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Abstract 

Background and Aims: Bariatric, also termed metabolic, surgery is an increasingly common 

treatment for severe and complex obesity. It decreases macronutrient intake, influences nutrient 

absorption and modifies gastrointestinal physiology with the aim of reducing adiposity, improving 

metabolism and reducing disease risk. Bariatric surgery has been shown to result in 

micronutrient deficiencies. Whether it results in deficiencies of essential fatty acids (EFAs) and 

their bioactive polyunsaturated fatty acid (PUFA) derivatives is not clear. The aim of this 

systematic review is to identify whether there are effects of bariatric surgery on the blood levels 

of EFAs and other PUFAs.  

Methods: A database search was conducted up to November 2020 using Medline, Embase and 

Cinahl databases, using relevant search terms identified by a PICO protocol. Only human 

studies reporting on PUFAs in a blood pool, published in the English language and available in 

full text were included. The Cochrane tool for assessing risk of bias was used and data were 

extracted. 

Results: Fifteen papers from fourteen studies with relevant data were identified for inclusion. 

Studies differed according to surgical intervention, duration, measured timepoints, sample size 

and PUFAs reported. Both increases and decreases in selected PUFAs were reported in 

different studies. For the EFAs linoleic acid and α-linolenic acid and for the longer-chain omega-

3 PUFA eicosapentaenoic acid, bariatric surgery is associated with a transient decline in status 

(to about 6 months post-surgery) with a later return to pre-surgery levels. All studies had some 

risk of bias and most studies were of small size. 

Conclusion: There is a decrease in blood levels of both EFAs and of eicosapentaenoic acid in 

the months following bariatric surgery. This may partly counter the desired effects of the surgery 

on blood lipids, insulin sensitivity and inflammation. Nutritional strategies (e.g. use of modified 

formulas or of supplements) may be able to correct the decrease in those PUFAs. Nevertheless, 

the observed decrease in PUFAs is transient.  
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Introduction 

The prevalence of obesity, including severe obesity, is increasing in many countries [1,2]. 

Obesity increases risk of chronic conditions such as type 2 diabetes, cardiovascular disease, 

fatty liver disease and some cancers [3] and has adverse psychological, and social impacts 

[4,5]. Treating existing obesity, especially severe and complex obesity is critical for improving 

prognosis and quality of life. Bariatric surgery is currently the most effective treatment for severe 

and complex obesity [6]. The original intentions of bariatric surgery were to reduce intake of 

food through physically restricting stomach volume and/or to reduce digestive and absorptive 

capacity to limit the availability of macronutrients (fat, carbohydrate, protein and alcohol) from 

the diet, thus inducing weight loss [7-9]. These approaches are referred to as being restrictive 

and malabsorptive, respectively. However, beyond these physical impacts there is a strong 

physiological impact of bariatric surgery. For example, restriction of stomach size alters 

secretion of gastrointestinal hormones, while malabsorptive procedures alter aspects of 

gastrointestinal physiology including release of incretins affecting appetite, satiety, gut motility 

and metabolism; bile acid signalling; and the gut microbiota [10-14]. As a result of the 

combination of effects on macronutrient availability and gastrointestinal physiology, bariatric 

surgery is able to reduce adiposity, with accompanied weight loss, and to increase insulin 

sensitivity, with accompanied metabolic improvements. Together, these result in decreased risk 

of several conditions including diabetes, cardiovascular diseases, obstructive sleep apnoea, 

infertility, and some types of cancer, and in decreased use of medications [15-18]. In recognition 

that bariatric surgery is more than being simply restrictive and malabsorptive and goes beyond 

weight loss, it has been termed metabolic surgery [19]. Bariatric surgery has become a common 

procedure: the International Federation for the Surgery of Obesity and Metabolic Disorders 

Worldwide Survey of 2018 reported 634,897 bariatric operations were performed globally in 

2016 [20]. 

Types of bariatric surgery procedures include laparoscopic adjustable gastric banding 

(LAGB), Roux-en-Y gastric bypass (RYGB), one anastomosis gastric bypass (OAGB) and 
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duodenal switch (DS) which is involved in biliopancreatic diversion (BPD/DS); these are further 

described elsewhere [19,21]. RYGB has long been considered the gold standard for surgical 

treatment of morbid obesity [22] and has been the most common form of bariatric surgery in 

Western Europe and the Americas. However, LSG has become more prevalent over the last 10 

years globally and is now the most commonly performed procedure worldwide [23]. An 

alternative non-surgical endoscopic approach to reduce macronutrient absorption and induce 

similar gastrointestinal and systemic physiological changes as other foregut exclusion 

procedures, is the use of a duodenal-jejunal bypass liner (DJBL or Endobarrier™), an implanted 

sleeve that forms a barrier between the proximal 60 cm of the small intestinal lumen and wall; 

DJBL mimics some of the effects of RYGB.  

Unsurprisingly, bariatric surgery has effects on nutrient status. For example, protein 

deficiency can be a common and sometimes severe complication associated with bariatric 

surgery, especially malabsorptive procedures [24,25]. It usually occurs in the first months after 

these procedures and is the result of the combination of the reduced intake [26] and 

digestion/absorption [27,28] of protein and the acquisition of intolerance to protein-rich foods 

after surgery [29]. Hence, protein requirements are increased, especially after malabsorptive 

surgery [24,25]. Micronutrient deficiencies (e.g. calcium, iron, and vitamins B12 and D) are also 

common after bariatric surgery (see [24,25] for references), particularly malabsorptive 

procedures [30]. Hence, micronutrient supplements are advised post-bariatric surgery [31]. 

Reduced fat intake and fat malabsorption are aims of bariatric surgery, and certainly occur [32]. 

However, the 2013 American guidelines for support of the bariatric surgery patient state that 

there is insufficient evidence to support routine screening for essential fatty acid (EFA) 

deficiencies [31].   

There are two EFAs: linoleic acid (LA), an omega-6 polyunsaturated FA (PUFA), and 

alpha-linolenic acid (ALA), an omega-3 PUFA. LA lowers blood total and LDL-cholesterol 

concentrations [33] and higher blood LA has been associated with lower incidence of type-2 

diabetes [34] and lower coronary heart disease mortality [35].  ALA is also cholesterol lowering 

[36] and a recent meta-analysis reports that higher blood levels of ALA are associated with 



 

6 
 

lower risk of mortality from coronary heart disease [37]. In addition to health benefit roles in their 

own right, LA and ALA are precursors for synthesis of other bioactive PUFAs. LA is converted to 

arachidonic acid (AA), which has structural roles in the brain and supports cognition [38] and via 

its eicosanoid derivatives (prostaglandins, thromboxanes and leukotrienes) regulates 

inflammation, the immune system, bone turnover and platelet aggregation [39,40]. ALA is 

converted to eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which have 

multiple physiological roles resulting in significant health benefits [41-44]. These have been 

most clearly demonstrated through multiple cohort trials linking higher blood plasma/serum, 

blood cell and tissue status of EPA and DHA to lower risk of coronary heart disease mortality 

[45-47]. EPA and DHA are also anti-inflammatory [48] and give rise to lipid mediators involved in 

resolution of inflammation [49]. EPA and DHA also appear to reduce skeletal muscle protein 

breakdown, perhaps through reducing inflammation, and to promote protein synthesis as 

reviewed elsewhere [50]. Low levels of these various PUFAs in the blood for prolonged periods 

would limit supply to cells and tissues and this could oppose some of the desired actions of the 

surgery, for example on blood lipids, inflammation and risk of diabetes and cardiovascular 

disease. A lack of EFAs in the diet results in the synthesis of mead acid starting with oleic acid 

as the substrate a pathway that uses the enzymes that would otherwise be metabolising LA and 

ALA; therefore, the appearance of mead acid is used as an indicator of EFA deficiency.  

As well as being synthesised from their precursor EFAs, AA, EPA and DHA can be 

obtained directly from diet. Bariatric surgery could reduce availability of LA, ALA, AA, EPA and 

DHA from the diet due to altered intake or decreased absorption after surgery, in part as a result 

of an energy (and fat)-restricted diet. This decreased availability could result in reduced body 

status of these important FAs. This could be an adverse consequence of bariatric surgery, akin 

to the recognised effects on micronutrients and protein (see earlier), that might act to counter 

some of the intended benefits of the surgery. However, whether bariatric surgery does 

adversely influence blood levels of PUFAs is not clear, as mentioned in the 2013 American 

guidelines [32]. The aim of this systematic review is to identify whether bariatric surgery alters 

blood levels of EFAs and their PUFA derivatives. 
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Methods 

Literature Search 

The literature search was conducted using Ovid MEDLINE without Revisions (1996 to 2020), 

Ovid EMBASE CLASSIC + EMBASE (1947 to 2020) and Ebsco CINAHL (Plus with Free Text). 

A first search was conducted on 26 September 2020 and this was repeated on 13 November 

2020.  

 

Search Methodology 

The PICO (Patient or population, Intervention, Comparison and Outcome) protocol was utilised 

to identify search terms. The patient group was those with obesity/overweight; the intervention 

was bariatric surgery; the comparison was either between groups receiving different treatments 

(e.g. different types of bariatric surgery or bariatric surgery vs no surgery) or between prior to 

and following bariatric surgery; the outcome measure was one or more PUFAs measured in a 

blood pool. Synonyms for each category were then generated, which included alternative weight 

loss surgeries such as Roux-en-Y, gastric sleeve and bypass; alternate words for PUFAs 

included omega-3, omega-6, essential FA, alpha-linolenic and linoleic acid and their derivatives. 

