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Abstract
AIM: To investigate whether screening for gallstone 
disease was economically feasible and clinically 
effective.

METHODS: This clinical study was initially conducted in 
2002 in Taipei, Taiwan. The study cohort total included 
2386 healthy adults who were voluntarily admitted to 
a regional teaching hospital for a physical check-up. 
Annual follow-up screening with ultrasound sonography 
for gallstone disease continued until December 31, 
2007. A decision analysis using the Markov Decision 
Model was constructed to compare different screening 
regimes for gallstone disease. The economic evaluation 
included estimates of both the cost-effectiveness and 
cost-utility of screening for gallstone disease. 

RESULTS: Direct costs included the cost of screening, 
regular clinical fees, laparoscopic cholecystectomy, 
and hospitalization. Indirect costs represent the loss 
of productivity attributable to the patient’s disease 
state, and were estimated using the gross domestic 
product for 2011 in Taiwan. Longer time intervals in 
screening for gallstone disease were associated with 
the reduced efficacy and utility of screening and with 
increased cost. The cost per life-year gained (average 
cost-effectiveness ratio) for annual screening, biennial 
screening, 3-year screening, 4-year screening, 5-year 
screening, and no-screening was new Taiwan dollars 
(NTD) 39076, NTD 58059, NTD 72168, NTD 104488, 
NTD 126941, and NTD 197473, respectively (p  < 0.05). 
The cost per quality-adjusted life-year gained by annual 
screening was NTD 40725; biennial screening, NTD 
64868; 3-year screening, NTD 84532; 4-year screening, 
NTD 110962; 5-year screening, NTD 142053; and 
for the control group, NTD 202979 (p  < 0.05). 
The threshold values indicated that the ultrasound 
sonography screening programs were highly sensitive 
to screening costs in a plausible range.

CONCLUSION: Routine screening regime for gallstone 
disease is both medically and economically valuable. 
Annual screening for gallstone disease should be 
recommended.
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Core tip: The results of this economic evaluation of 
screening for gallstone disease indicated that routine 
ultrasound sonography screening is worthwhile. We 
recommend that the Chinese population is screened 
annually for gallstone disease, regardless of whether or 
not they have been diagnosed with gallstone disease in 
the past.
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INTRODUCTION
Gallstone disease (GSD) is a common gastrointestinal 
disease, and > 14% of adults are affected by this 
disorder[1,2]. In the United States, the direct and 
indirect economic cost of treating GSD patients has 
been estimated at USD 16 billion annually, and GSD 
annually accounts for > 800000 hospitalizations[3,4]. 
Cholecystectomy is considered to be a safe treatment 
of choice for symptomatic GSD patients[2,5]. Never­
theless, depending on the clinical manifestations of 
the disease and changes in symptoms over time, 
expectant management might also present a valid 
therapeutic approach for certain GSD patients[2]. From 
the clinical viewpoint, early detection of the disorder 
through regular ultrasound sonography screening, 
followed by appropriate treatment regime, could avert 
the need for cholecystectomy.

Laparoscopic cholecystectomy is widely accepted 
in developed countries as the first line of treatment for 
uncomplicated GSD. Up to 80% of cholecystectomies 
are laparoscopies in such countries[6,7], which are 
relatively safe (mortality is < 0.2% and morbidity 
< 5.0%) and are highly acceptable to both patients 
and physicians[2,8]. In addition, previous study also 
indicated that laparoscopic cholecystectomy is 
associated with a significantly shorter hospital stay 
and quicker convalescence compared with open 
cholecystectomy[2].

