that age�60 years, being
male, having hypertension, DM, liver cirrhosis, heart failure,
ESRD, COPD, CVA, lower urbanization, and lower income,
as well as being nonmedical personnel were significantly
associated with a higher risk of mortality within the 5-year
observation period. After adjustment for the individual charac-
teristics mentioned above, being medical personnel still showed
a significantly lower hazard of death (adjusted hazard ratio [HR]
0.80, 95% CI 0.64–0.99; P¼ 0.04; Model 1). After taking
consideration of both individual and provider characteristics
using the frailty model (Model 2), the mortality difference
between medical and nonmedical personnel substantially
reduced and was no longer statistically significant (adjusted
HR 0.96, 95% CI 0.78–1.18; P¼ 0.70). Being medical person-
nel had no significant difference on death. The details are shown
in Table 3.

DISCUSSION
Our findings demonstrate that medical personnel patients

have more favorable outcomes and lower resource utilization
than nonmedical personnel patients. Furthermore, their long-
term survival advantage may be attributable to their treatment
providers. In this study, we demonstrated that the 5-year all-
cause mortality was lower in medical personnel with CRC than
in nonmedical personnel with the same disease, with a HR of
0.80 after adjustment of patients’ characteristics. The survival
advantage narrowed partially after taking the characteristics of
their treating physicians into consideration. Furthermore,
medical personnel also had lower odds of hospital stay, ER
visits within 30 days, and lower medical expenses, which could
also be mitigated by adjusting for characteristics of hospitals
and surgeons. These findings may provide good evidence
supporting that medical personnel, the presumably better
informed consumers, may have better outcomes through choos-
ing better performing providers, including hospitals and sur-
geons.

To the best of our knowledge, this is the largest cohort
study to discuss the association of resource utilization, outcome,
and medical personnel in cancer surgery. The design of our
study included an unbiased subject selection, strict diagnostic
criteria, and linkage of several national registry data. Participa-
tion in NHI is obligatory, and all residents of Taiwan have
access to healthcare with low copayments, so follow-up is
comprehensive. The certification of CRC as a catastrophic
illness requires histological confirmation. Because the
medical expenses of patients with a certificate of catastrophic
illness are reimbursed by NHI, the diagnoses, resource utiliz-
ation, and outcome in our study were not only reliable but
also exhaustive.

Unlike mandatory hierarchical referral systems in other

Outcome Disparities in CRC Patients Receiving Surgery
countries, Taiwanese patients have the freedom to choose their
preferred providers.23,24 Seeking second opinions and self-
referrals after initial cancer diagnosis are common in Taiwan.15
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TABLE 1. Baseline Characteristics of Patients With Colorectal Cancer

Characteristics

Total (n¼ 61,728) Medical Personnel (n¼ 480) Nonmedical Personnel (n¼ 61,248)

P Valuen (%) n (%) n (%)

Median age, y
(interquartile range)

66 (55–75) 57 (45–67) 66 (56–75) <0.001

Age, y
�60 40,322 (65.3) 202 (42.1) 40,120 (65.5) <0.001
<60 21,406 (34.7) 278 (57.9) 21,128 (34.5)

Sex
Male 34,996 (56.7) 281 (58.5) 34,715 (56.7) 0.412
Female 26,732 (43.3) 199 (41.5) 26,533 (43.3)

Comorbidities
Hypertension 36,677 (59.4) 223 (46.5) 36,454 (59.5) <0.001
Diabetes mellitus 21,185 (34.3) 131 (27.3) 21,054 (34.4) 0.001
Heart failure 9,055 (14.7) 44 (9.2) 9,011 (14.7) 0.001
COPD 19,967 (32.3) 147 (30.6) 19,820 (32.4) 0.418
ESRD 3,705 (6.0) 12 (2.5) 3,693 (6.0) 0.001
Liver cirrhosis 2,302 (3.7) 13 (2.7) 2,289 (3.7) 0.236
Cerebral vascular accidents 14,276 (23.1) 72 (15.0) 14,204 (23.2) <0.001

Degree of urbanization
Missing 32 (0.1) 0 (0.0) 32 (0.1) <0.001
Urban 36,036 (58.4) 355 (74.0) 35,681 (58.3)
Suburban 18,687 (30.3) 104 (21.7) 18,583 (30.3)
Rural 6,973 (11.3) 21 (4.4) 6,952 (11.4)

