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Abstract 

Background: The increasing burden of obesity generates significant socioeconomic impacts for individuals, populations, 
and national health systems worldwide. The literature on impacts and cost-effectiveness of obesity-related interventions 
for prevention and treatment of moderate to severe obesity indicate that bariatric surgery presents high costs associ-
ated with high effectiveness in improving health status referring to certain outcomes; however, there is a lack of robust 
evidence at an individual-level estimation of its impacts on multiple health outcomes related to obesity comorbidities.

Methods: The study encompasses a single-centre retrospective longitudinal analysis of patient-level data using 
micro-costing technique to estimate direct health care costs with cost-effectiveness for multiple health outcomes 
pre-and post-bariatric surgery. Data from 114 patients who had bariatric surgery at the Hospital of Clinics of the 
University of Sao Paulo during 2018 were investigated through interrupted time-series analysis with generalised 
estimating equations and marginal effects, including information on patients’ characteristics, lifestyle, anthropometric 
measures, hemodynamic measures, biochemical exams, and utilisation of health care resources during screening (180 
days before) and follow-up (180 days after) of bariatric surgery.

Results: The preliminary statistical analysis showed that health outcomes presented improvement, except cholesterol 
and VLDL, and overall direct health care costs increased after the intervention. However, interrupted time series analysis 
showed that the rise in health care costs is attributable to the high cost of bariatric surgery, followed by a statistically 
significant decrease in post-intervention health care costs. Changes in health outcomes were also statistically significant in 
general, except in cholesterol and LDL, leading to significant improvements in patients’ health status after the intervention.

Conclusions: Trends multiple health outcomes showed statistically significant improvements in patients’ health 
status post-intervention compared to trends pre-intervention, resulting in reduced direct health care costs and the 
burden of obesity.
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Background
Obesity represents one of the major public health prob-
lems worldwide nowadays, generating significant socio-
economic impacts for individuals, populations, and 
national health systems. A higher prevalence of obesity 
has been associated with a higher occurrence of chronic 
non-communicable diseases, like type 2 diabetes melli-
tus (T2DM), hypertension, and cardiovascular diseases, 
leading to early mortality. The increase in Body Mass 
Index (BMI) that characterise obesity is associated with 
higher utilisation of health services and additional expen-
ditures with medications, especially for the treatment of 
comorbidities [1–9].

Considering the rising costs of health care and the 
escalating burden of obesity in diverse countries, there 
have been numerous studies on the cost-effectiveness 
of health interventions towards preventing and treating 
obesity and its effects on comorbidities [10–15]. Recent 
evidence on obesity-related interventions’ impacts 
encompasses the economic assessment of prevention 
[16–18] (promoting physical activity and healthy eating) 
and treatment (medication and/or surgical procedures) 
strategies [19–24].

Bariatric surgery is currently adopted as the stand-
ard treatment for moderate to severe obesity in diverse 
national health systems [19–24]. There are significant 
effects of bariatric surgery in decreasing body weight 
and improving health outcomes regarding cardiovascular 
events, T2DM, dyslipidemia, cancer, life expectancy, and 
quality of life [5, 23, 25–28] in the long run [29–32].

Direct costs of bariatric surgery usually range from 
US$25,000 to US$30,000 per patient. In contrast, the 
annual health care costs for patients with BMI≥35kg/m 
[2] generally vary between US$3,000 to US$10,000 for 
treatment of T2DM, hypertension, and other obesity-
related conditions [3, 5, 33–35]. Obese individuals pre-
sent approximately doubled risk for utilisation of medical 
services in comparison to eutrophic individuals (RR 1.89; 
CI95% 1.88-1.89, p<0.001), and mean annual medical 
costs are twofold higher in severe obesity (US$1,140 per 
capita) relative to the general population (US$567 per 
capita) [36]. Therefore, bariatric surgery may lead to cost 
savings estimated between US$1,209 to US$2,016 per 
patient due to reduction of adverse health outcomes and 
a decrease in the use of medication for the treatment of 
comorbidities [27, 37].

In Brazil, bariatric surgery was included in the list of 
procedures for treating moderate to severe obesity within 
the Brazilian Unified Health System (Sistema Unico de 
Saude, SUS) in 1999, therefore being accessible to eligi-
ble patients free of charge in public hospitals throughout 
the country [38, 39]. There have been increasing trends 
in the adoption of bariatric surgery in treating obesity, 

especially among young females [38], and results of pre-
vious studies have shown low mortality risk and high 
effectiveness of the surgery [24, 38, 40–44].

