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INTRODUCTION Bariatric surgery is considered an effective treatment for weight loss and for improving the metabolic
profile of patients with obesity. Obesity-related comorbidities such as hyperlipidaemia and type 2 diabetes mellitus (DM)
are significant cardiovascular risk factors. Additionally, prospective clinical trials have shown that statins increase the risk
of development of DM, and many patients with obesity are on statins. We retrospectively examined the effect of bariatric
surgery on lipid profile, DM control and weight loss at the five-year follow-up.

METHODS In total, 104 patients undergoing bariatric surgery from 2008 to 2012 were retrospectively studied. 36 patients
were on preoperative statins. Their lipid profile, DM control and weight loss were examined at the one-year and five-year
follow-ups.

RESULTS Both high-density lipoprotein and triglyceride levels showed significant improvement at the one-year and five-
year follow-ups (p = 0.01). Total cholesterol showed significant improvement at the one-year follow-up (-0.30 mmol/dL,
p = 0.0338); however, better control was not sustained at the five-year follow-up (-0.15 mmol/dL, p = 0.133). Low-density
lipoprotein did not show any considerable improvement at the one- and five-year follow-ups (-0.27 mmol/dL, p = 0.150
and -0.24 mmol/dL, p = 0.138, respectively). A statistically significant improvement in DM control was observed in these
patients and in those on preoperative statins. Weight loss was sustained at one and five years.

CONCLUSION Bariatric surgery does not confer a uniform improvement in lipid profile in the long term. It does, however,

induce efficient weight loss and improvement in diabetic profile, even in patients on preoperative statins.
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INTRODUCTION

Obesity is recognised as a global epidemic, with increasing
incidence in recent years." It is considered as a severe health
hazard and a risk factor for chronic conditions such as Type 2
diabetes mellitus (DM), hypertension and hyperlipidaemia, as
well as an established independent risk factor for cardiovascular
diseases.®® Bariatric procedures are reportedly the most effective
strategy to reduce weight loss and have been demonstrated to be
more effective than non-surgical means.”® Many studies have
documented the benefits of bariatric surgery in weight loss and
its associated comorbidities. However, most of the studies are
based on follow-up data of two years’ duration or less.” Studies
on both the intermediate and long-term impact of bariatric surgery
on hyperlipidaemia and its comorbidities are limited, especially
in the Asian population."” We aimed to evaluate the impact of
bariatric surgery on the lipid profile, glycaemic control and weight
loss of patients with obesity at the five-year follow-up.

METHODS

Patients undergoing bariatric surgery from 2008 to 2012 at National
University Hospital, Singapore, were evaluated for this study. Patients
undergoing different types of bariatric surgery, including sleeve
gastrectomy, gastric bypass and gastric banding were included.
A total of 104 patients were enrolled, and their basic demography,
preoperative statin use, lipid profile and DM status were recorded.

Table I. Clinical and demographic characteristics of patients who
underwent gastric banding, sleeve gastrectomy and Roux-en-Y
gastric bypass (n = 104).

Characteristic No. (%)
Male gender 44 (42.3)
Age* (yr) 40 (31-49)
Ethnicity
Chinese 36 (34.6)
Malay 30(28.8)
Indian 30(28.8)
Other 8(7.7)
Hypertension 61(58.7)
Diabetes mellitus 44 (42.3)
Surgery type
Gastric banding 3(29)
Roux-En-Y gastric bypass 16 (15.4)
Sleeve gastrectomy 85(81.7)

*Data is presented as median (interquartile range).

Subsequently, lipid and glycaemic profile were evaluated at one- and
five-year intervals. Some patients were lost to follow-up during the
study period. At the one- and five-year intervals, 76 and 72 patients
were evaluated, respectively. A subgroup of patients who were on
statins preoperatively was also evaluated. This study was approved
by the institutional ethics review board.
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Table Il. Changes in metabolic profile at one year and five years after surgery.

Variable Preoperative At 1yr(n=76) p-value At5yr(n=72) p-value
(n=104)
Total cholesterol* (mmol/L) 4.92 +1.88 4.62+1.42 0.0338 4.77 £1.58 0.133
Triglycerides* (mmol/L) 1.66 + 1.60 1.02+0.98 0.01 1.22+1.24 0.01
High-density lipoprotein* (mmol/L) 1.14+£0.52 1.37 £0.62 0.01 1.40+0.62 0.01
Low-density lipoprotein* (mmol/L) 3.05+1.82 2.78+1.22 0.150 2.81+1.30 0.138
Weight* (kg) 112.3+46.2 86.1 +36.1 0.01 89.9+38.7 0.01
Body mass index* (kg/m?) 38.03£15.26 30.88 £ 13.92 0.01 3250+ 12.96 0.01
Excess weight loss* (%) NA 23.50 + 19.69 NA 20.90 £ 22.74 NA
HbA1c*" (%) 89+26 6.1+2.7 0.01 6.5+25 0.01

Data is presented as *mean + 2 SD. TAnalysis performed on 44 patients diagnosed with diabetes mellitus. One-year and five-year p-values are referenced against
preoperative values. HbA1c: glycated haemoglobin; NA: not applicable; SD: standard deviation

Statistical analysis was performed using the Stata 14 system
(StataCorp, College Station, TX, USA). Continuous data was
presented as median (interquartile range) if the variables followed
a non-normal distribution. Categorical variables were expressed
as percentage. The Wilcoxon signed-rank test for paired samples
was employed as a non-parametric equivalent of the paired
sample ttest used for continuous variables.