GSD is an important health problem, therefore, 
it is matched to the Wilson criteria for routine 
screening. This means that the disease natural course 
should be understood; a recognizable latent or early 
symptomatic stage; a clinical test is easy to perform 
and interpret, reliable, accurate, acceptable, sensitive 
and specific; an accepted treatment recognized for 
the disease; it is more effective if treatment is started 

early; a policy on who should be treated; diagnosis 
and treatment are cost-effective; and case-finding 
should be a continuous process. The costs of screening 
programs and early treatment for GSD might be offset 
by these benefits if the early treatment was known 
to reduce the incidence of the disease or slow its 
progression and reduce the need for cholecystectomy. 
However, relevant cost analyses did not consider the 
natural history of GSD, and therefore, might have 
provided inaccurate estimations. The unique medical 
environment of Taiwan requires careful analysis of 
the costs and benefits before firm conclusions can 
be drawn and standards set. Our previous study 
indicated that compared with the control group, 
routine screening strategies for GSD reduced the 
necessity of cholecystectomy by approximately the 
following amounts: annual screening 82.9% 95%CI: 
75.7%-90.4%); biennial screening 71.6% (95%CI: 
57.0%-88.8%); 3-year screening 64.8% (95%CI: 
46.1%-81.5%); 4-year screening 49.6% (95%CI: 
23.9%-75.3%); and 5-year screening 32.1% (95%CI: 
-2.8%-66.7%)[9]. In this study, we further investigated 
whether a routine ultrasound sonography screening 
program is a cost-effective strategy for managing GSD 
in the Chinese population in Taiwan.

MATERIALS AND METHODS
Data source and collection
We recruited a study cohort to evaluate the economic 
implications of GSD screening in Taipei, Taiwan. The 
initial study cohort comprised 2386 healthy adults 
(1235 men and 1151 women) who were voluntarily 
admitted to a regional teaching hospital in Northern 
Taiwan to receive a physical check-up. The study was 
initially conducted between January and December 
2002. Annual follow-up screenings for GSD continued 
until December 31, 2007. We analyzed information on 
patients who received at least two GSD screenings.

One thousand and seven (42.2%) patients in the 
original study group failed to complete the entire 
assessment series. Participants who were lost to follow-
up during the 5-year period showed the following 
characteristics compared to those who remained: more 
advanced age (50.2 ± 10.8 years vs 45.0 ± 9.9 years, 
P < 0.0001), higher systolic blood pressure [(SBP); 
127.9 ± 21.0 mmHg vs 120.7 ± 19.1 mmHg, P < 
0.0001)], and higher fasting plasma glucose (102.6 ± 
25.1 mg/dl vs 95.2 ± 24.0 mg/dl, P < 0.0001). All 
study procedures were performed in accordance with 
the guidelines of our Institutional Ethics Committee and 
adhered to the tenets of the Declaration of Helsinki. 
The data from all participants remained anonymous. 
Access to personal demographic and medical records 
was approved by the Human Subjects Review Board at 
Cheng-Hsin General Hospital, Taipei, Taiwan.

Diagnosis of GSD
In the present study, GSD was diagnosed by a panel 
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of specialists using real-time ultrasound sonography 
(nemio SSA-550A; Toshiba, Japan). The abdominal 
region of the patients was examined after they had 
fasted for ≥ 8 h, and sonography was used to identify 
movable hyperechoic foci with acoustic shadows. The 
diagnosis of GSD was classified as follows: single 
gallbladder stone; multiple gallbladder stones; and 
gallstones requiring cholecystectomy. Gallbladder 
polyps were not included. The study cases were 
identified among all types of GSD patients[10]. 

To determine consistent criteria for the diagnosis 
of GSD, the κ statistic was further used to evaluate 
the inter-observer reliability among various medical 
specialists. A pilot study was performed using the data 
of 100 randomly selected healthy participants; none of 
our patients were included in this stage. The κ value 
of the inter-observer reliability for the diagnosis of 
GSD among the medical specialists was 0.79 (95%CI: 
0.61-0.95)[10].

Economic evaluation of screening for GSD
Markov decision model of screening for GSD: 
Decision tree analysis is a statistical technique used 
for selecting an optimal decision rule. A study problem 
is formulated in a tree-structured format, including 
the decision node (□ ), chance node (〇 ), and 
value node (△ ). An expected value for each node is 
calculated, and the best decision is selected based on 
the expected values[11]. The economic evaluation tool 
in this study used to assess the GSD screening was 

on the basis of TreeAge software (DATA 3.5, Tree-Age, 
Inc., Williamstown, MA, United States) for medical 
decision analyses. This software uses the influence 
diagram approach and tree structure.

