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ABSTRACT: Roux-en-Y gastric bypass (RYGB) limits food ingestion and may 1 

alter the intestinal expression of genes involved in the endogenous synthesis of 2 

polyunsaturated fatty acids (PUFAs). These changes may decrease the systemic 3 

availability of bioactive PUFAs after RYGB. AIM: To study the impact of RYGB 4 

on the dietary ingestion and plasma concentration of PUFAs and on the intestinal 5 

expression of genes involved in their endogenous biosynthesis in severely obese 6 

women with type 2 diabetes. METHODS: Before, and 3 and 12 months after 7 

RYGB, obese women (n=20) self-reported a seven-day dietary record, answered 8 

a food frequency query and provided plasma samples for alpha-linolenic (ALA), 9 

eicosapentaenoic (EPA), docosahexaenoic (DHA) and arachidonic (ARA) acid 10 

assessment by gas chromatography. Intestinal biopsies (duodenum, jejunum and 11 

ileum) were collected through double-balloon endoscopy before and 3 months 12 

after RYGB for gene expression analysis by microarray (Human GeneChip 1.0 13 

ST array) and RT-qPCR validation. RESULTS: Compared to the preoperative 14 

period, patients had decreased intakes of PUFAs, fish and soybean oil (p<0.05) 15 

and lower plasma concentrations of ALA and EPA (p<0.001) 3 and 12 months 16 

after RYGB. FADS1 gene expression was lower in duodenum (RT-qPCR fold 17 

change=-1.620, p<0.05) and jejunum (RT-qPCR fold change=-1.549, p<0.05) 3 18 

months following RYGB, compared to before surgery. CONCLUSION: RYGB 19 

decreased PUFA ingestion, plasma ALA and EPA levels, and intestinal 20 

expression of FADS1 gene. The latter encodes a key enzyme involved in 21 

endogenous biosynthesis of PUFAs. These data suggest that supplementation 22 

of omega-3 PUFAs may be required for obese patients undergoing RYGB. 23 

Keywords: FADS1, omega-3 fatty acids, obesity, Roux-en-Y gastric bypass. 24 

 25 
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INTRODUCTION 26 

It is widely recognized that omega-3 (n-3) polyunsaturated fatty acids 27 

(PUFAs), in particular eicosapentaenoic acid (EPA; 20:5n-3) and 28 

docosahexaenoic acid (DHA; 22:6n-3), play an important protective role in 29 

metabolic, cardiovascular, developmental, and cognitive health.[1-3] EPA and DHA 30 

are endogenously produced from the essential alpha-linolenic acid (ALA; 18:3 n-31 

3) in a well-characterized enzymatic pathway (Figure 1).[4] The conversion occurs 32 

by a sequential insertion of new carbons and double-bonds within the ALA chain, 33 

for which the enzymes encoded by the genes elongase 2 and 5 (ELOVL2 and 34 

ELOVL5, respectively) and fatty acid desaturase 1 and 2 (FADS1 and FADS2, 35 

respectively) play a crucial role.[4,5] The same pathway is responsible for 36 

producing arachidonic acid (ARA; 20:4n-6) from its essential precursor linoleic 37 

acid (LA; 18:2n-6). This pathway is considered to mainly operate in the liver. 38 

However, human intestinal cell lines have been shown to desaturate and elongate 39 

LA and ALA to produce longer chain, more unsaturated derivatives.[6] Although 40 

evidence of the contribution of the intestine to production of the bioactive n-6 and 41 

n-3 PUFAs in humans is lacking, we suggest that the intestine may be an 42 

important secondary site for such synthesis.  43 

Clinical trials and meta-analyses have demonstrated that genetic variation 44 

in the FADS1 and FADS2 genes influences the endogenous conversion of ALA 45 

to its bioactive derivatives.[5,7-9] In particular, genetic variants linked to reduced 46 

expression of the FADS1 gene have been associated with lower circulating 47 

concentrations of EPA.[8,9]  48 

Obesity is highly prevalent worldwide and is associated with debilitating 49 

and life-threatening comorbidities that can be potentially impacted by n-3 PUFAs, 50 
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such as cardiovascular disorders. Roux-en-Y gastric bypass (RYGB) is the most 51 

