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Background: Metabolic bariatric surgery (MBS) reduces
the risk of new-onset hypertension; however, it is unclear
whether this effect varies according to patient sex, age, or
socioeconomic background. This study aimed to assess the
risk of new-onset arterial hypertension after MBS, with a
special focus on these patient characteristics.

Methods: This follow-up study with matched controls was
nested in a large employee cohort, the Finnish Public
Sector study, consisting of individuals with no hypertension
at baseline. For each patient who underwent laparoscopic
MBS between 2008 and 2016, two propensity-score
matched controls were selected from individuals
hospitalized with a diagnosis of obesity or individuals with
self-reported severe obesity [body mass index (BMI) �
35 kg/m2] but no recorded history of MBS. Cases of new-
onset hypertension were identified via linked electronic
health records from the national health registries until
December 31, 2016.

Results: The study included 912 patients and 1780
matched controls. The rate of new-onset hypertension per
1000 person-years was 2.8 in the surgery group and 9.6 in
the control group, with a rate ratio of 0.29 (95%
confidence intervals 0.15–0.57) and a rate difference of
�6.8 (95% confidence intervals �9.6 to �4.0) per 1000
person-years. No significant differences in rate reduction
after MBS were observed to be associated with patient
sex, age, or socioeconomic status.

Conclusion: Metabolic bariatric surgery reduces the risk of
new-onset arterial hypertension across all age-, sex-, and
socioeconomic subgroups.

Keywords: cardiovascular risk prevention, metabolic
bariatric surgery, obesity and arterial hypertension,
propensity score

Abbreviations: 95% CI, 95% confidence intervals; ATC,
Anatomical Therapeutic Chemical; BMI, body mass index;
BP, blood pressure; FPS, Finnish Public Sector Study; ICD-
10, International Classification of Diseases, 10th Revision;
LRYGB, Roux-en-Y gastric bypass; LSG, sleeve gastrectomy;
MBS, metabolic bariatric surgery; mmHg, millimeters of
mercury; OMM, obesity management medication; PS, the
propensity score; RR, rate difference; SD, standard
urnal of Hypertension
deviation; SES, socioeconomic status; T2DM, type 2
diabetes mellitus
INTRODUCTION
A
rterial hypertension is a leading cause of cardiovas-
cular mortality [1,2]. In 2023, it was estimated that
33% of the global adult population had hyperten-

sion, defined as systolic blood pressure (PB) �140mmHg
and/or diastolic BP �90mmHg [3]. The prevalence of
hypertension has increased and is expected to continue
to increase, especially in low- and middle-income countries
[3], contributing to increasing total deaths from cardiovas-
cular diseases worldwide, underlining the importance of
sustainable interventions for reducing hypertension [3–6].
At the same time, severe obesity is an increasing global
epidemic with estimations that 20% of the global popula-
tion will suffer from obesity (BMI � 30 kg/m2) by year 2030
[7,8]. Obesity is a leading predisposing factor for several
chronic conditions with major public health importance
including hypertension, type 2 diabetes (T2DM), coronary
heart disease, and stroke [7,9–12]. Both hypertension and
obesity are major modifiable risk factors for cardiovascular
disease and all-cause mortality [2,5,13,14]. The pathogene-
sis of severe obesity and hypertension is linked, with the
tion, and reproduction in any medium, provided the original work is properly cited.
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prevalence of obesity-associated primary hypertension be-
ing 65–75% [15,16]. Furthermore, medical treatment of
hypertension is more complex in patients with obesity,
and often a combination of more than one pharmacological
agent is needed to sufficiently control hypertension in this
patient group [17].

