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Background: Malaysia has the highest obesity prevalence in Southeast Asia, driving the burden of type 2 diabetes mellitus (T2DM)
and its healthcare costs. Long-term real-world cost-effectiveness data on bariatric surgery from Malaysia are absent. We evaluated the
clinical outcomes, safety, and exploratory cost-effectiveness of bariatric surgery in Malaysian patients with obesity and T2DM.
Methods: Retrospective cohort study of 180 patients undergoing laparoscopic sleeve gastrectomy or Roux-en-Y gastric bypass at
HCTM, Universiti Kebangsaan Malaysia (2014-2016), with 5-year clinical follow-up. BMI and HbAlc were analysed using general-
ised estimating equations (GEE) with a Gaussian family, identity link and exchangeable working correlation. An exploratory cost-
effectiveness analysis compared 20 surgical patients with 20 matched conventional-management patients (2012-2014) over a 10-year
horizon from the healthcare-payer perspective. The incremental cost-effectiveness ratio (ICER) was expressed per 1% HbAlc
reduction, with one-way deterministic and probabilistic sensitivity analyses.

Results: Mean BMI decreased from 49.29 + 8.97 to 25.33 + 4.25 kg/m? at 5 years; HbAlc fell from 6.37 + 1.37% to 5.62 + 0.68%
(both GEE p<0.001). The complication rate was 2.2%, and 76% of patients were discharged ithin 2 days. The base-case ICER was RM
4683 per 1% HbAlc reduction; probabilistic analysis yielded a median ICER of RM 4828 (95% credible interval: cost-saving to RM
32,286) and a 59% probability of cost-effectiveness at a willingness-to-pay threshold of RM 7500 per 1% HbAlc reduction.
Conclusion: In this single-centre Malaysian cohort, bariatric surgery produced durable improvements in BMI and HbAlc with low
complication rates and a favourable exploratory ICER. Findings should be interpreted in light of the retrospective design and small
economic cohort, and confirmed in multicentre prospective studies.

Keywords: bariatric surgery, cost-effectiveness, type 2 diabetes, obesity, Malaysia, health economics, generalized estimating
equations

Introduction

Obesity is a major global driver of non-communicable disease and now affects more than one billion people worldwide.
Malaysia records the highest prevalence of obesity in Southeast Asia, with 21.8% of adults classified as obese and an
additional 32.6% overweight according to the 2023 National Health and Morbidity Survey.' This epidemic is closely
linked with the rising burden of type 2 diabetes mellitus (T2DM), cardiovascular disease, and certain cancers, all of
which contribute to substantial morbidity, premature mortality, and healthcare costs.” In Malaysia, the economic burden
of obesity has been estimated at RM 4.3-8.6 billion annually, representing up to 20% of the national healthcare budget.’
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Conventional treatment of obesity and T2DM: lifestyle modification, pharmacotherapy and behavioural interventions
often achieve only limited long-term success. Although novel anti-obesity and antidiabetic agents are increasingly
available, adherence and affordability remain problematic. The National Diabetes Registry reports that only approxi-
mately one-third of Malaysian patients achieve target glycaemic control.* Suboptimal control drives downstream
complications such as nephropathy, cardiovascular disease and retinopathy, which further inflate costs and erode
productivity.

Bariatric surgery is the most effective treatment for severe obesity and has demonstrated superior outcomes compared
with medical therapy in randomised trials and meta-analyses.>® Its metabolic effects extend beyond weight loss, with
high rates of T2DM remission and reduction in cardiovascular events. International guidelines, including those of the
American Diabetes Association and the International Federation for the Surgery of Obesity and Metabolic Disorders,
accordingly recommend metabolic surgery for patients with inadequately controlled T2DM and class II-1II obesity, with
lower BMI thresholds for Asian populations.”*

Despite this evidence, bariatric surgery remains markedly underutilised in Malaysia. Only a small fraction of eligible
patients undergo surgery annually. Barriers include limited surgical capacity, low public awareness and, most critically,
the lack of insurance coverage. Bariatric surgery is excluded from the MySalam national health protection scheme and
most private insurance plans, leaving patients to self-fund. This restricts access to higher-income individuals and
perpetuates inequities despite the disproportionate burden of obesity and T2DM in lower socioeconomic groups.

Health-economic evaluations are central to shifting such policy barriers. International studies consistently show that
bariatric surgery is cost-effective or cost-saving compared with conventional care.”'' However, cost-effectiveness is
highly context-specific and depends on local healthcare costs, epidemiology and financing models. To date, no long-term,
real-world cost-effectiveness data are available from Malaysia, limiting evidence-based decision-making by policy-
makers and insurers.

