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Abstract

Background Fatty acid (FA) profile is often altered, in mor-
bidly obese subjects, both before and after bariatric surgery.
We measured FA plasma levels before and 6 months after
Roux-en-Y gastric bypass (RYGB), in order to evaluate their
relationship with different biological and psychological pa-
rameters and the impact of RYGB on the FA plasma levels.
Methods Thirty eight morbidly obese patients were investi-
gated before RYGB, and 28 of them were reexamined
6 months postoperatively. Anxiety, depression, and quality
of life were evaluated by validated questionnaires. Plasma
FA (saturated, monounsaturated, polyunsaturated w-6 and
w-3), vitamins A and E, fasting insulinemia, and high-
sensitive C-reactive protein (hs-CRP) were measured.
Results Before surgery, w-3 polyunsaturated FA and vit A
showed significant negative relationship with fasting
insulinemia (y-linolenic p=0.03, eicosapentaenoic, vit A p=
0.01) and hs-CRP (eicosapentaenoic p=0.03, vit A p=0.02)
and a positive link with HDL cholesterol (y-linolenic p=0.03,
vit A p=0.02). Depression score was significantly and nega-
tively linked with palmitoleic (p=0.03), y-linolenic (p=
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0.006), dihomo-y-linolenic (p=0.02), and «-linolenic (p=
0.03) acids. After surgery, FA and both vit A and E were
significantly reduced. Vit A levels were below 2.4 umol/l in
63 % of the patients, preoperatively, and in 79 % after surgery.
Preoperative levels of linoleic acid were significantly related
with the postoperative weight reduction (p=0.00006).

Conclusions FA are involved in several biological and psy-
chological functions. The RYGB-induced reduction of FA
could have deleterious consequences on vitamin absorption,
metabolism, and depression. Thus, the surveillance of FA
levels is of primary importance both before and after RYGB.

Keywords Roux-en-Y gastric bypass - Fatty acids - Vitamin
A - VitaminE

Introduction

Morbid obesity, the extreme form of obesity, is rapidly in-
creasing, in both adult [1] and young people [2]. It is well
known that this illness is associated with several physical [3]
and psychological comorbidities as well as with reduced
quality of life [4].

Bariatric surgery, and in particular Roux-en-Y gastric by-
pass (RYGB), is the most effective treatment of this illness: in
fact, in the majority of the patients, it yields a remarkable
weight reduction which, in turn, leads to an improvement of
both comorbidities [5] and quality of life [6]. However, sur-
gically induced food restriction and intestinal malabsorption
can alter the micronutritional status [7, 8], namely concerning
polyunsaturated fatty acid profiles. These compounds play an
important role in multiple functions, such as immunity, in-
flammation, or metabolism, and seem to exert a protective
action against cardiovascular diseases [9], although this last
effect has been questioned [10].
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It should be noticed that obesity is often associated with
poor alimentary habits as well as imbalanced gut microbiota:
these factors per se are able to deeply modify the
micronutritional profile [11-13], independent of any surgical
intervention. Because of the remarkable alterations of the
micronutritional profile, some authors suggest that malnutri-
tion coexists with obesity [14].

Finally, a number of studies indicate the links between the
micronutritional profile and some psychological alterations:
for instance, some vitamins [15] and fatty acids [16, 17] seem
to influence depression.

Thus, obese patients need a close surveillance of both
biological and micronutritional parameters, in particular after
a bariatric surgery intervention.

For these reasons, in our study, we have investigated some
micronutritional parameters, in a group of morbidly obese
patients before and 6 months after RYGB. We focused on
circulating fatty acid (FA) profile and liposoluble vitamin A
and E levels, in order to evaluate, in preoperative conditions,
their links with different biological and psychological param-
eters and, in postoperative phase, the surgically induced mod-
ifications of their circulating levels.