Metabolic bariatric surgery (MBS) is the most effective
treatment for severe obesity, leading to sustainable weight
loss and often resulting in remission or alleviation of many
obesity-related comorbidities [18,19]. MBS is associated
with a reduced risk of cardiometabolic diseases and mor-
tality, compared with routine care [20]. MBS reduces blood
pressure [21] allowing many patients to discontinue antihy-
pertensive medications after the surgery [22]. However, the
role of MBS in preventing new-onset hypertension is poorly
understood. The Swedish Obese Subjects (SOS) trial was
the first to report that MBS significantly lowers the risk of
new-onset hypertension, but the study utilized two surgical
techniques that are no longer in current practice, and gastric
bypass procedures represented only a minority of the
operations [23]. Other studies assessing the preventive
effect of MBS on new-onset hypertension are observational
and mostly based on clinical cohorts [7]. The few follow-up
studies on population-based cohorts have reported a re-
duced risk of new-onset hypertension after MBS compared
to controls, with risk ratios ranging between 0.07 and 0.47
[20,22,24–26]. However, an important limitation of these
studies is the lack of control for potential confounders such
as socioeconomic status or comorbid conditions. Addition-
ally, the effect of baseline obesity class on the comparative
risk reduction of hypertension after MBS remains unknown.

In this study, we compared the risk of new-onset hyper-
tension in patients who underwent MBS to propensity
score-matched controls, taking into account a wide range
of potential confounders such as sociodemographic factors,
clinical characteristics, and residential environmental fea-
tures. The aim was also to assess and compare the risk of
new-onset hypertension in sociodemographic subgroups
based on age, sex, socioeconomic status, and BMI classes
[BMI 30–34.9 kg/m2 (Class I), 35–35.9 kg/m2 (Class II), and
�40 kg/m2 (Class III]).

METHODS

Study population
The patients who underwent MBS and their matched con-
trols were drawn from the Finnish Public Sector (FPS) study,
a large, dynamic cohort of public sector employees with
repeated questionnaire follow-ups every 2–4 years and
linkage to electronic health records. The FPS was estab-
lished in 1997–1998 and it comprises employees with a job
contract for a minimum of six months in the municipal
services of the six largest cities, five smaller towns, and 21
public hospitals in Finland [27]. A total of 477 509 individu-
als participating in the FPS had data on sociodemographic
factors and were successfully linked to national health
records until December 31, 2016.

After the entry to the cohort, all individuals in the FPS
cohort who underwent laparoscopic MBS procedure, either
a Roux-en-Y gastric bypass (LRYGB) or sleeve gastrectomy
(LSG) between 2008 and 2016, were included in the present
872 www.jhypertension.com
study. Information was collected from the national registry
of hospital discharge records maintained by the National
Institute for Health and Welfare. To define an eligible
comparison group for propensity score matching, we iden-
tified all cohort participants who had been hospitalized
with a diagnosis of obesity (ICD-10 code E66) for reasons
other than MBS or who had a BMI�35 kg/m2 based on self-
reported body height and weight in any of the three surveys
conducted between 2008 and 2014. In the sensitivity anal-
ysis, a BMI range of 30–34.9 kg/m2 was also applied.
Individuals with hypertension were excluded from the
study. The propensity score was calculated for undergoing
surgery based on a wide range of risk factors among this
sample of hypertension-free participants with obesity. Each
bariatric surgery case was then matched 1 : 2 to the non-
surgery comparison group with the same propensity score,
leaving only nine bariatric patients unmatched.

The ethics committee of the Hospital District of Helsinki
and Uusimaa approved the study (registration number
HUS/1210/2016).

Ascertainment of hypertension
Participantswere linked tonationwidehealth andpopulation
registries using unique personal identification numbers in
Finland. Hypertension was identified with eligibility for spe-
cial reimbursement in theDrugPrescriptionRegister andwith
ICD-10 code I10 in the hospital discharge registry, as in our
previous studies [28]. Finnish National Health Insurance,
coordinated by the Social Insurance Institution, covers all
permanent residents of Finland and provides special reim-
bursements for additional costs associatedwithmany chronic
diseases, including hypertension. Participantswith hyperten-
sion who required continuous medication were identified
from the Social Insurance Institution Drug Reimbursement
Register. This register containsdataonall patientswho,based
onmedical certificates, havebeengranted reimbursement for
medications in Finland, including antihypertensive drugs,
with the date on which permission was granted. To be
eligible for this reimbursement due to hypertension, the
patient needed to have a severe (at least stage 2) or compli-
cated form of hypertension that is likely to be chronic
(repeated blood pressure measurements of >105mmHg
diastolic (or>95mmHg diastolic with signs of complications
or cardiovascular co-morbidities) or >200mmHg systolic).
Follow-up started at the date of MBS for cases and the date of
the recording of obesity (from hospital records or survey
responses) for controls and lasted until December 31, 2016.

