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Are we over-intervening?
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Backgrounds/Aims: To investigate if the increase in the number of cholecystectomies is proportional to symptomatic gallbladder-as-
sociated hospital admissions in Australia and Aotearoa New Zealand (NZ).

Methods: National healthcare registries were used to obtain data on all episodes of cholecystectomies and hospital admissions for pa-
tients 2 15 years from public and private hospitals.

Results: Between 2004 and 2019, in Australia, there have been 1,074,747 hospital admissions and 779,917 cholecystectomies, 715,462
(91.7%) of which were laparoscopic, and 163,084 admissions and 98,294 cholecystectomies in NZ. The 15-54 years age group saw an
increase in operative rates, +4.0% in Australia and +6.6% in NZ, and admissions, +3.7% and +5.8%, respectively. Hospital admissions
decreased by -9.8% in Australia but the proportion of patients undergoing intervention increased by 10.8% (from 67.1% to 75.0% of
hospital admissions). Procedural rates increased by +7.3% in NZ with no change in the intervention rate.

Conclusions: In Australia, there has been a decline in symptomatic gallbladder-associated hospital admissions and a rise in interven-
tion rate. Admissions and interventions have increased proportionally in NZ. There are higher rates of cholecystectomy and admission
amongst younger demographics, compared to historical cohorts. Future research should focus on identifying risk factors for increased

disease and operative rates amongst younger populations.
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INTRODUCTION

Gallbladder disease disproportionately affects western na-
tions [1] and accounts for a large proportion of healthcare bur-
den and expenditure in these countries. In Australia, approxi-

Received: January 24, 2022, Revised: March 11, 2022,
Accepted: March 17,2022

Corresponding author: Taha Mollah, MBBS

Department of Surgery, St. Vincent’s Hospital Melbourne, 41 Victoria Parade,
Fitzroy, 3065, VIC, Australia

Tel: +61-3-9231-2311, Fax: +61-3-9231-3399, E-mail: taha.mollah@svha.org.au
ORCID: https://orcid.org/0000-0003-3338-9633

Copyright © The Korean Association of Hepato-Biliary-Pancreatic Surgery
@ ® )| This is an Open Access article distributed under the terms of the Creative Commons Attri-
YATM bution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
work is properly cited.

mately A$320 million was spent on gallbladder disease in 2019
alone [2]. Whilst the rates of laparoscopic cholecystectomy (LC)
markedly increased soon after its introduction in Australia [3-
5] and Aotearoa New Zealand (NZ) in 1990 [6] and 1991 [7]
respectively, so far, there is no contemporary literature on this
increase in respect to gallbladder-associated disease. Similarly,
whilst there is a reported increase in cholecystectomy rates in-
ternationally [8-11], currently, there is no recent literature that
has explored this in relation to the epidemiology of symptom-
atic gallbladder disease.

The operative and diagnostic incidence of symptomatic gall-
bladder disease also appear dichotomous in Australia and NZ.
These two nations account for 71% of the total Oceanic popu-
lation and share similar population characteristics in regards
to age structure, presence of large minority indigenous popu-
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lations (Aboriginal and Torres Strait Islanders [ATSI] in Aus-
tralia and Maori in NZ), body mass index (BMI) distributions,
and universal healthcare coverage [12,13].

In this study, we aimed to describe the temporal trends in
cholecystectomy and gallbladder-associated disease rates across
Australia and NZ at a population level by analyzing data from
public registry databases. We hypothesized that operative rates
may have exceeded disease rates disproportionately over time.
This study would be useful for both the surgeon to understand
contemporary operative and admission trends, and provide
the public healthcare practitioner with a snapshot of the at-risk
populations for a disease with a significant healthcare burden.
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MATERIALS AND METHODS

We obtained data from national healthcare registries in Aus-
tralia (Australian Institute of Health and Welfare [AIHW] [14])
and NZ (Ministry of Health New Zealand [MHNZ] [15]). We
examined the incidence of cholecystectomy and symptomatic,
benign, gallbladder-associated hospital admissions in Australia
and NZ. The study included patients > 15 years in both public
and private healthcare institutions, from 2004 to 2019. While
we aimed to include only adults (i.e., > 18 years) patients, this
was not possible due to the nature of healthcare episodes- and
population reporting at five-year intervals.