As Figure 1 shows, a decision analysis using the 
Markov Decision Model was constructed to compare 
various screening regimens for GSD with no screening 
group. The assumption of the no-screening group 
was that except for GSD screening, patients still 
received routine medical care until they received a 
cholecystectomy. According to stochastic process 
theory, the Markov Chain Model is determined by both 
the initial state and the transition matrix. This model 
starts with the decision to screen or not to screen a 
patient, and the overall expected value is based on 
the expected values of the end nodes rather than all 
nodes. As Circle A shows in figure 1, four states of the 
natural history of GSD are possible for each decision, 
that is, no GSD, single stone, multiple stones, and 
requiring cholecystectomy. The initial state distribution 
is based on the results of this study. Transition 
probabilities from one state to another, representing 
the natural course of GSD, were derived by our 
previous empirical estimation. In addition, the Circle B 
indicated that the same disease process with Markov 
property between the screening and non-screening 
groups. For each scenario, the expected probability 
based on participants’ aggregate experiences, using 
data accumulated for each stage during the 10-year 
follow-up were calculated.
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Figure 1  Markov Decision Model for two options, that is, screening and non-screening for gallstone disease. GSD: Gallstone disease.
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by subtracting this number from 1.0, that is, the utility 
value = 1.0 - (time traded/time of remaining life)[12,13]. 
The CUA approach was then used to compare the cost 
per quality-adjusted life-year (QALY) gained between 
the screened and non-screened groups. 

Sensitivity analysis and discount rate: One-way 
sensitivity analyses were conducted on individual 
estimates to assess the effect of screening for GSD 
on costs, effectiveness, and utility. To account for 
time preference (i.e., receiving a benefit earlier and 
incurring the cost later) we discounted all costs and 
benefits to the present value at 5% annually.

RESULTS
Table 1 shows the annual direct and indirect cost 
of GSD screening in the decision analysis. Direct 
costs included the cost of screening (NTD 1382), 
regular clinical fees (NTD 509), cost of laparoscopic 
cholecystectomy (NTD 11710), and cost of hospi­
talization and others (NTD 26825). The total annual 
direct costs are estimated as NTD 40426. Indirect 
costs represent the loss of productivity attributable 
to the patient’s disease state, and were estimated at 
NTD 635670 using the gross domestic product (GDP) 
for 2011 in Taiwan. The utility value for no GSD, single 
stone, multiple stones, and cholecystectomy was 
0.92 ± 0.10, 0.90 ± 0.12, 0.89 ± 0.19, and 0.88 ± 
0.08, respectively. In addition, the annual transition 
probabilities from each stage to the next stage were as 
follows: no GSD to single stone, 5.05%; single stone 
to multiple stones, 10.00%; and multiple stones to 
cholecystectomy, 13.76%[9].

Table 2 shows the results of CEA for various GSD 
screening programs during the 10-year follow-up. 
Annual screening incurred the lowest cost and yielded 
the greatest effectiveness. The cost per life-year 
gained (average cost-effectiveness ratio) for annual 
screening, biennial screening, 3-year screening, 4-year 
screening, 5-year screening, and control (no-screening) 
was NTD 39076, NTD 58059, NTD 72168, NTD 
104488, NTD 126941, and NTD 197473, respectively. 
Compared with the non-screened group, the screened 
groups showed greater effectiveness and lower costs. 
In other words, any screening program was more cost-
effective than no program.

Table 2 also shows the results after adjusting 
for utility. Annual screening provided the highest 
QALY combined with the lowest cost. The cost per 
QALY gained of annual screening, biennial screening, 
3-year, 4-year, and 5-year screenings, and for the 
no screening was NTD 40725, NTD 64868, NTD 
84532, NTD 110962, NTD 142053, and NTD 202979, 
respectively. Compared with not screening, routine 
screening provided greater effectiveness at a lower 
economic cost. Any screening program was more cost-
effective than no program at all.

Table 3 shows the sensitivity analysis of CEA and 

Cost estimation: Both the direct and indirect costs 
both were analyzed. Direct costs included the cost of 
GSD screening, cost of regular clinical fees, and further 
treatment costs. For indirect costs, we included only 
the loss of productivity for the patient because of time 
off work for treatment. Due to the fact that participants 
were not accompanied every time by an attendant, 
the cost of an attendant was not considered. The 
average time off work for treatment was estimated by 
the specialists. All costs are expressed in new Taiwan 
dollars (NTD).