Mead acid was also included in the search terms. Abbreviations and acronyms were also 

searched for, with consideration to UK and US spelling differences. The search incorporated 

both free text and controlled vocabulary subject headings, known as MeSH terms. Extending 

results to find those with significant mention of MeSH terms allowed sourcing of greater content 

while increasing search sensitivity. In addition, proximity commands and truncation were 

utilised, such as ‘gastric band*’ to account for suffix variations. Individual searches were 

combined simultaneously using Boolean AND/OR coupling. Limits of Full Text, Human and 

English Language were applied after the final combined search to complete the database 

searching. Final search methodologies for the two platforms are included as Supplementary 

material. 
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Article Selection 

Studies were selected on the basis of the following inclusion criteria: conducted in humans, 

published in the English language, full text available, and reporting of one or more FAs of 

interest in a blood pool. No parameter of age of participants nor years since publication was set 

in order to identify all relevant studies. Exclusion criteria were defined as animal studies, studies 

solely reporting on short chain FAs, and any types of literature other than empirical scholarly 

articles, such as conference abstracts and case study reports. Articles that were identified to be 

relevant for the purposes of the review but not having an accessible full text were excluded. 

Identified articles underwent manual screening of title, abstract and full text (where necessary), 

to ensure suitability before exporting into an EndNote library, at which point duplicates were 

removed. A-LM was responsible for filtering articles for inclusion; A-LM and PCC worked 

together in the final selection of articles suitable for inclusion. 

 

Data Extraction 

Descriptive and analytical data were extracted from articles that fully met the prespecified 

criteria. A-LM was responsible for data extraction, which was done in discussion with PCC. 

Descriptive data encompassed study characteristics (both design and methods) and 

participants’ characteristics. Information on study characteristics included: study design, 

inclusion and exclusion criteria, type of bariatric surgery intervention or comparator (where there 

was more than one surgical group or control), number of participants, type of FA measured and 

from which blood pool, timepoints of FA sampling and completeness of follow up. Information on 

participants’ characteristics included: age, sex, comorbidity and dietary information. Analytical 

data summarised key numerical findings from study results, including blood PUFA levels and 

method used for expressing these and all statistically significant differences. 

 

Bias and Quality Assessment 

Minimisation of selection bias within the review itself was achieved by using a comprehensive 

search strategy across multiple electronic databases. Identified articles were assessed for bias 
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in parallel to the data extraction phase. The bias assessment strategy was adapted from the 

revised Cochrane risk of bias tool for randomised trials template [51]. Some aspects of this tool 

were not applicable in this context due to the non-randomised nature of many of the studies in 

this review; focus was honed toward representativeness of participants to the greater patient 

population and complete, or otherwise justified, follow-up of participants. Originality, clarity of 

study design, and statistical aspects of methodologic quality were also considered [52]. A-LM 

conducted the bias and quality assessments in discussion with PCC. This systematic review 

was not registered as it was performed for educational purposes and a formal protocol was not 

prepared. 

 

Results 

Article Identification and selection 

The database search yielded a total of 1515 articles (Figure 1); 254 articles were discarded after 

applying exclusion criteria and limits, resulting in 1261 articles. A further 375 articles were 

removed by EndNote deduplication. The remaining 886 articles were manually screened for 

their suitability for inclusion this review, resulting in twenty-three articles (Figure 1) [53-75]. Out 

of these twenty-three articles, ten were identified to be relevant but did not report the data 

required (i.e. the authors mentioned fatty acid measurements, but the article did not show the 

data) [53-62]. Authors of these ten articles were contacted by email and data were provided for 

two of them [61,62]. Other authors did not reply or could not provide the data required and so 

these eight articles were excluded at this stage [53-60]. Thus, fifteen articles, relevant and fitting 

all criteria, were included in the systematic review (Figure 1). Of these, two articles [61,74] 

report data from the same study; these were FA data at different time points after surgery. Thus, 

the fifteen included articles represent fourteen studies.  

 

Characteristics of included articles  

Study Design 



 

10 
 

All studies were prospective cohort and observational (see Table 1). One study was part of a 

larger cohort study [71], another was a sub-study of a multicentre, non-blinded randomised 

controlled trial [75] and another reported on patients primarily involved in another randomised 

controlled trial [72]. 

 

Data frequency & intervals 

All except two articles [65,68] reported FA levels with a pre-surgery baseline, which is specified 

in each case, between 4 weeks [73] to 1 day [64] prior to surgery; this timepoint varied among 

studies (see Table 2). Of the two articles omitting pre-surgery data, one reported only a 

generalised decrease in all PUFAs based on metabolite profiling using gas chromatography 

coupled to mass spectrometry [65] and one lacked pre-surgery data for the 3 month post-LSG 

surgery group, which served as a comparator for an investigational arm of the study [68]. As 

well as reporting immediate pre-surgery baseline data, one article additionally reported data at 3 

months prior to surgery [67].   

 Length of observation (i.e. follow-up) varied among studies, ranging from 2 days (1 day 

pre- and 1 day post-surgery) [64] to an 18 month follow-up [73]. Seven articles reported data 

from two timepoints; five articles give three timepoints; two articles give four or more timepoints; 

one gives data solely at three months post-surgery [68]. The most commonly reported 

timepoints aside from pre-surgery were at six months (five articles) and twelve months (seven 

articles) post-surgery. 

 

Surgical Intervention 

A variety of bariatric surgeries were studied. These were BPD/DS, RYGB, LAGB, LSG and 

OAGB; in addition, one study of DJBL was included (see Table 2). Overall, the most commonly 

studied surgery was RYGB (seven articles), followed by LSG (five articles) and LAGB (two 

articles); OAGB, DJBL and BPD/DS were each studied once. Three articles compared the effect 

of two bariatric surgery procedures [66,68,73]. 
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Participants’ characteristics 

Study size ranged from 10 [64,65] to 100 [72] patients (see Table 2). Enrolled participants were 

mainly female (Table 3), reflecting the greater proportion of females in the study  populations; 

sex was not specified in 2 articles [65,67],. Most studied patients of a comparable age, with 

mean age ranging 36.6-51.6 years for surgery groups (Table 3), albeit with variable standard 

deviations. Two articles did not give the age of participants [65,67] and one documented ≥18 

years [73]. 

 

Study bias & quality 

Findings from the bias and quality assessment analysis are summarised in Table 4. The traffic 

light system indicates good (green), acceptable (amber) and poor (red) quality, respectively, 

which was determined based on the published information available in each article. Overall, the 

articles demonstrate ranging bias and methodologic quality. All articles except two had no 

element of randomisation; only one was a randomised controlled trial (RCT) [75], comparing 

DJBL with best medical therapy. Participant characteristics were mostly well described and 

reflective of the wider obese population, apart from two studies excluding participants based on 

endocrine, cardiovascular or pulmonary disease [63,64], two with mental health-related 

exclusion criteria [67,68] and two excluding those in relation to diabetes [72,73].  

 Performance and detection bias were common in all studies. Attrition and reporting bias 

was low generally, although in several articles full explanation for loss of follow-up 

[67,68,72,73,75] or of particular PUFA data [62,64,65,71-73] was omitted. Studies all had a 

novel contribution and methods were clearly described, except for one where time point of 

sampling was not stated [64] and this impeded its full use in this review. Four studies were of 

acceptable cohort size [61,69,72,75], although most were of small size and none referred to 

using a power calculation with respect to PUFA outcomes. 

 

PUFAs 

FAs reported & their units 
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Twelve articles reported on LA; eleven on ALA; all fifteen on AA; thirteen on EPA and DHA; 

three on total n-3 and n-6 PUFAs; and one on total PUFAs (see Table 5 for data on all PUFAs). 

Eight articles reported FA absolute concentrations (e.g. mg/L). Five articles reported FAs as 

percentages of total fatty acids (e.g. mol% or weight%). Out of these, one article presented both 

mol% and mg/L values [69]. One article reported relative concentrations from a metabolomic 

analysis [62] and one article did not publish any values but stated decreasing levels of all 

PUFAs [65]. 

 

FA pools & fractions studies 

Eight of the articles reported serum FAs [61,62,67-69,72-74], while seven reported plasma FAs 

[63-66,70,71,75]. Ten articles reported FAs in whole plasma or serum, while four reported FAs 

in individual lipid fractions like phospholipids (PLs) [63,66,69,71], cholesteryl esters (CEs) and 

triglycerides (TGs) [69]; the latter article additionally reported FAs in adipose tissue, although 

this was not considered relevant to the current systematic review. All articles reported blood 

pool values in samples where the patients were fasted on collection, apart from one article that 

did not specify this [62]. 