International Classification of Disease (tenth edition) (ICD-
10) diagnostic codes (Supplementary Table 1) were used to de-
termine the rates of gallbladder-associated hospital admissions.
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Fig. 1. Hospital admissions due to gallbladder-associated disease in Australia and New Zealand per 100,000 age-standardized population > 15 years old.
(A) Combined gallbladder-associated admissions (ICD-10 Code K80 + K81 + K82), (B) cholelithiasis (ICD-10 Code K80), (C) cholecystitis (ICD-10 Code K81),
and (D) other diseases of the gallbladder (ICD-10 Code K82) including New Zealand public and private sector data.
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This included cholelithiasis (K80), cholecystitis (K81), and
other diseases of the gallbladder (K82). K82 was analyzed sep-
arately due to suspected inconsistency in the NZ private sector.
Biliary acute pancreatitis (K85.1) was excluded from analysis as
NZ databases reported only ‘3-digit’ ICD-10 codes rather than
‘4-digit’ codes. Total cholecystectomies were reported by both
the ATHW and MHNZ but ‘open’ or ‘laparoscopic’ differen-
tiation was only reported by the ATHW. ATHW reported data
from private and public hospitals collectively and not separate-
ly, unlike the MHNZ. Intervention rate was calculated by com-
paring the number of admissions with that of cholecystecto-
mies providing a crude estimate of the percentage of admitted
patients undergoing intervention.

Statistical analysis

Annual population estimates by sex and age were obtained
from the Australian Bureau of Statistics [16] and Statistics New
Zealand [17]. Patients were separated into eight age brackets
(15-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and = 85
years) to calculate direct age-standardized rates (ASRs) [18] per
100,000 persons using the 2001 population as the standard. In-
cidence is reported as per 100,000 age-standardized population
215 years old. To assess statistical significance for changing
trends (increase, decrease, or stable) we utilized joinpoint re-
gression analysis [19]. Significance was defined as a p-value <
0.05. Statistical analysis was completed using GraphPad Prism
v8.4 (GraphPad Software Inc., San Diego, CA, USA) and Join-
point Trend Analysis Software v4.9 (Statistical Research and
Applications Branch; National Cancer Institute, Bethesda, MD,
USA).
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RESULTS

Over 15 years (2004-2019) in Australia, there were 1,074,747
hospital admissions from symptomatic gallbladder-associat-
ed disease and 779,917 cholecystectomies, 715,462 (91.7%) of
which were laparoscopic. Over the same time period, there
were 163,084 admissions and 98,294 cholecystectomies in NZ.
On a 15-year average, this equated to 197 cholecystectomies per
100,000 population in Australia compared to 118 per 100,000
in NZ. The estimated overall intervention rate of all gallblad-
der-associated admissions on a 15-year average in Australia
was 72.6%, versus 60.3% in NZ.

Hospital admissions and cholecystectomy rates are presented
in Supplementary Table 2. Over the last 15 years, symptomatic
gallbladder admissions have decreased by -9.8% in Australia
and risen by +7.3% in NZ (Fig. 1A). Cholelithiasis has remained
the most common gallbladder-associated complaint in Austra-
lia and NZ, accounting for 931,300 (86.7%) of all admissions in
Australia, and 127,774 (78.5%) in NZ. In Australia, there was
an initial increase in cholelithiasis admissions between 2007
and 2011 before a steady decline, an overall -6.6% reduction
between 2004 and 2019 (p < 0.001). Conversely, during the
same period, rates increased by +9.7% in NZ (p < 0.001) (Fig.
1B). Cholecystitis was the second most prevalent diagnosis,
representing 134,542 (12.5%) of admissions in Australia and
16,164 (10.0%) in NZ. Incidence declined markedly by -28.2%
in Australia (p < 0.001) but rose by +21.4% (p = 0.39) in NZ.
The rise in NZ was not statistically significant, suggesting
that cholecystitis rates have remained stable (Fig. 1C). Females
made up 67.5% of hospital admissions in Australia and 67.9%
in NZ, on average, although this has slightly declined over time
(Fig. 2A). In Australia, the largest decline was observed in fe-
males with cholecystitis by -15.4% (p < 0.01).
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Fig. 2. The proportion of female patients being admitted or undergoing surgery in Australia and New Zealand. (A) Percentage of hospital admissions
due to cholelithiasis (ICD-10 Code K80) or cholecystitis (ICD-10 Code K81) for female patients, and (B) percentage of cholecystectomies for female