To date, studies focusing on the assessment of costs 
and effectiveness of bariatric surgery in Brazil and other 
countries have been based on limited sample size and/
or single health outcome [5, 6, 23, 38] or relied on the 
modelling of future outcomes. There is limited evidence, 
including multiple anthropometric, hemodynamic, and 
biochemical parameters of patients [20, 22, 45], especially 
longitudinal data to compare health status and health 
care costs before and after bariatric surgery [27, 46].

Due to the high cost of bariatric surgery, decision-
making processes regarding surgery adoption are lim-
ited by short term perspective focusing on direct costs 
in the absence of economic studies with long term out-
comes. The significant increase in obesity rates in the 
country affects approximately 19% of the population in 
2017 [47]. The lack of accurate information about costs 
and health outcomes involved in the surgery and pre-
and post-hospitalisation periods delay the spread of the 
procedure throughout the Brazilian health system. Data 
on multiple health outcomes associated with health care 
costs from pre-bariatric surgery period until follow-up, 
at the patient level, may provide critical information for 
public policy decision making; particularly considering 
data from high complexity hospital considered reference 
health care institution in Brazil [48–53].

The present study addresses the literature gap by exam-
ining the long-term impact of bariatric surgery on direct 
health care costs and multiple health outcomes (includ-
ing anthropometric, hemodynamic, and biochemical 
parameters), using an interrupted time-series approach 
(ITS) for analysis of patient-level data in Brazil. ITS’s 
quasi-experimental design comprises a useful tool for 
evaluating longitudinal effects of interventions, mainly 
based on natural experiments occurring in real-world 
settings [54–60].

Methods
Study design
Quantitative analysis of a retrospective cohort of patients 
who had bariatric surgery at the Hospital of Clinics from 
the University of Sao Paulo (HC-FMUSP), Brazil, from 
January to December 2018, through Interrupted Time-
Series Analysis (ITSA) on direct health care costs and 
health outcomes.

Bariatric surgery characteristics
The patients included in the study sample were distrib-
uted in three groups of surgery: Roux-en-Y gastric by-
pass (R-YGB), vertical gastrectomy, and adjustable gastric 
banding. In most cases, open surgery was performed; 
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however, a minor proportion of patients had surgery 
through video laparoscopy.

According to the standard protocols for bariatric sur-
gery within SUS, there is a requirement for previous 
assessment of patients’ eligibility for bariatric surgery in 
primary health care facilities. Depending on the health 
status, patients are referred to a specialised health care 
unit. Furthermore, patients are required to perform 
numerous exams and consultations pre-and post-surgery 
on a regular basis in Brazil [39].

Patients with moderate to severe obesity diagnosis are 
referred to high complexity hospitals, like the HC-FMUSP, 
and included in the waiting list for bariatric surgery, per-
forming monthly clinical and laboratory exams. After 
monitoring eligibility criteria during variable periods, 
patients are submitted to surgery, hospitalisation, and 
post-surgery follow-up, starting a post-surgical period of 
the monthly clinic and laboratory exams (Fig. 1).

Sample
Data on a cohort of 121 patients who had bariatric 
surgery at the HC-FMUSP in Sao Paulo during 2018, 

Brazil, through the Brazilian Unified Health System 
(SUS) from January to December 2018, were obtained 
from the hospital’s electronic medical records.

Only patients with complete data registered on the 
medical records were included in the study, encompass-
ing information on multiple anthropometric, hemo-
dynamic, and biochemical parameters through regular 
assessments of patients’ health status, and utilisation of 
resources and costs of health care procedures, within 
six months pre-and post-intervention (bariatric surgery) 
[61]. Therefore, from 121 patients, data on 114 patients 
were included in the analysis.

The data was collected through the access of the 
electronic hospital records, using a filter for selecting 
patients with complete information in the fields encom-
passing the target variables of the study. The criteria 
for inclusion of patients in the study was established 
a priori: only patients with complete data during the 
period designated for the analysis would be selected 
to comprise the sample, that is, all patients who had 
bariatric surgery conducted during 2018 and complied 
with monitoring procedures established in the protocol 

Fig. 1 Flowchart of processes performed by patients eligible for bariatric surgery. Sao Paulo (Brazil), 2018. Obs.: BMI = Body mass Index; T2DM = 
type 2 diabetes mellitus; ICU = Intensive Care Unit
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during the six months pre-surgery and six months post-
surgery were included in the dataset.

Individual information registered on daily-based elec-
tronic data collection at HC-FMUSP were gathered in a 
single dataset encompassing data on patients’ charac-
teristics, health outcomes (pre-and post-intervention), 
outpatient health care (pre-and post-intervention), and 
inpatient health care (pre-intervention, intervention, 
and post-intervention), including detailed information 
on utilisation of resources throughout the screening, 
intervention, and follow-up.