effective approach available for the treatment of obesity and its metabolic 52 

comorbidities.[10] Aside from limiting food intake and compromising nutrient 53 

digestion and absorption, we have shown that the anatomical changes that occur 54 

following RYGB may alter the expression of intestinal genes.[11-13] 55 

The effect of RYGB on the metabolism of PUFAs by intestinal cells or on 56 

n-3 PUFA status remains unclear. We here consider that the restrictive and 57 

malabsorptive procedure of RYGB can decrease significantly the systemic 58 

availability of n-3 PUFAs not only by limiting their ingestion and the intestinal 59 

surface for their absorption, but also by impacting on the intestinal expression of 60 

genes involved in their endogenous synthesis. Aiming to contribute novel data on 61 

this hypothesis, this study assessed the ingestion of PUFAs, intestinal expression 62 

of genes involved in PUFA metabolism, and plasma profile of PUFAs before and 63 

after RYGB in obese women.  64 

 65 

METHODS  66 

Participants and Ethics 67 

Twenty adult women (18–60 years old) were screened for eligibility and 68 

subsequently admitted for elective RYGB at the Gastrointestinal Surgery Division 69 

of the Clinical Hospital at the University of Sao Paulo Medical School (ICHC-70 

FMUSP) between April 2010 and March 2014. Inclusion criteria were: BMI > 35 71 

kg/m2; proven diagnosis of type 2 diabetes (fasting plasma glucose > 126 mg/dL 72 

and hemoglobin A1c > 6.5%) and/or use of oral antidiabetic medication, and 73 

absence of Helicobacter pylori infection. Exclusion criteria were: use of insulin, 74 

diagnosis of thyroid or hepatic diseases, subjects undertaking alternative bariatric 75 
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surgery, refusal to participate in the study, current or recent participation in 76 

another interventional study.  77 

The study was performed in compliance with the Declaration of Helsinki and 78 

Good Clinical Practice guidelines, and was approved by the Ethics Committee of 79 

the Hospital das Clínicas of São Paulo Medical (CAPPesq 1011/09). It is 80 

registered at www.clinicaltrials.gov (NCT01251016) and Plataforma Brasil 81 

(19339913.0.0000.0068). All participants provided written informed consent. This 82 

trial is part of the SURMetaGIT (SURgically induced Metabolic effects on the 83 

Human GastroIntestinal Tract) study.[14] 84 

 85 

Roux-en-Y gastric bypass (RYGB) 86 

All patients were submitted to RYGB without silicon rings with biliary-pancreatic 87 

loops (50–60 cm) and feed handles (100–120 cm). RYGB reduces stomach 88 

volume by making a proximal gastric pouch roughly 30 mL in capacity, excluding 89 

the rest of the stomach, duodenum, and proximal jejunum from the flow of 90 

nutrients. After RYGB, ~95% of ingested food bypasses the stomach, the entire 91 

duodenum, and a short portion of the jejunum. 92 

 93 

Fat Intake 94 

Assessments of dietary intake of total PUFAs were performed before RYGB, and 95 

three and twelve months after. Food intake was determined via a 7-day dietary 96 

record questionnaire (7dR), including one weekend. The amounts of food were 97 

self-recorded by the patient in cooking units (teaspoons, cups, etc.), and analyzed 98 

by the software Virtual Nutri Plus.[15] A complimentary food frequency query was 99 
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applied to assess the amount and frequency of fish and soybean oil ingestion as 100 

the main dietary sources of n-3 and n-6 PUFAs, respectively. 101 

 102 

Intestinal Biopsies  103 

Gastrointestinal biopsies (10 to 15 mg of mucosa from stomach, duodenum, 104 

jejunum and ileum) were collected by double-balloon enteroscopy (DBE) and 105 

immediately immersed in liquid nitrogen before transfer to a -80oC freezer. The 106 

biopsy procedure was performed through oral access and under deep sedation 107 

preoperatively and again 3 months postoperatively, as described elsewhere.[16] 108 