Material and Methods

In this study, 38 patients (7 m/31 f. age 4349 years [range 43—
52], BMI 46.34+6.8) were investigated before a RYGB.
Among them, 11 subjects did not complete the study at
6 months. There were no statistically significant differences
between the whole group and the subgroup of 27 subjects. We
reexamined 27 subjects (4 m/ 23 f. 6 months after the opera-
tion. Body weight, percent body fat, and fat-free mass were
evaluated by the Tanita® bioimpedance scale (Tanita Interna-
tional Division, Yiewsley, UK).

Evaluation of Psychological and Quality of Life Parameters

Patients were evaluated in terms of anxiety and depression
(hospital anxiety and depression scale (HAD)) [18] and qual-
ity of life (Impact of Weight on Quality of Life-Lite (IWQOL-
Lite©)) [19]. This latter is a 31-item questionnaire evaluating
physical activity, self esteem, and sexual, professional, and
social life. All parameters were measured before and 6 months
after RYGB.

Laboratory Parameters

Saturated (myristic, pentadecanoic, palmitic, stearic), mono-
unsaturated (palmitoleic, cis-vaccenic, oleic, frans-vaccenic,
trans-elaidic), and polyunsaturated w-6 (linoleic, y-linolenic,
dihomo-y-linolenic, arachidonic) and w-3 FA («-linolenic,
eicosapentaenoic, docosa-pentaenoic, docosahexaenoic) were

@ Springer

measured in blood samples, after extraction of lipoproteins by
adsorption chromatography, as described in details by Chajes
et al. [20]. Circulating vitamins A and E were measured by
high-pressure liquid chromatography [21], whereas fasting
insulinemia and high-sensitive C-reactive protein (hs-CRP)
were measured by automatic analyzer (Architect eSystem).
Vitamins Bg, By, and D were not measured since they are
systematically administered, after the intervention.

Statistical Analysis

Relationships between different parameters were evaluated by
simple and multiple regression analysis; analysis of variance
for repeated measurements was used to investigate the mod-
ifications occurring after the intervention. Statistical analyses
were performed by a computerized program (StatView 5).
Results are expressed as mean+SD.

Results

Table 1 illustrates the baseline values of anthropometric, bio-
logical, and psychological parameters and their modifications
6 months after RYGB. Values reported in brackets refer to the
overall group including subjects who did not complete the
study at 6 months. No significant differences were observed
between the overall and the completers group. BMI was
dramatically reduced, as well as fasting insulinemia and plas-
ma hs-CRP, total and LDL cholesterol (p<0.0001 for all),
whereas HDL cholesterol was not significantly changed.

No significant modifications were observed in anxiety or
depression parameters, whereas quality of life showed signif-
icant improvement in all the domains investigated, with the
exception of sexual life.

Within the family of saturated FA, palmitic and stearic
acids were significantly reduced after surgery (»p<0.003 and
p<0.0001, respectively). Among monounsaturated FA,
palmitoleic (p<0.003), cis-vaccenic (p<0.01), and trans-
vaccenic (p<0.002) were mostly influenced, after the surgical
intervention. All the polyunsaturated FA, both w-6 and w-3,
were significantly reduced after RYGB, with the exception of
arachidonic and docosahexaenoic acids.

In preoperative conditions, several polyunsaturated w-3
FA showed significant relationships with various metabolic
parameters associated with obesity. In fact, y-linolenic acid
was negatively related to insulin and positively to HDL cho-
lesterol (p=0.03 for both); eicosapentaenoic acid was inverse-
ly related to both fasting insulinemia and hs-CRP (p=0.04 and
p=0.03, respectively), and docosahexaenoic acid was inverse-
ly related to hs-CRP (p=0.03) and positively to HDL choles-
terol (p=0.04).
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Table 1 Anthropometric, bio-