Income group
Low income 25,971 (42.1) 185 (38.5) 25,786 (42.1) <0.001
Median income 26,155 (42.4) 79 (16.5) 26,076 (42.6)
High income 9,602 (15.6) 216 (45.0) 9,386 (15.3)
Hospital volume

(interquartile range)
1,312 (530–2,623) 1,527 (942–2,648) 1,312 (530–2,623)

<760 20,472 (33.2) 90 (18.8) 20,382 (33.3) <0.001
760–1,746 19,973 (32.4) 164 (34.2) 19,809 (32.3)
�1,746 21,283 (34.5) 226 (47.1) 21,057 (34.4)

Hospital ownership
Private 40,163 (65.1) 264 (55.0) 39,899 (65.1) <0.001
Public 21,565 (34.9) 216 (45.0) 21,349 (34.9)

Hospital geographic region
North 27,379 (44.4) 244 (50.8) 27,135 (44.3) 0.056
Middle 14,511 (23.5) 94 (19.6) 14,417 (23.5)
South 17,989 (29.1) 131 (27.3) 17,858 (29.2)
East 1,360 (2.2) 9 (1.9) 1,351 (2.2)
Islands 457 (0.7) 2 (0.4) 455 (0.7)
Missing 32 (0.1) 0 (0.0) 32 (0.1)

Medical center status
Nonmedical center 30,526 (49.5) 246 (51.3) 30,280 (49.4) 0.429
Medical center 31,202 (50.5) 234 (48.8) 30,968 (50.6)
Surgeon volume

(interquartile range)
321 (108–561) 390 (182–674) 311 (108–561)

<169 20,507 (33.2) 114 (23.8) 20,393 (33.3) <0.001
169–448 20,491 (33.2) 138 (28.8) 20,353 (33.2)
�448 20,730 (33.6) 228 (47.5) 20,502 (33.5)

Surgeon age, y
<45 29,458 (47.7) 194 (40.4) 29,264 (47.8) 0.001
�45 32,270 (52.3) 286 (59.6) 31,984 (52.2)

Surgeon sex
Female 711 (1.2) 3 (0.6) 708 (1.2) 0.278
Male 61,017 (98.8) 477 (99.4) 60,540 (98.8)

Experience of curative surgery,
y (interquartile range)

3 (1–5) 3 (2–5) 3 (1–5)

COPD ¼ chronic obstructive pulmonary disease, ESRD ¼ end-stage renal disease.

Liu et al Medicine � Volume 94, Number 4, January 2015

4 | www.md-journal.com Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



T
A

B
L
E

2
.

D
if
fe

re
n

t
O

u
tc

o
m

e
D

e
ve

lo
p

m
e
n

t
B
e
tw

e
e
n

M
e
d

ic
a
l
P
e
rs

o
n

n
e
l
a
n

d
N

o
n

m
e
d

ic
a
l
P
e
rs

o
n

n
e
l
W

it
h

C
o
lo

re
ct

a
l
C

a
n

ce
r

M
od

el
1

M
od

el
2

M
od

el
3

O
u

tc
om

e
E

st
im

at
or

C
ru

d
e

E
st

im
at

or
(9

5%
C

I)
P

V
al

u
e

A
d

ju
st

ed
E

st
im

at
or

(9
5%

C
I)

P
V

a
lu

e

A
d

ju
st

ed
E

st
im

at
or

(9
5%

C
I)

P
V

al
u

e

A
d

ju
st

ed
E

st
im

at
or

(9
5%

C
I)

P
V

al
u

e

H
o

sp
it

al
st

ay
(�

1
4

d
)

O
R

0
.5

8
(0

.4
8

–
0

.7
0

)
<

0
.0

0
1

0
.6

8
(0

.5
6

–
0

.8
2

)
<

0
.0

0
1

0
.7

4
(0

.6
0

–
0

.9
1

)
0

.0
0

5
0

.7
8

(0
.6

6
–

0
.9

1
)

0
.0

0
2

M
ed

ic
al

ex
p

en
se

s,
N

T
D

b
�

1
1

,4
2

1
(�

2
3

,8
8

4
–

1
,0

4
2

)
0

.0
7

3
1

,9
1

5
.6

6
(�

1
0

,2
1

5
–

1
4

,0
4

6
)

0
.7

5
7
�

5
6

.2
6

(�
1

1
,1

8
6

–
1

1
,0

7
3

)
0

.3
8

0
1

,0
2

2
.7

1
(�

1
2

,1
4

2
–

1
4

,1
8

7
)