 

Individual FAs 

i)   Linoleic Acid 

Six articles reported LA in absolute concentration [62,67-69,73,75] and five reported LA as 

percentage of total FAs [61,63,69,70,74]. One article reported a significant increase of LA at 12 

mo following LAGB [63]. In contrast, several articles reported a statistically significant decrease 

of LA following surgery, for example 2 wk or 6-9 mo following OAGB [61,74], 6 or 18 mo 

following RYGB [73], 12 mo following BPD/DS [67] and 3 mo following LSG [68]. Another article 

reported that LA was decreased 12 mo following RYGB, but the data were not reported [65]. 

Some articles report LA at different time points following surgery. The decrease in LA following 

both RYGB and LAGB was reported to be significantly greater at 1 mo than 6 mo [66]. Likewise, 

the decrease was significantly greater 6 mo after RYGB than after 18 mo [73]. In contrast, the 
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decrease in LA was significantly greater at 12 mo following BPD/DS than at 3 d or 30 d [67]. 

One study reported LA in different serum lipid fractions (TGs, CEs, PLs) and as both absolute 

concentration and percentage [69]: the absolute concentration of LA significantly decreased in 

TGs 12 mo following RYGB, but did not change in CEs or PLs. Where different types of surgery 

have been compared within a study, LA showed a significantly greater decrease after RYGB 

than after LSG [73], and after BPD/DS than after LSG [67] and tended to show a greater 

decrease after RYGB than after LAGB [66]. The study of DJBL reported that LA was 

significantly lower after 6 mo compared to both pre-surgery baseline and compared to a control 

group receiving best practice care but without DJBL [75]. DJBL also significantly lowered LA at 

10 d and 12 mo compared with baseline but the values were not different from the control group 

[75]. Taken together, these data strongly suggest that plasma/serum LA decreases following 

bariatric surgery and similar malabsorptive interventions, possibly with a greater effect within the 

first months following intervention, and with a subsequent return towards pre-intervention 

values. Nevertheless, LA was reported not to change from pre-surgery levels 3 and 6 mo after 

RYGB [62], 12 mo after RYGB [70] or 3 and 12 mo after LSG [67].  

 In order to integrate these data, percentage changes from pre-surgery value (data 

expressed either as absolute concentration or % contribution to FAs) were calculated for each 

reported timepoint in every article (except those that did not report numerical pre-surgery data 

[65,68]); percentage change from all available LA data is summarised in Figure 2a. This figure 

indicates that a decrease in LA from pre-surgery value is common in the first 6 mo.  

 

ii)  Alpha-Linolenic Acid 

Five articles reported ALA in absolute concentration [66-69,75] while six reported ALA as 

percentage [61,63,69-71,74]. Several articles reported a statistically significant decrease of ALA 

following surgery, for example 2 wk following OAGB [61], 3 mo following LSG [68] and 3 mo 

following RYGB [71]. Another article reported that ALA was decreased 12 mo following RYGB, 

but the data were not reported [65]. The decrease in ALA following RYGB at 3 mo was reversed 



 

14 
 

by 12 mo [71]. One study reported LA in different serum lipid fractions (TGs, CEs, PLs) and as 

both absolute concentration and percentage [69]: the absolute concentration of ALA significantly 

decreased in TGs 12 mo following RYGB, but it significantly increased in CEs and PLs. The 

study of DJBL reported that ALA was significantly lower at 10 d, 6 mo and 11.5 mo compared 

with pre-surgery baseline, with the latter two timepoints also being significantly different from the 

control group receiving best practice care but without DJBL [75]. Taken together, these data 

strongly suggest that plasma/serum ALA decreases following bariatric surgery and similar 

malabsorptive interventions, possibly with a greater effect within the first months following 

intervention, with a subsequent return towards pre-intervention values. Nevertheless, ALA was 

reported not to change from pre-surgery levels 12 mo after LAGB [63], 1 or 6 mo after RYGB or 

LAGB [66] or 12 mo after RYGB or BPD/DS [70]. Percentage change for all available ALA data 

is summarised in Figure 2b. This figure indicates that a decrease in ALA from pre-surgery value 

is common in the first 3-6 mo.  

 

iii)   Arachidonic Acid 

Eight articles reported AA in absolute concentration [64,66-69,72,73,75], while six reported AA 

as percentage [61,63,69-71,74]. The data present an inconsistent picture. Several articles report 

a significant increase in AA 3 and 12 mo following RYGB [71], 12 mo following LAGB [63] and 2 

wk following OAGB [61]. In contrast, several articles report significantly decreased AA, for 

example 12 mo following BPD/DS [67] and 12 mo following LSG [72]. Another article reported 

that AA was decreased 12 mo following RYGB, but the data were not reported [65]. The 

significant decrease in AA following RYGB at 1 mo was reversed by 6 mo [68]. One study 

reported AA in different serum lipid fractions (TGs, CEs, PLs) and as both absolute 

concentration and percentage [69]: the absolute concentration of AA significantly decreased in 

TGs and CEs 12 mo following RYGB. The study of DJBL reported that AA was significantly 

lower after 6 and 11.5 mo compared to both pre-surgery baseline and compared to a control 

group receiving best practice care but without DJBL [75]. DJBL also significantly lowered AA at 

10 d compared with baseline but the values were not different from the control group [75]. AA 
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was reported not to change from pre-surgery levels in several articles [62,66,68]. Percentage 

change for all available AA data is summarised in Figure 3a. No clear conclusion can be dawn. 

 

iv)  EPA 

Six articles reported EPA in absolute concentration [64,66-69,75], while six reported as a 

percentage [61,63,69-71,74]. Several articles reported a significant decrease of EPA, for 

example 2 wk or 6-9 mo following OAGB [61,74], 3 or 12 mo following RYGB [71], 12 mo 

following BPD/DS [67] and 3 mo following LSG [68]. Another article reported that EPA was 

decreased 12 mo following RYGB, but the data were not reported [65]. One study reported EPA 

in different serum lipid fractions (TGs, CEs, PLs) and as both absolute concentration and 

percentage [69]: the absolute concentration of EPA significantly decreased in TGs 12 mo 

following RYGB, but did not change in CEs or PLs. The study of DJBL reported that EPA was 

significantly lower after 6 and 11.5 mo compared to both pre-surgery baseline and compared to 

a control group receiving best practice care but without DJBL [75]. DJBL also significantly 

lowered EPA at 10 d compared with baseline but the values were not different from the control 

group [75]. Taken together, these data strongly suggest that plasma/serum EPA decreases 

following bariatric surgery and similar malabsorptive interventions, possibly with a greater effect 

within the first months following intervention, with a subsequent return towards pre-intervention 

values. Nevertheless, EPA was reported not to change from pre-surgery levels 3 and 6 mo after 

RYGB [62], 12 mo after RYGB [70] or 12 mo after LAGB [63]. Percentage change for all 

available EPA data is summarised in Figure 3b. This figure indicates that a decrease in EPA 

from pre-surgery value is common in the first 3-6 mo. 

 

v)  DHA 

Six articles reported DHA in absolute concentration [64,66-69,75] and six articles reported DHA 

as a percentage [61,63,69-71,74]. Some articles reported a significant decrease of DHA, for 

example 12 mo following BPD/DS [67], and 6-9 mo following OAGB [61]. Another article 

reported that DHA was decreased 12 mo following RYGB, but the data were not reported [65]. 
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The study of DJBL reported that DHA was significantly lower after 6 and 11.5 mo compared to 

both pre-surgery baseline and compared to a control group receiving best practice care but 

without DJBL [75]. DJBL also significantly lowered DHA at 10 d compared with baseline but the 

values were not different from the control group [75]. One study reported DHA in different serum 

lipid fractions (TGs, CEs, PLs) and as both absolute concentration and percentage [69]: the 

absolute concentration of DHA significantly decreased in TGs, CEs and PLs 12 mo following 

RYGB. In contrast some articles report a significant increase in DHA 1 mo, but not 6 mo, 

following RYGB [66], 12 mo following RYGB [70] and 3 mo following RYGB [71]. Other artices 

report no change in DHA following LAGB [63], LSG [67], and RYGB [62]. Percentage change for 

all available DHA data is summarised in Figure 3c. This figure indicates that no clear conclusion 

can be drawn with regard to the change in DHA.  

 

vi) Total n-3, n-6 & PUFAs 

Each of the three articles reporting total n-3 and n-6 PUFAs [63,69,74] do so as percentage of 

total fatty acids; one of these also reports on total PUFAs and additionally absolute values for all 

[69]. One article shows significantly lower n-3 and n-6 PUFA levels after OAGB compared to 

non-surgical controls [74] and additionally reports significantly decreased n-6 PUFAs compared 

to pre-surgery baseline values. In contrast, one article reports significantly increased total n-6 

PUFAs 12 mo following LAGB [63]. The absolute concentrations of n-3, n-6 and total PUFAs in 

serum TGs significantly decreased 12 mo following RYGB, while the percentages increased 

[69]. The percentages of n-6 and total PUFAs significantly decreased in serum CEs and PLs, 

while n-3 PUFAs did not change [69].  Absolute concentrations of n-6, n-3 and total PUFAs in 

serum CE and PL did not change [69].  

