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Abstract

Background This study evaluated changes in serum high-density lipoprotein cholesterol (HDL-C) induced by laparoscopic
bariatric surgery (BS) in non-diabetic obese subjects with low (L-HDL-C) or normal (N-HDL-C) levels of HDL-C. We assessed
whether increased HDL-C is associated with weight loss, serum non-HDL cholesterol (non-HDL-C), serum triglycerides (TG),
and physical activity (PA) before and 6 and 15 months after BS.

Methods In this prospective cohort study, 71 subjects undergoing BS (42 by Roux-en-Y gastric bypass and 29 by sleeve
gastrectomy) were evaluated for the % Excess Weight Loss (2EWL), waist circumference (WC), serum levels of glucose,
glycosylated hemoglobin, TG, HDL-C, non-HDL-C, and LDL-C, and the degree, time, and energy expenditure related to PA.
The short version of the International Physical Activity Questionnaire was used to assess PA.

Results Levels of HDL-C significantly increased 15 months after BS (p < 0.001) in subjects with low (p < 0.001) or normal (p =
0.017) values at baseline. A similar %EWL, decrease in WC, glucose, non-HDL-C, and LDL-C levels and increase in energy
expenditure related to PA, was observed in both groups (L-HDL-C and N-HDL-C) at 15 months after BS. However, the L-HDL-
C group presented greater decrease in TG levels compared with N-HDL-C group (p = 0.004). In subjects with increased HDL-C
15 months after BS, there was an association between this increase and the %EWL (p = 0.030), but there was no association with
the change in PA.

Conclusions Irrespective of PA after BS, subjects with low and normal HDL-C levels at baseline showed an increase in HDL-C
after BS, and this increase was associated with %EWL induced by BS.
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Introduction

One of the key risk factors used by clinicians to assess cardio-
vascular risk (CVR) is the serum level of high-density lipo-
protein cholesterol (HDL-C) [1]. According to large-scale
studies, a low concentration of serum HDL-C increases
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CVR [2], and for each 1 mg/dL increase in HDL-C, there is
a 2-3% decrease in the risk of coronary artery disease (CAD)
[3]. There are several well-known risk factors for low HDL-C,
including a high body mass index (BMI), alcoholism,
smoking, type 2 diabetes mellitus (T2DM), the use of certain
drugs like beta blockers and anabolic steroids, a sedentary
lifestyle [3, 4], and a genetic predisposition [5].

There is a positive correlation between BMI and non-HDL
cholesterol (non-HDL-C) and triglyceride (TG) levels [6], and
it has also been reported that a higher BMI increases the risk
for hypertriglyceridemia, high LDL cholesterol (LDL-C), and
low HDL-C [7]. Physical activity (PA), as well as certain
drugs and interventions, is known to decrease non-HDL-C,
which could lead to an increase in serum HDL-C [8].

It has been estimated that about 40-60% of the variability
in HDL-C can be explained by heritability [5]. Loss-of-
function mutations in some genes cause conditions with
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extremely low HDL-C and, in contrast, loss-of-function mu-
tation variants in other genes are associated with extremely
high HDL-C [9, 10]. Because of this, the response of HDL-
C levels to dietary changes, exercise, and medications are not
homogeneous, and the extent of the response varies with dif-
ferent baseline levels of serum HDL-C.

In subjects with severe obesity, bariatric surgery (BS) re-
sults in significant and sustained weight loss, in addition to
reductions in all-cause mortality and cause-specific mortality
associated with CAD [11]. Furthermore, BS is considered safe
and effective for treating these patients. In our country, it is
currently recommended for patients with a BMI > 40 kg/m* or
for those with a BMI between 35 and 39.9 kg/m? who have at
least one comorbidity [12]. In addition, BS has been shown to
decrease LDL-C, TG, and non-HDL-C levels and increase
HDL-C [13, 14].