patients.
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ICD-10 code K82, ‘other diseases of the biliary tract’, ac-
counted for 0.83% of all hospital admissions in Australia until
2011 after which it was no longer recorded (except in 2018).
Conversely, K82 accounted for 11.5% of admissions in NZ
between 2004 and 2019. This variation arose primarily from
coding in the NZ private sector which accounted for 85.4% of
all K82 diagnoses in NZ (Fig. 1D). With NZ K82 private sec-
tor data excluded and only public sector data considered, K82
accounted for 1.9% of all hospital admissions in NZ (Australia
0.83%), cholelithiasis 87.1% (Australia 86.7%), and cholecystitis
11.0% (Australia 12.5%), more closely comparable to Austra-
lian data. Overall, K82 in the NZ public sector demonstrated
no statistically significant change however, there was a -2.4%
decline after 2006 in Australia (p = 0.028).

Despite a reduction in overall gallbladder-associated hospital
admissions in Australia, operative rates have remained stable,
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changing by +0.24% since 2004 (Fig. 3A). The estimated oper-
ative intervention (i.e., the proportion of all gallbladder-associ-
ated hospital admissions receiving intervention) has increased
from 67.7% to 75.0%, a 10.8% increase (Fig. 3B), over the last 15
years. Operative rates have steadily risen in NZ, by +6.8% (Fig.
3A), but the intervention rate has remained stable from 60.2%
to 59.9%, a —0.30% change. Notably, in Australia, open chole-
cystectomies constituted 7.9% of procedures in 2004 and has
since shrunk to 3.9% (Fig. 3D) with laparoscopic procedures
in 2019 now making up 96.1% (Fig. 3C) of all procedures. On
average, females made up 69.4% of cholecystectomies in Aus-
tralia and 68.9% in NZ (Fig. 2B), slightly declining over time
(Australia -1.3%, NZ -4.6%).

In both nations, the age demographic over the study period
skewed towards younger patients undergoing hospital admis-
sion and subsequent surgical intervention when compared to

(o]

Intervention rate .
—e— Australia

80 - —=— New Zealand
S
® 75
S
2
£ 70
©
[}
© 65
G
<
g 60'-\‘\1———./.__-\‘\'_/\'\/\'/.
[0
o
55 T T T T T T T T T T T T T T 1
OO A& DO O NN L0 oA DO
Q" O " L N NY AN N N N7 NP N NP N
PO D PR P P DD DD
¥ NS SN o WG G A
P S PP IO O JV I8 f¥ g8 38 [ 38
D e i N A A

w]

Open cholecystectomy (Australia)

25 - --+- Female
—=— Male + Female

Age-standardized rate (per 100,000)

54 \‘—--0———0-—‘..__.__.
0 T T T T T T T T T T T T T T 1
H O A QO O NIV D ™ v oA WO
FPFEFI RO OB 0N RS
DD DR PP DR DD
FFPF PP ISR BB 6L
PR PP PR P PR PP PP PP

Fig. 3. All public and private inpatient cholecystectomy procedures per 100,000 age-standardised population = 15 years old. (A) Combined procedure
rates in Australia and New Zealand, (B) proportion of admitted patients undergoing intervention, i.e., “intervention rate” for ICD-10 Code K80, K81, and

Australian cholecystectomy rates by laparoscopic (C) and open procedures (D).
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Fig. 4. Age demographics of patients per 100,000 age-standardized population > 15 years old amongst two cohorts (2004-2005 and 2018-2019). (A)
Admitted to hospital with gallbladder-associated disease (ICD-10 Code K80-82) and (B) undergoing cholecystectomy.

cohorts from 2004. Compared to this cohort, hospital admis-
sions increased in the 15-54 years age group (+3.7% in Aus-
tralia and +5.8% in NZ) and dropped in the 55-85 years age
group (-4.1% in Australia, -5.9% in NZ). Both countries also
demonstrated a slight increase in admissions amongst patients
> 85 years (+0.8% in Australia, +0.3% in NZ; Fig. 4A) over the
15-years study period. Operative rates in the 15-54 years age
group also saw an increase (+4.0% in Australia and +6.6% in
NZ) with a compensatory -3.0% drop in the 65-74 years age
group in both countries (Fig. 4B).