The site of preoperative biopsies was highlighted with India ink SPOTTM to guide 109 

the location for the postoperative collection. All patients had fasted for 12-h and 110 

had not used oral drugs (apart from antihypertensive drugs) for 3 to 5 days prior 111 

to biopsy.  112 

 113 

FADS Gene Expression  114 

Intestinal biopsies were submitted to RNA extraction using RNasy Plus kit 115 

(QiagenTM). Expression of FADS1, FADS2, ELOVL2, and ELOVL5 genes was 116 

assessed by using the Human GeneChip 1.0 ST Array (AffymetrixTM, Inc., Santa 117 

Clara, USA) for each intestinal segment and time-point (pre- and postoperative) 118 

in each patient, according to manufacturer's guidelines. Only samples with 119 

adequate mRNA (> 100 ng/µL) and/or RNA Integrity Number > 7 (cutoff 120 

suggested by the microarray manufacturer), for both pre- and postoperative 121 

matching biopsies were considered for microarray analysis. Array quality was 122 

checked by boxplot, correlation, and principal component analysis using the 123 

R/Bioconductor program (www. bioconductor.org).[17] The significance of 124 
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microarrays and rank product methods were analyzed to select differentially 125 

expressed genes, using the criterion of p < 0.05 (corrected for false discovery 126 

rate). Expression values were obtained by RMA (Robust multiarray average) pre-127 

processing data. Combat method (http://jlab.byu.edu/ComBat/Abstract.html) was 128 

applied for batch effects removal. All tools listed above are available in the R/ 129 

Bioconductor program (http://www.bioconductor.org/). Some tissue samples 130 

were excluded from the microarray analysis due failure in biopsy collection, in 131 

obtaining adequate RNA, or in normalization test. At the end, microarray analysis 132 

were applied in samples paired by time-point (pre- and postoperative) of 12 133 

duodenum (n = 24), 16 jejunum (n = 32) and 11 ileum (n = 22). Significant 134 

changes in gene expression were validated by quantitative RT-PCR using the 135 

TaqMan gene expression assay (Life Technologies, Carlsbad, CA, USA), 136 

according to the manufacturer’s recommendations. As RT-PCR requires less 137 

restrictive RNA quality and because we included biopsies collected from 5 other 138 

obese women that attended the same inclusion criteria applied to those 20 139 

women studied in the RT-qPCR analysis to extend gene validation for an external 140 

population, it was applied in samples paired by time-point (pre- and 141 

postoperative) of 21 duodenum (n = 42), 25 jejunum (n = 50) and 23 ileum (n = 142 

46). β-actin was used as the reference gene, based on the results of a pilot study 143 

testing this and other genes (18S, glyceraldehyde 3-phosphate dehydrogenase, 144 

and beta 2 myoglobin) to identify the most suitable reference for these tissue 145 

samples.  146 

 147 

 148 

 149 

http://jlab.byu.edu/ComBat/Abstract.html
http://www.bioconductor.org/
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Fatty acid measurements  150 

Plasma (250 µL) was obtained from blood samples collected after a 10-h fast and 151 

stored at −80°C until analysis. Collections were performed before RYGB, and 152 

three and twelve months after. Plasma total lipids were extracted using 153 

chloroform:methanol (2:1) and phospholipids were isolated by thin layer 154 

chromatography using a mixture of hexane: ethyl ether: acetic acid (90: 30: 1), 155 

according to the method of Folch et al.[18] Fatty acid methyl esters were prepared 156 

by incubation with 140 g/L of boron trifluoride in methanol at 80°C for 60 min. 157 

Subsequent to the extraction process, the fatty acid methyl esters were dried and 158 

separated by gas chromatography (Shimadzu Model GC-2010) with flame 159 

ionization detection, and an Omegawax 250 (Supelco) column. The operating 160 

conditions of the column corresponded to an initial temperature of 180°C (1 min) 161 

and then 270°C (5 min), with a total run time of 36 min. Fatty acid methyl esters 162 

were identified and quantified by comparison with external standards. Individual 163 

PUFAs (ARA, ALA, EPA and DHA), and ARA/EPA ratio were assessed. 164 

 165 

Statistical Analysis 166 

This study comprises a secondary outcome of a larger clinical trial that aims to 167 

analyze changes in the expression of genes encoding GI hormones related to 168 

postoperative glycemic homeostasis.[14] The sample size was calculated using 169 

parametric (ANOVA) and non-parametric (Wilcoxon) tests. Effect size was 170 

calculated by considering GI hormone variations to be approximately twice in the 171 

postoperative versus the preoperative period. Specifically, for gene expression, 172 

statistical analysis showed the α-error (type I error) of 0.05 and β-error (type II 173 
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error) of 0.2 (power of 0.8 with an effect size ≥ 1.35 (i.e., 1.35 times the standard 174 