0
.8

7
9

E
R

v
is

it
w

it
h

in
3

0
d

O
R

0
.8

4
(0

.6
4

–
1

.1
2

)
0

.2
4

3
0

.9
0

(0
.6

8
–

1
.2

0
)

0
.4

7
8

0
.8

8
(0

.6
6

–
1

.1
7

)
0

.3
6

7
0

.8
7

(0
.6

3
–

1
.2

1
)

0
.4

1
7

C
I
¼

co
n
fi

d
en

ce
in

te
rv

al
,C

O
P

D
¼

ch
ro

n
ic

o
b

st
ru

ct
iv

e
p

u
lm

on
ar

y
d

is
ea

se
,E

R
¼

em
er

g
en

cy
ro

o
m

,E
S

R
D
¼

en
d

-s
ta

g
e

re
na

l
d

is
ea

se
,H

R
¼

h
az

ar
d

ra
ti

o,
N

T
D
¼

N
ew

T
ai

w
an

d
o

ll
ar

,O
R
¼

o
d

d
s

ra
ti

o
.

M
o

de
l

1
ad

ju
st

ed
fo

r
ag

e,
se

x
,

an
d

co
m

o
rb

id
it

ie
s

li
st

ed
in

T
ab

le
1

,
an

d
d

eg
re

e
o

f
u

rb
an

iz
at

io
n

an
d

in
co

m
e

g
ro

u
p.

M
o

de
l

2
ad

ju
st

ed
fo

r
v

ar
ia

b
le

s
li

st
ed

in
M

o
de

l
1

an
d

h
o

sp
it

al
o

w
n

er
sh

ip
,

h
o

sp
it

al
g

eo
g

ra
p

hi
c

re
g

io
n,

m
ed

ic
al

ce
nt

er
st

at
u

s,
an

d
su

rg
eo

n
’s

ag
e,

se
x

,
an

d
ex

p
er

ie
n
ce

o
f

cu
ra

ti
v

e
su

rg
er

y
.

M
o

de
l

3
u

se
s

g
en

er
al

iz
ed

es
ti

m
at

in
g

eq
u

at
io

n
ad

ju
st

ed
fo

r
v

ar
ia

b
le

s
li

st
in

M
o

de
l

2
.

40

30

20

10

0

0 1 2 3 4 5

Number at risk
Nonmedical personnel
Medical personnel

61,248
480

45,337
375

32,074
273

22,282
199

14,948
138

8,963
72

Follow-up, y

Medical personnel

Nonmedical personnel

Log-rank P = 0.003

C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 d
ea

th
 (

%
)

Medicine � Volume 94, Number 4, January 2015 Outcome Disparities in CRC Patients Receiving Surgery

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Since no source of official performance data is available,
patients tend to select surgeons or hospitals based on their
own judgment and the recommendations of friends and
relatives.15 Medical knowledge, familiarity with the healthcare
system, and better patient–doctor communication of medical
personnel may contribute to better outcomes.25 Medical per-
sonnel have more information about the reputations and out-
comes of providers. Therefore, medical personnel might have
an advantage of choosing better providers. Medical personnel
are better informed savvy consumers26,27 and have ready access
to high-quality care.28 Medical personnel may be treated dif-
ferently from other patients because the health provider might
feel pressure from these more informed patients; this also could
be a sort of providing favors to colleagues.29

A growing body of studies has reported that high hospital
and surgeon volume, especially surgeon volume,30,31 signifi-
cantly reduces complications and improves cancer patients’
outcomes.10,13,32 Cornish et al8 reported that organizational
structure impacted not only 30-day risk-adjusted mortality
and length of stay but also at least 12 lymph nodes harvest
and circumferential margin involvement, which were related to
long-term outcome. Surgery volume–cost associations have
been proven in different cancers.23,33 Lower costs potentially
imply more efficient treatment or lower additional expenses for
complications, which is correlated with shorter LOS.34 The
information on hospitals and surgeons might not be fully
revealed to the general population. Our study showed that
medical personnel with CRC had higher odds of choosing
high-volume hospitals and surgeons.