DISCUSSION

Our study has provided a temporal snapshot of the incidence
of gallbladder-associated hospital admissions and cholecys-
tectomy rates across Australia and NZ over the last 15 years.
In particular, it has identified that whilst Australian gallblad-
der-associated hospital admissions have declined by 9.8% over
the last 15 years, the proportion of patients undergoing inter-
vention has increased by 10.8%. This is a trend that was not
mirrored in NZ, which comparatively saw a 7.3% increase in
hospital admissions with a proportional rise in the number of
procedures, and a subsequent steady rise in intervention rate.
Pertinently, the estimated operative rates in Australia were
almost one-third higher compared to NZ (197 versus 118 per
100,000 population). Also of note is the progressive rise in the
number of admissions and interventions in the younger age
groups (15-54 years) in both Australia and NZ over the last 15
years.

The current study has identified a rise in the intervention
rate in Australia, 67.7% to 75.0% of admissions between 2004
and 2019. It has long been established that cholecystectomy
rates increased after the introduction of the LC [8-11] but it is

not yet clear if this increase was proportional to disease rates.
This raises the question of whether we are over-intervening in
Australia. Whilst this may be the case, the intervention rate
reported in this study is only an estimate and is limited by the
inability to link episodes of hospital admissions to an operative
outcome using our databases. Further, it is probable, although
not recently studied, that over time, there has been a prefer-
ential shift from inpatient to outpatient ambulatory cholecys-
tectomy, particularly after ambulatory LC was first audited
in Australia in 2001 [20]. Studies from the United States [21]
and the United Kingdom [22] have suggested that the rate of
ambulatory LC is between 79%-87% of all cholecystectomies.
A growing model of outpatient care [23] may also be reflected
in the overall drop in gallbladder-associated hospital admis-
sions observed in our study in Australia over the last 15 years.
Patient admissions due to both cholelithiasis and cholecystitis
saw a significant decrease in Australia, whilst both have risen
in NZ. The approximate 7% rise in admissions and interven-
tion in NZ, without a change in the estimated intervention
rate, could reflect practice differences between the two nations.
What needs to be explored is whether shifting demographics
and risk factors may explain these results, as we also observed
a progressively younger population being admitted and under-
going an operation in both nations in our study.

In both Australia and NZ, there has been an observed in-
crease in cholecystectomies and symptomatic gallbladder
disease in the 15-54 years age group, with a resultant drop in
the 55-85 years age groups. This may be related to the modern
pervasiveness of stone risk factors such as obesity, lithogenic
diet, metabolic syndrome, computed tomography scanning
becoming ever-more commonplace, and improved hospital
access [24] for those with symptomatic disease. Pertinently,
obesity, a known risk factor for gallstones, has been increasing
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among younger Australians since 1995 [25] and in NZ since
at least 2004 [26]. The proportion of Australians considered
‘overweight or obese’ defined as a BMI > 25 kg/m” has in-
creased from 59.8% in 2000-2001 to 67.0% in 2017-2018 [27].
NZ has reported 34.3% of its overall population, and 50.8% of
the Maori population, as obese [28]. This does not establish
causality but associations between high rates of cholelithiasis
and obesity have been reported in populations similar to those
in our study [29]. A strong association between metabolically
abnormal obesity and metabolic syndrome with the formation
of gallstones has also been suggested [30]. Early-onset type 2
diabetes mellitus (T2DM) has increased in the Australian pop-
ulation from 3.3% to 4.4% over the 15-year study period [31].
In NZ, approximately 5% of the total population had T2DM
with prevalence two to three times higher in adults aged 25-39
years of Maori descent [32]. Similarly, T2DM prevalence was
2.9 times higher amongst ATSI populations in Australia [31].
Despite the ATSI people only making up approximately 3% of
the Australian population and the Maori people approximately
14% of the NZ population, they both share higher mortality,
lower life expectancy, and higher rates of cancer (including
gallbladder cancer [33] amongst ATSI) than the remaining
population [34]. The Maori population also appears to be over-
represented in cholelithiasis and cholecystectomy in the pedi-
atric population [35]. Overall, surgical access continues to be a
challenge for these minority indigenous populations [36,37].