Against this background, we examined the long-term clinical effectiveness, perioperative safety and exploratory cost-
effectiveness of bariatric surgery in Malaysian patients with poorly controlled T2DM using data from a tertiary public
hospital. We hypothesised that bariatric surgery would yield superior metabolic outcomes and an incremental cost-
effectiveness ratio (ICER) below Malaysia’s willingness-to-pay (WTP) range. These findings would provide the first
Malaysian evidence to inform discussions about reimbursement, insurance coverage and national health financing of
bariatric surgery.

Methods and Materials
Study Design and Setting

We conducted a retrospective cohort study at Hospital Canselor Tuanku Muhriz (HCTM), Universiti Kebangsaan
Malaysia. The study comprised two components: (1) analysis of clinical outcomes and safety in patients undergoing
bariatric surgery (Figure 1), and (2) an exploratory cost-effectiveness analysis comparing bariatric surgery with conven-
tional medical management over a 10-year horizon (Figure 2).

Patients
For the clinical cohort, we included 180 adults with obesity and poorly controlled T2DM who underwent laparoscopic
sleeve gastrectomy (LSG) or laparoscopic Roux-en-Y gastric bypass (LRYGB) between January 2014 and
December 2016. Inclusion criteria were a confirmed diagnosis of T2DM and at least 5 years of follow-up data.
Exclusion criteria were prior bariatric surgery, pregnancy during follow-up, secondary causes of obesity and incomplete
records. The available retrospective dataset did not record procedure type (LSG vs LRYGB) in a uniform structured
form; consequently, outcomes are reported for the combined cohort rather than stratified by procedure (see Limitations).
For the cost-effectiveness cohort, 20 surgical patients were matched to 20 controls managed with conventional
therapy between 2012 and 2014. The economic cohort was deliberately restricted to this earlier treatment period because
the analysis required a complete 10-year follow-up window. Bariatric surgery at HCTM commenced in 2012, and uptake
was gradual during the early years of the programme; consequently, only a limited number of surgical patients had
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Hospital Canselor Tuanku Muhnz (HCTM), 2014-2016

~ )
Patients screened for eligibility Excluded (n = 16)
(n = 196) « Prior bariatric surgery: 6
L J = Pregnancy during follow-up: 2
l »Incomplete records: 8
r N

Included in 5-year longitudinal analysis
(n = 180)

!

Baseline characteristics (n = 180)
Age 41.22+1090y | Male 84 (46.7%)
BMI 49.29 + 8.97 kg/m? | HbA1c6.37 +1.37%

Scheduled follow-up: 9 timepoints over 5 years
Baseline -3mo-6mo-9mo -12mo-2y-3y-4y-5y
Outcomes: BMI, HbA1c, perioperative complications, length of stay

Available at 5-year follow-up
BMI:n =153 (84.6%) | HbA1c:n =157 (87.2%)
Analysed by GEE & multivariable regression

Figure | Flow diagram for the clinical effectiveness analysis. Of the 196 patients initially screened, 180 met the inclusion criteria for the 5-year longitudinal analysis.
Exclusions were prior bariatric surgery (n = 6), pregnancy during follow-up (n = 2) and incomplete records (n = 8).

HCTM bariatric surgery programme (2012-2014) - 10-year horizon

- N
Bariatric surgery candidates Conventional-management patients
(2012-2014 programme) (same hospital, 2012-2014)
with complete 10-year costand clinical records with complete 10-year costand clinical records
(n=22) (pool screened)
s l D
Excluded (n =2): incomplete 10-year

cost data or matching failure

\ J

Sequential prioritised matching on baseline HbA1c, sex,
age category and diabetes duration category
(see Methods — Matching)

Bariatric surgery arm (n= 20) Conventional management arm (n = 20)
Matched 1:1 to controls Matched 1:1 to surgical cases

! }

10-year cost-effectiveness analysis (healthcare-payer perspective)
Outcomes: cumulative direct medical costs - mean follow-up HbA1c - base-case ICER + deterministic SA + 10,000-iteration PSA

Figure 2 Flow diagram for the exploratory cost-effectiveness analysis. From the 2012-2014 surgical programme, 22 candidates had completed 10-year cost and clinical
records; 20 were matched to 20 conventionally managed controls drawn from the same hospital cohort and time period.
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sufficient longitudinal clinical and cost records for inclusion in a 10-year analysis. We acknowledge this as an exploratory
analysis (see Sample size justification below).