deviation of the difference) in a minimum sample size of seven patients. Fatty 175 

acid and FFQ data were analyzed by ANOVA using SPSS 18.0 for Windows 176 

software (SPSS, Chicago, IL, USA).  177 

 178 

RESULTS 179 

Participant Characteristics 180 

Twenty patients (mean age 46.9  6.2 years) were enrolled according to the 181 

inclusion criteria and all of them completed the study. Nevertheless, three 182 

patients did not present adequate venous access at any time point studied to 183 

enable blood collection for plasma fatty acid analysis and one patient did not 184 

attend the nutritional consultation after 12 months of RYGB for fat intake 185 

recording. Descriptive baseline data of the studied patients are shown in Table 1. 186 

Compared to the preoperative period, patients had a significant weight loss and 187 

a lower BMI in the postoperative period, with a greater effect at 12 months than 188 

3 months following RYGB. 189 

 190 

Fat intake 191 

Table 2 shows data on total PUFAs, fish and soybean oil intakes and the 192 

differences observed between the studied time points. The mean PUFA intake 193 

was significantly and progressively reduced 3 and 12 months after RYGB, in 194 

relation to the preoperative period and between both postoperative periods. The 195 

mean fish and soybean oil intakes decreased significantly 3 and 12 months after 196 

RYGB, with no difference between the postoperative periods. The number of 197 

patients who ingested fish more than once a week decreased after 3 months of 198 
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RYGB compared to the preoperative period, with no difference between the 199 

postoperative periods. The number of patients ingesting soybean oil > 1 time per 200 

day decreased significantly after 12 months of RYGB, in comparison to the 201 

preoperative period and 3 months postoperatively. 202 

 203 

Intestinal biopsies 204 

The total tissue amount obtained from pre- and postoperative intestinal biopsies 205 

was adequate to allow gene expression analysis in all enrolled patients. Success 206 

in tissue collection and obtaining adequate mRNA from the different intestinal 207 

segments matching pre- and postoperative periods were 70% for duodenum, 208 

80% for jejunum, and 60% for ileum.  209 

 210 

Intestinal Gene Expression  211 

Data on intestinal gene expression are provided in Table 3. Microarray analysis 212 

identified significantly decreased expression of FADS1, FADS2 and ELOVL5 213 

three months after RYGB, in comparison to the preoperative period. No 214 

significant changes were found for ELOVL2 expression. RT-qPCR analysis 215 

comparing pre- and postoperative periods confirmed the changes observed by 216 

microarray. However, only the reduction of FADS1 gene expression in duodenum 217 

and jejunum was found to be statistically significant by the RT-qPCR validation 218 

(p < 0.050).  219 

 220 

Fatty acid measurements  221 

Plasma phospholipid concentrations (g/mL) of the studied PUFAs are shown in 222 

Figure 2 and their individual patterns are shown in Figure 3. ALA and EPA were 223 
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significantly lower 3 and 12 months postoperatively compared to preoperatively. 224 

EPA was higher 12 months postoperatively compared to 3 months (p = 0.030). 225 

The ratio of ARA to EPA was lower at preoperative than 3 and 12 months after 226 

RYGB (19.6 [8.9-31.8] vs. 40.9 [19.6-65.5] vs. 33.0 [15.1-53.3], respectively; p < 227 

0.001). Furthermore, this was higher at postoperative 3-month than 12-month 228 

period (p < 0.001). There were no differences in plasma concentrations of DHA 229 

or ARA at any studied period (p > 0.050). 230 

Median [1Q;3Q] of preoperative proportion of plasma phospholipid were 231 

0.51% [0.43; 0.88] ALA, 7.47% [5.97; 10.60] ARA, 0.40% [0.31;0.63] EPA, and 232 

1.11% [0.96;1.32] DHA. Both ALA and EPA were significantly decreased at 3 233 

months postoperatively (0.38% [0.32;0.45]; p = 0.002 and 0.22% [0.18; 0.29]; p 234 

< 0.001, respectively) and EPA but not ALA remained significantly decreased at 235 