Cost-effectiveness analysis (CEA) and cost-
utility analysis (CUA): We conducted a CEA to 
compare the cost per life-year gained by the screened 
patients relative to the non-screened group. To adjust 
for quality of life, a series of utility scores was assigned 
based on the CUA, as follows: no GSD, single stone, 
multiple stones, and requiring cholecystectomy. The 
time trade-off method was used to evaluate the 
utility value according to a standard procedure with 
modification[12]. A scenario was described to the 
participants as follows: “Imagine a situation in which 
you could live for 10 years with your current health 
status. Now imagine you were given the opportunity 
to restore your health status to perfect health. This 
opportunity could increase your quality of life, but 
would also decrease your chance of survival. What is 
the maximum number of years you would be willing 
to forgo so that you could receive this opportunity and 
have the best health for the remainder of your life?”

Then the utility value was calculated as follows: 
the number of years a patient was willing to trade 
in return for improving one’s health, divided by the 
estimated number of years of remaining life, followed 
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Table 1  Cost assumptions, util ity value, transition 
probabilities in decision analysis of screening for gallstone 
disease

Parameter Value

Annual direct cost (NTd)
   Screening cost1     1382
   Regular clinics fee2       509
   Laparoscopic cholecystectomy   11710
   Hospitalizations and others   26825
   Total   40426
Annual indirect cost (NTd)
   Gross domestic product 635670
Utility (quality of life) value 
   No GSD 0.92 ± 0.10
   Single stone 0.90 ± 0.12
   Multiple stones 0.89 ± 0.19
   Cholecystectomy 0.88 ± 0.08
Annual transition probability (%)[9]

   No GSD → Single stone   5.05
   Single stone → Multiple stones 10.00
   Multiple stones → Cholecystectomy 13.76

1Screening cost includes clinician’s fee, ultrasound examination, SMA-12 
test, and manpower cost; 2Regular clinics fee includes clinician’s fee and 
pharmacist’s fee. GSD: Gallstone disease; NTD: New Taiwan dollars. 
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CUA for various GSD screening regimes. The threshold 
values showed that screening programs were highly 
sensitive to costs within a plausible range. Compared 
to no screening, the threshold of CEA in annual 
screening, biennial screening, 3-yearly screening, 
4-yearly screening, and 5-yearly screening was NTD 
41630, NTD 38771, NTD 36048, NTD 32186, and NTD 
29063, respectively. The screening cost threshold of 
CUA also decreased with increasing screening interval. 
For indirect cost and percentage of cholecystectomy, 
any screening program was more cost-effective than 
no program.

DISCUSSION
The well-known factors related to GSD include type 
2 diabetes, obesity, and metabolic syndrome[14-19]. 
The presence of metabolic syndrome as an insulin 
resistance phenotype is related to increased morbidity 
in GSD[19,20]. A previous study showed that both 
asymptomatic and symptomatic GSD patients 
displayed a benign natural history. The majority of 

patients with severe or mild symptoms no longer 
experienced biliary pain during follow-up, and the 
rate of symptom development in asymptomatic 
patients was low[2]. However, participants with GSD 
showed increased rates of cardiovascular disease, 
cancer, and all-cause mortality compared with no 
GSD. This relationship was found among patients 
in the United States who were either diagnosed 
with GSD after an ultrasound scan, or who had 
received a cholecystectomy. The association was 
largely unexplained by multiple demographic and 
cardiovascular disease risk factors in this population[21]. 
One case-control study in Sweden revealed that more 
than twice as many young women who had died of 
cancer had received a cholecystectomy than women 
who had died from other causes[22]. Another study 
that used a progressive disease model to describe the 
natural history of GSD reported that the estimated 
mean duration for the stages of no GSD, single 
stone, and multiple stones was 18.18 years, 8.77 
years, and 6.76 years, respectively[9]. Based on these 
findings, if we assume that no patients progressed 
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Table 2  Cost-effectiveness analysis and cost-utility analysis for different screening programs for gallstone disease during 10 years 
follow-up