Sample Size Justification

Because the analysis was retrospective and the eligible pool, with 10-year cost and clinical records, effectively
constituted a census of the 2012-2014 surgical programme, a formal a priori power calculation was not feasible.
Instead, we performed a post-hoc indicative calculation. For a between-group HbAlc difference of 1.33 percentage
points with a pooled standard deviation of approximately 1.7%, a two-sided independent #-test with o = 0.05 has
approximately 80% power at n = 26 per group. The available sample of 20 per group, therefore, retains adequate
sensitivity for clinically meaningful HbAlc differences but limits precision for cost outcomes. We address this
uncertainty explicitly through deterministic and probabilistic sensitivity analyses (see Statistical Analysis).

Matching

Matching variables were selected based on predictors of diabetes remission after bariatric surgery, particularly the ABCD
diabetes surgery score (Age, BMI, C-peptide, Duration of T2DM). Because C-peptide was not consistently available in
the retrospective dataset, available ABCD-related variables (age, BMI, diabetes duration) were considered, together with
baseline HbAlc and sex. Baseline HbAlc was prioritised because it directly reflects glycaemic severity and was the
primary effectiveness outcome used in the economic analysis.

Given the limited number of eligible patients with complete 10-year follow-up data, full propensity-score-based
matching was not feasible. We therefore used a sequential, prioritised matching algorithm: each surgical patient was first
matched to a conventional-management patient with the closest baseline HbAlc (within + 1.5 percentage points where
possible) and the same sex; remaining candidates were then assessed for group-level comparability on age category (< 50
vs > 50 years) and diabetes duration category (< 10 vs > 10 years), thresholds adapted from the ABCD score. The
resulting post-matching balance is reported in the Results section. Residual imbalance, particularly for age and diabetes
duration, was a consequence of the limited eligible pool and is addressed by the multivariable regression sensitivity
analysis described below.

Outcomes
Clinical outcomes were changes in BMI and HbAlc at 3, 6, 9 and 12 months, and annually thereafter up to 5 years.
Safety outcomes were perioperative complications graded with the Clavien—Dindo system and length of hospital stay.
Economic outcomes were cumulative direct healthcare costs and the incremental cost-effectiveness ratio (ICER),
expressed as cost per 1% HbAlc reduction. We adopted a healthcare-payer perspective and included only direct medical
costs (surgical fees, hospitalisation, outpatient follow-up, laboratory tests, medications and management of recorded
complications). Indirect costs such as productivity loss, transportation, caregiver costs and out-of-pocket non-medical
expenses were not included. Unit costs were derived from hospital billing records, pharmacy records, and Ministry of
Health published schedules. All costs are reported in Malaysian Ringgit (RM) in the base year of the cost-effectiveness
analysis; given the modest 10-year horizon and Malaysia’s low average inflation rate over the study period, costs were
not deflated to a single base year in the primary analysis. Discounting at 3% per annum was applied in sensitivity
analyses.

Statistical Analysis
Continuous variables are summarised as mean + SD (or median and interquartile range if non-normally distributed).
Categorical variables are summarised as frequencies and percentages. Changes from baseline at pre-specified time points
were assessed with paired #-tests using complete paired observations.

Longitudinal changes in BMI and HbAlc were analysed using generalised estimating equations (GEE), with
a Gaussian family, identity link function and an exchangeable working correlation structure, and time specified as
a categorical variable. The exchangeable structure was chosen a priori because all patients followed an identical
scheduled follow-up. Robust (sandwich) standard errors were used. Overall effects of time were tested with a Wald
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statistic, and pairwise comparisons against baseline were Bonferroni-adjusted. As a sensitivity check, models were re-
fitted with independence and first-order autoregressive correlation structures; coefficients differed by less than 0.5%, and
inferences were unchanged.

Missing follow-up values for BMI or HbAlc were treated as missing-at-random, and the GEE model included
available observations under maximum-likelihood-equivalent estimation; no imputation was performed in the primary
analysis. The pattern of missingness across follow-up is summarised in the text. Multiple imputation (m = 20) using
chained equations was conducted as a sensitivity analysis and produced equivalent point estimates (BMI at 5 years: —24.0
vs —24.0 kg/m*; HbAlc at 5 years: —0.79 vs —0.79 percentage points).

To address potential residual confounding inherent to the retrospective single-arm clinical cohort, we additionally
fitted multivariable linear regression models for BMI and HbAlc at 5 years, with baseline BMI, baseline HbAlc, age,
sex, hypertension, dyslipidaemia and obstructive sleep apnoea as covariates.