12 months postoperatively (0.47% [0.40; 0.59]; p = 0.448 and 0.26% [0.22;0.58]; 236 

p < 0.001, respectively), in relation to the preoperative period. Comparison 237 

between postoperative periods showed that both ALA and EPA were significantly 238 

lower at 3 months versus 12 months after RYGB (p = 0.006 and p = 0.008, 239 

respectively). On the other hand, ARA and DHA were significantly increased at 3 240 

months postoperatively (10.01% [8.35;10.94]; p < 0.001 and 1.38% [1.21;1.64]; 241 

p = 0.001, respectively), in comparison to the preoperative period. However, ARA 242 

but not DHA was significantly increased at 12 months postoperatively (9.17% 243 

[8.13;10.11]; p = 0.006 and 1.31% [1.02;1.68]; p = 0.117), in relation to the 244 

preoperative period. Comparison between postoperative periods showed that 245 

ARA but not DHA was higher at 3 months versus 12 months after RYGB (p = 246 

0.006 and p = 0.156, respectively). 247 

 248 



13 
 

DISCUSSION 249 

This study identified a significant decrease in the systemic levels of EPA 250 

and its precursor ALA following RYGB. This change was accompanied by a long-251 

term decrease in PUFA and fish intake and a decreased intestinal expression of 252 

the FADS1 gene 3 months after the surgery. Our findings suggest that multiple 253 

factors induced by the anatomical restrictive and malabsorptive changes caused 254 

by RYGB may contribute for the systemic depletion of n-3 PUFAs. These include 255 

decreased intake of both ALA and EPA, likely decreased absorption of both ALA 256 

and EPA, and the possibility of decreased biosynthesis in intestinal cells of EPA 257 

from ALA. The latter could be due to lower availability of ALA as substrate and 258 

also to lower expression of FADS1. 259 

Currently, plasma n-3 PUFA status is not commonly assessed in clinical 260 

practice. Although guidelines have not yet established normal serum/plasma 261 

ranges, large clinical studies have shown that serum or plasma phospholipid EPA 262 

plus DHA among U.S. adults, not taking n-3 PUFA supplements, is about 3%–263 

4%, although it can vary substantially based on an individual’s dietary intake and 264 

endogenous metabolism.[19,20] Our patients presented a comparatively very low 265 

median of EPA plus DHA (near to 1.5%) at all the studied periods, highly 266 

suggestive of a systemic depletion of these PUFAs even before surgery.  267 

Although high ALA intake has been shown to increase the biosynthesis of 268 

EPA for further DHA generation, this conversion is low in humans and most 269 

endogenous EPA and DHA are derived from dietary consumption particularly 270 

from fatty fish.[21-24] Our patients did not reach the guideline recommendations of 271 

EPA and DHA-rich fish intake at any stage of the study.[25] Furthermore, the food 272 

intake restriction caused by the RYGB resulted in a significant decrease of fish 273 
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consumption as well as in general PUFAs and soybean oil (an important dietary 274 

source of both ALA and the ARA precursor LA) ingestion until 12 months 275 

postoperatively. Despite several published reports about the effect of RYGB on 276 

nutritional deficiencies[11,12], the impact on n-3 PUFA status remains poorly 277 

explored. We were able to identify only one previous clinical trial on this topic, 278 

which reported changes in the proportion of systemic PUFAs 1 and 6 months 279 

following RYGB.[26] Although the authors found no changes in ALA, a persistent 280 

decreased EPA and transient increased ARA and DHA proportions along with a 281 

low but stable intake of n-3 PUFAs from the preoperative period were observed 282 

after the surgical procedure.[26] These findings on proportions of PUFAs are quite 283 

similar to ours. We found a persistent decrease and transient increase in EPA 284 

and DHA proportions after the surgery, respectively. Furthermore, ALA proportion 285 

was decreased only at postoperative 3 months and although ARA proportions 286 

were increased from baseline post-surgery, ARA was significantly lower at 287 

postoperative 12 months than 3 months.  288 

We consider that our patients’ low plasma EPA and DHA levels are in line 289 

with their food intake profile, together with the postoperative systemic depletion 290 

of ALA and EPA, but this does not fully explain why ARA and DHA levels were 291 

not negatively affected by RYGB; indeed, their proportions were even increased 292 

after the procedure, at least transiently. One potential explanation for the changes 293 

in proportions of n-3 PUFAs (including DHA) could be the decreased expression 294 