There is also a potential relationship between gallbladder
disease and high serum cholesterol levels. Previous literature
has established that females are more likely to develop choles-
terol gallstones than male, especially during their reproductive
years, with the difference largely attributable to oestrogen
increasing biliary cholesterol secretion [38]. Over our study
period, the proportion of females who were admitted and had
surgery remained consistently higher than that of males (be-
tween 67%-70%), despite a slight decline over time. In Austra-
lia, there is no clear evidence to suggest high serum cholesterol
levels amongst younger populations, and levels seems to be
stable since 2007, but it has been reported that obese adults are
more than twice as likely to have high cholesterol [26,39] and
similar findings have been reported in NZ [40]. Regardless, this
suggests that there may be a causal link that warrants further
investigation. The reduced cholelithiasis-related admissions
in the older population could also be linked to the fact that
cholesterol can be solubilized and replaced by calcium salts of
carbonate, phosphate or bilirubinate with age [41], potentially
resulting in less symptomatic disease. However, the chemical
composition of stones from Australian or NZ patients has not
been studied yet.

Of note was the high reporting of ‘K82, other diseases of
the gallbladder’ in the NZ private sector compared to the NZ
public sector, and Australian population. ‘K82’ diagnoses com-
prised 0.83% of all Australian admissions, compared to 11.5%
in NZ, 85% of which were from the private sector. In NZ, K82

https://doi.org/10.14701/ahbps.22-007

was first reported in 2003 where diagnoses remained relative-
ly consistent in the public sector, 1.9% per year (compared to
0.83% in Australia) but high in the private sector, 10% per year.
It is unclear why this is the case; we speculate that this differ-
ence may be due to disparities in compensation of K82 com-
pared to other codes, or intricacies related to private health in-
surance claims in NZ. The healthcare systems in Australia and
NZ are largely comparable with universal, public insurance for
basic healthcare coverage, and private insurance that can be
purchased by individuals as an add-on to public insurance [42].
Therefore, the reasons for these differences are speculative and
no definitive publication could be found to substantiate these
hypotheses. Simply, ICD-10 codes could be utilized differently
in the Australian and NZ institutions or reported differently
by the ATHW and MHNZ, in addition to procedural codes.
Although we were unable to report on private hospital rates
separately in our study, recent Australian data by Mui et al. [43]
has done so. They noted 120 procedures per 100,000 in 2019
in the Australian private sector which would account for ap-
proximately 43% of total Australian cholecystectomies in 2019,
compared to 23% in NZ. One possible reason for this difference
may stem from the steady increase in cholecystitis diagnoses
in NZ over time, which would presumably result in higher ad-
missions or referrals to public centers with better emergency
department access and acute level support. Further, the pro-
portion of individuals with private hospital cover is higher in
Australia, 46% compared to 33% [13] in NZ.

This study has provided the most recent and comprehensive
overview of trends in gallbladder disease and cholecystecto-
my rates in Australia and NZ. However, our study should be
considered in the context of the following limitations. We used
hospital admission data as a surrogate marker for incidence of
gallbladder disease which may under-report the overall, popu-
lation-level incidence. Furthermore, we were unable to formal-
ly assess risk factors known to influence gallbladder disease
including BMI, diabetes, serum cholesterol, smoking, ethnicity
including indigenous status, and socio-economic status. De-
spite these limitations, our study provides a valuable perspec-
tive on the state of gallbladder disease and cholecystectomy in
Australia and NZ, and lays a foundation for further epidemi-
ological study into this field where contemporary literature is
lacking. The use of the ATHW and MHNZ currently provides
the best available insight into disease rate and intervention at
a population level. The use of national databases in the assess-
ment of gallbladder disease and cholecystectomy rates has also
been previously validated in Australian [33], Canadian [9], and
English [44] studies.

In conclusion, over the last 15 years, there has been a decline
in gallbladder-associated hospital admissions in Australia and
a subsequent increase in estimated intervention rate. NZ has
seen a rise in both admissions and procedures with a stable
intervention rate. Pertinently, there has been a shift in both ad-
missions and interventions amongst the 15-54 years old, and
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whilst females continue to contribute to the majority of ad-
missions and interventions, this trend has been declining. The
shifting incidence amongst younger Australian and NZ popu-
lations warrants further epidemiological investigation. Future
research should focus on identifying risk factors contributing
to increased disease and operative interventions amongst
younger demographics.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at
https://doi.org/10.14701/ahbps.22-007.

FUNDING

None.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

ORCID

Taha Mollah, https://orcid.org/0000-0003-3338-9633
Harry Christie, https://orcid.org/0000-0001-6669-1324
Marc Chia, https://orcid.org/0000-0003-3776-3610
Prasenjit Modak, https://orcid.org/0000-0001-8065-2305
Kaushik Joshi, https://orcid.org/0000-0001-8343-9075
Trived Soni, https://orcid.org/0000-0002-5393-9180
Kirby R. Qin, https://orcid.org/0000-0001-5215-5985

AUTHOR CONTRIBUTIONS
Conceptualization: TM, KRQ. Data curation: TM, MC, HC.