Screening strategy Cost (NTD) Effectiveness 
(life-years gained)

Cost/effectiveness 
(NTD)

ICER (compared to 
control group)

Utility 
(QALY)

Cost/
utility(NTD)

ICUR (compared to 
control group)

Annual 199856 5.1146   39076 Dominate1 4.9075   40725 Dominate1

Biennial 215231 3.7071   58059 Dominate1 3.3180   64868 Dominate1

3-yearly 253908 3.5183   72168 Dominate1 3.0037   84532 Dominate1

4-yearly 331477 3.1724 104488 Dominate1 2.9873 110962 Dominate1

5-yearly 368002 2.8990 126941 Dominate1 2.5906 142053 Dominate1

Control group 508117 2.5731 197473 - 2.5033 202979 -

1Any screening program was more cost-effective than no program. ICER: Incremental cost-effectiveness ratio; ICUR: Incremental cost-utility ratio; NTD: 
New Taiwan dollars; QALY: Quality-adjusted life-year.

Table 3  Sensitivity analysis of cost-effectiveness analysis and cost-utility analysis of different screening programs for Gallstone 
disease

Variable Base case Range Threshold of CEA Threshold of CUA

Annual screening
   Screening cost (NTD) 1382   1000-50000 41630 40082
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

Biennial screening
   Screening cost (NTD) 1382   1000-50000 38771 37250
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

3-yr screening
   Screening cost (NTD) 1382   1000-50000 36048 36003
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

4-yr screening
   Screening cost (NTD) 1382   1000-50000 32186 31952
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

5-yr screening
   Screening cost (NTD) 1382   1000-50000 29063 28579
   Indirect cost (NTD) 231834           0-635670 Dominate1 Dominate1

   Percentage of cholecystectomy 0.8 0.1-0.9 Dominate1 Dominate1

1Any screening program was more cost-effective than no program. CEA: Cost-effectiveness analysis; CUA: Cost-utility analysis; NTD: New Taiwan dollars.
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directly from having a single gallstone to receiving a 
cholecystectomy, the average time to progress from 
no GSD to requiring a cholecystectomy is about 33.7 
years for the general population. This slow progression 
indicates that clinicians should be able to detect single 
or multiple stones at an early stage, and thus, reduce 
GSD-related mortality.

Currently, it is under discussion if cholecystectomy is 
suggested for patients with asymptomatic GSD. However, 
in symptom-free patients, it is generally conceived that 
surgical procedures are not recommended[23].

Evidence-based studies have suggested that 
screening for and treating GSD is extremely cost-
effective. In Chile, a screening program for GSD in a 
high-risk population achieved significant benefits at low 
incremental costs and acceptable cost-effectiveness. 
The incremental cost-effectiveness ratios were as 
follows: universal screening and elective intervention, 
NTD 180; high-risk intervention, NTD 147; and 
selective screening strategy, NTD 481[24]. Considering 
both cost and efficacy, prevention programs that 
screened for GSD resulted in substantial federal budget 
savings combined with highly cost-effective health 
care. In the present study, the CEA and CUA showed 
that annual GSD screening was the most effective 
and efficient screening schedule. Thus, the safest and 
most aggressive approach to preventing GSD should 
include annual screening. In addition, professionals 
responsible for establishing standards for the quality 
of health care must consider the marginal benefit of 
frequent ultrasound sonography examinations. 

Economic evaluations are commonly criticized by 
decision makers for ignoring budgetary constraints, 
which are of prime concern to decision makers. 
Stakeholders might encounter financial difficulties 
if they adopt too many cost-effective interventions 
in which the affordability of a program depends on 
the overall volume of patients[2,25]. From a clinical 
perspective, the annual cost of screening for GSD 
(including clinician fees and ultrasound examinations) 
is relatively low per patient at USD 29.35 or NTD 882. 
Our results showed that an annual screening regimen 
could offer greater cost-effectiveness than any longer 
screening intervals. However, long-term follow-up 
might be affected by difficulties in maintaining contact 
with patients; such patients might be unlikely to 
remember to schedule an examination after several 
years have passed.