An increase in HDL-C could be one of the factors related to
the decrease in mortality associated with BS. In subjects with
low HDL-C, efforts to use statins, niacin, and cholesteryl ester
transfer protein inhibitors to raise HDL-C levels and to protect
against cardiovascular disease (CVD) have been disappoint-
ing [15]. Thus, it seems of great importance to determine the
magnitude of the effect of the HDL-C serum response to the
weight reduction induced by BS. As exercise-induced weight
loss has been shown to affect HDL-C concentrations in men to
a different extent depending on their baseline level [16], we
decided to evaluate the response to BS in subjects with low
HDL-C serum levels prior to BS.

In patients undergoing BS, an increased level of PA is
always precociously prescribed as an auxiliary measure to lose
weight and then maintain weight loss. It is also expected that
patients who lose a higher percentage of weight will have
greater mobility, thus an increase in PA will probably occur
irrespective of counseling, which could also influence HDL-C
levels.

There were three main aims of the present study: (1) to
determine whether serum HDL-C is increased 15 months after
BS; (2) to assess whether the changes in HDL-C levels after
BS are related to weight loss, increased PA or decreased serum
non-HDL-C, and TG levels; and (3) if the increase in HDL-C
induced by BS differs between subjects whose HDL-C levels
prior to BS were normal or low.

Materials and Methods
Study Design and Population

A prospective cohort study was conducted in 71 obese sub-
jects undergoing laparoscopic BS, performed using the Roux-
en-Y gastric bypass (RYGB) or sleeve gastrectomy (SG) tech-
niques. All participants were evaluated for PA and energy
expenditure preoperatively (T0), then again at 6 (T1) and 15

(T2) months postoperative. The study was conducted from
April 2016 to June 2019. This study used data from a cohort
of patients that looked to evaluate the incidence and progres-
sion of peripheral polyneuropathy after BS. Participants with a
follow up of 15 months after BS were chosen to participate.
The subjects were evaluated by two evaluators during routine
consultations at the hospital. Subjects of both sexes were in-
cluded if they were older than 18 years of age, met the criteria
for BS, and had HDL-C levels at baseline and 6 and 15 months
postoperatively. The exclusion criteria were T2DM, cancer,
decompensated hypothyroidism, pregnancy, infants, alcohol-
ism, smoking, or the use of statins, fibrates, beta blockers, or
steroids.

From 132 initial subjects, 61 were excluded. Of the exclud-
ed subjects, 12 had T2DM, three had decompensated hypo-
thyroidism, seven were smokers, two were alcoholic, eight
used beta blockers, nine used statins, one was HIV positive,
and 19 had no serum HDL-C measurements.

Diet and Physical Activity Recommendations

In the pre- and postoperative periods, all subjects received a
prescribed balanced diet in addition to other recommendations
such as to eat 5 to 6 meals per day and to increase their PA by
completing at least 150 min of walking per week. All subjects
received multivitamin supplementation in the postoperative
periods. After BS, outpatient visits were scheduled for every
3 months.

Anthropometric, Clinical, and Laboratory Data

Body weight, height, BMI, and waist circumference (WC)
were measured and health history data were obtained from
medical records in the basal and postoperative periods.
Serum levels of glucose, glycosylated hemoglobin (HbAlc),
HDL-C, LDL-C, non-HDL-C, and TG were also collected.
The excess weight (EW) was calculated from the difference
between pre- or postoperative body weights, with the ideal
weight corresponding to a BMI of 25 kg/m?, and the %
Excess Weight Loss (%EWL) was obtained by the difference
between the subject’s pre- and postoperative body weight di-
vided by EW. We also calculated % Total Weight Loss
(%TWL) and % Adjustable Weight Loss (%AWL) according
to van de Laar et al. [17].

Physical Activity and Energy Expenditure

To evaluate PA, the short version of the International Physical
Activity Questionnaire (IPAQ) [ 18] was used, which evaluates
daily activities over the last 7 days. The participants were
classified according to the frequency and duration of the dif-
ferent types of PA. The time spent sitting on weekdays and the
weekend was also recorded. In addition, patients were
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evaluated for whether they completed > 150 min/week of PA
(sum of PA from IPAQ), as recommended by the World
Health Organization and the American College of Sports
Medicine.