Covariates
Baseline covariates were obtained via record linkage by the
unique identification number of participants to national
registries, as described in detail elsewhere [29]. Age, sex,
and occupational titles were derived from employers’
records, and educational attainment was obtained from
Statistics Finland. Socioeconomic status was defined by
occupational position, educational attainment, and level
of neighborhood disadvantage with detailed definitions
published previously [27]. Occupational position was based
on occupational titles categorized as higher-grade nonman-
ual, lower-grade nonmanual, and manual jobs. Educational
attainment was categorized into tertiary (college or
Volume 43 � Number 5 � May 2025
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university), secondary (vocational), or basic. The geocoded
residential addresses of the participants were obtained from
the Population Register Center and positioned in the Statis-
tics Finland 250 m� 250 m Grid Database [30]. The neigh-
borhood disadvantage score for each grid comprised the
average annual income of households, the mean number of
years of education of those over 18 years of age, and the
proportion of unemployed adults belonging to the labor
force. The disadvantage score was classified into three
categories based on national means as follows: affluent
(deprivation score in relation to the national mean disad-
vantage score < �0.5 SD), intermediate (�0.5 to 0.5 SD),
and disadvantaged (>0.5 SD, highest disadvantage). Low
socioeconomic status was indicated by any of the follow-
ing: basic education, manual occupation, or residence in a
disadvantaged neighborhood. High socioeconomic status
was indicated by a combination of tertiary or higher edu-
cation, higher-grade nonmanual occupation, and residence
in an affluent neighborhood. Intermediate socioeconomic
status was defined as all other combinations. Based on
records of granted work disability pensions and statutory
pensions obtained from the Finnish Centre of Pensions, the
participants were classified as not retired, retired due to
work disability, and retired based on age. Information on
chronic medical conditions was obtained from the national
health registries. Healthcare provider-related differences
were indicated by place of residence (city, town, or rural)
and hospital district (five districts).

Statistical analysis
The propensity score method was used to approximate the
comparabilityof the cases and controls. Thepropensity score
(PS) is the conditional probability of being assigned ‘treat-
ment,’ here MBS, given the observed covariates (for details,
see [29]).We constructed for all bariatric surgery patients and
their nonsurgery comparison group using a logistic regres-
sion model with bariatric surgery as the outcome, and status
regarding sex (female and male), age-group (18–35, 35–44,
45–54, 55–64 and >65years), socioeconomic status (low,
intermediate, or high), retirement, diagnosed medical con-
ditions, place of residence, and hospital district defined prior
to the index date as covariates. The model also included
interactions of covariates with sex, age group, and socioeco-
nomic status. Each bariatric surgery case was matched 1 : 2
with nonsurgery controls with the same propensity score.
The degree of imbalance between the patients withMBS and
their control persons was assessed using the standardized
mean difference (SMD) [31]. For each covariate, the stan-
dardized mean difference (SMD) was calculated using the
following formula:

SMD ¼ 100� Mb�Mcð Þ=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Vbþ Vcð Þ=2ð Þ
p

,
where Mb and Mc represent the sample means for the

bariatric surgery and control groups, respectively, and Vb
and Vc are the corresponding sample variances. Absolute
SMD values below 10% indicate a good balance between
the groups.

To examine the risk of new-onset hypertension among
bariatric surgery cases and their matched controls, we
started the follow-up at the index date: hospitalization
Journal of Hypertension
due to bariatric surgery, hospitalization with an ICD-10
code of obesity but no bariatric surgery, or the date of
survey response with a BMI �35 kg/m2 for those with no
hospitalization with an ICD-10 code of obesity. The follow-
up continued until disease onset, death, or the end of
follow-up (December 31, 2016), whichever came first.