Variables
The following patient information at baseline was 
obtained in medical records considering the peri-
ods of 180 days (6-months) pre-and post-intervention 
(Table 1).

Health outcomes measures and outpatient health 
care costs were available monthly during pre-and post-
surgery, and inpatient healthcare costs were available 
on a daily basis on the electronic hospital records.

The comparison of health outcomes and health care 
costs was based on the measurement of changes con-
cerning the intervention’s baseline (first day of hospi-
talisation for bariatric surgery).

Patients’ demographic and lifestyle characteristics 
were also gathered to comprise control variables in sta-
tistical analysis, including gender and age, tobacco use, 
and alcohol consumption.

Health outcomes
Information on health and nutritional status of patients, 
referring to the assessments pre-and post-surgery, were 
extracted in electronic medical records considering its 
associations with bariatric surgery in the literature [5, 23, 
25–31], comprising the following set of health outcomes 
adopted for statistical analysis:

• Weight (kg);
• BMI (kg/m [2]);
• Blood pressure (mmHg);
• Cholesterol (mg/dL);
• VLDL (mg/dL);
• LDL (mg/dL);
• HDL (mg/dL);
• Triglycerides (mg/dL);
• Insulin (IU/mL);
• Glucose-linked haemoglobin (%);
• Fasting glucose (mg/dL)

Measurements of health outcomes were registered 
every month during screening, intervention, and follow-
up by trained health professionals, according to standard 
procedures internationally recommended adopted within 
HC-FMUSP facilities.

Health care costs
The study encompassed the measurement of direct 
health care costs pre-and post-bariatric surgery, i.e., costs 
directly related to the treatment of obesity and its comor-
bidities, including consultations, inpatient days, labo-
ratory exams, image exams, and medication, using the 
perspective of the health care payer. The direct costs of 
obesity-related inpatient treatments pre- and post-inter-
vention were reported separately from the direct costs of 
bariatric surgery in the study, considering that bariatric 
surgery also refers to treatment for obesity and simulta-
neously allows the analysis of trends pre-and post-sur-
gery independently of bariatric surgery costs.

Data on utilisation of resources during outpatient and 
inpatient health care were used to estimate patient’s 
direct health care costs referring to bariatric surgery, and 
6-month pre-and post-intervention periods, adopting 
the health system perspective through the micro-costing 
approach.

The cost effectiveness was estimated in terms of cost 
per unit change in health outcomes, i.e., considering the 
total direct costs (in US$) required to change the health 
outcome in one unit (e.g., one kilogram for body weight, 
one mmHg for blood pressure, etc.).

Prices of inputs and wages of health professionals 
involved in health care procedures were obtained from 

Table 1 Information on health outcomes and utilisation of 
health care resources of patients from HC-FMUSP. Sao Paulo 
(Brazil), 2018

Variable Components

Health outcomes Anthropometric measures (weight and 
height);
Hemodynamic measures (blood pres-
sure);
Biochemical exams (cholesterol and frac-
tions, triglycerides, insulin, glucose-linked 
haemoglobin, and fasting glucose).

Health care costs Outpatient health care:
• Appointments with health professionals;
• Clinical assessment;
• Diagnostic exams.
Inpatient health care referring to interven-
tion (bariatric surgery) and obesity-related 
procedures pre-and post-intervention:
• Hospital length of stay;
• Type of surgery;
• Inpatient procedures;
• Use of resources including the operat-
ing room, medication, meals, human 
resources, hemodynamic and biochemi-
cal exams.
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the HC-FMUSP institutional database, based on informa-
tion on inputs purchases and human resources payroll. 
Prices per item were multiplied by the amount used for 
the patient’s treatment, and hourly wages were multiplied 
by the amount of time dedicated to performing proce-
dures and consultations during the patient’s treatment. 
Monetary values were updated to January 2020 and con-
verted into US dollars using the Brazilian Central Bank 
official exchange rate.

Statistical analysis
Descriptive statistics and interrupted time series analy-
sis (ITSA) with generalised estimating equations (GEE) 
and marginal effects were performed using single-centre 
retrospective data on costs and multiple health outcomes 
related to bariatric surgery. The information gathered for 
the sample of patients from the HC-FMUSP was split 
into two segments for analysis, i.e., health outcomes 
and health care costs before and after bariatric surgery, 
respectively [61].

Dependent variables included in the models were 
health care costs and health outcomes (weight, BMI, 
blood pressure, cholesterol and fractions, triglycer-
ides, insulin, glucose-linked haemoglobin, and fasting 
glucose).