Using data collected in the IPAQ, energy expenditure was
quantified and defined as the metabolic equivalent of task
(MET) in min/week. The calculation of energy expenditure
was performed using the Ainsworth formula [19].

HDL Cholesterol Group Definition

Subjects were divided into two groups according to their se-
rum HDL-C levels before BS: those who had low HDL-C (L-
HDL-C group, < 40 mg/dL for men and < 50 mg/dL for wom-
en), and those who had normal HDL-C (N-HDL-C group, >
40 mg/dL for men and > 50 mg/dL for women). An increase in
HDL-C 15 months after BS was defined as a percentage equal

to or greater than the median obtained for each group.
Statistical Analysis

Quantitative data are presented as the median and interquartile
range. Normality was defined by the Shapiro-Wilk test. To
compare the L-HDL-C and N-HDL-C groups and groups with
no change or increased HDL-C at T2, we used the Mann-
Whitney U test. For comparing TO and T2 in each group,
Wilcoxon’s test was used. Categorical data are presented as
absolute values and frequencies. Yates’ continuity correction
or Pearson’s chi-square test were used to compare L-HDL-C
and N-HDL-C groups and groups with no change or increased
HDL-C at T2. The McNemar test was used to compare TO and
T2 in each group. Data were analyzed using SPSS version
18.0, and values with p <0.05 were considered statistically
significant.

For sample calculation, we used data from the 2017 study
by Praveen Raj et al. [20], which investigated changes in the
lipid profile 1 year after RYGB and SG. They found an in-
crease in serum HDL-C levels from 41.40 +9.98 to 52.06 +
16.16 mg/dL after 1 year. Considering a power of 80% and a
confidence interval of 5%, 74 subjects would be needed, with
37 in each group. Assuming a loss of 10%, there would be 82
subjects. The Sealed Envelope website was used for the sam-
ple calculation [21].

Results

Table 1 presents the demographic, anthropometric, and PA
data of the 71 non-diabetic obese subjects at baseline.
Before BS, when the L-HDL-C group was compared with
the N-HDL-C group, the number of females, subject age,
BMI, WC, EW, serum glucose, HbAlc and LDL-C levels,
and PA and energy expenditure measures were similar. The
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serum TG and non-HDL-C levels were higher in the L-HDL-
C group compared with the N-HDL-C group (p =0.001 and
p=0.013, respectively), and, as expected, differences between
groups were observed for HDL-C levels (p <0.001).

Fifteen months after BS, patients had a mean %EWL of
90.5 £20.4%, correspondingly to a mean reduction in BMI of
14.7+5.1 kg/m?, and there was a significant reduction in
CVR indicated by a change in the total cholesterol:HDL-C
ratio from 4.3 to 2.8 (» <0.001; data not shown).

Changes in anthropometric, laboratory, and PA measures at
6 (T1) and 15 (T2) months post-BS for the L-HDL-C and N-
HDL-C groups are shown in Table 2. BS was associated with
a similar decrease in the L-HDL-C and N-HDL-C groups at
15 months for body weight (37.9% versus 34.4%, p =0.080),
BMI (37.9% versus 33.9%, p=0.078), WC (26.8% versus
25.9%, p=0.190), and serum LDL-C (26.6% versus 29.5%,
p=0.498) and non-HDL-C 39.5% versus 35.0%, p=0.781)
levels. However, higher decrease in serum TG levels (52.6%
versus 40.6%, p = 0.014) and higher increase in serum HDL-C
levels (27.4% versus 14.6%, p = 0.043) were found in the L-
HDL-C group compared with N-HDL-C group. Six months
after BS, neither group showed an increase in HDL-C from
baseline, but a significant increase appeared 15 months after
BS. Walking time, PA, energy expenditure, and the number of
subjects completing > 150 min/week of PA increased from TO
to T2 in both groups, with no differences observed between
the two groups for these parameters.