Cost-Effectiveness Measure
The primary economic measure was the ICER, calculated as the ratio of the between-group difference in mean
cumulative direct medical costs to the between-group difference in mean HbAlc reduction over the 10-year horizon:

ICER = (Mean Costsyrgery — Mean Costcunvemia,,ag) = (Mean AHDbACsyrgery — Mean AHbAlCanvenn'una[)

Sensitivity Analyses

We pre-specified two layers of sensitivity analysis. First, one-way deterministic sensitivity analyses varied each key
parameter: surgical cost, conventional management cost, mean follow-up HbAlc in each arm and the discount rate (0%,
3%, 5%) within plausible ranges (+20% for costs; 0.3 percentage points for HbA1c). Results are displayed as a tornado
diagram. Second, probabilistic sensitivity analysis (PSA) was performed with 10,000 Monte Carlo simulations, sampling
surgical and conventional costs from gamma distributions and follow-up HbAlc values from normal distributions
parameterised by their observed means and standard errors. PSA results are displayed as a cost-effectiveness plane
and cost-effectiveness acceptability curve. Probabilities of cost-effectiveness were calculated against willingness-to-pay
(WTP) thresholds ranging from RM 0 to RM 30,000 per 1% HbAlc reduction.

Ethics

The study was approved by the institutional ethics review committee (UKMREC; JEP-2022-545). Patient data were
anonymised and analysed in accordance with the Declaration of Helsinki. The requirement for individual informed
consent was waived in view of the retrospective design and use of anonymised records.

Results

Baseline Characteristics

A total of 180 patients (84 males, 96 females; mean age 41.22 + 10.90 years) underwent bariatric surgery between 2014
and 2016. Mean baseline BMI was 49.29 + 8.97 kg/m”, and mean baseline HbA ¢ was 6.37 £ 1.37%. The most prevalent
comorbidities were dyslipidaemia (46.1%) and hypertension (27.2%); obstructive sleep apnoea was present in 8.9%
(Table 1).

Clinical Outcomes
At 3 months, mean BMI decreased by 4.23 kg/m? (95% CI 3.95-4.52; t = 29.6) and HbA lc by 0.42 percentage points
(95% CI 0.36-0.49; t = 13.5; both p < 0.001). At 12 months, mean BMI had fallen to 31.63 + 6.31 kg/m2 (mean
difference vs baseline 17.85; 95% CI 17.01-18.68; t = 42.3) and mean HbAlc to 5.58 = 0.81% (mean difference 0.79;
95% CI 0.67-0.92; t = 12.7; both p < 0.001) (Table 2).

Long-term outcomes were sustained. At 5 years, mean BMI was 25.33 + 4.25 kg/m? and mean HbAlc 5.62 + 0.68%.
Among patients with follow-up data at 5 years, 131 of 157 (83.4%) had HbAlc < 6.0% and 127 of 153 (83.0%)

Journal of Multidisciplinary Healthcare 2026:19 https: 5



Galvan et al

Table | Baseline Sociodemographic and Clinical Characteristics
of the Clinical Cohort (n = 180)

Parameter Value

Age (years), mean * SD 41.22 + 10.90
Age range (years) 20-69

Sex, n (%)

Male 84 (46.7%)
Female 96 (53.3%)
Baseline BMI (kg/m?), mean % SD 49.29 + 8.97

Baseline HbAlc (%), mean + SD 637 £ 1.37

Comorbidities, n (%)

Hypertension 49 (27.2%)

Dyslipidaemia 83 (46.1%)
Obstructive sleep apnoea (OSA) 16 (8.9%)
Chronic obstructive pulmonary disease (COPD) 13 (7.2%)
Gastro-oesophageal reflux disease (GERD) 9 (5.0%)
Heart failure (including cor pulmonale) 5 (2.8%)
Osteoarthritis 7 (3.9%)
Hernia 7 (3.9%)
Cholelithiasis/fatty liver 3 (1.7%)
Chronic disc inflammation with spondylolisthesis 1 (0.6%)
Number of comorbidities, n (%)
0 (diabetes only) 56 (31.1%)

| 63 (35.0%)

2 55 (30.6%)
3 5 (2.8%)
>4 I (0.6%)

Table 2 Short-Term Clinical Outcomes Following Bariatric Surgery (n = 180)

Outcome Baseline 3 Months 12 Months | A at 3 mo (95% ClI), t A at 12 mo (95% CI), t P
Mean + SD | Mean £ SD | Mean £ SD

BMI (kg/m?) | 49.29 + 8.97 | 45.06 + 855 | 31.63 = 631 | 4.23 (3.954.52); t = 29.6 | 17.85 (17.02-18.67); t = 42.3 | < 0.00!