To depict the association of bariatric surgery with new-
onset hypertension during the follow-up period, we calcu-
lated the cumulative hazard curves for bariatric surgery
cases and their matched controls. We used Poisson regres-
sion models to estimate the rate of new-onset hypertension
per 1000 person years and the 95% confidence intervals
(95% CI) in the bariatric surgery group and the control
groups, and the corresponding rate ratio and rate difference
(95% CI). To examine whether the associations varied
between demographic subgroups, we used contrasts in
the Poisson regression models. These included the demo-
graphic factor, treatment group, and their interaction term
to estimate the rates, rate ratios, and rate differences for men
and women, for those aged less than 50 years and 50 years
or more, and for those with low socioeconomic status.

In sensitivity analyses, we first calculated the cumulative
hazard curves and estimated the rates, rate ratios, and rate
differences, as in the main analyses comparing the risk of
MBS patients to four alternative propensity score-matched
control groups (clinical controls only and nonclinical survey
controlswithBMI�40, 35–39.9, or 30–34.9 kg/m2),matched
1 : 1. Second, we replicated the main analyses using a mini-
mum 1-year lag between the index date and the date of the
occurrence of hypertension to consider the possibility that
nondiagnosed prevalent hypertension would bemore likely
among the nonsurgery controls than the bariatric patients.
Third, we examined the association between MBS and
hypertension onset according to the type of surgery (LRYGB
or LSG). All analyses were performed using SAS version 9.4.

RESULTS

A total of 1145 patients underwent laparoscopic Roux-en-Y
gastric bypass (LRYGB) or sleeve gastrectomy (LSG). There
were 8385 potential controls with no history of bariatric
surgery who had been hospitalized with a diagnosis of
obesity or who had a self-reported BMI �35 kg/m2. For
sensitivity analyses, BMI Class I (30–34.9 kg/m2) was also
applied. The selection of the analytical samples is shown in
Fig. 1. After excluding individuals with prevalent hyperten-
sion at baseline (224 bariatric surgery patients and 1395
controls, prevalence 19.6% and 16.6%, respectively), each
bariatric surgery case was matched to two nonsurgery
comparison patients with the same propensity score, leav-
ing only nine unmatched MBS patients. Of the nine un-
matched patients, none had new-onset hypertension
during follow-up. The final sample consisted of 912 patients
with MBS cases and 1780 matched controls. The distribu-
tions of the baseline characteristics of the MBS cases and
their controls are shown in Table 1. The mean age of the
2692 participants was 44.5 years, 2469 (91%) were women,
and 1399 (52%) had low socioeconomic status. The abso-
lute SMD values for all baseline characteristics were small
(<10%), supporting the assumption of balance between the
groups (Table 1).
www.jhypertension.com 873



FIGURE 1 Flow chart of the study population.
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During the mean follow-up of 4.2 years (range 0–
9 years), new-onset hypertension cumulated linearly in
both groups (Fig. 2). At the end of the follow-up, there
were 83 new-onset hypertension events: 10 cases in the
bariatric surgery group and 73 cases in the control group
(Fig. 3). The rate of hypertension occurrence per 1000
person years was 9.6 (95% CI 7.6–12.0) in the control group
and 2.8 (1.5–5.2) in the MBS group. The rate ratio in the
bariatric cases compared to the controls was 0.29 (0.15–
0.57) and the corresponding rate difference �6.8 (�9.7 to
�3.8) per 1000 person-years.
874 www.jhypertension.com
No significant difference in the relative or absolute risk
for hypertension after MBS was observed according to
patient sex, age, or socioeconomic status (Fig. 3).

Results from the sensitivity analyses with alternative
matched control groups are shown in Fig. 4, and the
cumulative hazard curves are shown in eFigure 1, http://
links.lww.com/HJH/C664. Among the controls, the lowest
obesity-related hypertension risk was observed in survey
controls with BMI between 30 and 34.9 kg/m2 (5.4/1000
person-years) and the highest in hospital controls (13.1/
1000 person-years). The relative risk of the MBS cases
Volume 43 � Number 5 � May 2025
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TABLE 1. Baseline characteristics of propensity-score-matched cohort of patients with bariatric surgery and their control persons

Controls have been hospitalized with the diagnosis of obesity (ICD-10 E66) or have BMI �35 m2 but have no history of bariatric
surgery

Characteristic Controls Bariatric SMD (%)

All, N (%) 1780 (100) 912 (100)

Sex, N (%) 2.1

Men 144 (8.1) 79 (8.7)