GEE was fitted with uneven distribution for differ-
ent outcomes during pre-intervention, intervention, and 
post-intervention to adjust monthly trends according to 
patients’ characteristics. Marginal effects were obtained 
after GEE estimation by sample means at each evaluation 
period (pre-and post-intervention) and used to estimate 
incremental health care costs and effects for each health 
outcome.

Interrupted time series ordered logistic models were 
estimated for health outcomes, and Poisson models were 
estimated for health care costs, controlling for age and 
gender with random effects estimator. ITSA regression 
model uses a time series of a particular outcome of inter-
est to establish an underlying trend interrupted by inter-
vention at a given known point in time.

The model’s statistical design draws an expected trend 
in the hypothetical scenario without the intervention, 
compared with the new trend established post-interven-
tion to identify potential differences throughout time. 
The post-intervention scenario provides a comparison 
for the evaluation of the intervention impacts by calculat-
ing the change in slope throughout time, according to the 
following standard equation: [62, 63]

Yt is the accumulated result measured at each spaced 
time point t, Τt is the time since the start of the study, 
 Xt is a dummy (indicator) variable representing the 

(1)Yt = β0 + β1Tt + β2Xt + β3XtTt + εt

intervention (pre-intervention periods 0, or 1) Xt Τt is 
an interaction term [63]. The regression coefficient for Tt 
represents the rate of change of activity in stage 1, and the 
sum of regression coefficients for Tt and (XT)t is the rate 
of change of activity in stage 2. The effect over time was 
defined as the difference in the rate of change from stage 
1 to stage 2, that is, the regression coefficient of (XT)t. β0 
symbolises the starting level of the outcome variable. β1 
is the slope or trajectory of the outcome variable until 
the introduction of the intervention. β2 represents the 
variation in the level of the variable that take place in 
the period immediately following the introduction of the 
intervention (the bariatric surgery). β3 represents the dif-
ference between pre-intervention and post-intervention 
slopes of the outcome. Thus, significant p-values in the 
post-intervention period to indicate the treatment effect 
of the bariatric surgery over time.

Thus, interrupted time series models were achieved by 
defining independent variables Δt = time point (1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13), Xt =0 for time points in stage 
1 (time points 1, 2, 3, 4, 5 and 6) and 1 for time points in 
stage 2 (time points 7, 8, 9, 10, 11, 12 and 13), and (XT)t 
=0 for time points in stage 1, and (t−7) for time points in 
stage 2.

The intervention’s immediate effect was defined as the 
regression coefficient corresponding to Xt (correspond-
ing to the counterfactual difference between stage 1 and 
stage 2 evaluated at time point 7). The interrupted series 
time models for health costs and outcomes were ordinal 
logistic repeated measures models, including additive 
effects for Tt, Xt and (XT)t, and adjustment covariates.

The post-trend was calculated through ITSA estima-
tion, considering the measures in the first period (pre-
intervention) as baseline parameter for comparison 
concerning the measures of the second period (post-
intervention). ITSA approach presents results similar 
to generalised non-linear regression models; however, 
instead of only one regression, ITSA considers the inter-
ruption at one specific point within the model, tracing 
two regressions for the variable and indicating statistical 
differences between trends pre-and post- interruption of 
the time series.

The statistical analysis was conducted using Stata ver-
sion 14, and Newey-West standard errors were reported 
to account for autocorrelation at lag 1 [59].

Results
Characteristics of patients at baseline, intervention 
and follow‑up
Considering characteristics at baseline, most patients 
were female, approximately 48 years old. Most patients 
had comorbidities, especially hypertension and/or diabe-
tes, and a small proportion of individuals were smokers. 
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The type of surgery conducted in most cases was open 
Y-Roux gastric bypass (Table 2).

Health outcomes presented improvement after inter-
vention in general, except cholesterol and VLDL. There 
was an increase in HDL and decreased weight, BMI, 
LDL, triglycerides, insulin, glucose-linked haemoglobin, 
and glucose, showing improvements in patients’ health 
status after bariatric surgery (Table 3).

Mean direct costs of hospitalization (-US$2,762.22; 
-23.2%), image exams (-US$7.53; -0.8%) and medica-
tion (-US$175.37; -25,7%) presented decrease after 
bariatric surgery. On the other hand, total direct costs 
(US$1,375.37; +138%), consultations (US$0.42; +2.4%) 
and laboratory exams (US$68.96; +63.4%) increased after 
intervention, especially due to need of patients’ follow-
up after surgery. The direct cost was per US$ 61.68 kil-
ogram of body weight, and US$ 164.71 per unit of BMI 
decreased per patient (Table 3).