Table 3 presents data looking for association between in-
creased HDL-C with changes in body weight, BMI, %EWL,
%TWL, %AWL, WC, glucose, HbAlc, TG, non-HDL-C,
LDL-C, walking time, total PA, total sitting time, PA >
150 min/week, and energy expenditure and abnormal values
of serum glucose, HbAlc, HDL-C, Non-HDL-C, and TG
levels before BS. Only %EWL was associated with an in-
crease in HDL-C (p =0.030), but only in subjects who pre-
sented an increase in HDL-C 15 months after BS. Of the 31
subjects with low HDL-C at baseline, 16 (51.6%) increased
their levels at T2, and of the 40 subjects with initially normal
HDL-c levels, 20 (50.0%) increased their levels after
15 months of BS. In the L-HDL-C group, 71.0% (n=22)
normalized their levels at T2, and in the N-HDL-C group,
87.5% (n =35) maintained their normal levels.

Discussion

The observation that there was a correlation between low se-
rum levels of HDL-C with increased mortality from CVD led
researchers to seek strategies to increase the levels of HDL-C
in people with low HDL-C [22]. In the search for these treat-
ments, it was seen that subjects’ responses could vary depend-
ing on their baseline HDL-C levels, where individuals with
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Table 1 Demographic, anthropometric, laboratory, and physical
activity data of 71 non-diabetic subjects with low (L-HDL-C) or normal
(N-HDL-C) levels of high-density lipoprotein cholesterol (HDL-C) be-
fore laparoscopic bariatric surgery (T0). Numbers are presented as

median and interquartile amplitude (percentiles 25-75) for quantitative
variables and total number and percentage for qualitative variables. The
measurement units and number of patients are presented with the corre-
sponding variables

Total sample (n=71) L-HDL-C (n=31) N-HDL-C (n=40) p value
Laparoscopic BS (n, %)

RYGB 42 (59.2) 21(67.7) 21(52.5)

SG 29 (40.8) 10 (32.3) 19 (47.5) 0.293 (a)
Female sex (n, %) 62 (87.3) 29 (93.5) 33 (82.5) 0.304 (a)
Age (years) 38.0 (33.0-42.5) 37.0 (32.5-40.5) 38.0 (33.546.0) 0.302 (b)
Body weight (kg) 109.1 (99.3-122.4) 114.3 (99.4-122.8) 108.5 (98.5-121.5) 0.483 (b)
BMI (kg/m?) 40.9 (38.8-43.7) 40.6 (39.1-44.1) 41.2 (37.7-43.1) 0.685 (b)
WC (cm) 109.0 (102.5-117.0) 111.0 (103.5-118.3) 108.5 (100.3-117.0) 0.363 (b)
EW (kg) 42.6 (34.6-51.5) 44.0 (35.5-51.2) 41.5 (34.4-52.5) 0.570 (b)
Fasting plasma glucose (mg/dL) (70) (31) (39) 91.0 (85.0-95.0) 92.0 (88.0-95.0) 90.0 (84.0-95.0) 0.674 (b)
HbAlc (%) (70) (31) (39) 53 (5.1-5.5) 54 (5.2-5.6) 53 (5.1-5.5) 0.379 (b)
TG (mg/dL) 137.0 (84.0-179.0) 162.0 (124.5-211.6) 108.0 (73.0-154.0) 0.001* (b)
HDL-C (mg/dL) 49.0 (41.8-58.5) 41.6 (38.7-45.5) 57.0 (51.0-67.0) <0.001* (b)
Non-HDL-C (mg/dL) 152.0 (131.0-174.0) 164.0 (142.5-187.7) 142.0 (127.5-161.5) 0.013* (b)
LDL-C (mg/dL) 124.6 (108.9-141.5) 126.0 (111.7-150.4) 120.1 (108.9-136.7) 0.215 (b)
Walking time (min/week) 30.0 (5.0-90.0) 40.0 (10.0-75.0) 30.0 (0.0-95.0) 0.838 (b)
Total PA (min/week) 130.0 (40.0-276.0) 130.0 (32.5-250.0) 127.5 (52.5-335.0) 0.655 (b)
Total sitting time (min/day) 540.0 (300.0-720.0) 480.0 (330.0-817.5) 540.0 (285.0-720.0) 0.440 (b)
PA > 150 min per week (n, %) 32 (45.1) 13 (41.9) 19 (47.5) 0.820 (a)
Energy expenditure (MET - min/week) 492.0 (139.0-1289.3) 492.0 (112.5-1095.3) 510.0 (204.8-1480.5) 0.702 (b)