 

vii) Mead acid 

One study [66] reported no change from pre-surgery for mead acid, an indicator of EFA 

deficiency, in plasma PLs 1 and 6 mo after either RYGB or LAGB. 
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Discussion 

This systematic review identified that blood levels of the two essential PUFAs, LA and ALA, and 

of the bioactive n-3 PUFA, EPA, significantly decrease in the period following bariatric surgery 

or other malabsorptive interventions and remain low for perhaps 6 months or more, before 

(possibly) returning to (or towards) pre-surgery levels at around 12 months. Effects on DHA and 

AA are unclear with significant inconsistency in the literature reviewed, although there are also 

reports from some of the studies reviewed that DHA and AA are decreased following bariatric 

surgery. The one study that reported on mead acid, an indicator of EFA deficiency saw no effect 

of two different surgical procedures [66].  

 All included studies had risk of bias and most studies were of small size. However, it 

would not be possible to improve some aspects of bias, such as surgical treatment allocation, 

which is usually based on clinical grounds. Nevertheless, some studies have compared different 

types of surgery [66,67,73] and one study compared DJBL with lifestyle modification over 11.5 

mo in a randomised design [75]. One study did not report numerical data for PUFAs [65] and 

eight studies were excluded [53-60] because data were not available either in the publication or 

from the authors. Studies included in this systematic review reported PUFAs in total serum or 

plasma or in different serum or plasma lipid fractions (TGs, PLs, CEs) and these data were 

reported in absolute concentrations (e.g. mg/L) or as % weight or molar contribution to the total 

FAs present. Our analysis reports on blood PUFAs before and at least one time-point after 

surgery, although those time points differed among studies. We did not consider any 

relationship of blood PUFAs post-surgery with degree of weight loss, gain in insulin sensitivity or 

change in blood lipid concentrations. Nor did we consider medications or change in 

medications. Most studies did not report on dietary changes post-surgery so those could not be 

considered in the interpretation of the PUFA data.   

 Studies assessed various bariatric surgical interventions; a small number of studies 

compared two surgical interventions [66,67,73]. Plasma LA (mg/L) decreased 6 and 12 mo after 

RYGB but increased after LSG [73]. Plasma EPA (mmol/L) decreased 1 and 6 mo after RYGB 
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but did not change (a small but non-significant increase) after LAGB [66]. Plasma LA, AA, EPA 

and DHA decreased 12 mo after BPD/DS but did not change after LSG [67]. Both RYGB and 

BPD/DS are malabsorptive surgeries, whereas LAGB and LSG are restrictive; thus it appears 

that malabsorptive interventions have a larger impact on blood PUFA levels than restrictive 

interventions.      

Most studies reported PUFAs in total plasma or serum. PUFAs are carried in the 

bloodstream mostly in complex lipids (TGs, PLs, CEs) within lipoproteins, although some non-

esterified PUFAs also circulate. Thus, any measurement of PUFAs in total plasma or serum will 

assess the FAs across these different complex lipids, which have different FA compositions 

from one another. Only one study compared effects of bariatric surgery on PUFAs in different 

complex lipid fractions [69]. Greater effects of RYGB were seen in serum TGs than in PLs or 

CEs, at least when PUFAs were expressed in absolute concentration (mg/L serum): RYGB 

decreased all five PUFAs under study in serum TGs and decreased ALA, AA and DHA in serum 

CEs and DHA in serum PLs (all at 12 mo post-surgery). The greater effect on PUFA 

concentrations within TGs than within PLs or CEs may relate to the substrate preferences of the 

enzymes that synthesise and metabolise the different complex lipids. The same study [69] is the 

only to report PUFAs in both absolute concentration and as a percentage of total fatty acids 

within the lipid fraction. It is evident that the precise finding is influenced by how the data are 

expressed. For example, although the absolute concentration of all five PUFAs decreased in 

serum TGs after RYBG, the percentages of LA, AA and EPA increased while the percentages of 

ALA and DHA did not change. One explanation for this may be that the effect of bariatric 

surgery is to decrease plasma/serum TG concentration and as a result the concentration of 

individual PUFAs within TGs is also decreased although their contribution to all fatty acids within 

TGs (i.e their %) is little changed. This effect of the way of expressing data on PUFA 

concentrations may contribute to some of the inconsistencies in the findings of different studies. 

There is no clear consensus on the preferred way of expressing FA composition data. Brenna et 

al [76] discuss this matter and do not favour one way over the other, making a recommendation 

that “the rationale for primary reporting of fatty acid profile or absolute fatty acid concentration 
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should be reported with respect to the hypotheses”. Such a rationale was not offered by any of 

the studies included in the current systematic review.   

 Except for one study, which did not specify when blood was collected, all studies 

included in this systematic review measured FAs in blood measured in the fasting state. This is 

important because, in the absence of any dietary or physiological change, PUFAs in blood 

remain stable over a long period of time.  For example, data from the placebo group in a RCT of 

omega-3 PUFAs reported by Browning et al. [77] reveal that EPA and DHA in PLs, TGs, CEs 

and NEFAs in fasting plasma, as well as in red blood cells, mononuclear cells, platelets, buccal 

cavity cells and adipose tissue, do not change over 12 months. Likewise, data from the placebo 

group of the RCT of Katan et al. [78] showed that EPA and DHA in fasting plasma CEs and in 

red blood cells and adipose tissue did not change over 18 months. Both these studies reported 

the FAs as % of total FAs. In contrast, the FA composition of blood changes with some changes 

in physiological state, most obviously in the hours after eating a meal [79]. Hence, collection of 

blood in the fasting state is important to remove any acute effect of diet. There may be small 

diurnal effects in blood FAs, most likely related to rhythms in hormones and in metabolism. One 

study recently reported a modest, but significant, rhythm in plasma PUFAs (expressed as 

µg/mL) in healthy, young to middle-aged adults [80], with the lowest concentration being seen in 

the morning and the highest in the late afternoon-early evening.     

There are no accepted normal values for PUFAs in plasma or serum. Hodson et al. [81] 

gathered data from the literature for different FAs reported as mol % in different lipid fractions in 

healthy adult male and female humans and used these to identify typical average values. Stark 

et al. [82] collate data for different FAs expressed as weight % in total plasma and plasma PLs, 

revealing considerable heterogeneity in findings, in part likely to be related to dietary differences 

among individuals in the different studies which came from different global locations. Only one 

study included in the current systematic review reported PUFAs as mol % [69]. Hodson et al. 

[81] report average values of 15.0, 52.0 and 21.9 mol % for LA in plasma TGs, CEs and PLs, 

respectively. LA values for serum TGs, CEs and PLs reported pre-surgery by Walle et al. [69] 

were 11.9, 45.2 and 17.3 mol %, respectively. These indicate a lower LA status in the patients 
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studied by Walle et al. [69] compared to those individuals whose data were used by Hodson et 

al. [81]. In Walle et al. [69] patients were put on to a very low calorie diet (600-800 kcal/d) for 4 

wk pre-surgery; details of this diet are not provided but clearly it would have contained limited fat 

which perhaps explains this low serum LA status. At 12 mo post-surgery LA status remained 

lower than reported in Hodson et al., with values of 12.4, 45.4 and 17.9 mol % in serum TGs, 

CEs and Pls, respectively [69]. Conversely however, the pre-surgery mol % ALA in serum TGs 

and AA, EPA and DHA in serum TGs, CEs and PLs reported by Walle et al. [69] was higher 

than seen in the data presented by Hodson et al. [81]. It is not clear why this is. 

It is anticipated that any effect of bariatric surgery on blood PUFAs would be due to 

altered availability either through decreased intake (through restriction, reduced appetite or 

increased satiety) or decreased digestion and absorption. However, there could be other 

effects of bariatric surgery that might influence blood PUFAs, for example improved insulin 

sensitivity [83,84] which would alter whole body lipid homeostasis influencing processes 

such as clearance and release of PUFAs by insulin sensitive tissues and long chain PUFA 

synthesis from EFA substrates. A brief period (3 wk) of lifestyle intervention lowered plasma 

concentrations of LA, ALA and EPA [67], which were also lowered 3 mo after LSG in the 

same study. This suggests that a major influence on blood PUFA concentrations is supply 

from the diet, although an effect of both lifestyle intervention and bariatric surgery on insulin 

sensitivity and the systemic handling of PUFAs cannot be ruled out. The study of DJBL over 

11.5 mo made a direct comparison with lifestyle modification, with both groups subject to an 

initial 20 d period of caloric restriction (7 days before and 13 days after the intervention) [75]. 

Both groups showed decreases in all five PUFAs (expressed in absolute concentration in 

plasma) at 10 d, 6 mo and 11.5 mo; however the effect of DJBL was greater at 6 and 11.5 

mo. There was no difference in hepatic insulin sensitivity between the groups, although 

DJBL resulted in a superior improvement in peripheral insulin sensitivity compared with 

lifestyle modification (M. Glaysher personal communication). Whatever the exact mechanism 

involved, this study shows that an intervention that reduces nutrient absorption lowers blood 

PUFA concentrations to a greater extent than lifestyle modification but that the effect is 
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transient with a return towards baseline PUFA concentrations by 11.5 mo post-DJBL 

implantation. The return of blood PUFA concentrations towards pre-surgery values after 

about 12 mo may reflect changes in dietary habits - food intake is likely to be more markedly 

reduced in the period immediately after surgery (indeed patients are often supported with 

low energy, low fat formulas following surgery [25,31]) - and/or an alteration in carbohydrate, 

fatty acid and lipid metabolism. This might be related to weight loss and/or altered insulin 

sensitivity. 