Methodology: TM, KRQ. Visualization: TM. Writing - original
draft: TM. Writing - review & editing: All authors.

REFERENCES

—

. Stinton LM, Shaffer EA. Epidemiology of gallbladder disease:
cholelithiasis and cancer. Gut Liver 2012;6:172-187.

2. Disease expenditure in Australia 2018-19 [Internet]. Canberra: Aus-
tralian Institute of Health and Welfare 2021 [cited 2022 Mar 11].
Available from: https://www.aihw.gov.au/reports/health-welfare-ex-
penditure/disease-expenditure-australia/data-1.

. Rob MI, Corben P, Rushworth RL. The impact of new technology

W

on cholecystectomy rates in New South Wales. ] Qual Clin Pract
1998;18:263-274.

4. Hobbs MS, Mai Q, Fletcher DR, Ridout SC, Knuiman MW. Impact
of laparoscopic cholecystectomy on hospital utilization. ANZ J Surg
2004;74:222-228.

. Marshall D, Clark E, Hailey D. The impact of laparoscopic cholecys-

w

&

N

o]

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—

tectomy in Canada and Australia. Health Policy 1994;26:221-230.
Bailey RW, Imbembo AL, Zucker KA. Establishment of a laparoscop-
ic cholecystectomy training program. Am Surg 1991;57:231-236.
Windsor JA, Vokes DE. Early experience with minimally invasive
surgery: a New Zealand audit. Aust N Z ] Surg 1994;64:81-87.

. Pedersen G, Hoem D, Andrén-Sandberg A. Influence of laparoscopic

cholecystectomy on the prevalence of operations for gallstones in
Norway. Eur ] Surg 2002;168:464-469.

. Urbach DR, Stukel TA. Rate of elective cholecystectomy and the inci-

dence of severe gallstone disease. CMAJ 2005;172:1015-1019.

. Escarce JJ, Chen W, Schwartz JS. Falling cholecystectomy thresh-

olds since the introduction of laparoscopic cholecystectomy. JAMA
1995;273:1581-1585.

Lam CM, Murray FE, Cuschieri A. Increased cholecystectomy rate
after the introduction of laparoscopic cholecystectomy in Scotland.
Gut 1996;38:282-284.

Australian Bureau of Statistics. Population characteristics: pop-
ulations of Australia and New Zealand: a comparison [Internet].
Canberra: Australian Bureau of Statistics 2001 [cited 2021 Nov
29]. Available from: https://www.abs.gov.au/AUSSTATS/abs@.
nsf/2£762£95845417aeca25706c00834efa/e29b7c0ef9e294dcca2570e-
c000bf8f4!OpenDocument.

Mossialos E, Djordjevic A, Osborn R, Sarnak D. International pro-
files of Health Care Systems [Internet]. New York: The Common-
wealth Fund 2017 [cited 2021 Nov 29]. Available from: https://www.
commonwealthfund.org/publications/fund-reports/2017/may/inter-
national-profiles-health-care-systems.

Australian Institute of Health and Welfare. Our data collections
[Internet]. Canberra: Australian Institute of Health and Welfare 2021
[cited 2021 Nov 10]. Available from: https://www.aihw.gov.au/about-
our-data/our-data-collections.

Ministry of Health NZ. Hospital event data and stats [Internet]. Wel-
lington: Ministry of Health NZ 2021 [cited 2021 Nov 10]. Available
from: https://www.health.govt.nz/nz-health-statistics/health-statis-
tics-and-data-sets/hospital-event-data-and-stats.

Australian Bureau of Statistics. Population [Internet]. Canberra: Aus-
tralian Bureau of Statistics 2021 [cited 2021 Nov 27]. Available from:
https://www.abs.gov.au/statistics/people/population.

Stats NZ. Population [Internet]. Wellington: New Zealand Govern-
ment 2020 [cited 2021 Nov 27]. Available from: https://www.stats.
govt.nz/topics/population.

Government of Canada, Statistics Canada. Age-standardized Rates
[Internet]. Ottawa: Statistics Canada 2017 [cited 2021 Nov 10]. Avail-
able from: https://www.statcan.gc.ca/en/dai/btd/asr.

Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for
joinpoint regression with applications to cancer rates. Stat Med
2000;19:335-351. Erratum in: Stat Med 2001;20:655.

Fleming WR, Michell I, Douglas M. Audit of outpatient laparoscopic
cholecystectomy. Universities of Melbourne HPB Group. Aust N Z J
Surg 2000;70:423-427.

. Friedlander DF, Krimphove M], Cole AP, Marchese M, Lipsitz SR,

Weissman JS, et al. Where is the value in ambulatory versus inpatient
surgery? Ann Surg 2021;273:909-916.

www.ahbps.org


https://www.aihw.gov.au/reports/health-welfare-expenditure/disease-expenditure-australia/data-1
https://www.aihw.gov.au/reports/health-welfare-expenditure/disease-expenditure-australia/data-1
https://www.abs.gov.au/AUSSTATS/abs@.nsf/2f762f95845417aeca25706c00834efa/e29b7c0ef9e294dcca2570ec000bf8f4!OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/2f762f95845417aeca25706c00834efa/e29b7c0ef9e294dcca2570ec000bf8f4!OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/2f762f95845417aeca25706c00834efa/e29b7c0ef9e294dcca2570ec000bf8f4!OpenDocument
https://www.commonwealthfund.org/publications/fund-reports/2017/may/international-profiles-health-care-systems
https://www.commonwealthfund.org/publications/fund-reports/2017/may/international-profiles-health-care-systems
https://www.commonwealthfund.org/publications/fund-reports/2017/may/international-profiles-health-care-systems
https://www.aihw.gov.au/about-our-data/our-data-collections
https://www.aihw.gov.au/about-our-data/our-data-collections
https://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/hospital-event-data-and-stats
https://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/hospital-event-data-and-stats
https://www.abs.gov.au/statistics/people/population
https://www.stats.govt.nz/topics/population
https://www.stats.govt.nz/topics/population
https://www.statcan.gc.ca/en/dai/btd/asr

346

Taha Mollah, et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—

32.

33.

Sherigar JM, Irwin GW, Rathore MA, Khan A, Pillow K, Brown
MG. Ambulatory laparoscopic cholecystectomy outcomes. JSLS
2006;10:473-478.

Bellows CF, Berger DH, Crass RA. Management of gallstones. Am
Fam Physician 2005;72:637-642.

Chilimuri S, Gaduputi V, Tariq H, Nayudu S, Vakde T, Glandt M, et
al. Symptomatic gallstones in the young: changing trends of the gall-
stone disease-related hospitalization in the State of New York: 1996 -
2010.J Clin Med Res 2017;9:117-123.

Australian Institute of Health and Welfare. Overweight and obesity
[Internet]. Canberra: Australian Institute of Health and Welfare 2021
[cited 2021 Dec 9]. Available from: https://www.aihw.gov.au/reports/
australias-health/overweight-and-obesity.

Ministry of Health NZ. Annual update of key results 2016/17: New
Zealand Health Survey [Internet]. Wellington: Ministry of Health NZ
2017 [cited 2021 Dec 9]. Available from: https://www.health.govt.nz/
publication/annual-update-key-results-2016-17-new-zealand-health-
survey.

Cancer Council Victoria. Obesity trends in Australian adults [In-
ternet]. Victoria: Cancer Council 2021 [cited 2021 Jul 19]. Available
from: https://www.obesityevidencehub.org.au/collections/trends/
adults-australia.

Ministry of Health NZ. Obesity statistics [Internet]. Wellington:
Ministry of Health NZ 2021 [cited 2022 Mar 4]. Available from:
https://www.health.govt.nz/nz-health-statistics/health-statistics-
and-data-sets/obesity-statistics.

Bonfrate L, Wang DQ, Garruti G, Portincasa P. Obesity and the risk
and prognosis of gallstone disease and pancreatitis. Best Pract Res
Clin Gastroenterol 2014;28:623-635.

Su PY, Hsu YC, Cheng YF, Kor CT, Su WW. Strong association be-
tween metabolically-abnormal obesity and gallstone disease in adults
under 50years. BMC Gastroenterol 2019;19:117.

. Australian Institute of Health and Welfare. Diabetes [Internet]. Can-

berra: Australian Institute of Health and Welfare 2021 [cited 2022
Mar 4]. Available from: https://www.aihw.gov.au/reports/austra-
lias-health/diabetes.