logical, and psychological pa- Baseline 6 months after RYGB p value

rameters, measured at baseline n=27 n=27

and 6 months after RYGB
BMI (kg/m?) 45.5+7.5 (46.3£6.8) 33.6+5.4 <0.0001
Fasting insulin (mU/1) 21.0+£14.8 (21.4+13.8) 7.6+4.3 <0.0001
hs-CRP (mg/1) 12.549.7 (12.9+9.7) 4.6+4.2 <0.0001
Total cholesterol (mmol/l) 5.0+0.8 (5.8£0.9) 4.24+0.8 <0.0001
LDL cholesterol (mmol/l) 3.240.7 (3.5+0.8) 2.6+0.8 <0.0001
HDL cholesterol (mmol/l) 1.2£0.3 (1.240.3) 1.2+0.2 NS
HAD anxiety (score) 11.4£2.0 (10.94£2.4) 10.6+1.9 NS
HAD depression (score) 11.8£2.8 (11.9+£2.4) 11.6+2.7 NS
IWQOL public distress (score) 14.7£5.1 (15.2+5.1) 8.1+4.4 <0.0001
IWQOL work (score) 9.4+49 (10.6£5.1) 6.8+3.2 0.001
IWQOL self esteem (score) 27.24+6.4 (27.5£6.5) 17.845.9 <0.0001
IWQOL sexual life (score) 12.0+6.0 (12.1£5.5) 9.6+5.7 NS (0.05)
IWQOL mobility (score) 40.0+11 (41.3£10.4) 223+10.1 <0.0001

Before surgery, all the members of the saturated FA
group showed a weak association with vit A, and this
link became stronger with pentadecanoic and stearic
acids, after surgery. Conversely, dihomo-y-linolenic acid,
which was not significantly related to vit A, in preoper-
ative conditions, became so, after surgery. Polyunsaturat-
ed w-3 eicosapentaenoic and docosa-pentaenoic acids
showed the strongest association with vit A circulating
levels. Postoperatively, this association persists, but with
a weaker degree of significance.

Fig. 1 Relationship between
HAD depression score and
palmitoleic (a), y-linolenic (b), -
linolenic (¢), and dihomo-y- 18

p=0.03, r>=0.18

In preoperative conditions, several FA showed a
strong relationship with vit E circulating levels: palmitic
and stearic in the saturated group, oleic and trans-
vaccenic in the monounsaturated group. All the polyun-
saturated FA were associated with vit E and, namely,
linoleic and arachidonic acids. Among polyunsaturated
w-3, o-linolenic acid was the most significantly linked
to vit E.

Postoperatively, the majority of these associations
persisted, but with a weaker degree of significance.

p=0.006, r>=0.27
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Fig.2 Relationship between BMI modifications and plasma linoleic acid
levels

In preoperative phase, the following FA showed a signifi-
cant, negative link with the depression score: monounsaturat-
ed palmitoleic (p=0.03, Fig. 1a), trans-vaccenic (p=0.04),
and trans-elaidic (p=0.005); polyunsaturated w-6 y-linolenic
(p=0.006, Fig. 1b), polyunsaturated w-3 «-linolenic (p=0.03,
Fig. 1¢), and dihomo-y-linolenic (p=0.02, Fig. 1d).

Figure 2 shows that preoperative levels of linoleic acid are
predictive of the BMI modifications, measured 6 months after
RYGB (p=0.0006). This relationship remained significant
after adjustment for preoperative BMI, in a multiple regres-
sion analysis.

In preoperative conditions, vit A is negatively related to
circulating fasting insulinemia (p=0.01, Fig. 3a) and hs-CRP
(»p=0.02, Fig. 3b) and positively with HDL cholesterol (p=
0.02, Fig. 3c).

In simple regression analysis, we observed a significant
relationship between the modifications of circulating vit A,
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and those of fat mass, both calculated as the difference be-
tween baseline and 6 months delta values (p=0.03, *=0.18).

Discussion

In our study, we focused on two aspects of micronutrition: the
levels and composition of circulating FA and vitamins A and
E, as well as their modifications after gastric bypass.

