














Obesity Studies

Figure 1

(A-F) Changes to BMI, HbA1c, LDL, HDL, SBP and DBP during 6 years of follow-up after RYGB and in controls

(mixed repeated measures). BMI, body mass index; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure.

is certainly a strong association between glycemic control
and mortality in patients with both type 1 and type 2
diabetes," '’ but it seems unlikely—and is unsupported
by our results—that the difference in HbAlc between the
two groups in the present study would explain why the
mortality risk is lower following RYGB than conventional
diabetes treatment.

Remission of diabetes after bariatric surgery has been
repeatedly demonstrated’ * '®*’ and is an undisputed

objective of this treatment. In the present study, the
proportion of patients in remission of diabetes (36.8%)
according to our definition was comparable to the
findings of the Surgical Treatment and Medications
Potentially Eradicate Diabetes Efficiently (STAMPEDE)
trial,” as well a recent Italian single-center study.”
Although sleeve gastrectomy is increasingly used, RYGB
is still the most common surgical procedure in Sweden,
particularly during the time frame of this study. Thus,
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our results only apply to the latter, although many of
the effects may be present using any surgical method.

Obesity is characterized by atherogenic dyslipidemia,
including increased triglyceride levels, decreased HDL
and abnormal LDL composition, all of which are known
to improve with weight loss and physical exercise.”'
The key metabolic mechanisms are hepatic overpro-
duction of large triglyceride-rich very low density
lipoproteins and delayed clearance of triglyceride-rich
lipoproteins.”” Our study confirms previously estab-
lished effects on blood lipids after RYGB.” There was
a limited decrease in LDL serum levels from quite
normal values, generating a temporary statistical
difference between the two groups. These results can
be influenced by the use of lipid-lowering medica-
tions (almost always statins), which increased in both
groups, although controls used them more frequently
throughout the study period. The limited effect on
LDL and the pronounced and persistent increase in
HDL are in line with the results of studies that have
addressed CV risk factors after lifestyle changes that
include physical exercise and even moderate weight
loss.”* ? Tt is unlikely, however, that these differences in
LDL and HDL levels, or lipid-lowering treatment, can
explain the discrepancies in mortality risk identified by
our study, particularly because there is still no evidence
that treatment of HDL reduces CV risk.

Although beneficial changes in all risk factors but
HbAlc were seen in the control persons, there were
minor but statistically significant differences in blood
pressure levels and use of antihypertensive medications,
as well as smoking habits and amount of physical activity,
between the groups during follow-up. The impact of
smoking cessation on risks of CV disease and mortality
has long been established,” while the hypothesis that life-
style interventions in patients with type 2 diabetes might
improve survival rates remains to be proven in a random-
ized trial.”® The benefits of physical activity have, however,
been very clearly documented in a major meta-analysis.”’
Nevertheless, there might be a number of other factors,
such as additional lifestyle factors or comorbidities, that
contribute to the effects of RYGB compared with the
treatment offered during the course of this study that
we cannot capture in the registers and databases used
(residual confounding). The reasons for the lower risk
of dying following RYGB may thus be multifactorial so
that weight change—as supported by our results—may
be a proxy for several different mechanisms, such as
reduced mechanical loading, inflammatory stress, as well
as neurohormonal alterations, nutrition changes and
perhaps also increased physical activity.

The key limitation of our study is that the number of
individuals available for follow-up gradually decreased
with only 25% of clinical data available after the first
year in the RYGB group, and 45% in the control group.
It is likely that some persons have not been reported at
normal intervals due to clinically significant improve-
ment or even remission of diabetes. NDR is a quality
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registry to which one can report patients with diabetes
annually or at intervals to suit their own practice. In
the previous report, we mainly used data on cardiovas-
cular outcomes and death from the Swedish Inpatient
and Cause of Death Registers, thus allowing follow-up
of substantially higher proportion of the study popula-
tion. However, we are confident that the high quality
of data is substantiated by relatively stable mean values
and narrow CIs for at least 6years. We used state-
of-the-art methodology to impute missing baseline
data, and missing values during the follow-up time
were handled by using the mixed repeated measures
model, but can only describe the role of changes in risk
factors in persons available for follow-up. Due to the
data sources used and the selection of patients in the
two treatment groups, there were minor differences
in clinical characteristics. As previously discussed,"’
we used careful matching of people based on sex, age,
BMI and time, followed by a Cox proportional hazards
regression model, including all baseline characteris-
tics, to minimize the effects of confounding. Residual
confounding, by for example, lifestyle variables or
comorbidities, however is possible contributing to the
effects of the study. The causal mediation analysis is a
new method not widely used yet, but we employed it
in an attempt to evaluate the significance of changes
to traditional risk factors following bariatric surgery for
the main results of our study—the lower risk of all-cause
and CV mortality.'' "> The main strength of the study
is its nationwide scope—the use of registers with 95%
participation of all patients with obesity and diabetes
who underwent RYGB during the period covered.
There were pronounced beneficial effects, mainly
with respect to BMI, HbAlc and HDL, while changes
in LDL and blood pressure were minor and transient
following RYGB among patients with diabetes and obesity
compared with those who had not undergone surgery—
despite less frequent use of pharmaceutical treatment for
risk factors. The'' lower risk of all-cause and CV death
that has been shown recently seems to be mediated
primarily by the decrease in BMI, as opposed to CV risk
factors. This suggests that several different mechanisms
contribute to the beneficial effects.
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