Changes between pre‑and post‑intervention using ITSA
The interrupted time series analysis showed a rise in 
overall health care costs at the intervention period due 
to the high cost of bariatric surgery; however, it was 
followed by a statistically significant decrease in post-
intervention health care costs. Post-surgery changes 
in health outcomes were also statistically significant in 
general, except in cholesterol and LDL, leading to sig-
nificant improvements in patients’ health status after the 
intervention.

Table 2 Baseline characteristics of bariatric surgery patients. Sao 
Paulo (Brazil), 2018

Obs.: μ mean, SD standard deviation, T2DM type 2 diabetes mellitus, CRI chronic 
renal insufficiency, CCI Cardiac Congestive Insufficiency

Gender N (%)

 Men 9 7.9

 Women 95 83.3

Age (μ±SD) 47.8 ± 14.1
Lifestyle characteristics
 Tobacco use 20 17.5

 Alcohol consumption 0 0.0

Comorbidity N (%)
 Hypertension 72 63.2

 T2DM 67 58.8

 Sleep apnea 31 27.2

 Dyslipidemia 25 21.9

 Arthrosis 25 21.9

 Hypothyroidism 10 8.8

 Varices 10 8.8

 CRI 10 8.8

 CCI 5 4.4

Type of surgery N (%)
 Y-Roux gastric by-pass Open 67 58.8

Video laparoscopic 34 29.8

 Sleeve (vertical gastrectomy) Open 4 3.5

Video laparoscopic 3 2.6

 Adjustable gastric banding Open 3 2.6

Video laparoscopic 3 2.6

Table 3 Health outcomes and direct health care costs of patients during 6-month pre-and post-bariatric surgery. Mean values of each 
period. Sao Paulo (Brazil), 2018

Obs.: μ mean, SD standard deviation. *Including the cost of bariatric surgery

Health outcomes Pre‑surgery μ (±SD) Post‑surgery μ (±SD) P Cost per unit change (US$)
Weight (kg) 125.53 (±18.58) 103.23 (±24.46) <0.001 61.68

BMI (kg/m [2]) 47.36 (±4.22) 39.01 (±7.26) <0.001 164.71

Blood pressure (mmHg) 132 (±15.21) 126.51 (±17.36) 0.0025 250.52

Cholesterol (mg/dL) 165.11 (±39.9) 167.78 (±38.55) 0.8341 515.12

VLDL (mg/dL) 21.51 (±8.33) 22.91 (±8.93) <0.001 982.41

LDL (mg/dL) 94.06 (±34.66) 93.2 (±34.58) 0.0147 1,599.27

HDL (mg/dL) 45.63 (±14.38) 51.88 (±13.23) <0.001 220.06

Triglycerides (mg/dL) 130.67 (±64.21) 117.27 (±56.95) <0.001 102.64

Insulin (IU/mL) 17.19 (±22.55) 12.69 (±7.47) <0.001 305.64

Glucose-linked hemoglobin (%) 127.57 (±43.88) 113.61 (±36.47) 0.001 98.52

Fasting glucose (mg/dL) 113.22 (±45.77) 99.11 (±39.83) <0.001 97.47

Health care costs Pre‑surgery μ (±SD) Post‑surgery μ (±SD) P Cost per unit change (US$)
Consultations 17.64 (±13.9) 18.06 (±15.32) <0.001 3,274.69

Inpatient days* 11,913.26 (±12,682.01) 9,151.04 (±9,695.16) <0.001 0.50

Laboratory exams 108.72 (±112.94) 177.68 (±217.78) <0.001 19.94

Image exams 888.99 (±901.22) 881.46 (±854.78) 0.0161 182.65

Medication 683.9 (±854.73) 508.45 (±696.99) <0.001 7.84

Total direct costs 996.61 (±4,515.39) 2,371.98 (±6,172.79) <0.001 -
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The differences in health outcomes and direct costs 
between pre-surgery and post-surgery periods are pre-
sented in Table 4. The value of the constant refers to the 
baseline measurement, six months before the bariat-
ric surgery, whilst pre-intervention values represent the 
point values registered in the first month before the sur-
gery, intervention values represent the first measurement 
post-surgery, and post-intervention values represent the 
point values registered in the first month after the sur-
gery. Estimates considered the reference period based 
on the date of each patient’s first intervention, and cal-
culated the level of increase or decrease in values in the 
following period.