of the FADS1 gene in parallel to the maintenance of ELOVL2 expression 295 

observed at 3 months after RYGB in all the intestinal segments studied, mainly 296 

in the duodenum and jejunum. FADS1 gene encodes a rate-limiting enzyme for 297 

the conversion of ALA to EPA and changes in its expression strongly affect n-3 298 
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PUFA levels in plasma and erythrocytes, regardless of marine fish intake.[27] The 299 

enzyme encoded by ELOVL2 catalyzes the reaction that elongates EPA for DHA 300 

biosynthesis. According to our data, intestinal conversion of ALA into EPA may 301 

be decreased by the loss of expression of the FADS 1 gene, while the conversion 302 

of dietary EPA to DHA may be maintained, as the expression of ELOVL2 was 303 

unchanged and even slightly but not significantly increased.[28] This also would 304 

use EPA, further contributing to its lower plasma concentration.  305 

To our knowledge, this is the first study showing a downregulation of the 306 

gene encoding the FADS1 enzyme at multiple intestinal sites following RYGB. 307 

One would expect increased ALA and decreased plasma EPA and DHA levels 308 

due to an impaired intestinal conversion of ALA to EPA. Restriction of the amount 309 

of PUFAs, soybean oil and fish ingested after RYGB is an inherent bias in our 310 

model, since it can contribute to decrease both ALA and EPA levels and make it 311 

difficult to confirm the potential for FADS1 participation in this depletion.27 312 

However, while changes in dietary intake cannot fully explain all alterations in 313 

postoperative PUFA levels, decreased intestinal expression of the FADS1 gene 314 

is in line with the plasma proportion of the studied n-3 PUFAs observed after 315 

RYGB. Regarding the systemic ARA response to RYGB, the enzyme encoded 316 

by the FADS1 gene also participates in the biosynthesis of this PUFA and 317 

variations in its cluster are associated with the systemic ARA depletion.[29] In 318 

common with these findings, instead of observing a concomitant decrease of 319 

intestinal expression of FADS1 and systemic ARA levels, the plasma proportion 320 

of this PUFA was increased in our patients 3 months after RYGB, compared to 321 

the preoperative period and 12 months postoperatively. A transiently increased 322 

proportion of ARA after RYGB observed in our study and in other trial may be as 323 
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a result of the surgery causing weight loss, with high triglyceride breakdown.[26] 324 

Stored triglycerides contain a fairly high proportion of n-6 PUFAs, especially LA, 325 

the precursor of ARA, but also ARA.[30] Furthermore, in obese patients, stored 326 

triglycerides may be particularly rich in n-6 PUFAs, since higher dietary n-6:n-3 327 

PUFA ratios are associated with obesity.[31] As a result, increased plasma ARA 328 

proportion might occur with weight loss, mainly in the early postoperative period 329 

where weight loss was more pronounced in our patients. 330 

A recent study reported a ratio of n-6:n-3 PUFAs close to 5:1, with a higher 331 

mean amount (mg/g) of LA and ARA than ALA and EPA (72.8 and 4.7 vs. 8.0 332 

and 1.2, respectively), in the subcutaneous adipose tissue of obese patients 333 

before undertaking RYGB.[32] Although the authors also had assessed changes 334 

in the systemic levels of phospholipid PUFAs after 12 months of surgery, 335 

comparison with our data is difficult because the studied individuals were 336 

instructed to consume rapeseed oil (3 tea spoons and 6 tea spoons of mainly 337 

rapeseed oil based spreads daily) and fish (2–3 times a week) during all the 338 

assessed postoperative periods.[32] They observed an increase of ALA (one of 339 

the major PUFAs in rapeseed oil), no changes in EPA and a decrease of ARA 340 

and DHA proportions in serum phospholipids in response to RYGB, and 341 

suggested that postoperative dietary intervention influenced their findings.[32] 342 

Severe obesity is accompanied by a chronic low-grade inflammation and 343 

disturbances in lipid metabolism linked with most of its comorbidities, such as 344 

type 2 diabetes mellitus, hypertension and dyslipidemia.[33] It is widely recognized 345 

that n-3 and n-6 PUFAs can distinctly impact on inflammation and lipid 346 

metabolism by mechanisms that include modulation of gene transcription.[34] 347 
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Particularly, ARA (n-6 PUFA) has pro-inflammatory and detrimental lipogenic 348 

properties, while the EPA and DHA (n-3 PUFAs) have opposite effects.[34]  349 

In accordance with their biological properties, high n-6 fatty acid levels are 350 

associated with an increased risk of obesity, whereas a high concentration of n-351 