Women 1636 (91.9) 833 (91.1)

Mean age (SD), years 44.5 (9.9) 44.6 (9.4) �1.4

Socioeconomic status, N (%)

Low 923 (51.9) 476 (52.2) �0.7

Intermediate 685 (38.5) 348 (38.2) 0.7

Higher grade nonmanual 172 (9.7) 88 (9.7) 0.0

Retirement, N (%)

Not retired 1496 (84.0) 760 (83.3) 1.9

Disability retirement 279 (15.7) 148 (16.2) �1.5

Statutory retirement 5 (0.3) 4 (0.4) �2.6

Diseases, N (%)

Sleep apnea 236 (13.3) 138 (15.1) �5.4

Diabetes 186 (10.5) 110 (12.1) �5.1

Cardiovascular diseasesa 43 (2.4) 25 (2.7) �2.1

Asthma or COPD 266 (14.9) 132 (14.5) 1.3

Musculoskeletal disordersb 178 (10.0) 99 (10.9) �2.8

Mental or behavioral disorders 167 (9.4) 80 (8.8) 2.1

Other diseasesc 61 (3.4) 38 (4.2) �3.9

Place of residence

City 898 (50.5) 453 (49.7) 1.6

Town 494 (27.8) 259 (28.4) �1.4

Rural 388 (21.8) 200 (21.9) �0.3

Hospital district

Helsinki and Uusimaa 695 (39.0) 331 (36.3) 5.7

South-West Finland 273 (15.3) 160 (17.5) �6.0

Pirkanmaa 280 (15.7) 154 (16.9) �3.1

Northern Ostrobothnia 202 (11.4) 103 (11.3) 0.2

Other 330 (18.5) 164 (18.0) 1.4

SMD, standardised mean difference.
aIHD, heart failure, stroke.
bRheumatoid arthritis and related disorders, osteoarthritis of hip, osteoarthritis of knee.
cParkinson disease, multiple sclerosis, epilepsy, alcoholic liver disease, pancretitis, renal failure.
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compared to these control groups varied in between 0.18
(hospital controls) and 0.41 (survey controls with BMI in
between 30 and 34.9 kg/m2). The sensitivity analysis with a
1-year lag before the start of the follow-up of new-onset
hypertension also replicated the findings of the main anal-
yses (RR 0.28, 95% CI 0.13–0.62). The sensitivity analysis
examining the association between MBS and hypertension
by the type of surgery found no significant differences in
the associations with new-onset hypertension between LSG
(N ¼ 233) and RYGBP (N¼ 679). The corresponding rate
ratios were 0.34 (0.11–1.09) and 0.28 (0.13–0. 60)
years, respectively.

DISCUSSION

In this follow-up study with propensity score-matched
controls, we reported a significant reduction in the risk
of new-onset hypertension following metabolic bariatric
surgery. Risk reduction was also evident when comparing
bariatric surgery cases to controls with Class I obesity (BMI
30–34.9 kg/m2), highlighting the efficacy of MBS in pre-
venting new-onset hypertension. There were no statistically
significant differences in the risk reduction associated with
patient sex, age, or socioeconomic status.
Journal of Hypertension
The incidence rate of hypertension was 2.8 per 1000
person-years in the MBS group and 9.6 per 1000 person-
years in the control group. This implies that approximately
150 patients with severe obesity should be treated by MBS
to avoid one new case of hypertension in a year. However,
the clinical significance is much higher as MBS reduces the
risk of a wide range of obesity-related conditions in addi-
tion to hypertension.

Metabolic bariatric surgery has been shown to result in
sustainable weight loss and remission or alleviation of many
obesity-related diseases, such as hypertension and T2DM
[18,19]. However, the extent to which MBS prevents new-
onset hypertension is not well known. Our results are in
line with the previous follow-up studies on population-
based cohorts that have examined the effect of MBS on the
risk of new-onset hypertension, which was found to be 60–
90% lower in patients compared to controls (pooled odds
ratio 0.36, 95% CI 0.32–0.40) [7,20,22,24–26]. These studies
were extensive nonrandomized comparative studies reliant
on registry data with 956–8385 MBS patients with a maxi-
mum follow-up time from 6 to 15 years. However, there
were major limitations to these studies. In only two studies,
the definition of hypertension was based on a clinical
diagnosis derived from patient care registries, as was the
www.jhypertension.com 875