HbAlc (%) | 6.37 £ 1.37 5.96 £ .19 5.58 + 0.81 0.42 (0.36-0.49); t = 13.5 | 0.79 (0.67-0.92); t = 12.7 < 0.001

maintained a BMI < 30 kg/m*. GEE confirmed a significant overall effect of time on both BMI (Wald * = 2340.78, df =
8, p <0.001) and HbA lc (Wald y* = 282.35, df = 8, p < 0.001), with significant reductions from baseline at every follow-
up time point after Bonferroni correction (Table 3, Figures 3 and 4). Sensitivity analyses using independence and
autoregressive correlation structures produced essentially identical estimates (5-year BMI coefficient = —23.99 vs —23.96
and —23.91, respectively).

In the multivariable linear regression for HbAlc at 5 years (n = 156; R? = 0.565), baseline HbAlc was the strongest
independent predictor ( = 0.35, 95% CI 0.30-0.40, p < 0.001) and older age was modestly associated with lower 5-year
HbAlc (B =—0.008 per year, p = 0.020); baseline BMI, sex and comorbidities were not significant. For BMI at 5 years (n
= 153; R? = 0.413), baseline BMI was the dominant predictor (B = 0.31, 95% CI 0.24-0.37, p < 0.001). These findings

indicate that the observed long-term reductions were not driven by selected confounders.

Safety
Surgical safety was favourable. The overall complication rate was 2.2% (four events: three short-term Clavien—Dindo
grade I dumping syndrome cases managed by dietary modification and one long-term grade I incisional hernia managed
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Table 3 GEE-Estimated Marginal Means and Pairwise Comparisons of BMI and HbAlc Across Follow-Up

Time Point | BMI Estimated BMI A vs Baseline; | HbAIc Estimated HbAIc A vs Baseline;
Mean  SE (95% CI) Bonferroni p Mean % SE (95% CI) | Bonferroni p
Baseline 49.29 + 0.67 (47.98-50.60) | — 6.38 £ 0.10 (6.18-6.58) | —
3 months 45.06 + 0.64 (43.81-46.30) | —4.23; < 0.001 5.96 + 0.09 (5.78-6.13) | —0.42; < 0.001
6 months 40.35 £ 0.59 (39.19-41.51) | —-8.94; < 0.001 5.50 £ 0.07 (5.36-5.65) | —0.87; < 0.001
9 months 35.64 £ 0.52 (34.63-36.66) | —13.65; < 0.001 5.59 £ 0.06 (5.47-5.72) | —0.79; < 0.001
12 months 31.54 £ 0.47 (30.61-32.46) | —17.75; < 0.001 5.58 £ 0.06 (5.46-5.69) | —0.80; < 0.001
2 years 27.86 + 0.39 (27.11-28.62) | —21.43; < 0.001 5.56 + 0.05 (5.46-5.66) | —0.82; < 0.001
3 years 26.51 + 0.35 (25.82-27.20) | —22.78; < 0.001 5.57 £ 0.05 (5.48-5.66) | —0.81; < 0.001
4 years 25.79 + 0.33 (25.14-26.44) | —23.50; < 0.001 5.58 £+ 0.05 (5.48-5.67) | —0.80; < 0.001
5 years 25.30 + 0.33 (24.64-25.95) | —23.99; < 0.001 5.59 £ 0.05 (5.49-5.68) | —0.79; < 0.001

Note. GEE: Gaussian family, identity link, exchangeable working correlation, robust standard errors. Overall test: BMI Wald y* = 2340.78, df = 8,
p < 0.001; HbAlc Wald %2 = 282.35, df = 8, p < 0.001.

conservatively). No mortality occurred during follow-up. Hospital stay was short: 76% of patients were discharged
within 2 days, and 21% were managed as day cases without overnight admission. Because procedure type was not
consistently recorded in the retrospective dataset, we were unable to stratify complication rates by LSG vs LRYGB, and
longer-term complications such as nutritional deficiencies and weight regain were not systematically captured (see
Limitations) (Table 4).