Post‑intervention linear trends
Trends in post-intervention health outcomes showed 
improvement in patients’ health status, except for choles-
terol. For each measurement, the post-intervention trend 
shows the monthly trend to a descendant or ascendant 
value or US$ (for health-related expenditure) after the 
bariatric surgery. However, the positive trend post-inter-
vention in cholesterol was not statistically significant. 
BMI, VLDL, HDL, and fasting glucose showed signifi-
cant changes in trends pre-and post-surgery (Table 5 and 
Fig. 2).

The generalised estimating multivariate regression con-
trolling for patients’ characteristics showed that changes 
observed in the comparison between pre-and post-
surgery remain statistically significant. Marginal effects 
in direct health care costs post-intervention, including 
covariates, were significantly negative, similarly to health 
outcomes referring to blood pressure, VLDL, triglycer-
ides, insulin, glucose-linked haemoglobin, and fasting 
glucose (Table 6).

Discussion
Obesity imposes significant socioeconomic and health 
burden on individuals, health systems, and societies 
worldwide; therefore, its prevention and treatment may 
represent substantial impacts on health status, quality 
of life, and healthcare resources utilisation. Results pre-
sented in the study showed a reduction in direct health 
care costs and improvements in multiple health out-
comes in a cohort of patients who had bariatric surgery 
in a reference hospital within the Brazilian health system, 
comparing 180-day period pre-and post-intervention 
through interrupted time series analysis with gener-
alised estimating equations, controlling for individual 
characteristics.

The adoption of the micro-costing technique allowed 
to identify the leading health care cost drivers pre-and 
post-surgery in a high complexity institution from the 
public sector in Brazil. Although there was an initial 

rise in overall health care costs during bariatric surgery, 
the post-intervention trends were significantly negative, 
showing the potential for reducing obesity-related health 
care costs within the national health system.

Pre-intervention results allowed the analysis of cumu-
lative health care costs related to procedures related to 
comorbidities, screening and monitoring during the 
waiting list for bariatric surgery. Information on health 
outcomes showed trends in worsening of patients’ 
health status due to obesity-related comorbidities dur-
ing the period before the intervention, mainly referring 
to weight gain, hypertension, T2DM, and dyslipidemia 
[23, 64].

On the other hand, post-intervention trends in health 
outcomes showed general improvement of patients’ 
health status, especially indicators related to hyper-
tension, T2DM, and dyslipidemia (except cholesterol, 
without statistical significance), controlling for patients’ 
characteristics. A previous study on the health impacts 
of bariatric surgery in Brazil showed a reduction in the 
prevalence of T2DM, hypertension and dyslipidemia 
after 36 months of the surgery, estimating a reduction in 
medication and health care costs during the post-oper-
ative period [41]. However, the study failed to include 
costs of the bariatric surgery or its complications, there-
fore underestimating the overall costs involved in the 
intervention [41].

Table 5 Post-intervention trends of health outcomes of bariatric 
surgery. Sao Paulo (Brazil), 2018

Obs.: CI 95% = 95% confidence interval. Regression with Newey-West standard 
errors

Health outcomes Post 
intervention 
trend

CI 95% p

Weight -0.0271 (-0.0356;-0.0186) <0.001
BMI -0.0208 (-0.0246;-0.0169) <0.001
Blood pressure -0.0085 (-0.0141;-0.0030) 0.0025
Cholesterol 0.0016 (-0.0100;0.0133) 0.7820

VLDL -0.0082 (-0.0108;-0.0055) <0.001
LDL -0.0173 (-0.0281;-0.0066) 0.0016
HDL 0.0188 (0.0150;0.0226) <0.001
Triglycerides -0.0544 (-0.0755;-0.0334) <0.001
Insulin -0.0058 (-0.0083;-0.0034) <0.001
Glucose-linked hemoglobin -0.0288 (-0.0414;-0.0162) 0.001
Fasting glucose -0.0376 (-0.0470;-0.0281) <0.001
Total direct cost -9.3725 (-11.5077;-7.2373) <0.001
Consultations -0.0113 (-0.0170;-0.0056) 0.001
Hospitalizations -8.5584 (-10.6245;-6.4924) <0.001
Laboratory exams -0.2202 (-0.2797;-0.1608) <0.001
Image exams -0.1059 (-0.1923;-0.0194) 0.0164
Medication -0.4767 (-0.6364;-0.3170) <0.001
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Evidence from other previous studies indicate that 
bariatric surgery resulted in improvement of patients’ 
general health conditions and quality of life, including 
control and/or reduction of adverse health outcomes 
from obesity-related comorbidities, like hypertension 
and diabetes, generating relatively low costs to the public 
health system [3, 15, 65].