This study includes several limitations. First of all, several
potential confounders, including obesity, tobacco use, alcohol
use, and family history of malignancy, could not be found in the
data. Second, we lacked data on tumor markers, histological
features, genetic factors, and stage of cancers in these patients,
which might affect patients’ long-term survival. Medical per-
sonnel might have higher accessibility to ambulatory care
resources and have an increased chance of early diagnosis.35

However, they may easily overlook the importance of early
detection and receive less cancer screening examinations36 and
tend to make improper self-diagnoses with absolute certainty,

FIGURE 2. Cumulative incidence of death between medical per-
sonnel and nonmedical personnel with colorectal cancer.
especially in fields out of their own.29 The long-term survival in
our study had no difference after adjusting for characteristics of
patients and providers.
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TABLE 3. Risk Factors for 5-Year Mortality Between Medical Personnel and Nonmedical Personnel With Colorectal Cancer

Model 1 Model 2

Variables
Crude HR
(95% CI)

P
Value

Adjusted HR
(95% CI)

P
Value

Adjusted HR
(95% CI)

P
Value

Medical personnel 0.72 (0.58–0.90) 0.004 0.80 (0.64–0.99) 0.044 0.96 (0.78–1.18) 0.703
Age �60 y 1.42 (1.36–1.47) <0.001 1.23 (1.17–1.28) <0.001 1.21 (1.16–1.27) <0.001
Sex (male) 1.18 (1.14–1.22) <0.001 1.15 (1.11–1.19) <0.001 1.15 (1.11–1.19) <0.001
Comorbidities

Hypertension 1.24 (1.20–1.28) <0.001 0.96 (0.93–1.01) 0.084 0.97 (0.93–1.01) 0.091
Diabetes mellitus 1.18 (1.14–1.22) <0.001 1.04 (1.00–1.08) 0.070 1.04 (1.00–1.08) 0.043
Liver cirrhosis 1.66 (1.53–1.79) <0.001 1.51 (1.40–1.63) <0.001 1.39 (1.29–1.51) <0.001
Heart failure 1.54 (1.47–1.61) <0.001 1.31 (1.25–1.37) <0.001 1.29 (1.23–1.35) <0.001
ESRD 1.66 (1.56–1.77) <0.001 1.38 (1.29–1.47) <0.001 1.35 (1.26–1.44) <0.001
COPD 1.28 (1.24–1.33) <0.001 1.09 (1.05–1.14) <0.001 1.09 (1.05–1.13) <0.001
Cerebral vascular accidents 1.40 (1.35–1.46) <0.001 1.20 (1.16–1.25) <0.001 1.19 (1.14–1.24) <0.001

Degree of urbanization
Urban Reference Reference Reference
Suburban 1.05 (1.01–1.09) 0.011 1.01 (0.97–1.05) 0.663 0.98 (0.94–1.02) 0.375
Rural 1.07 (1.01–1.13) 0.017 0.98 (0.92–1.03) 0.430 0.94 (0.89–1.00) 0.057

Income group
Low income Reference Reference Reference
Median income 0.91 (0.88–0.95) <0.001 0.95 (0.91–0.98) 0.004 0.96 (0.92–0.99) 0.024
High income 0.82 (0.78–0.87) <0.001 0.88 (0.83–0.93) <0.001 0.91 (0.86–0.96) 0.000

Hospital volume
<760 Reference Reference
760–1,746 0.79 (0.76–0.82) <0.001 0.94 (0.90–0.99) 0.014
�1,746 0.76 (0.72–0.79) <0.001 1.01 (0.96–1.07) 0.659

Hospital ownership
Private Reference Reference
Public 1.12 (1.06–1.19) <0.001 1.07 (1.02–1.11) 0.002

Hospital geographic region
North Reference Reference
Middle 1.27 (1.19–1.36) <0.001 1.05 (1.00–1.11) 0.044
South 1.17 (1.09–1.24) <0.001 1.05 (1.00–1.10) 0.033
East 1.51 (1.28–1.77) <0.001 1.07 (0.95–1.20) 0.274
Islands 0.90 (0.63–1.27) 0.532 0.95 (0.77–1.18) 0.634

Medical center status
Nonmedical center Reference Reference
Medical center 0.86 (0.81–0.90) <0.001 1.00 (0.96–1.04) 0.959

Surgeon volume
<169 Reference Reference
169–448 0.73 (0.70–0.76) <0.001 0.79 (0.75–0.82) <0.001
�448 0.59 (0.56–0.61) <0.001 0.65 (0.62–0.69) <0.001

Surgeon age
<45 Reference Reference
�45 0.75 (0.71–0.79) <0.001 0.90 (0.87–0.94) <0.001