Economic Evaluation

The exploratory cost-effectiveness cohort comprised 20 surgical and 20 conventionally managed patients. Baseline
HbAlc and sex distribution were broadly comparable between groups, with no statistically significant difference in
baseline HbAlc (Mann—Whitney U, p = 0.267) or sex (Fisher’s exact, p = 0.311). The conventional-management group,
however, had a higher proportion of older patients (90% vs 70% aged > 50 years) and longer diabetes duration (95% vs
60% > 10 years). This residual imbalance is reported transparently in Table 5 and was addressed by the multivariable

regression sensitivity analysis.

BMI Changes Over 5 Years Following Bariatric Surgery (n = 180)
90

GEE: Wald x? = 2340.78, df = 8, p < 0.001 |
All follow-up vs baseline: p < 0.001

80 -
70 A

60 -

50

404 —‘7 T |
L 5

1 == =

Body Mass Index (kg/m?)

é
s

10 n=180 n=180 n=180 n=178 n=176 n=176 n=174 n=165 n=153
Baseline 3 mo 6 mo 9 mo 12 mo 2y 3y 4y 5y

Time after surgery

Figure 3 Distribution of BMI (kg/mz) at each follow-up time point in the clinical cohort (n = 180). Boxes show the interquartile range with the median line; whiskers extend
to 1.5 x IQR; circles denote observations beyond 1.5 x IQR. Sample sizes are annotated below each box. The inset statistic gives the GEE overall test of time and the
Bonferroni-adjusted p-value for each follow-up vs baseline.
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HbAlc Changes Over 5 Years Following Bariatric Surgery (n = 180)

GEE: Wald x? = 282.35, df = 8, p < 0.001
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Figure 4 Distribution of HbAlc (%) at each follow-up time point in the clinical cohort (n = 180). Boxes show the interquartile range with the median line; whiskers extend
to 1.5 x IQR; circles denote observations beyond 1.5 x IQR. The dashed red horizontal line marks the diabetes diagnostic threshold of 6.5% HbAIc, and the dotted dark-red
line marks the American Diabetes Association glycaemic target of 7.0% HbAlc. Sample sizes are annotated below each box.

Over 10 years, total direct medical costs were RM 256,240 in the surgical group and RM 250,012 in the conventional
group, yielding an incremental cost of RM 6228 (per patient RM 311). Mean follow-up HbAlc was 6.42% vs 7.75%
(incremental HbAlc reduction 1.33 percentage points in favour of surgery). The base-case ICER was RM 4683 per 1%
HbA 1c reduction (Tables 6 and 7).

One-way sensitivity analyses showed that the ICER was most sensitive to surgical and conventional management
costs. Within + 20% variation, the ICER ranged from cost-saving (negative ICER, indicating surgery dominated) to RM

Table 4 Procedure-Related Complications (n = 180)

Complication Time Frame Cases (n) | % of Cohort | Clavien-Dindo Grade | Management
Dumping syndrome | Short-term (<30 days) 3 1.67% | Dietary modification; resolved
Incisional hernia Long-term (>6 months) | | 0.55% | Conservative; small, reducible

Note: Procedure type (LSG vs LRYGB) was not consistently recorded; complications cannot be stratified by procedure. Mortality: 0%. Length of stay: 21% day-case;
76% discharged within 2 days.

Table 5 Post-Matching Baseline Balance in the Exploratory Cost-Effectiveness Cohort (n = 20 per Arm)

Baseline Characteristic Bariatric Conventional Test, p-value

Surgery (n = 20) | Management (n = 20)
HbAlc (%), median (IQR) 8.75 (7.10-11.00) | 7.60 (7.00-8.10) Mann-Whitney U, p = 0.267
Sex (Male), n (%) 5 (25%) 8 (40%) Fisher’s exact, p = 0.311
Age > 50 years, n (%) 14 (70%) 18 (90%) Fisher’s exact, p = 0.235
Diabetes duration > 10 years, n (%) 12 (60%) 19 (95%) Fisher’s exact, p = 0.020
Mean age (years) + SD 55+9 67 £ 11 Student’s t, p = 0.001
Mean diabetes duration (years) + SD | 13.2 + 4.1 16.0 + 3.8 Student’s t, p = 0.030
Hypertension, n (%) 13 (65%) 16 (80%) Fisher’s exact, p = 0.480
Dyslipidaemia, n (%) 12 (60%) 14 (70%) Fisher’s exact, p = 0.741

Note: Residual imbalance in age and diabetes duration was addressed via multivariable regression sensitivity analysis.
Abbreviation: IQR, interquartile range.
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Table 6 Ten-Year Direct Medical Cost Composition (Exploratory Matched Cohort, n = 20 per Arm; All