It is recognised that bariatric surgery adversely impacts protein and micronutrient 

status [24,25] and recommendations for the nutritional support of patients following bariatric 

surgery include increasing protein intake and providing micronutrient supplements 

[24,25,31]. This systematic review indicates that bariatric surgery and other malabsorptive 

approaches are likely to cause a significant decrease in EFA (LA and ALA) and other PUFA 

(especially EPA) status in the first months. Since these FAs have physiological effects that 

align with the aims of the surgical interventions, such a decrease in status may partly 

mitigate the desired effects of the surgery, for example on blood lipids, insulin sensitivity and 

inflammation. Nutritional strategies (e.g. use of modified formulas or of supplements) may be 

able to correct the decrease in those PUFAs. Nevertheless, the observed decrease in 

PUFAs is transient and for most surgery types, PUFAs return towards starting (i.e. pre-

surgery) levels by 12 months. The physiological impact of lowered PUFA status in the weeks 

and months following malabsorptive interventions in particular, should be investigated and 

whether exogenous supply of these PUFAs improves the metabolic effects of the 

interventions should be explored. 
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Figure captions 

Figure 1. Overview of article selection process. 

 

Figure 2. Calculated percentage change in a) linoleic acid (LA) and b) alpha-linolenic acid (ALA) 

from pre-surgery value at different time points post-surgery. Closed cicles indicate where 

original data were expressed as % of total fatty acids; open circles indicate where original data 

were data expressed as absolute concentration; closed diamonds indicate where original data 

were expressed as arbitrary values.    

 

Figure 3. Calculated percentage change in a) arachidonic acid (AA), b) eicosapentaenoic acid 

(EPA) and c) docosahexaenoic acid (DHA) from pre-surgery value at different time points post-

surgery. Closed cicles indicate where original data were expressed as % of total fatty acids; 

open circles indicate where original data were data expressed as absolute concentration; closed 

diamonds indicate where originnal data were expressed as arbitrary values.    
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Table 1.  Summary of the Characteristics of Included Studies: Design and Outcomes 
 
Ref 
no. 

Author, year  Study design Where 
conducted 
 

Inclusion criteria 
 

Exclusion criteria 
 

Primary outcome(s) Secondary 
outcome(s) 

[62] Mutch et al. 
(2009) 

Cohort France BMI ≥ 40 kg/m2 or ≥
 35 kg/m2 with at 
least two co-
morbidities 
(hypertension, type-
II diabetes, 
dyslipidemia or 
obstructive sleep 
apnea syndrome); 
stable weight (i.e. 
variation of less than 
62 kg) for at least 3 
months prior to 
operation 
 

Acute or chronic 
inflammatory disease; 
infectious diseases; viral 
infection; cancer and/or 
known alcohol consumption 
(>20 g per day) 

Metabolite profiling 
of serum metabolites 

To identify 
metabolites 
associated with 
surrogates of 
steady-state insulin 
sensitivity in diabetic 
and non-diabetic 
groups 

[63] Zambon et 
al. (2009) 

Cohort Italy 
 

BMI > 40 kg/m2.  Endocrine diseases and 
acute or chronic systemic 
diseases. 
Taking medications known 
to affect body weight or 
plasma lipids. 

LDL size and density 
in relation to weight 
reduction, plasma 
lipid, lipoprotein and 
apoprotein levels, 
and plasma 
phospholipid fatty 
acid composition 
 

n/a 

[64] Aslan et al. 
(2014) 

Pilot short-
term cohort  

Turkey n/a  Apparent history of stroke, 
coronary heart disease, 
arrhythmia, peripheral 
artery disease, severe 
kidney dysfunction, liver 
disease, thyroid 

Plasma levels of 
PUFAs 

Serum PGE2, 
glucose and insulin 
levels and insulin 
resistance 
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dysfunction, infectious 
disease 
 

[65] Lopes et al.  
(2015) 

Cohort  Brazil Volunteered n/a Metabolomics data 
for metabolic and 
lipoprotein profiles; 
plasma fatty acid 
profile 
 

n/a 

[66] Forbes et 
al. (2016) 
 

Cohort USA 
 

Female; T2DM  Age < 18 yr or > 65 yr; BMI 
< 35 kg/m2. 

Plasma phospholipid 
FAs 

Body fat 
composition, 
anthropometric 
measures and 
dietary intake 
 

[67] Lin et al. 
(2016) 

Cohort Norway 
 

BMI > 40 kg/m2, or 
BMI > 35 kg/m2 and 
the presence of 
obesity-related 
disease 
 
T2DM for BPD/DS 
 
Control group: from 
the same region in 
Norway with BMI 
24.5 ± 2.8 kg/m2 
who were not taking 
omega-3 fatty acid 
supplements or lipid-
lowering agents  
 

Alcohol or drug abuse; 
active psychosis; using 
omega-3 fatty acid 
supplements 

Serum levels of 16 
FAs including 
EPA/AA ratio 

n/a 

[68] Lin et al.  
(2016) 

Cohort Norway Age 18–60 yr, BMI 
≥ 40 kg/m2 or BMI ≥
 35 kg/m2 and the 

Pregnancy, heart disease, 
drug or alcohol abuse, 
previous bariatric surgery, 

Serum FAs Comparing total FA 
level between the 
obese cohort during 
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presence of obesity-
related disease  
 
Control group: 
Inclusion criteria 
were age 18–60 yr 
and BMI in the range 
18.5–30 kg/m2  

mental disorder or physical 
impairment 
 
Control group: pregnancy, 
smoking, drug abuse, use 
of lipid-lowering drugs and 
established CVD, type 2 
diabetes and cancer. 
LSG controls: alcohol or 
drug abuse and active 
psychosis 
 

lifestyle treatment, 
matching cohorts of 
healthy subjects and 
patients subjected to 
bariatric surgery 

[69] Walle et al.  
(2017) 

Cohort Finland n/a  FAs in serum 
triglycerides, 
cholesteryl esters 
and phospholipids, 
and subcutaneous 
adipose tissue 
triglycerides 

Changes in the 
subcutaneous 
adipose tissue 
mRNA expression of 
selected genes 
involved in FA 
metabolism 
 

[70] Hovland et 
al. (2017) 

Cohort Norway 
 

n/a Patients in the intervention 
group who did not achieve 
10% preoperative weight 
loss through lifestyle 
changes were excluded 
from the study 
 

Plasma FAs  n/a 

[71] Garla et al. 
(2019) 

Interventional 
trial part of a 
larger cohort 
study with 2 
yr follow up 

Brazil Female; BMI ≥35 
kg/m2; age of 18-60 
yr; proven diagnosis 
of T2DM (fasting 
plasma glucose ≥ 
126 mg/dL and 
haemoglobin A1c > 
6.5%) and/or use of 

Use of insulin, diagnosis of 
thyroid or hepatic diseases, 
subjects undertaking 
alternative bariatric surgery, 
refusal to participate in the 
study, current or recent 
participation in another 
interventional study 

Dietary ingestion 
and plasma 
concentrations of 
PUFAs; intestinal 
expression of genes 
involved in PUFA 
biosynthesis 

n/a 



 

33 
 

oral antidiabetic 
medication, and 
absence of 
Helicobacter pylori 
infection 
 

[72] Azar et al. 
(2019) 

Cohort: 
Patients 
involved in 
RCT (6 m), 
data for 
treatment 
groups 
combined 

Israel 
2014-15 

Age between 18 and 
65 yr; BMI > 
40 kg/m2 or > 
35 kg/m2 with co-
morbidities, approval 
to undergo BS, and 
ultrasound-
diagnosed NAFLD  
 

Infection with hepatotrophic 
viruses (hep B and C), fatty 
liver suspected to be 
secondary to hepatotoxic 
drugs, excessive alcohol 
consumption, use of 
antibiotics or probiotics in 
the past 3 months or use of 
antibiotics for > 10 days 
during the study, previous 
BS; 
Diabetic patients with 
antidiabetic medications, 
other than exclusive 
treatment with metformin at 
a stable dose for at least 6 
months 
 

Circulating 
endocannabinoids 
(eCBs) and related 
molecules 

Examination of the 
association between 
eCBs and numerous 
clinical/metabolic 
features pre- and 
post-operatively 

[73] Sarkar et al. 
(2019) 
 

Cohort USA Age ≥ 18 years, with 
a BMI ≥ 40 kg/m2 or 
≥ 35 kg/m2 with 
significant comorbid 
conditions 

Pregnancy, lactation, or 
history of diabetes; recent 
substance abuse; weight 
loss medication use; 
unstable psychiatric disease 
 

Serum FAs BMI, fasting serum 
glucose and insulin 

[61] 
 
 
 
 

Pakiet et al. 
(2020) – 
data 
provided by 
authors 

Cohort n/a OAGB patients: 
International 
Federation for the 
Surgery of Obesity 
and with European 

Absence of a period of 
identifiable medical 
management. Inability to 
participate in prolonged 
medical follow-up. Non-

Serum levels of bio-
active fatty acids, 
including branched 
chain fatty acids and 
odd chain fatty acids 

Expression of genes 
involved in branched 
chain amino acids 
catabolism in 
adipose tissue 
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through 
email 
correspond
ence 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chapter and 
European 
Association for the 
Study of Obesity 
criteria 
 
Control group:  
indications for 
surgical treatment in 
planned mode for 
non-cancerous 
reasons 
 
 
 
 
 
 

stabilized psychotic 
disorders, severe 
depression, personality, and 
eating disorders unless 
specifically advised by a 
psychiatrist experienced in 
obesity. Alcohol abuse or 
drug dependencies. 
Diseases threatening life in 
the short term. Inability to 
self-care and lack of long-
term family or social support 
 
Control: obesity, diabetes, 
metabolic syndrome, steroid 
therapy, chronic use of 
NSAIDs or acute 
inflammation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[74] Mika et al. 
(2020) 

Cohort n/a n/a n/a Selected serum FAs.  n/a 

[75] Glaysher et 
al. (2021) 

Sub-study of 
a multicentre 
randomised 
controlled, 
non-blinded 
trial 

UK Confirmed T2DM 
diagnosis for at least 
1 y, inadequate 
glycaemic control, 
on oral anti-
hyperglycaemic 
medications 

n/a Blood 
concentrations of 
EFAs and bioactive 
PUFAs 

n/a 
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Table 2.  Summary of Characteristics of Included Studies: Intervention, Sample Size and Methods 
 
Ref 
no. 