Best Practice Advocacy Centre NZ. A rising tide of type 2 diabetes in
younger people: what can primary care do? [Internet]. Dunedin: The
bpacnz Team 2021 [cited 2022 Mar 4]. Available from: https://bpac.
org.nz/2021/diabetes-younger.aspx#fig2.

Mollah T, Chia M, Wang LC, Modak P, Qin KR. Epidemiological

https://doi.org/10.14701/ahbps.22-007

34.

35.

36.

3

38.

39.

40.

4

—_

42.

43.

44.

N

trends of gallbladder cancer in Australia between 1982 to 2018: a
population-based study utilizing the Australian Cancer Database.
Ann Hepatobiliary Pancreat Surg 2022. https://doi.org/10.14701/
ahbps.21-169. [in press]

Anderson I, Crengle S, Kamaka ML, Chen TH, Palafox N, Jack-
son-Pulver L. Indigenous health in Australia, New Zealand, and the
Pacific. Lancet 2006;367:1775-1785.

Campbell S, Richardson B, Mishra P, Wong M, Samarakkody U,
Beasley S, et al. Childhood cholecystectomy in New Zealand: a multi-
center national 10year perspective. ] Pediatr Surg 2016;51:264-267.
O’Brien P, Bunzli S, Lin I, Bessarab D, Coffin J, Dowsey MM, et al.
Addressing surgical inequity for Aboriginal and Torres Strait Island-
er people in Australia’s universal health care system: a call to action.
ANZ ] Surg 2021;91:238-244.

Rahiri JL, Alexander Z, Harwood M, Koea J, Hill AG. Systematic re-
view of disparities in surgical care for Maori in New Zealand. ANZ |
Surg 2018;88:683-689.

Wang HH, Liu M, Clegg DJ, Portincasa P, Wang DQ. New insights
into the molecular mechanisms underlying effects of estrogen on cho-
lesterol gallstone formation. Biochim Biophys Acta 2009;1791:1037-
1047.

Australian Bureau of Statistics. High cholesterol [Internet]. Canber-
ra: Australian Bureau of Statistics 2018 [cited 2021 Dec 9]. Available
from: https://www.abs.gov.au/statistics/health/health-conditions-
and-risks/high-cholesterol/latest-release.

Gentles D, Metcalf P, Dyall L, Scragg R, Sundborn G, Schaaf D, et al.
Serum lipid levels for a multicultural population in Auckland, New
Zealand: results from the Diabetes Heart and Health Survey (DHAH)
2002-2003. N Z Med ] 2007;120:U2800.

. Kurtin WE, Schwesinger WH, Diehl AK. Age-related changes in the

chemical composition of gallstones. Int J Surg Investig 2000;2:299-
307.

Dixit SK, Sambasivan M. A review of the Australian healthcare sys-
tem: a policy perspective. SAGE Open Med 2018;6:2050312118769211.
Mui J, Mayne DJ, Davis KJ, Cuenca J, Craig SJ. Increasing use of in-
traoperative cholangiogram in Australia: is it evidence-based? ANZ J
Surg 2021;91:1534-1541.

Ballal M, David G, Willmott S, Corless DJ, Deakin M, Slavin JP. Con-
version after laparoscopic cholecystectomy in England. Surg Endosc
2009;23:2338-2344.


https://www.aihw.gov.au/reports/australias-health/overweight-and-obesity
https://www.aihw.gov.au/reports/australias-health/overweight-and-obesity
https://www.health.govt.nz/publication/annual-update-key-results-2016-17-new-zealand-health-survey
https://www.health.govt.nz/publication/annual-update-key-results-2016-17-new-zealand-health-survey
https://www.health.govt.nz/publication/annual-update-key-results-2016-17-new-zealand-health-survey
https://www.obesityevidencehub.org.au/collections/trends/adults-australia
https://www.obesityevidencehub.org.au/collections/trends/adults-australia
https://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/obesity-statistics
https://www.health.govt.nz/nz-health-statistics/health-statistics-and-data-sets/obesity-statistics
https://www.aihw.gov.au/reports/australias-health/diabetes
https://www.aihw.gov.au/reports/australias-health/diabetes
https://bpac.org.nz/2021/diabetes-younger.aspx#fig2
https://bpac.org.nz/2021/diabetes-younger.aspx#fig2
https://doi.org/10.14701/ahbps.21-169
https://doi.org/10.14701/ahbps.21-169
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/high-cholesterol/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/high-cholesterol/latest-release