In preoperative conditions, the most relevant result con-
cerns the significant, negative association between several FA
and the degree of depression (Fig. 1). Since several years, a
great interest has been attributed to the potential, beneficial
role played by w-3 FA on depression and more generally
mental health. This potential role has been investigated in
both epidemiological and experimental studies which, unfor-
tunately, have yielded contrasting results. In fact, while the
fish consumption has been reported to be inversely associated
with frequency and incidence of depression [22, 23], this
protective effect has not been observed, in other reports [24].
Similarly, supplementation with w-3 FA seems to improve
depressive symptoms in some patients [17], but not in others
[25]. Recently, Grosso et al. have remarkably analyzed these
inconsistencies and proposed possible explanations [17].
There are numerous reasons for these contrasting results, such
as differences in sex, age, or criteria selected for the evaluation
of depression. The heterogeneity in both lifestyle and nutri-
tional conditions, across the different study populations, is
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Table 2 Circulating plasma
levels of fatty acids and vitamins Baseline 6 months after RYGB p value
A and E, measured at baseline and
6 months after RYGB Saturated fatty acids
Myristic (wmol/l) 16.9+5.4 (17.5£5.2) 15.5+8.7 NS
Pentadecanoic (umol/l) 9.0£2.5 (9.442.8) 8.1+2.4 NS
Palmitic (umol/l) 1181+294 (1196+261.5) 1047+199 0.003
Stearic (umol/l) 591+125.1 (611.4+118.9) 432.7+80.7 <0.0001
Monounsaturated fatty acids
Palmitoleic (umol/l) 30.1£12.6 (30.3£11.9) 21.7+8.1 0.003
Cis-vaccenic ((mol/1) 50.6+£11.5 (50.3+£10.9) 56.2+11 0.01
Oleic (pmol/l) 385.54+94.4 (395.7+91.1) 362.6+£66 NS
Trans-vaccenic (umol/l) 8.1+£2.5 (8.3£2.6) 6.4+2.6 0.02
Trans-elaidic (nmol/l) 25412 (2.5+1.1) 2.2+0.8 NS
w-6 Polyunsaturated fatty acids
Linoleic (umol/1) 801.6+184.7 (811+165.1) 601.2+£129.8 <0.0001
y-Linolenic (nmol/l) 5.0£2.3 (5.34£2.3) 2.5+1.2 <0.0001
Dihomo-y-linolenic (nmol/l) 166.14£52.9 (175.7£52.6) 98.1+30.4 <0.0001
Arachidonic (umol/l) 420.1+126.6 (426.2+117.4) 444.1£111.1 0.03
w-3 Polyunsaturated fatty acids
a-Linolenic (umol/l) 8.2+3.4 (8.3£3) 4.7+1.9 <0.0001
Eicosapentaenoic (imol/l) 36.6+20.3 (36.2+18.9) 21.1+11.6 <0.0001
Docosa-pentaenoic (pmol/l) 38.0+15.4 (37.2+13.8) 31.8+£8.9 0.04
Docosahexaenoic (prmol/l) 145.0+57.5 (137.3£51.7) 148.8+41.9 NS
Vitamins
Vitamin A (umol/l) 2.6+0.6 (2.5+0.5) 2.0+0.61 <0.0001
Vitamin E (umol/l) 31.9+8.8 (32.4+£7.9) 23.7+5.1 <0.0001

particularly interesting. In fact, one should consider that w-3
FA are one of the multiple factors that may influence depres-
sion and mental health. Thus, their effect could be positively
or negatively modulated by the presence of other environmen-
tal factors such as the more or less high degree of stress, the
social class membership, or diet composition, beside w-3 FA
intake. Another important point raised by Grosso et al. is that,
in experimental studies, the efficacy of the w-3 FA supple-
mentation could depend on the gravity of depression, a more
noticeable effect being achieved in the presence of severe
symptoms of depression.