The changes in health outcomes resulted in negative 
marginal effects in post-intervention direct health care 
costs, similarly to results from a systematic review with 
meta-analysis recently published [64]. In addition to 
approximately 50% reduction in costs of medication for 
obesity-related comorbidities, there was a 78% decline in 
the prevalence of hypertension and 92% decrease in the 
prevalence of T2DM post-intervention, associated with 
a reduction in the use of anti-hyperglycemic medication 
in 93% of diabetic patients after surgery, and decrease in 
the adoption of anti-hypertensive medication in 48% of 
hypertensive patients [64].

Cost-effectiveness ratios estimated in the study showed 
reasonable costs per unit of health outcome obtained 
in the context of the national health system. The esti-
mated direct cost of US$61.68 per kg of weight loss 
and approximately US$100.00 per unit of decrease in 
T2DM biomarkers, like glucose-linked haemoglobin 
and fasting glucose, showed that bariatric surgery pre-
sented costs similar to drug therapy in the country: the 
annual expenditure for T2DM treatment with medica-
tion is approximately US$260.00 per patient in Brazil, 
whilst in the rest of the world it ranges from US$1,937 
to US$13,243 (or US$63,722 during a 35-year lifetime) [6, 
33, 66–68].

Regarding biochemical markers for dyslipidemia, 
which are positively associated with cardiovascular risk 
and early mortality, the results showed cost-effectiveness 
ratios of US$102.64 and US$ 982.41 per unit for a reduc-
tion of triglycerides and VLDL, respectively. The average 
annual cost in medicines for the treatment of dyslipi-
demia varies between US$1,417 and US$2,300 [41]. 
Therefore, cost-effectiveness ratios of bariatric surgery 
regarding reduction in triglycerides and VLDL may be 
considered low cost compared to costs for treatment of 
dyslipidemia, especially considering benefits of the long-
term prevention of cardiovascular events [69, 70].

To date, traditional observational studies assessed the 
costs involved in procedures and/or measurement of 
bariatric surgery’s effectiveness using average pre-and 

Fig. 2 Trends of direct costs and health outcomes of bariatric surgery 
using ITSA for 180-day period pre-and post-intervention. Sao Paulo 
(Brazil), 2018
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Table 6 Marginal effects during pre-intervention, intervention, post-intervention adjusted by gender and age using GEE. Sao Paulo 
(Brazil), 2018

Health Outcomes Characteristics Dy/dx 95%CI P
BMI Pre 0.003 (0.001; 0.005) <0.001

Int 0.803 (0.006; 0.154) 0.033
Post -0.0006 (-0.0008; -0.0004) <0.001
Gender (female) -0.005 (-0.034; 0.024) 0.744

Age 0.0007 (-2.855; 3.001) 0.105

Weight Pre 0.002 (-0.01; -0.01) 0.804

Int -58.404 (-69.9; -46.9) <0.001
Post 0.086 (0.06; -0.1) <0.001
Gender (female) -4.286 (-5.29; -3.27) <0.001
Age -0.12 (-0.15; -0.08) <0.001

Blood pressure Pre -0.002 (-0.005; 0.001) 0.167

Int 0.522 (-1.66; 2.71) 0.640

Post -0.006 (-0.01; -0.001) 0.007
Gender (female) 0.221 (-1.6; 2.04) 0.812

Age 0.007 (-0.04; 0.06) 0.808

Cholesterol Pre -0.03 (-0.04; -0.01) <0.001
Int 6.047 (-0.78; 12.87) 0.083

Post 0.046 (0.03; 0.06) <0.001
Gender (female) 9.214 (7.43; 10.98) <0.001
Age 0.121 (0.06; 0.17) <0.001

VLDL Pre 0.007 (0.003; 0.01) <0.001
Int 1.784 (0.14; 3.42) 0.033
Post -0.014 (-0.01; -0.01) <0.001
Gender (female) -0.108 (-0.75; 0.54) 0.744

Age 0.016 (-0.003; 0.03) 0.105

LDL Pre -0.017 (-0.02; -0.006) 0.002
Int -1.776 (-7.95; 4.39) 0.573

Post 0.033 (0.01; 0.04) <0.001
Gender (female) 6.900 (5.58; 8.21) <0.001
Age -0.039 (-0.07; -0.0001) 0.049

HDL Pre 0.022 (0.01; 0.02) <0.001
Int -8.427 (-10.16; -6.69) <0.001
Post -0.005 (-0.008; -0.0006) 0.023
Gender (female) 1.125 (0.14; 2.1) 0.024
Age 0.092 (0.06; 0.12) <0.001

Triglycerides Pre 0.051 (0.04; 0.06) <0.001
Int -6.802 (-11.98; -1.61) 0.01
Post -0.111 (-0.12; -0.09) <0.001
Gender (female) 6.805 (5.27; 8.33) <0.001
Age 0.18 (0.13; 0.22) <0.001

Insulin Pre 0.014 (0.01; 0.01) <0.001
Int -7.207 (-9.05; -5.35) <0.001
Post -0.017 (-0.02; 0.01) <0.001
Gender (female) 0.207 (-0.3; 0.71) 0.427

Age -0.001 (-0.01; 0.01) 0.885
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post-intervention data for comparison of limited health 
outcomes. However, it is an approach that neglects to 
identify individual-level trends in patients’ costs and 
health outcomes during pre-and post-surgery, especially 
considering that various studies fail to account for a com-
prehensive set of health care costs [41, 42, 68, 71, 72].