Surgical intervention 
(and comparator if 
appropriate) 

Starting number of 
participants 

Completeness of follow up and 
accountability for dropouts 

Which pool were FAs 
measured in? 
(+indicates fasted 
blood sample) 

Timepoints measured  

[62] RYGB 14  
(11 Caucasian, 2 
Caribbean, and 1 
African) 
 

n/a Serum 
 
 

Pre-surgery, 3 mo and 6 mo 
after surgery 

[63] LAGB 15 n/a Plasma+   

phospholipid 
Pre-surgery and 12 mo after 
surgery 
 

[64] LSG vs controls 10 obese + 11 controls n/a Plasma+ 

 
1 d pre-surgery, 1 d after 
surgery, and after post-op 
oral feeding (time not 
specified) 
 

[65] RYGB  10 n/a Plasma+ Pre-surgery and 12 mo after 
surgery 
 

[66] RYGB vs LAGB 18 
(13 RYGB, 5 LAGB) 

n/a Plasma+ 

phospholipid 
Pre-surgery, 1 mo and 6 mo 
after surgery 
 

[67] BPD/DS vs LSG 
 

36 
(12 BPD/DS and 24 
LSG) 
+ 
136 healthy non-obese 
men and women 
controls 

2 BPD/DS and 1 LSG patient 
were excluded because the FA 
analyses revealed that they 
used EPA supplements 
= 10 BPD/DS patients and 23 
LSG patients remain 
 
No. of patients that did not 
provide samples: 
BPD/DS: 

Serum+ 

 
3 mo and 1 d pre-surgery; 3 
d, 3 mo, and 12 mo after 
surgery 
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3 at 3 mo after surgery 
1 at 12 mo after surgery 
LSG: 
1 at 1 d before 
3 at 3 mo after surgery 
5 at 12 mo after surgery 
 

[68] Intensive lifestyle 
intervention (primary 
aim) compared with 
2 control groups: 
healthy women and 
3 mo post LSG 
surgery patients 

31 lifestyle intervention 
patients. 
45 healthy women. 
18 post LSG patients 

5 lifestyle change patients 
excluded (3 due to use of lipid-
lowering drugs, 2 because of 
type 2 diabetes).  
 
Patients’ blood samples that 
were missing: 
2 blood samples at baseline; 1 
blood sample after intervention 
Lifestyle change patients at 
baseline = 24 
Lifestyle change patients to 
compare with controls n = 25 
 
At 3 mo 1 LSG surgery subject 
was on lipid-lowering drugs and 
was excluded; LSG n = 17 
 

Serum+ 

 
 

Lifestyle intervention: Pre-
intervention, 3 wk and 6 wk 
into treatment 
 
LSG group: pre-surgery and 
3 mo after surgery. 

[69] RYGB 122 n/a Serum+ 

triglycerides, 
cholesteryl esters and 
phospholipids, and 
adipose tissue 
triglycerides 
 

Pre-surgery and 12 mo after 
surgery 

[70] RYGB for BMI < 50 
kg/m2 or duodenal 

34 surgical + 17 
controls 

n/a Plasma+ 

 
At admission, after 3 mo for 
lifestyle intervention and 12 
mo after surgery 
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switch for BMI > 50 
kg/m2 vs control 
 

[71] RYGB 20 3 patients did not present 
adequate venous access at any 
time point studied to enable 
blood collection for plasma fatty 
acid analysis; n = 17 
 

Plasma+ 
phospholipid 

Pre-surgery, 3 mo and 12 mo 
after surgery 

[72] LSG 100  77 attended the 12 mo visit. A 
total of 65 patients who 
completed this 12 mo follow-up 
were included in the analysis 
 

Serum+ 

 
Pre-surgery and 12 mo after 
surgery 

[73] RYGB vs LSG vs 
weight-matched 
controls incentivised 
to maintain weight 
 

38 surgical patients 
(21 RYGB, 17 LSG)  
+ 19 controls 

57 at baseline  
56 at 6 mo 
41 at 18 mo 

Serum+ 

 
Pre-surgery (within 4 wk), 6 
mo and 18 mo after surgery 

[61,
74] 

OAGB 50 obese + 32 lean 
controls  
38 patients + 
30 lean controls 
 

n/a Serum+ 

 
Pre-surgery, 2 wk and 6-9 
mo (data provided by 
authors) after surgery 

[75] DJBL vs best 
medical therapy, diet 
and exercise 
(control) 

170 eligible randomised 
as 85 DJBL + 85 
controls 
 
 
 

DJBL:  
At -2 wk, n = 70 
At 10 d, n = 70 
At 6 mo, n = 61 
At 11.5 mo, n = 52 
 
Control: 
At -2 wk, n = 70 
At 10 d, n = 70 
At 6 mo, n = 62 
At 11.5 mo, n = 59 

Plasma+ 
 

2 wk before intervention, 10 
d, 6 mo and 11.5 mo after 
intervention  
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Table 3.  Summary of Study Participants’ Characteristics 
 
Ref 
no. 

Age (in years, 
mean ± SD) 

Sex 
(% female) 

Mental/physical health diagnoses or 
comorbidities 

Dietary information 

[62] 45.4 ± 3.6 100 35.7% T2DM (4 Caucasians and 1 
Caribbean from French Antilles) of 
7.4±1.0 years duration 
 

Multivitamins and iron supplements were provided to avoid 
deficiencies 

[63] 43.9 ± 12.9 73.3 n/a After surgery, patients ‘followed a diet’ 
 

[64] SG: 38 ± 11  
Control: 41 ± 18 

SG: 70 
Control: 64 
 

n/a 
 

SG patients were on preoperative diet for 2 weeks. This diet 
contained liquid protein supplements and sugar-free, non-
carbonated, low calorie fluids and required a minimum of 2 
litres of fluid intake daily. Female and male patients were 
aimed to receive 65 and 80 g protein daily, respectively 
 

[65] n/a n/a 100% diabetic n/a 
 

[66] 36.6 ± 2.3 100 44% diabetic (7 RYGB, 1 AGB) n/a 
 

[67] n/a n/a 100% of BPD/DS group diabetic  Advised to increase physical activity and change to a less 
carbohydrate-rich and more protein-rich diet 
 

[68] Lifestyle patients: 
43.1 ± 11.3 
Healthy controls: 
40.4 ± 10.6 
LSG: 43.1 ± 12.4 
 

Lifestyle 
patients: 100 
LSG: 82.4 

n/a LSG patients were recommended a diet of small protein-rich 
meals, to avoid sugar and sugar-containing products, to use 
a multivitamin supplement and 1 g of calcium on daily basis 
during the first year after surgery 

[69] 47.2 ± 8.7 67.2 100% T2DM Preoperative very low-calorie diet (600–800 kcal) for an 
average of 4 weeks. After operation, the subjects were 
instructed to consume 3 teaspoons of rapeseed oil and 6 
teaspoons of mainly rapeseed oil based spreads daily, for at 
least 1–2 years after the obesity surgery. They were also 
instructed to consume fish 2–3 times a week 
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[70] Surgery group: 

43.2 ± 9.0  
Control: 48.1 ± 
14.9 
 

Surgery: 56 
Control: 71  

50% of surgical group diabetic n/a 

[71] 46.9 ± 6.2 100 100% T2DM n/a 
 

[72] 42.78 ± 9.27 55.4 n/a n/a 
 
 

[73] ≥ 18 100 n/a n/a 
[61] 
 
 
 
 
 
[74] 
 
 
 
  
 
 

OAGB: 48.6 ± 
10.5 
Control: 52 ± 12 
 
 
OAGB: 48.09 ± 
9.57 
Control: 49.97 ± 
10.92 
 
 
 
 

Obese group: 
84 
Control: 66 
 
 
OAGB: 84.2 
Control: 50  
 
 
 

50% obese group T2DM  
 
 
 
 
34% obese group T2DM 
 
 
 
 

Obese patients were advised a low-calorie diet (high-protein, 
low-fat, and low-carbohydrate meals) for 2–3 months prior to 
surgery. Patients were required to restrict their caloric intake, 
often <500 kcal per day. The diet consisted of low-sugar, low-
fat, and high-protein liquids/foods, natural (unsweetened) milk  
or vegan products (pure protein powder was added to these 
products); it was instructed that food should be frequently 
consumed and in small portions. The most important 
recommendation was that protein intake should be greater 
than 60 g/day. Vitamin regimens specific for bariatric patients 
were used from the first postoperative day. Omega-3 FA 
supplementation was not routinely recommended 

[75] DJBL: 51.6 ± 7.8 
Control: 52.3 ± 
8.3 

DJBL: 45.7 
Control: 44.3 

100% T2DM Both groups followed a calorie-restricted liquid diet for the 7 
days before and 13 days after intervention. 
This comprised of 125 mL Fortisip Compact drinks (Nutricia, 
UK): 5 per day for males, 4 per day for females. Patients 
were also allowed to consume sugar-free and unsweetened 
drinks and smooth/clear soup (1 medium bowl per day). 
 