BS, bariatric surgery; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; BMI, body mass index; WC, waist circumference; EW, excess body
weight; HbAIc, glycosylated hemoglobin; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

PA, physical activity; MET, metabolic equivalent of task; », absolute number

*Statistical significance was considered at p <0.05; (a) Yates’s correction for continuity, (b) Mann-Whitney U test

low HDL-C levels presented greater resistance to response to
different therapeutic proposals [23].

Among the treatments proposed to increase the HDL-C
levels of individuals at increased risk for atherosclerotic dis-
ease, the most noteworthy include a diet low in saturated fat,
physical exercise, and the use of drugs such as statins and
nicotinic acid [15]. As a consequence of this change in diet,
it is common to observe weight loss and even an increase in
PA; however, it is not clear whether the effect on HDL-C is
due to the low-calorie diet, restriction of fats (with a conse-
quent decrease in the influx of lipoproteins from the intestine
to circulation), increased PA, or weight loss.

In the present study, we sought to clarify the effect of BS on
HDL-C levels in individuals with low or normal serum HDL-
C levels before BS. We observed a mean increase in HDL-C
level post-BS of 10.0 mg/dL. The increase in HDL-C occurred
when the baseline values were low or normal, and both groups
simultaneously showed decreases in non-HDL-C, TG, LDL-
C, and fasting plasma glucose, along with an increase in PA.
In the subjects who showed increased HDL-C after BS, there
was an association between this increase and the %EWL.

The typical dyslipidaemia described in obese patients con-
sists of elevated fasting and postprandial TGs, reduced HDL-
C, and normal or slightly elevated LDL-C [24]. However, for
each patient, the serum HDL-C level depends on their genetic
predisposition, degree of obesity, diet, non-HDL-C levels, dai-
ly PA, and the presence of other co-morbidities that could
decrease HDL-C, such as T2DM, hypothyroidism, smoking,
and alcoholism [22].

In patients submitted to BS, both a decrease in the influx of
lipoproteins from the diet and an increase in fatty acid turn-
over (due to a loss of fat mass associated with greater PA and/
or use of reserves due to caloric restriction) are predicted, and
these effects could be related to an increase in HDL-C levels.
In fact, studies that assessed the effect of BS have shown no
change or increase in HDL-C after 1 year of follow up [20]. In
an attempt to elucidate this discrepancy, the present study is
the first longitudinal evaluation with 15 months of follow up
and the first to look into the effect of BS on patients with low
HDL-C levels at baseline.

In order to decrease the impact of co-morbidities that
could influence HDL-C levels on the metabolic results
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Table 3 Associations between
increased high-density lipoprotein
cholesterol levels 15 months after

laparoscopic bariatric surgery
(T2) and changes in anthropo-
metric, laboratory, and physical
activity data and baseline abnor-
mal parameters in subjects with-
out diabetes. Numbers are pre-
sented as median and interquartile
amplitude (percentiles 25-75) for
quantitative variables and total
number and percentage for quali-
tative variables

Increased HDL-C No increase in p value
at T2 (n = 36) HDL-C at T2 (n=35)
A Body weight (kg) 38.0 (31.2-45.0) 39.8 (30.7-46.8) 0.650 (a)
A BMI (kg/m?) 14.3 (12.6-16.7) 14.9 (11.7-17.4) 0.679 (a)
9%0EWL (%) 94.0 (83.8-112.4) 86.7 (72.0-96.5) 0.030%*
(@)