*Rate ratio (95% confidence interval)

†Rate difference (95% confidence interval)

FIGURE 2 Eight-year cumulative hazard (%) of hypertension onset in bariatric cases and matched controls.
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case in our study [20,25]. In other studies, a surrogate
marker of hypertension, the Anatomical Therapeutic Chem-
ical (ATC) codes used for antihypertensive drugs, was used,
with the onset of hypertension defined as the first time a
N Events

SES‡

*Rate ratio (95% confidence interval)

†Rate difference (95% confidence interval)
‡Sosioeconomic status: Low: basic educa�on, manual occupa�on, or residence in disadvantaged ne

Rate per 1000 py

FIGURE 3 Bariatric surgery and risk of new-onset hypertension compared to matched co

876 www.jhypertension.com
participant had a drug dispensed in electronic pharmacy
claim records [24,26], or the first year a participant had had
three such purchases [22]. This creates a potential source
of error as the indication for the prescription of
RR* (95% CI) P interaction RD† (95% CI) P interaction

(0.15 to 0.57) -6.8 (-9.6 to -4.0)

(0.09 to 1.81) -9.6 (-22.7 to 3.6)

(0.13 to 0.57) 0.67 -6.5 (-9.3 to -3.7) 0.66

(0.14 to 0.79) -4.7 (-7.7 to -1.7)

(0.10 to 0.77) 0.78 -10.4 (-16.5 to -4.4)

(0.12 to 0.75) -6.5 (-10.3 to -2.7)

(0.11 to 0.74) 0.99 -7.1 (-11.2 to -2.9) 0.83

ighborhood.   High:  all other combina�ons

ntrols.
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N Events RR* (95% CI) RD† (95% CI)

(0.20 to 0.84) -3.2 (-5.5 to -0.8)

(0.13 to 0.57) -7.4 (-11.1 to -3.8)

(0.15 to 0.65) -7.4 (-11.5 to -3.2)

(0.08 to 0.39) -10.7 (-15.2 to -6.2)

*Rate ratio (95% confidence interval)

†Rate difference (95% confidence interval)

Rate per 1000 py

FIGURE 4 Bariatric surgery and risk of new-onset hypertension compared to alternative matched control groups.
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antihypertensive drugs is unknown, and their usage is not
restricted to hypertension. Similar to our study, four prior
studies used propensity score matching, but only used
patient age and sex [20,22,24,25] and additionally baseline
diabetes [20,22,24] or data from general practitioners [25] to
match controls with obesity with the MBS patients. Socio-
economic status was not controlled for in these studies with
two exceptions [20,22] and baseline co-morbidities outside
T2DM were not taken into account. As our study setting
allowed for the control of a wide range of potential con-
founders, we were able to confirm and expand on the
results of prior studies.

In contrast to our previous study, in which we found that
the risk of new-onset T2DM varied across socioeconomic
statuses following MBS (see ref. [29]); no such differences
were observed in this study. A potential explanation is that
hypertension is more multifactorial, and the risk of hyper-
tension is associated with for example. genetics, age, and
behavioral factors such as low physical activity, obesity,
high-salt diet, excess alcohol intake and smoking [2]. MBS
exerts its effects on blood pressure through numerous
mechanisms, such as weight loss, reduced sympathetic
activity, improved insulin sensitivity, lower renin–angio-
tensin–aldosterone system activation and decreased chron-
ic low-grade inflammation [16]. In addition, hypertension is
an integral component of the cardiovascular risk profile. In
particular, coexisting with T2DM can synergistically in-
crease the risk of cardiovascular complications. The man-
agement or prevention of both T2DM and hypertonia is
crucial for reducing the overall cardiovascular risk, andMBS
addresses both conditions.