Values in RM)
Cost Component Bariatric Conventional Difference
Surgery Management (Surgery — Conventional)
Surgery fees (one-off) 100,000 0 +100,000
Laboratory tests and outpatient follow-up 107,745 174,780 —67,035
Hospitalisation 11,705 39,740 —28,035
Medications 36,790 35,492 +1298
Total direct medical costs 256,240 250,012 +6228

Table 7 Cost-Effectiveness Summary (10-Year Horizon, Exploratory Matched Cohort)

Outcome Bariatric Conventional Incremental Difference
Surgery (n = 20) Management (n = 20)

Mean follow-up HbAlc (%) 6.42 7.75 —1.33 percentage points

Total 10-year direct medical cost (RM) 256,240 250,012 +6228

Per-patient incremental cost (RM) - - +311

Base-case ICER (RM per 1% HbAIc reduction) - - 4683

PSA median ICER (95% credible interval) - - 4828 (cost-saving to 32,286)

P(cost-effective) at WTP RM 7500/1% HbAlc - - 59.2%

43,215 per 1% HbAIlc reduction. Discount rates of 3% and 5% increased the ICER to RM 15,321 and RM 21,173,
respectively, reflecting the front-loading of surgical costs (Figure 5).

Probabilistic sensitivity analysis (10,000 iterations) produced a mean ICER of RM 5391 and a median of RM 4828,
with a 95% credible interval ranging from cost-saving (negative ICER) to RM 32,286 per 1% HbAlc reduction. The
probability that bariatric surgery was cost-effective was 50.6% at a WTP threshold of RM 5000 per 1% HbA 1c reduction,
59.2% at RM 7500, 67.6% at RM 10,000 and 89.9% at RM 20,000 (Figure 6). These wide credible intervals reflect the
small sample of the matched cohort and reinforce that the economic component should be regarded as exploratory.

Cost-Effectiveness Plane (10,000 Monte Carlo iterations) 10 Cost-Effectiveness Acceptability Curve
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Figure 5 Tornado diagram showing one-way deterministic sensitivity of the ICER to +20% variation in costs, 0.3 percentage points in mean follow-up HbAlc, and discount
rates of 0%, 3% and 5%. The vertical black line indicates the base-case ICER of RM 4683 per 1% HbAIc reduction.
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Tornado Diagram: One-Way Deterministic Sensitivity Analysis
(Base-case ICER = RM 4,683)
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Figure 6 Probabilistic sensitivity analysis. Left panel: cost-effectiveness plane showing 2000 representative iterations from a 10,000-iteration Monte Carlo simulation. Each
blue dot represents one simulated pair-difference (incremental cost vs incremental HbA | ¢ reduction); the red diamond marks the base-case ICER. The green dashed line is
the willingness-to-pay (WTP) threshold of RM 4683 per 1% HbAlc reduction; the Orange dashed line is WTP = RM 7500 per 1% HbAlc reduction. Right panel: cost-
effectiveness acceptability curve plotting the probability that bariatric surgery is cost-effective against a range of WTP thresholds. The vertical red dashed line indicates the
base-case ICER.

Discussion

In this single-centre Malaysian cohort, bariatric surgery was associated with substantial and durable reductions in BMI
and HbAlc over 5 years, a low rate of perioperative complications, and an exploratory ICER of RM 4683 per 1% HbAlc
reduction over 10 years. To our knowledge, this is the first study to report both long-term clinical outcomes and a real-
world cost-effectiveness analysis of bariatric surgery in Malaysia.

The clinical findings are consistent with the international literature. Buchwald et al reported high rates of diabetes
remission and sustained weight reduction across procedures,” and the Swedish Obese Subjects (SOS) study demonstrated
long-term improvements in weight, glycaemic control and survival.® A recent meta-analysis by Mirghani et al confirmed
that surgery remains superior to medical therapy for T2DM remission.'? Asian populations develop metabolic complica-
tions at lower BMI thresholds than Western populations,”* and our results align with Li et al, who reported significant
metabolic benefits of bariatric surgery in Asian patients with BMI < 35 kg/m>."* This supports the lower BMI thresholds
in Asian guidelines, including the Malaysian Clinical Practice Guidelines on Obesity.

The relatively low mean baseline HbAlc (6.37%) in our cohort warrants explanation. Most patients had been
managed in a specialist diabetes service before referral and were typically on intensive antidiabetic regimens, including
insulin, at the time of surgical workup; consequently, baseline HbA 1¢ values reflect treated rather than untreated diabetes.
This contextualises the modest absolute HbAlc reduction (0.79 percentage points at 12 months) alongside the much
larger reduction in pharmacotherapy intensity observed at follow-up.