The present study provides additional evidence regard-
ing the impacts of bariatric surgery on direct health care 
costs and multiple health outcomes related to comor-
bidities of moderate to severe obesity with an in-depth 
analysis of trends using individual-level data. The combi-
nation of ITS and GEE modelling approaches allowed us 
to assess the marginal effects of bariatric surgery in the 
evolution of costs and outcomes, including correction for 
patients’ characteristics, reducing the potential bias of 
estimation.

The results suggest the existence of a causal relation-
ship between bariatric surgery and improvement of 
health outcomes in patients with severe to moderate 
obesity, considering that patients were followed during 
similar periods before (waiting list) and after (follow-up) 
bariatric surgery to provide balanced information pre-
and post-intervention for comparison of health care costs 
and health outcomes. The robustness of results indicates 
efficiency and effectiveness of bariatric surgery in inter-
ruption of patients’ worsening health conditions and pro-
motion of improvements in health outcomes related to 
obesity-related comorbidities like diabetes, hypertension, 
and dyslipidemia; thus resulting in a reduction of direct 

health care costs after treatment, findings in accordance 
with previous evidence [15, 19–21, 23, 24].

Due to the lack of previous evidence regarding impacts 
and cost-effectiveness of bariatric surgery with multiple 
health outcomes using the micro-costing approach, the 
estimates obtained may provide real-world foundations 
for public policy decision making in national health sys-
tems, especially referring to intervention with significant 
potential for reduction in the burden of disease related to 
obesity [71, 72].

The study’s main limitation refers to the sample size 
of patients with moderate to severe obesity within one 
Brazilian hospital; however, it is essential to highlight 
the extensive criteria for patients’ inclusion in the sam-
ple to develop robust statistical analysis. The selection 
of patients to comprise the sample for interrupted time 
series analysis with GEE was based on strict eligibility of 
patients considering the existence of complete informa-
tion on multiple health outcomes registered in electronic 
medical records encompassing periods pre-and post-
intervention and the requirement of detailed data on uti-
lisation of resources within the health system to perform 
micro-costing approach for estimation of costs. Further 
investigation on the cost-effectiveness of bariatric sur-
gery should be performed using patient-level longitudinal 
data, encompassing sample with representativeness at the 
population level, to allow further robustness in assessing 
trends regarding the intervention’s health care costs and 
health outcomes.

Table 6 (continued)

Glucose-linked haemoglobin Pre 0.013 (0.003; 0.02) 0.007

Int -3.227 (-8.41; 1.96) 0.223

Post -0.051 (-0.06; 0.03) <0.001

Gender (female) 4.468 (2.96; 5.97) <0.001

Age -0.011 (-0.05; 0.03) 0.643

Fasting glucose Pre 0.019 (0.006; 0.03) 0.003
Int 8.873 (1.76; 15.98) 0.014
Post -0.095 (-0.11; -0.07) <0.001
Gender (female) 6.721 (5.37; 8.06) <0.001
Age 0.119 (0.07; 0.15) <0.001

Health Care Costs Characteristics Dy/dx 95%CI P
Direct cost Pre 1.153 (1.12; 1.17) <0.001

Int 1189.518 (1179.29; 1199.74) <0.001
Post -4.323 (-4.35; -4.29) <0.001
Gender (female) -100.838 (-103.32; -98.34) <0.001
Age 1.303 (1.22; 1.38) <0.001

Obs.: pre pre-intervention, int intervention, post post-intervention
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Conclusions
Bariatric surgery represents an efficient and effective 
intervention for treating moderate to severe obesity, 
encompassing extensive benefits in health outcomes and 
supporting other public health strategies towards health 
promotion and reducing disease burden. Trends in mul-
tiple health outcomes showed statistically significant 
improvements in patients’ health status post-interven-
tion compared to trends pre-intervention, resulting in 
reduced direct health care costs and burden of obesity, 
leading to a decrease in the risk of mortality potential 
increase in quality of life.
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