RESULTS

The demographic profile and comorbidities of our study
population are presented in Table I. The patients had a median
age of 40 years. They were predominantly of Chinese ethnicity
(34.6%), and slightly over half of all patients were female. The
most common associated comorbidity was hypertension (58.7%),
followed by DM (42.3%). 34.2% of the patients were on statins
preoperatively. The majority (81.7%) of the patients underwent
sleeve gastrectomy. Gastric bypass surgery was the next most
common surgery (15.4%), followed by gastric banding (2.9%).

Changes in the lipid profile, glycaemic status and weight
profile of our study population at baseline and at one- and
five-year intervals are presented in Table Il. Both high-density
lipoprotein (HDL) and triglyceride (TG) levels showed significant
improvement at the one- and five-year follow-ups. Total
cholesterol (TC) showed significant improvement at the one-year
follow-up (=0.30 mmol/dL, p = 0.0338); however, better control
was not sustained at the five-year follow-up (-0.15 mmol/dL,
p =0.133). Low-density lipoprotein (LDL) did not improve at both
the one-year and five-year follow-ups (-0.27 mmol/dL, p=0.150
and —0.24 mmol/dL, p = 0.138, respectively).

Patients with DM experienced a significant improvement in
glycaemic control. Weight loss was sustained at one-year and
five-year intervals (-26.2 kg, p = 0.01 and —22.4 kg, p = 0.01,
respectively), with a corresponding sustained improvement in
body mass index. Percentage excess weight loss after surgery
was 23.50% and 20.90% at the one-year and five-year time
points, respectively.

Table Ill details the profile of a subgroup of patients who were
on statins preoperatively. This group had a median age of 49 years
and was predominantly female (61.1%). Patients who were on
preoperative statins showed significantly better DM control at
one-year and five-year intervals (-2.7% HbATc, p = 0.01 and

Table Ill. Demographic characteristics of patients on preoperative
statins showing body weight and DM control at one year and five
years after surgery (n = 36).

Variable Mean + 2 SD p-value
Male gender* 14 (38.9) NA
Age' (yr) 49 (41-53) NA
HbA1c (%)

Preoperative 8.9+36 NA

1yr 6.2+26 0.01

5yr 6.4+3.2 0.01
Weight (kg)

Preoperative 107.5+44.2 NA

1yr 85.0+36.5 0.01

5yr 88.9 £ 36.5 0.01
Body mass index (kg/m?)

Preoperative 40.00 £ 13.18 NA

1yr 31.12+8.82 0.01

5yr 32.80+10.76 0.01

*Data is presented as no. (%) and Tmedian (interquartile range). One-year and
five-year p-values are referenced against preoperative values. DM: diabetes
mellitus; HbA1c: glycated haemoglobin; NA: not applicable; SD: standard
deviation

—-2.5% HbATc, p=0.01, respectively). Patients also had sustained
weight loss at one-year and five-year intervals.

In the cohort of patients who were on preoperative statins,
we further analysed the difference in the metabolic profile of
patients who continued to be on statins postoperatively and those
whose statins were discontinued after the operation (Table IV).
No significant difference between the two cohorts was found in
any component of lipid profile as well as DM profile and weight
loss at the one- and five-year points. Additionally, no new onset
of DM was noted in patients with preoperative statin use.

DISCUSSION

Limited data exists on whether bariatric surgery leads to a
sustained improvement in the lipid profile of patients in the long
term. In this retrospective analysis, we found that the improvement
in lipid profile was not uniform. HDL and TG levels showed
significant improvement, while TC and LDL did not show any
improvement at the five-year follow-up. This trend in lipid profile
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Table IV. Differences in the metabolic profiles of patients who were and were not on postoperative statins at one year and five years after