Our cost-effectiveness findings should be interpreted with caution, given the small economic cohort. The base-case
ICER (RM 4683 per 1% HbAlc reduction) sits within the lower portion of plausible willingness-to-pay ranges, but
probabilistic analysis revealed considerable uncertainty: at a threshold of RM 7500 per 1% HbAlc reduction, the
probability of cost-effectiveness was 59%. The ICER was particularly sensitive to assumptions about discount rate and
unit costs, reflecting the front-loaded nature of surgical expenditure. These results are nonetheless broadly consistent with
the international literature. Hoerger et al reported that bariatric surgery for severely obese adults with diabetes was highly
cost-effective in the United States,” Picot et al found surgery economically favourable in the United Kingdom,'® and
Borisenko et al demonstrated net cost savings across European settings.'' Lester et al also reported real-world cost-
effectiveness of bariatric surgery in Canada over a 10-year and lifetime horizon.'* Importantly, Noparatayaporn et al

reported that bariatric surgery was cost-effective in Thailand, a middle-income Asian setting comparable to Malaysia.'
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Placing these findings in the Malaysian healthcare context, the Ministry of Health has previously commissioned
health technology assessments of glucose-lowering therapies. Newer agents such as GLP-1 receptor agonists and SGLT2
inhibitors have been associated with ICERs in the order of RM 30,000-60,000 per QALY relative to standard care in
regional analyses, and intensive multidisciplinary diabetes management programmes have reported per-patient annual
costs ranging from RM 1800 to RM 3000 for patients with multiple complications. Against this background, an ICER of
RM 4683 per 1% HbAlc reduction, even with its wide credible interval, suggests bariatric surgery is in a similar or more
favourable cost-effectiveness range than several emerging pharmacological interventions for poorly controlled T2DM.
We acknowledge that direct comparison is limited by the use of HbAlc (rather than QALYs) as the effectiveness
measure, and that a formal cost-utility analysis is a priority for future work.

Despite strong global and regional evidence, bariatric surgery remains underutilised in Malaysia. Only a few hundred
procedures are performed annually, and access is restricted by a lack of insurance coverage. Surgery is excluded from the
MySalam national protection scheme and is rarely reimbursed by private insurers. Our findings provide local economic
evidence that may inform such reimbursement decisions, though the small economic sample means policy translation
must proceed cautiously and ideally be supported by larger, multicentre evaluations.

Strengths and Limitations

Strengths include the real-world cohort, the 5-year clinical follow-up and the 10-year economic horizon, the use of GEE
and multivariable regression to handle clustered data and residual confounding, and the addition of deterministic and
probabilistic sensitivity analyses around the ICER. Costs were derived from actual hospital billing records and Ministry
of Health schedules.

Several limitations warrant emphasis. First, the economic cohort comprised only 20 matched pairs, which yields wide
credible intervals around the ICER and limits generalisability; this is reflected in the explicit “exploratory” framing of the
cost-effectiveness analysis. Second, the dataset did not allow stratification of clinical outcomes or complications by
procedure type (LSG vs LRYGB); given documented differences in efficacy and safety, this is a meaningful gap that
future studies should address with prospective data capture. Third, longer-term complications such as nutritional
deficiencies, weight regain, gastro-oesophageal reflux and re-operation rates were not systematically recorded. Fourth,
the retrospective single-centre design carries inherent risks of residual confounding and limited external validity. Fifth,
indirect costs (productivity, transport, caregiver burden) were not captured, meaning that societal benefits are likely
underestimated. Sixth, the use of HbAlc rather than QALY as the effectiveness denominator means our results should

be interpreted as exploratory economic evidence rather than as a definitive cost-utility analysis.

Conclusion

In this single-centre Malaysian cohort, bariatric surgery produced durable and clinically meaningful reductions in BMI
and HbAlc over 5 years, with low complication rates and short hospital stays. The exploratory 10-year cost-effectiveness
analysis suggested a base-case ICER of RM 4683 per 1% HbAlc reduction, with probabilistic sensitivity analysis
indicating a moderate probability of cost-effectiveness at conventional willingness-to-pay thresholds. While these
findings are encouraging and broadly consistent with international evidence, the small economic cohort and retrospective
design preclude definitive policy conclusions. The results provide a foundation and motivation for larger, prospective,
multicentre evaluations that can inform decisions about reimbursement and access to bariatric surgery for Malaysian

patients with poorly controlled T2DM.
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