Hypertension can be effectively managed pharmacolog-
ically, but the efficacy of the treatment is often limited by
poor patient adherence to long-term antihypertensive med-
ication, and the benefits are lost upon discontinuation. For
example, prevalence of good adherence to antihyperten-
sive medication was only 59% (95% CI, 42–77) [32]. At the
same time, new obesity management medications (OMMs)
are emerging as alternatives to MBS as a means to reduce
both weight and obesity-related cardiovascular risk factors.
Recent findings in the SELECT study suggest that semaglu-
tide significantly reduces the 5-year risk of cardiovascular
events in obese patients. However, discontinuation of the
Journal of Hypertension
medication was not uncommon and resulted in recurrent
weight gain and a return of previously improved cardio-
vascular risk factors to baseline levels [33,34]. The need for
life-long medication to sustain the positive effects of OMMs
is associated with significant costs, problems with medica-
tion adherence and availability, and potential adverse
effects [34,35]. In contrast, the results of MBS are often
long-lasting, and the overall costs are likely lower than
those for continuous OMM treatment. However, OMMs can
offer an alternative treatment for severe obesity in those
who are not suitable candidates for MBS [36,37]. or they can
be used for synergy in conjunction with MBS [38,39].

This study had several limitations. First, the selection of
controls was based on either the diagnosis of obesity in the
hospital discharge registry or self-reported height and
weight, with self-reported measurements as a potential
source of bias. However, the cumulative hazard curves
of new-onset hypertension in controls with class I, II,
and III obesity followed a dose-response pattern. This
and our earlier studies suggest that self-reported data did
not cause a significant bias [27]. Second, we identified
hypertension, a condition often asymptomatic, with either
eligibility for special reimbursement in the Drug Prescrip-
tion Register or ICD-10 code I10 in the hospital discharge
registry. Considering that individuals who undergo MBS are
usually carefully evaluated by a multidisciplinary team, it is
unlikely that hypertension remained undiagnosed in the
surgery group. In contrast, it is possible that, among the
survey controls, there were undiagnosed cases of baseline
hypertension. However, sensitivity analyses showed that
the cumulative hazard curves for hypertension were similar
in shape in clinical controls compared with survey controls,
where obesity was measured using self-reported weight
and height. Moreover, the results remained the same using
a minimum 1-year lag between the index date and the date
of the occurrence of hypertension, mitigating the possibility
that nondiagnosed prevalent hypertension would have
biased this study. Third, information about behavior-related
risk factors for hypertension, such as smoking or alcohol
intake, was not available. These factors might affect the
likelihood of seek MBS or being suitable for MBS. However,
we were able to use information on hospitalizations due to
mental and behavioral disorders, a correlate of the use of
www.jhypertension.com 877
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addictive substances, diminishing the possibility that sub-
stance abuse would be a major source of bias in our study
[27]. Fourth, nine patients with MBS were excluded because
there were no potential controls with the same propensity
score. As none of the patients developed new-onset hyper-
tension, this exclusion had little effect on our results. Fifth,
in our female dominated cohort, more than 90 percentages
of our participants were women, which is consistent with
MBS showing a predominance of female patients world-
wide [40]. Although there were no statistically significant
differences in the risk reduction associated with patient sex,
we cannot rule out the possibility that the risk reduction
after MBSwould vary by sex given the small number of men
in our study. Finally, our study was based on an ethnically
homogenous occupational cohort in a single welfare coun-
try with universal healthcare, and further studies are needed
to assess the effect of MBS outside of employed population
segments and in various ethnic groups.

Our study had significant strengths. Patient characteristics,
such as socioeconomic status and comorbidities, the timing of
MBS, and the detection of new-onset hypertension, were
derived from reliable national registries with no loss of fol-
low-up. The treatment and comparison groups were well
balanced by propensity score matching with a wide range
of potential confounding factors, including demographics,
socioeconomic factors, clinical characteristics, and living en-
vironment features. Our study was performed in a Scandina-
vian welfare country with universal healthcare, diminishing
the selection bias related to socioeconomic status.

In conclusion, our study confirmed that metabolic bar-
iatric surgery markedly reduced the risk of new-onset
arterial hypertension and showed that there were no sta-
tistically significant differences in this reduction across all
age, sex, and socioeconomic subgroups. Our findings
underline the need for increased access to MBS to effec-
tively treat severe obesity and prevent the development of
hypertension, which is one of the leading causes of
cardiovascular death.
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