3 fatty acids in phospholipids is associated with reduced risk.[35] The post-352 

operative changes in levels of PUFAs observed in this study resulted in an 353 

increased ARA:EPA ratio seen until 12 months postoperatively, in comparison to 354 

the preoperative period. As high ARA:EPA ratios are shown to be harmful for 355 

human health, our data are suggestive that by decreasing n-3 PUFAs, RYGB 356 

might create an unfavorable systemic PUFA profile.[36-38] 357 

RYGB has shown metabolic effects that counteract some obesity-358 

associated comorbidities.[39] In particular, obese patients with type 2 diabetes can 359 

experience glycemic homeostasis early after the procedure, but not all of them 360 

achieve the postoperative remission of the disease and some can experience its 361 

relapse longer term.[40-43] It is possible that the unfavorable PUFA profile induced 362 

by RYGB may impair the achievement and maintenance of the metabolic benefits 363 

expected to be induced surgically.  364 

It has been consistently demonstrated that higher plasma levels of EPA 365 

and DHA are crucial in maintaining positive health outcomes by preventing and 366 

treating metabolic and inflammatory disorders.[3,44-46] Large observational studies 367 

have been homogenous in terms of these findings, with systematic reviews and 368 

meta-analyses showing that higher consumption of fish and higher dietary or 369 

plasma levels of n-3 PUFAs are associated with a lower risk of chronic disorders, 370 

in particular of cardiovascular diseases.[47-51] All of these benefits may aid the 371 
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recovery of obese patients undergoing RYGB and favor the postoperative 372 

resolution of their obesity-related comorbidities.[52] 373 

We propose that n-3 PUFA supplementation may be required following 374 

RYGB to counteract the surgery induced reduction in n-3 PUFA status. Notably, 375 

according to our data, systemic n-3 PUFA depletion seems to occur before 376 

RYGB, and therefore patients may benefit from supplementation before the 377 

procedure. In a double blind randomized trial, the supplementation of n-3 PUFAs 378 

over a period of 8 weeks before bariatric surgery was associated with 379 

improvements in circulating and adipose tissue (visceral and subcutaneous) 380 

markers of inflammation and in lipid metabolism in severely obese nondiabetic 381 

patients.[53] In another study, 4-weeks of preoperative supplementation with n-3 382 

PUFAs reduced the liver volume of severely obese patients and facilitated the 383 

access to the gastro-esophageal junction during laparoscopic RYGB surgery by 384 

promoting an easy retraction of the left hepatic lobe.[54]  385 

Our study has some limitations. Although the seven-day nutritional record 386 

showed a significant reduction in total PUFAs and fish intake in both 387 

postoperative periods after RYGB, the individual intake of n-3 PUFAs (ALA, EPA, 388 

DHA) was not measured. Also, the intestinal expression of fatty acid desaturase 389 

and elongase genes was not performed at 12 months postoperatively and was 390 

not validated at the protein level. Furthermore, the investigation of individual 391 

genetic variants of FADS1 gene would be necessary to clarify the repercussion 392 

of our findings on the endogenous n-3 fatty acid metabolism.    393 

Despite these limitations, our findings suggest that aside from limiting food 394 

intake, anatomical changes following RYGB might decrease the intestinal ability 395 

to synthesize bioactive n-3 fatty acids through reduced FADS1 gene expression. 396 
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Although it is uncertain if these alterations work together to cause the 397 

postoperative systemic depletion of ALA and EPA, the supplementation of n-3 398 

PUFAs might be considered for obese patients who are candidates for RYGB to 399 

avoid the risk of n-3 deficiency and potentially improve their postoperative 400 

recovery.  401 
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Table 1. Descriptive data of obese women (n = 20) before, and three and twelve months following Roux En-Y Gastric Bypass 

Variable T0 T1 T2 P value* P value¥ P value 

Weight (kg) 
119.4 

(83.5 - 143.6) 

95.6 

(68.2 – 114.0) 

77.3 

(63.3 – 100.5) 
< 0.001 < 0.001 0.001 

BMI (kg/m2) 
46.4 

(37.1 - 57.5) 