Surgeon sex
Female Reference Reference
Male 0.67 (0.54–0.84) 0.000 0.99 (0.84–1.16) 0.871

Experience of curative surgery,
y (interquartile range)

0.92 (0.91–0.93) <0.001 0.95 (0.94–0.96) <0.001

CI ¼ confidence interval, COPD ¼ chronic obstructive pulmonary disease, ESRD ¼ end-stage renal disease, HR ¼ hazard ratio. Model 2 uses a

Liu et al Medicine � Volume 94, Number 4, January 2015
In conclusion, this nationwide population-based study

frailty model (surgeon as random effect).
shows that medical personnel receiving definitive surgery
for CRC had better outcomes in comparison with the rest of
CRC patients, which can be explained partially by the former

6 | www.md-journal.com
choosing better hospitals and surgeons. By using definitive

surgery for CRC as an example, the current findings may
provide good evidence supporting that medical personnel
have more information to help them choose better hospitals

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



and surgeons. Outcome disparities between medical personnel
and the rest exist. Policymakers should make a larger effort to
minimize the information gap.

REFERENCES

1. Kopetz S, Chang GJ, Overman MJ, et al. Improved survival in

metastatic colorectal cancer is associated with adoption of hepatic

resection and improved chemotherapy. J Clin Oncol. 2009;27:3677–

3683.

2. Lin BR, Lai HS, Chang TC, et al. Long-term survival results of

surgery alone versus surgery plus UFT (Uracil and Tegafur)-based

adjuvant therapy in patients with stage II colon cancer. J Gastro-

intest Surg. 2011;15:2239–2245.

3. Birbeck KF, Macklin CP, Tiffin NJ, et al. Rates of circumferential

resection margin involvement vary between surgeons and predict

outcomes in rectal cancer surgery. Ann Surg. 2002;235:449–457.

4. Le Voyer TE, Sigurdson ER, Hanlon AL, et al. Colon cancer

survival is associated with increasing number of lymph nodes

analyzed: a secondary survey of intergroup trial INT-0089. J Clin

Oncol. 2003;21:2912–2919.

5. Lykke J, Roikjaer O, Jess P. The relation between lymph node status

and survival in Stage I-III colon cancer: results from a prospective

nationwide cohort study. Colorectal Dis. 2013;15:559–565.

6. Bilimoria KY, Palis B, Stewart AK, et al. Impact of tumor location

on nodal evaluation for colon cancer. Dis Colon Rectum.

2008;51:154–161.

7. Lin HC, Xirasagar S, Lee HC, et al. Hospital volume and inpatient

mortality after cancer-related gastrointestinal resections: the experi-

ence of an Asian country. Ann Surg Oncol. 2006;13:1182–1188.

8. Cornish JA, Tekkis PP, Tan E, et al. The national bowel cancer

audit project: the impact of organisational structure on outcome in

operative bowel cancer within the United Kingdom. Surg Oncol.

2011;20:e72–e77.

9. Schrag D, Cramer LD, Bach PB, et al. Influence of hospital

procedure volume on outcomes following surgery for colon cancer. J

Am Med Assoc. 2000;284:3028–3035.

10. Birkmeyer JD, Siewers AE, Finlayson EV, et al. Hospital volume

and surgical mortality in the United States. N Engl J Med.

2002;346:1128–1137.

11. Stefoski Mikeljevic J, Haward RA, Johnston C, et al. Surgeon

workload and survival from breast cancer. Br J Cancer.

2003;89:487–491.

12. Gilligan MA, Neuner J, Sparapani R, et al. Surgeon characteristics

and variations in treatment for early-stage breast cancer. Arch Surg.

2007;142:17–22.

13. Chen CS, Liu TC, Lin HC, et al. Does high surgeon and hospital

surgical volume raise the five-year survival rate for breast cancer? A

population-based study. Breast Cancer Res Treat. 2008;110:349–356.

14. Wu CY, Hu HY, Chen L, et al. Investigating the utilization of

radiological services by physician patients: a population-based cohort

study in Taiwan. BMC Health Serv Res. 2013;13:284.

15. Cheng SH, Song HY. Physician performance information and

consumer choice: a survey of subjects with the freedom to choose

between doctors. Qual Saf Health Care. 2004;13:98–101.

Medicine � Volume 94, Number 4, January 2015
2008;34:23–29.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
17. Kuo RN, Chung KP, Lai MS. Re-examining the significance of

surgical volume to breast cancer survival and recurrence versus

process quality of care in Taiwan. Health Serv Res. 2013;48:26–46.