The use of primary data and the calculation of 
both direct and indirect costs allowed us to estimate 
the true benefit of GSD screening more accurately 
than in previous studies. Nonetheless, this study 
was subject to certain limitations. First, we did not 
explicitly consider the sensitivity and specificity of 
the GSD screening. A greater understanding of GSD 
from the asymptomatic to the symptomatic stage 
and the ideal conditions for screening would help 
to determine the optimal frequency of sonography 
check-ups and the sensitivity and specificity of this 

screening tool. Second, although the κ value for 
inter-observer reliability appeared adequate[26], non-
differential misclassification-bias identification might 
have influenced the results. Third, potential self-
selection bias might have occurred because our study 
design was hospital-based and the follow-up rate was 
relatively low (57.8%). This is more likely caused 
by non-respondents with older ages and severe SBP 
and fasting plasma glucose than participants, that 
is, of it not being exactly representative of the whole 
general population. Fourth, because laparoscopic 
cholecystectomy is not performed routinely for GSD 
(only polyp > 1 cm), further studies will be needed to 
explore cholecystectomy (this study recommended it 
only in cases with multiple stones): such as patients 
with cholecystitis who required cholecystectomy with 
one stone or no stone. Finally, our sample size was 
too small to estimate certain variables that would 
likely affect the optimal screening intervals for GSD. 
These variables include comorbidity (e.g., obesity or 
type 2 diabetes), influence of GSD development over 
time and among various age groups on the stage of 
disease, and the occurrence of complications. Further 
long-term studies should be conducted to clarify 
whether patients whose weight is well controlled, or 
those at an early stage of GSD, would benefit from the 
least frequent screening interval.

In conclusion, the results of our economic evaluation 
of GSD screening suggested that screening is 
worthwhile. We recommend that Chinese people are 
screened annually for GSD, regardless of whether or 
not they have been diagnosed with GSD in the past. 

COMMENTS
Background
Gallstone disease (GSD) is an important health problem, therefore, it is 
matched to the Wilson criteria for routine screening. The authors investigated 
whether a routine ultrasound sonography screening program is a cost-effective 
strategy for managing GSD in the Chinese population in Taiwan.
Research frontiers
The costs of screening programs and early treatment for GSD might be offset 
by these benefits if early treatment reduces the incidence of the disease or 
slows its progression and reduces the need for cholecystectomy.
Innovations and breakthroughs
Longer time intervals in screening for GSD were associated with reduced 
efficacy and utility of screening and with increased cost. The cost per life-
year gained (average cost-effectiveness ratio) for annual screening, biennial 
screening, 3-year screening, 4-year screening, 5-year screening, and no-
screening was NTD 39076, NTD 58059, NTD 72168, NTD 104488, NTD 
126941, and NTD 197473, respectively (P < 0.05). The cost per quality-adjusted 
life-year (QALY) gained by annual screening, NTD 40725; biennial screening, 
NTD 64868; 3-year screening, NTD 84532; 4-year screening, NTD 110962; 
5-year screening, NTD 142053; and for the control group, NTD 202979 (P < 
0.05). The threshold values indicated that the ultrasound sonography screening 
programs were highly sensitive to screening costs in a plausible range.
Applications
The results of the present economic evaluation of GSD screening suggested 
that screening is worthwhile. The authors recommend that Chinese people 
are screened annually for GSD, regardless of whether or not they have been 
diagnosed with it in the past.

3342 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

 COMMENTS

Shen HJ et al . Evaluation of gallstone screening



Terminology
Considering both cost and efficacy, prevention programs that screened for 
GSD resulted in substantial federal budget savings combined with highly cost-
effective health care. In this study, the cost-effectiveness analysis and cost-
utility analysis showed that annual GSD screening was the most effective and 
efficient screening schedule. Thus, the safest and most aggressive approach to 
preventing GSD should include annual screening.
Peer-review
This manuscript purports to show that there are economic and medical benefits 
from ultrasound screening for gallstones. Using a Markov Decision model they 
calculated QALY gained by different screening regimens. The authors can 
clarify if the patients were accompanied every time by an attendant. If yes, then 
cost and wages lost of the attendant has to also be taken into consideration. Or 
else the authors can state that attendant was not required.
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