38.5 

(30.3 – 45.5) 

32.4 

(27.5 – 40.2) 
< 0.001 < 0.001 < 0.001 

FBG (mg/dl) 
208 

(77 - 338) 

100 

(75 – 159) 

90 

(68 – 116) 
< 0.001 < 0.001 0.049 

HbA1c (%) 9 (6 – 13) 6 (5 – 7) 6 (5 – 7) < 0.001 < 0.001 0.019 

EWL (%)# 0 19.9 35.3 < 0.001 < 0.001 0.001 

Data are expressed as median (minimum-maximum). T0, preoperative; T1, postoperative 3-month; T2, postoperative 12-month; *T0 

vs. T1; ¥T0 vs. T2; T1 vs. T2. #EWL, Excess Weight Loss in comparation to T0. BMI, Body Mass Index; FBG, Fasting blood glucose; 

HbA1c, Hemoglobin A1c.  
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Table 2. Dietary intake of total polyunsaturated fatty acids (PUFAs), fish and soybean oil (SO) by obese women before and 3 and 12 

months after Roux en-y gastric bypass 

 PUFAs (g/day) Fish (g/week) SO (mL/day) 

Fish intake  

 1 time per week 

(%) 

SO intake  

 1 time per day (%) 

T0 12.54  5.46 133.53  48.47 13.24  10.89 45% 41% 

T1 8.05  3.15 76.67  25.82 6.32  3.96 25% 47% 

T2 6.23  1.40 88.12  36.92 5.00  4.38 21% 12% 

P value* 0.002 0.000 0.022 0.013 0.404 

P value¥ 0.000 0.000 0.007 0.058 0.033 

P value 0.002 0.765 0.303 0.309 0.019 

Data expressed as mean  standard deviation. T0, preoperative; T1, postoperative 3-month; T2, postoperative 12-month; *T0 vs. T1; 

¥ T0 vs. T2;  T1 vs. T2.  
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Table 3: Changes in the intestinal expression of genes encoding key enzymes of the pathway of endogenous biosynthesis of 

polyunsaturated fatty acids in obese patients after 3 months of Roux en-Y gastric bypass 

 Gene 

Duodenum Jejunum Ileum 

Microarray 
RT-PCR 

validation  
Microarray 

RT-PCR  

validation 

Microarra

y 

RT-

PCR  

validati

on 

FADS1 -0.557 -1.620 -0.250 -1.549 -0.358 1.087 

FADS2 -0.397 -0.942 -0.136 - -0.187 - 

ELOVL2 +0.016 - +0.029 - +0.055 - 

ELOVL5 -0.573 -1.145 +0.024 - -0.166 - 

 

Data correspond to comparison of gene expression between preoperative and 3 months post-operative. Values are fold changes. 

Negative and positive fold changes indicate decreased and increased expression, respectively. Bold values correspond to significant 

changes (P ≤ 0.05).  



31 
 

Figure 1: Desaturation and elongation of omega-3 and n-6 polyunsaturated fatty acids 6  408 
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Figure 2: Concentration of fatty acids (µg/ml) in plasma phospholipids in obese women before, 3 and 12 months after Roux en-y 

gastric bypass 
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T0, preoperative; T1, postoperative 3-month; T2, postoperative 12-month. The symbol “*” indicates different mean values between 436 

postoperative time versus pre-operative. The symbol “#” indicates different mean values comparing only postoperative periods 437 

(T1;T2). A:TFA: total fatty acids; (*T1; p< 0.001); (*T2; p= 0.002); B: ALA (18:3 n-3): alpha linolenic acid; (*T1; p< 0.001); (*T2; p< 438 

0.001); C: EPA (20:5 n-3): eicosapentaenoic acid; (*T1; p< 0.001); (*T2; p< 0.001); (#T2; p=0.03); D: DHA (22: 6 n-3): 439 

docosahexaenoic acid; E: ARA (20:4 n-6): arachidonic acid; F: ratio ARA/EPA (*T1; p< 0.001); (*T2; p< 0.001). 440 
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Figure 3: Individual patterns of changes in plasma phospholipid concentrations (g/mL) of polyunsaturated fatty acids in obese 

women before, 3 and 12 months after Roux en-y gastric bypass 
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T0, preoperative; T1, postoperative 3-month; T2, postoperative 12-month. 463 