18. Lin HC, Lin CC. Surgeon volume is predictive of 5-year survival in

patients with hepatocellular carcinoma after resection: a population-

based study. J Gastrointest Surg. 2009;13:2284–2291.

19. Lin CC, Lin HC. Effects of surgeon and hospital volume on 5-year

survival rates following oral cancer resections: the experience of an

Asian country. Surgery. 2008;143:343–351.

20. Chang CM, Huang KY, Hsu TW, et al. Multivariate analyses to

assess the effects of surgeon and hospital volume on cancer survival

rates: a nationwide population-based study in Taiwan. PLoS One.

2012;7:e40590.

21. Lin HC, Xirasagar S, Chen CH, et al. Physician’s case volume of

intensive care unit pneumonia admissions and in-hospital mortality.

Am J Respir Crit Care Med. 2008;177:989–994.

22. Murphy SA. Consistency in a proportional hazards model incorporat-

ing a random effect. Ann Stat. 1994;22:712–731.

23. Lin CS, Lee HC, Lin CT, et al. The association between surgeon

case volume and hospitalization costs in free flap oral cancer

reconstruction operations. Plast Reconstr Surg. 2008;122:133–139.

24. Wang MJ, Lin SP. Study on doctor shopping behavior: insight from

patients with upper respiratory tract infection in Taiwan. Health

Policy. 2010;94:61–67.

25. Deng CY1, Huang N, Chou YJ, et al. Comparison of perforation risk

among physicians, other medical professionals and general adults

with acute appendicitis in Taiwan. Br J Surg. 2006;93:1297–1302.

26. Wachtel TJ, Wilcox VL, Moulton AW, et al. Physicians’ utilization

of health care. J Gen Intern Med. 1995;10:261–265.

27. Bunker JP, Brown BW Jr. The physician-patient as an informed

consumer of surgical services. N Engl J Med. 1974;290:1051–1055.

28. Kahn KL, Goldberg RJ, DeCosimo D, et al. Health maintenance

activities of physicians and nonphysicians. Arch Intern Med.

1988;148:2433–2436.

29. Schneck SA. ‘‘Doctoring’’ doctors and their families. J Am Med

Assoc. 1998;280:2039–2042.

30. Hu JC, Gold KF, Pashos CL, et al. Role of surgeon volume in

radical prostatectomy outcomes. J Clin Oncol. 2003;21:401–405.

31. Birkmeyer JD, Stukel TA, Siewers AE, et al. Surgeon volume and

operative mortality in the United States. N Engl J Med.

2003;349:2117–2127.

32. Hillner BE, Smith TJ, Desch CE. Hospital and physician volume or

specialization and outcomes in cancer treatment: importance in

quality of cancer care. J Clin Oncol. 2000;18:2327–2340.

33. Shi HY, Chang HT, Culbertson R, et al. Breast cancer surgery

volume-cost associations: hierarchical linear regression and propen-

sity score matching analysis in a nationwide Taiwan population.

Surg Oncol. 2013;22:178–183.

34. Lee CC, Ho HC, Jack LC, et al. Association between surgeon

volume and hospitalisation costs for patients with oral cancer: a

nationwide population base study in Taiwan. Clin Otolaryngol.

2010;35:46–52.

35. Lin SY, Lin CL, Hsu WH, et al. A comparison of cancer incidence

among physician specialists and the general population: a Taiwanese

cohort study. J Occup Health. 2013;55:158–166.

Outcome Disparities in CRC Patients Receiving Surgery
36. Chen LS, Huang N, Tsay JH, et al. Screening for cervical cancer

among female physicians and their relatives in Taiwan: a popula-
16. Xirasagar S, Lien YC, Lin HC, et al. Procedure volume of gastric

cancer resections versus 5-year survival. Eur J Surg Oncol.
tion-based comparative study. Prev Med. 2007;44:531–535.

www.md-journal.com | 7


	Outcome Disparities Between Medical Personnel and Nonmedical Personnel Patients Receiving Definitive Surgery for Colorectal™Cancer
	INTRODUCTION
	PATIENTS AND METHODS
	Data Sources
	Study Population
	Variables
	Statistical Analyses

	RESULTS
	Characteristics of the Study Population
	Differences in ER Visits Within 30 Days, Medical Expenses, and Hospital Stay
	Differences in 5-Year Mortality

	DISCUSSION