In conclusion, if the role of w-3 FA seems promising,
several aspects have to be clarified concerning the conditions
at which they could be useful in the preventions and/or the
treatment of depression. In this context, the results of our
study bring an original contribution. In our knowledge, this
is the first demonstration that circulating levels of several FA
from both monounsaturated and polyunsaturated groups are
significantly and negatively associated with the depression
score in morbidly obese subjects.

It is well known that, due to their alimentary habits, obese
subjects do not consume sufficient amounts of unsaturated
FA. On the other hand, it has been repeatedly reported that the
frequency of depression is significantly more elevated in

obese populations, as compared to that in normal-weight
subjects [26]. Our results, therefore, are of interest since they
indicate that it could be possible to improve the psychological
function of obese patients, by modifying their nutritional
profile.

We also observed that some fatty acids show a negative
association with several obesity-related parameters. In partic-
ular, the w-3 polyunsaturated eicosapentaenoic acid is nega-
tively related to both circulating fasting insulin and hs-CRP
and positively to HDL cholesterol. Several studies have evi-
denced the links between w-3 polyunsaturated FA with both
metabolic syndrome and insulin resistance [27], typically
present in obese subjects. Of note, both metabolic alterations
[28] and depression [29] are associated with a low-degree
inflammatory state, often evidenced by increased hs-CRP. It
has been demonstrated that the beneficial effect of
eicosapentaenoic acid on insulin resistance is, at least in part,
mediated by its anti-inflammatory action [30]. A similar
mechanism has been proposed to explain the positive effects
of w-3 FA on depression [17]. It should be recalled that
eicosapentaenoic acid enhances the absorption of vit A [31]
which, in turn, exerts important anti-obesity [32] and anti-
inflammatory actions [33]. In our study, eicosapentaenoic acid
and vit A showed a strong relationship and, in addition, were
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both significantly and negatively associated with fasting
insulinemia and hs-CRP. Our results are, therefore, consistent
with the experimental data of the literature and underline the
involvement of eicosapentaenoic acid and vit A in metabolic
and inflammatory functions, in obese humans.

It is well known that RYGB induces deep modifica-
tions in nutrient intake and absorption; therefore, we
investigated the evolutive profile of circulating fatty acids
and liposoluble vitamins A and E (Table 2). We observed
that, before surgery, vit A is associated with several fatty
acids, namely with eicosapentaenoic acid (p<0.0001). A
study, performed in animals, demonstrated that
eicosapentaenoic acid increases the intestinal absorption
of vit A [31], as already mentioned. Our results suggest
that this particular affinity between eicosapentaenoic acid
and vit A could exist also in humans. Vit A also showed
relationship with all the saturated FA, but with a lower
degree of significance. The latter relationship became
stronger, after surgery, whereas the one with w-3 became
weaker. It is known that each fat soluble vitamin has more
marked affinity with different FA. Our results could indi-
cate that the remarkable reduction of w-3 family FA

(Table 3) leads to an enhanced link of vit A with saturated
FA.

A clinical study reported that vit A circulating levels
lower than 2.4 pmol/l are significantly associated with
increased risk of cardiovascular disease [34]. Before sur-
gery, already 69 % of our patients showed vit A circu-
lating values behind 2.4 pmol/l, and 6 months after the
operation, the percentage rose to 79 %. This result un-
derlines that it is of primary importance to detect
micronutritional deficiencies before as well as after bar-
iatric surgery. This is particularly relevant in the case of
vit A which plays multiple roles in inflammation, insulin
resistance, and anti-oxidative function. The significant
relationship between vit A and fasting insulinemia, hs-
CRP, and HDL cholesterol, found in our study, supports
this concept and also reinforces the idea that low levels
of vit A could facilitate the occurrence of cardiovascular
diseases.