surgery.
Variable Mean + 2 SD p-value
Postoperative statins (n = 19) No postoperative statins (n=17)
Age* (yr) 51 (42-54) 45 (39-52) NA
Male gender’ 6(31.6) 8(47.1) NA
Total cholesterol (mmol/L)
Preoperative 459 +1.81 496 +1.74 0.277
Tyr 484 +1.27 4.60£1.26 0.232
S5yr 515+1.73 4.67 £ 1.66 0.128
Triglycerides (mmol/L)
Preoperative 1.84 £ 0.863 1.98 £ 1.03 0.856
1yr 1.16£0.716 1.12 +£0.691 0.988
S5yr 1.51+£0.726 1.29 £ 0.629 0.289
High-density lipoprotein (mmol/L)
Preoperative 1.25 £ 0.496 1.08 £0.432 0.05
1yr 1.44 £ 0.682 1.22+0.336 0.0925
5yr 1.48 £0.776 1.32+£0.360 0.132
Low-density lipoprotein (mmol/L)
Preoperative 260+ 1.61 297 £1.80 0.267
1yr 2.87 £ 1.06 287 +£1.22 0.739
5yr 298 £ 1.31 2.76 £1.51 0.334
Weight (kg)
Preoperative 111.0 £58.0 105.0+31.0 0.735
1yr 83.8+444 88.2+23.6 0.234
5yr 89.4 +44.1 86.8+21.3 0.557
Body mass index (kg/m?)
Preoperative 41.33+15.40 39.33+10.98 0.284
1yr 31.82+£15.10 32.10+9.28 0.911
5yr 34.15+14.48 32.93+9.88 0.624
HbA1c (%)
Preoperative 89+36 9.1+£37 0.915
1yr 63134 6.1+£1.5 0.542
5yr 6.7 £4.0 6.0£1.2 0.714

Data is presented as *median (interquartile range) and tno. (%). One-year and five-year p-values are referenced against preoperative values. HbA1c: glycated

haemoglobin; NA: not applicable; SD: standard deviation

following bariatric surgery has also been shown in other studies.
An analysis of lipid profile after sleeve gastrectomy by Zhang et al
reported that only HDL and TG levels improved significantly.®"
A meta-analysis of the impact of bariatric surgery on lipid profile
also did not find significant improvement in TC."” One possible
explanation is that the outcomes were procedure-related. The
majority of our patients underwent sleeve gastrectomy, but Roux-
En-Y gastric bypass (RYGB) has been shown to be more effective
in lowering lipid level.1%'» A study comparing the effect of RYGB
with that of sleeve gastrectomy reported that RYGB reduced all
lipid fractions, whereas LDL did not improve significantly in
patients who underwent sleeve gastrectomy. !

The benefits of bariatric surgery on weight loss and glycaemic
control have been studied,">'® and our results were consistent
with the published literature: sustained weight loss and improved
glycaemic control were observed at the one- and five-year
intervals. The significant improvement in glycaemic level is
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attributed to a myriad of factors, including changes in absorption
of metabolites after surgery and changes in gut-related hormones
leading to increased insulin sensitivity and associated weight
loss.”

Overall, our analysis points towards sustained and durable
improvements in HDL and TG profile, glycaemic control and
weight loss over a five-year duration. Our findings add to the
growing body of evidence that improvements in metabolic
comorbidities are indeed sustained over time. A recent study by
Ikramuddin et al™ demonstrated improvements in HbA1c, LDL
and systolic blood pressure at five years after RYGB. Additionally,
arecent seven-year analysis of health outcomes in the Longitudinal
Assessment of Bariatric Surgery Study found durable improvements
in all five comorbidities evaluated (DM, high LDL, high TG,
low HDL and hypertension).?” It is interesting to note that these
two long-term studies examined patients who predominantly
underwent RYGB, whereas our study population predominantly
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underwent sleeve gastrectomy. Hence, there seem to be sustained
improvements across the different types of bariatric surgery.

Statins have been associated with increased risk of
development of DM in prospective clinical trials,*" which poses
a higher risk to patients who undergo bariatric surgery, as many
of them are on statins. However, in our analysis, patients who
continued taking statins postoperatively and those for whom
statins were discontinued showed similar improvements in
glycaemic control. This improvement in glycaemia despite being
on statin therapy is similar to the findings of Taylor et al, who
reported that DM resolves with bariatric surgery more often in
patients who are on preoperative statins.?? Additionally, we found
no significant worsening of the metabolic profile of patients who
were continued on statins postoperatively compared with those
whose statins were discontinued. Further, the improved metabolic
profile leads to improved cardiovascular outcomes and, therefore,
the cardioprotective benefits of bariatric surgery.?3-2¢

One of the limitations of our study was the relatively small
sample size. As such, it may be underpowered to determine an
improvement in glycaemic control between patients who were
continued on postoperative statins and those who were not.
Additionally, we did not adjust for multiple variables that could
have affected glycaemic control, such as weight loss, type of
surgery affecting the absorption of metabolites and increased
health consciousness of patients.

The strength of our study was that it described the metabolic
profiles of patients in our local population who underwent
bariatric surgery at a relatively long, five-year time point.
Moreover, our study was one of the first to compare the metabolic
profiles of patients who were continued on statins postoperatively
with those whose statins were discontinued. Cardiovascular risk
scores such as Reynolds and Framingham scores were not used
to assess improvements in cardiovascular risk profiles owing to
the younger age of our study population.

In conclusion, although studies detailing the short-term effects
of bariatric surgery on obesity-related comorbidities have been
reported, long-term data on its effect in the Asian population
remains sparse. Our study demonstrated that bariatric surgery
confers sustained weight loss and improved glycaemic control.
However, it did not lead to a uniform improvement in lipid
profile at the five-year follow-up. Clinicians should be mindful of
the durable benefits of bariatric surgery and consider its use for
patients with obesity who show suboptimal metabolic profiles.
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