%TWL (%) 36.3 (31.7-40.2) 35.6 (30.7-40.0) 0.704 (a)
% AWL (%) 54.0 (47.0-60.9) 51.4 (44.8-57.9) 0.223 (a)
A WC (cm) 28.8 (23.0-35.5) 28.0 (20.0-34.0) 0.454 (a)
A Glucose (mg/dL) (36/34) 9.1 (5.0-13.2) 10.0 (4.0-16.0) 0.869 (a)
A HbAlc (%) (22/25) 0.3 (0.0-0.4) 0.2 (0.0-0.5) 0.847 (a)
A TG (mg/dL) (34/34) 54.5 (29.0-125.3) 58.5 (35.0-89.0) 0.816 (a)
A Non-HDL-C (mg/dL) 58.0 (39.0-77.0) 41.6 (25.5-72.0) 0.169 (a)
A LDL-C (mg/dL) (35/34) 45.2 (25.0-59.8) 28.8 (11.0-56.6) 0.177 (a)
A Walking time (min/week) —30.0 (—82.5-7.5) —15.0 (- 117.5-17.5) 0.881 (a)
A Total PA (min/week) —62.5 (—337.5-62.5) —90.0 (—367.5-0.0) 0.557 (a)
A Total sitting time (min/week) 0.0 (— 180.0-135.0) 0.0 (—240.0-150.0)  0.982 (a)
PA > 150 min/week (n, %) 24 (66.7) 24 (68.6) 1.000 (b)
A Energy expenditure (MET - min/week)  —216.8 (—1553.5-486.3) —663.0 (—1471.8-0.0) 0.550 (a)
High glucose at TO (n, %) (36/34) 5(13.9) 5(14.7) 1.000 (b)
High HbA lc at TO (n, %) (36/34) 8(22.2) 7 (20.6) 1.000 (b)
High TG at TO (n, %) 17 (47.2) 11 31.4) 0.263 (b)
High non-HDL-C at TO (n, %) 35(97.2) 33 (94.3) 0.539 (c)
Low HDL-C at TO (n, %) 16 (44.4) 15 (42.9) 1.000 (b)
PA <150 min/week at TO (n, %) 16 (44.4) 23 (65.7) 0.118 (b)

The change (A) was calculated as the difference between TO and T2 and compared between groups with and
without increased serum HDL-C levels

HDL-C, high-density lipoprotein cholesterol; BMI, body mass index; %EWL, % Excess Weight Loss; %TWL, %
Total Weight Loss; %AWL, % Alterable Weight Loss; WC, waist circumference; HbAIc, glycosylated hemoglo-
bin; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; PA, physical activity; MET, metabolic equiv-

alent of task; », absolute number

*Statistical significance was considered at p <0.05; (a) Mann-Whitney U test, (b) Yates’s correction for continu-

ity, (c) Pearson’s chi-square test

observed after the surgery, patients with these conditions
were excluded from our sample. Taking into account
these exclusions, we believe that the results for lipid
measurements and glycaemic control can be predomi-
nantly attributed to the effects of the surgery and the
subsequent change in behavior, as well as the genetic
predisposition.

In the present study, we clearly show that in the
majority of patients submitted to BS, 15 months after
BS, HDL-C increases and the increase occurs in patients
with and without abnormalities on their HDL-C serum
levels. The mean HDL-C increased to 11.3 mg/dL in
the L-HDL-C group and 9.0 mg/dL in the N-HDL
group. Given that for every 1 mg/dL increase in HDL-
C, there is a 2-3% decrease in the risk of CAD [2]; the
percentage decrease in the risk of CVD in our subjects
was 18.0-33.9%.

The strengths of our study include the evaluation of sub-
jects with low HDL-C levels at baseline and the subsequent
follow up at 15 months. A limitation of the study was that the
subjects evaluated did not have a very high risk for CVD
according to the Framingham score [25].

Conclusion

Subjects with low and normal HDL-C levels before BS
showed an increase in serum HDL-C levels after
15 months, and this increase was associated with the
%EWL. In addition, it was possible to show that BS
decreased the CVR of subjects, even when they had
low HDL-C. In order to evaluate the benefits of the
observed HDL-C increase, it will be important to in-
clude subjects with a higher CVR in future studies.
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