Participants were recommended to consume 1200-1500 kcal 
each day for women and 1500-1800 kcal for men. Advice 
was given in accordance with standard dietary practice, 
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including eating 5 meals per day, to control their portion 
sizes, to increase their intake of low glycaemic index, high 
protein foods and vegetables and to reduce their intake of 
alcohol and of foods high in fat and sugar. Participants were 
advised to include 150 min per week of moderate intensity 
and 75 min per week of vigorous intensity aerobic activity and 
muscle strengthening activities on more than 2 days a week. 

 
 
 
 
Table 4. Bias and Quality Assessment. Format adapted from [51] and [52]. 
 

Reference Generation of 
allocation and 
concealment 
(selection bias) 

Representative 
(recruitment bias) 

Blinding of 
participants and 
personnel 
(performance bias) 

Blinding of 
outcome 
assessment 
(detection bias) 

Incomplete 
outcome data 
(attrition bias) 

Selective reporting 
(reporting bias) 

Other bias 
limitations 

[62] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 
 

Cohort is reflective 
of the obese 
population 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Complete follow-
up 

ALA not reported  

[63] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 

Excludes patients 
with existing 
endocrine or 
systemic disease. 
Age and sex are 
comparable to the 
relevant population 
(majority female 
which is fitting to 
obese 
demographic) 
 

Blinding of patients 
not possible 

Blinding of 
assessor is not 
mentioned 

Complete follow-
up 

All PUFAs of 
interest reported 
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[64] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 

Excludes patients 
with history of 
cardiovascular 
disease 
kidney/liver/thyroid 
dysfunction 
 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Complete follow-
up 

LA and ALA not 
reported. 

 

[65] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 
 

Insufficient 
reporting on 
participants’ 
characteristics 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Complete follow-
up 

Exact values are 
omitted and only 
increase or 
decrease is 
specified 

 

[66] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 
 

Cohort is reflective 
of the obese 
population 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Complete follow-
up 

All PUFAs of 
interest reported 

 

[67] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 

Insufficient 
reporting on 
participants’ 
characteristics 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Although 
exclusions are 
justified, it is 
unclear why some 
patients did not 
provide samples at 
certain timepoints 
 

All PUFAs of 
interest reported 

 

[68] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 

Excludes patients 
with mental 
disability or 
physical 
impairment 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Although 
exclusions are 
justified based on 
criteria, justification 
for missing 
samples is not 
given 
 

All PUFAs of 
interest reported 

Follow up for the 
two groups not at 
the same 
timepoints so 
cannot make a 
comparison 

[69] Not a RCT: 
treatment is for 
medical purposes 

Cohort is reflective 
of the obese 
population 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Complete follow-
up 

All PUFAs of 
interest reported 
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based on clinical 
grounds 
 

[70] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 
 

Cohort is reflective 
of the obese 
population. 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Complete follow-
up 

All PUFAs of 
interest reported 

Results from two 
types of bariatric 
surgery are 
combined 
 

[71] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 
 

Cohort is reflective 
of the obese 
population 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Fewer than 
expected samples 
but reasons for 
attrition/exclusions 
were reported 

LA not reported  

[72] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 

Excludes patients 
having used 
antibiotics within 3 
months prior to 
study; excludes 
diabetics taking 
antidiabetic 
medication 
 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Insufficient 
reporting of 
attrition 
 

Only AA reported  

[73] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 
 

Excludes patients 
with history of 
diabetes 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Insufficient 
reporting of 
attrition 
 

Only LA and AA 
reported 

 

[61] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 

Excludes patients 
with eating 
disorders 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Complete follow-
up 

All PUFAs of 
interest reported, 
yet total n-3 and n-
6 PUFAs were 
omitted despite 
reported in [74] 
within the same 
study 
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[74] Not a RCT: 
treatment is for 
medical purposes 
based on clinical 
grounds 
 

Cohort is reflective 
of the obese 
population. 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Complete follow-
up 

All PUFAs of 
interest reported 

 

[75] Randomised, 
controlled, non-
blinded trial. 
Patients were 
randomised 1:1 to 
receive non-
surgical best 
medical therapy or 
Endobarrier 
treatment. 

Cohort is reflective 
of the obese 
population 

Blinding of patients 
not possible 

Blinding of 
assessor in not 
mentioned 

Insufficient 
reporting of 
attrition; it is 
unclear why some 
samples were 
missing at certain 
timepoints 
although all losses 
are accounted for 
 

All PUFAs of 
interest reported 

 

Methodologic 
Quality 

Originality Clarity study design (specific 
description, clear outcome measure) 

Addressing preliminary statistical questions  

[62] Novel profiling in relation to surgery 
 

Clearly described No power calculation reported; small cohort (n = 14) 

[63] LDL physical properties novel at time of 
publication 
 

Clearly described No power calculation reported; small cohort (n = 15) 

[64] Novel contribution evaluating the effect of LSG on 
plasma PUFA levels 
 

Post-operation oral feeding timepoint is 
not stated 

No power calculation reported; small cohort (n = 21) 

[65] Novel contribution using NMR analysis 
 

Clearly described No power calculation reported; small cohort (n = 10)   

[66] Compares surgery types Clearly described No power calculation reported; small cohort (n = 18) 
 

[67] Novel by EPA/AA ratio in relation to type of 
surgery 
 

Clearly described No power calculation reported; small surgical cohort 
(n = 36) 

[68] Compares surgery to lifestyle intervention Clearly described No power calculation reported; small LSG group (n = 
18) 
 



 

44 
 

[69] Only study to measure FAs in TG, PL, CE serum 
fractions 

Clearly described No power calculation reported (this was 
acknowledged by authors); cohort size reasonable (n 
= 122) 
 

[70] Only study where cohort had a pre-surgery 
lifestyle intervention (for 3 mo) and continued to 
be studied from admission through to 1 y post-
surgery following this intervention. 

Clearly described No power calculation reported; small surgical cohort 
(n = 34) 
 

[71] Novel contribution on the effect of surgery on 
intestinal expression of genes 
 

Clearly described No power calculation reported; small cohort (n = 20) 

[72] Novel contribution of the effect on, and of, 
circulating endocannabinoids after bariatric 
surgery 
 

Clearly described No power calculation reported; cohort size 
reasonable (n = 100) 

[73] Analyses data from a previously published study Clearly described No power calculation reported; small surgical cohort 
(n = 38) 
 

[61] Same study as [74] but novel contribution of 
branched chain fatty acid and amino acid 
evaluation 

Clearly described No power calculation reported; cohort size 
reasonable (RYGB surgical group n = 50; lean 
controls n = 32) 
 

[74] Same study as [61] but reporting different time 
points 

Clearly described No power calculation reported; small surgical cohort 
(n = 38) 
 

[75] Only study reporting on DJBL Clearly described No power calculation reported (secondary outcomes 
from a randomised controlled trial). The trial was 
powered according to the primary outcome of a 
reduction in HbA1c concentration of 20% at 12 
months. It was estimated that 15% of patients in the 
control arm and 35% of the DJBL group would 
achieve this outcome. 73 patients per group would 
give 80% power to detect this as a significant effect. 
Adding 10% loss of follow-up increased the sample 
size to 80 per group. 
Cohort size satisfactory (n = 170). 
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Table 5.  Summary of FA Data Reported in Included Studies 
 

Ref no  Measured FA 
units (all are 
mean ± SD 
unless 
otherwise 
specified) 

PUFAs reported  
 

Blood PUFA levels 
* = significant change from baseline 

+ = surgical intervention group significantly different from control 
£ = significantly different between treatment groups 

Comments and 
Limitations 

Before (all pre-surgery 
baseline unless otherwise 

specified) 

                                 After surgery  

[62] Mean ± SEM 
(Arbitrary units 
based on 
metabolomics; 
data provided 
by the 
authors) 
 

 
LA 
AA  
EPA 
DHA 
 

 
0.55 ± 0.19 
0.60 ± 0.27 
0.35 ± 0.22 
0.51 ± 0.21 
 

(3 mo) 
0.50 ± 0.11                 
0.76 ± 0.25                 
0.31 ± 0.34                   
0.78 ± 0.33 

(6 mo) 
0.55 ± 0.12                   
0.86 ± 0.21                   
0.33 ± 0.21                    
0.84 ± 0.25                   
         
 

Small cohort (n 
= 14). 