The decrease in vit A circulating levels was significantly
related with the RYGB-induced reduction of fat mass (p=
0.03). It has been demonstrated that adipose tissue is the site
where vit A is stocked, elaborated, and released [35]. Our

Table 3 Relationship between fatty acids and vitamin A and E, respectively, at baseline and 6 months after RYGB

Vitamin A Vitamin E
Baseline 6 months after RYGB Baseline 6 months after RYGB
p value p value p value p value
Saturated fatty acids
Myristic (umol/l) 0.02 NS NS NS
Pentadecanoic (umol/l) 0.03 0.001 NS NS
Palmitic (pmol/l) 0.04 0.03 0.0002 0.001
Stearic (nmol/1) 0.03 0.009 <0.0001 0.01
Monounsaturated fatty acids
Palmitoleic (pmol/) NS NS NS NS
Cis-vaccenic (nmol/l) NS NS 0.01 NS
Oleic (umol/l) 0.02 0.03 0.0007 0.007
Trans-vaccenic (pmol/1) 0.004 NS 0.002 NS
Trans-elaidic (umol/l) NS NS 0.01 NS
w-6 Polyunsaturated fatty acids
Linoleic (umol/l) NS NS <0.0001 0.002
y-Linolenic (pmol/l) NS NS 0.03 NS
Dihomo-y-linolenic (umol/1) NS 0.003 0.001 0.003
Arachidonic (umol/l) 0.01 NS 0.0005 0.005
w-3 Polyunsaturated fatty acids
«-Linolenic (umol/l) NS NS 0.0001 NS
Eicosapentaenoic (pmol/l) <0.0001 0.01 0.04 NS
Docosa-pentaenoic ((mol/l) 0.003 0.02 NS NS
Docosahexaenoic ((mol/1) NS 0.02 NS NS

Simple regression analysis
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result is therefore consistent with the role of adipose tissue in
the regulation of vit A circulating levels.

Unexpectedly, we observed that preoperative circulat-
ing levels of linoleic acid are predictive of BMI reduc-
tion, 6 months after surgery (Fig. 3). This association
persists after adjustment for age and initial BMI which
are, in the literature, the only recognized predictive fac-
tors of bariatric surgery-induced weight loss [36]. This
rather original result is in our opinion of potential inter-
est. In fact, several studies conducted in animals have
shown that linoleic acid facilitates the reduction of fat
mass [37]. In another hand, in vitro studies demonstrated
a stimulatory effect of this acid on oxidative activity of
human skeletal muscle cells [38]. However, linoleic acid
administration to humans submitted to hypocaloric diet
did not lead to consistent results, in terms of reduction of
fat mass [39]. A more recent study could be of interest to
explain our results. In the attempt to modelize the direct
delivering of nutrients in the jejunum occurring after
gastric bypass; Dailey and coworkers infused intra-
jejunely linoleic acid, in rats [40]. This administration
led to significant reduction of food intake and body
weight, and these effects were mediated by a stimulation
of glucagon-like peptide 1 (GLP-1) intestinal secretion.
Authors conclude that the increased secretion of GLP-1,
stimulated by the arrival of undigested nutrient in the
jejunum, could be one of the mechanisms through which
gastric bypass yields greater weight reduction as well as
diabetes remission, as compared to other restrictive bar-
iatric techniques [40]. Thus, a higher linoleic acid con-
sumption could lead to a larger weight reduction also in
humans, and this could explain our observation.

In conclusion, we have evidenced potential implications of
FA in several biological and psychological functions. Because
of its restrictive and malabsorptive effects, RYGB induces a
remarkable reduction of the circulating levels of these sub-
stances which could have deleterious consequences not only
on vitamin absorption but also on metabolism, cardiovascular
function, and depression. Thus, the detection of FA deficien-
cies is of primary importance both before and after bariatric
surgery, in order to optimize the effects of the intervention as
well as to prevent the occurrence of metabolic and/or cardio-
vascular complications.
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