[63] Weight %  
LA 
ALA 
AA 
EPA 
DHA 
n-3 PUFAs  
n-6 PUFAs 

 
17.14 ± 3.28 
0.46 ± 0.22 
7.30 ± 1.61 
0.77 ± 0.27 
2.90 ± 1.13 
5.16 ± 1.61 
28.20 ± 4.29 

(12 mo) 
22.30 ± 2.52* 
0.40 ± 0.27 
8.69 ± 1.53* 
0.86 ± 0.45 
2.71 ± 0.81 
4.81 ± 1.39 
34.47 ± 2.89* 
 

Small cohort (n 
= 15). 

[64] mg/L 
 

 
 
AA 
EPA 
DHA 
 
 
AA 
EPA 
DHA 

(-1 d) 
LSG: 
143.1 ± 44.5  
5.6 ± 2.5 
38.3 ± 14.8 
 
Control: 
124.0 ± 27.8  
9.1 ± 7.7  
50.4 ± 13.6 
 
 

(1 d) 
 
114.7 ± 30.0 
4.0 ± 1.2 
33.8 ± 11.8 
 
 
110.5 ± 22.8 
7.9 ± 9.4 
47.4 ± 13.8 

(post-op feeding) 
 
159.7 ± 25.0!+ 

4.2 ± 1.4 
44.6 ± 10.6 
 
 
117.5 ± 22.7 
7.2 ± 6.4 
51.1 ± 11.2 
 

No specified day 
since surgery of 
post-op feeding 
 
Only a small 
cohort (n = 21); 
non-randomised 
as patients were 
grouped 
according to 
clinical criteria 
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(! = Significant difference between 
post operation oral feeding and 1 d 
post surgery) 
 

[65] n/a  
LA 
ALA 
AA 
EPA 
DHA 

n/a (12 mo)  
Decreased 
Decreased 
Decreased 
Decreased 
Decreased 

Findings are 
stated but 
numerical data 
not given 
 
Small cohort (n 
= 10) 
 

[66] Median, [IQR] 
mmol/L 

 
LA 
ALA 
AA  
EPA 
DHA  
 
 
LA 
ALA 
AA 
EPA 
DHA 

RYGB: 
18.67 [17.44, 24.21] 
0.00 [0.00, 0.13] 
12.28 [10.44, 13.78] 
0.41 [0.32, 0.55] 
2.48 [2.26, 2.83] 
 
LAGB: 
19.78 [18.33, 20.20] 
0.00 [0.00, 0.10] 
13.23 [12.6, 14.27] 
0.41 ([0.00, 0.46] 
3.12 [2.31, 4.11] 

(Change at 1 mo) 
−3.25 [-5.89, −0.92]  
0.00 [−0.13, 0.09] 
2.74 [1.09, 3.88] 
−0.29 [−0.55, −0.19]£  
1.19 [0.81, 1.49]£ 

 
 
−1.18 [−5.63, −0.57] 
0.00 [−0.13, 0.08]  
0.52 [−6.74, 2.96] 
0.00 [−0.15, 0.27]£  
0.11 [−0.74, 0.55]£ 

(Change at 6 mo) 
−2.25 [−5.19, 0.95] 
−0.05 [−0.13, 0.00] 
0.53 [−1.15, 2.89] 
−0.29 [−0.48, −0.12]£  
0.46 [−0.05, 1.08] 
 
 
−0.15 [−2.87, 0.62] 
0.00 [−0.13, 0.08] 
0.33 [−0.28, 0.34]  
0.14 [−0.16, 0.79]£  
0.04 [−1.06, 0.74] 
 

Also reported 
mead acid, 
which is an 
indicator of 
essential FA 
deficiency; 
mead acid did 
not change 
significantly  
 
Small cohort (n 
= 15) 
  

[67] (Mean) 
µg/g  
 
 

 
 
LA 
ALA 
AA 
EPA 
DHA 
 
 
LA 
ALA 
AA 
EPA 

(-3 mo)  
BPD/DS: 
961 
21.2  
246  
47.7 
97.0 
 
LSG:  
1004 
24.4 
269 
43.2 

(-1 d) 
 
959 
24.4 
268 
48.5 
107 
 
 
920 
20.5 
273 
39.4 

(3 d) 
 
790 
12.4 
273 
34.8 
109  
 
 
806 
13.1 
283 
27.3  

(3 mo) 
 
738 
13.6 
293 
32.6 
105 
 
 
923 
15.5 
322 
29.9  

(12 mo) 
 
648* 
15.4 
212* 
26.8* 
82.1* 
 
 
1044 
18.2 
276 
33.2 

Small surgical 
cohort (n = 36). 
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DHA 95.4 
 

98.8 
 

98.3 104 96.3 

[68] 𝜇𝜇g/g 
 

 
LA 
ALA 
AA 
EPA 
DHA 

Lifestyle intervention group: 
1512 
37.7 
343.7 
62.3 
121.8  

(3 wk) Lifestyle intervention: 
1195* 
25.5* 
320.6 
51.5* 
134.8 

(3 mo) LSG: 
955.2£ 

13.2£ 
308.3  
27.7£ 

93.8 
 

Shows LA, ALA 
and EPA are 
lower after 
surgery than 
after lifestyle 
intervention. 
Follow-up for 
the two groups 
not at the same 
timepoints so 
cannot make a 
comparison; 
pre-surgery data 
were not 
published; does 
not state which 
groups the drop-
outs are from. 
 
Small LSG 
group (n = 18) 
 

[69] Mol % and 
absolute 
values (mg/L) 
for TGs, CEs 
and PLs  
 
 
 
 
 
 
 
 
 

 
 
Serum TGs: 
LA 
ALA 
AA  
EPA  
DHA  
Total PUFAs 
Total n-3 PUFAs 
Total n-6 PUFAs 
 
Serum CEs: 
LA 
ALA 

mol % mg/L                            (12 mo)  
mol % mg/L 

 
11.9 ± 2.3   
1.3 ± 0.4 
1.3 ± 0.5 
0.5 ± 0.3 
1.4 ± 0.8  
17.4 ± 3.3 
3.7 ± 1.4  
13.7 ± 2.4  
 
 
45.2 ± 4.9 
0.7 ± 0.2 

 
133.9 ± 59.4 
14.6 ± 7.9 
15.1 ± 5.5 
5.2 ± 2.9 
17.8 ± 10.2 
199.5 ± 82.0 
44.8 ± 20.4 
154.7 ± 65.2 
 
 
368.8 ± 107.4 
6.0 ± 2.8 

 
12.4 ± 2.6* 
1.3 ± 0.5 
1.5 ± 0.5* 
0.6 ± 0.4* 
1.6 ± 1.1 
18.6 ± 3.7*  
4.2 ± 1.7*  
14.4 ± 2.7* 
 
 
45.4 ± 5.1 
0.9 ± 0.2* 

 
92.5 ± 44.8* 
10.2 ± 6.8* 
11.6 ± 4.6* 
4.2 ± 2.9* 
13.2 ± 8.7* 
141.9 ± 64.1* 
33.4 ± 17.1* 
108.5 ± 50.2* 
 
 
377.2 ± 91.5 
7.5 ± 2.8* 
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AA 
EPA 
DHA 
Total PUFAs 
Total n-3 PUFAs 
Total n-6 PUFAs 
 
Serum PLs: 
LA 
ALA 
AA 
EPA 
DHA 
Total PUFAs 
Total n-3 PUFAs 
Total n-6 PUFAS 
 

8.8 ± 2.7 
1.8 ± 0.8 
1.1 ± 0.3 
59.4 ± 3.3 
3.7 ± 1.0 
55.7 ± 3.3 
 
 
17.3 ± 2.6 
0.2 ± 0.1 
10.6 ± 2.5 
1.7 ± 0.7 
6.0 ± 1.4 
40.9 ± 1.4 
9.1 ± 1.9 
31.8 ± 1.7 
 

75.2 ± 23.8 
16.1 ± 8.8 
10.6 ± 3.9 
492.1 ± 128.8 
32.7 ± 13.5 
459.4 ± 119.6 
 
 
197.0 ± 51.9 
2.5 ± 1.3 
128.0 ± 33.5 
21.0 ± 10.4 
79.0 ± 23.4 
492.7 ± 99.3 
118.3 ± 33.6 
374.4 ± 78.0 
 

7.5 ± 1.8* 
1.7 ± 0.9 
1.0 ± 0.3* 
58.2 ± 4.0* 
3.6 ± 1.1 
54.6 ± 4.2* 
 
 
17.9 ± 2.9 
0.3 ± 0.1* 
9.7 ± 1.8* 
1.7 ± 0.9 
5.5 ± 1.4* 
39.9 ± 1.7* 
8.8 ± 2.1 
31.1 ± 2.1* 
 

67.7 ± 20.5* 
15.4 ± 8.3 
9.5 ± 3.2* 
491.4 ± 109.0 
32.4 ± 11.6 
458.9 ± 103.6 
 
 
206.0 ± 43.6 
3.5 ± 1.5* 
122.1 ± 30.8 
21.3 ± 11.1 
73.9 ± 22.2* 
490.8 ± 82.1 
116.7 ± 33.2 
374.0 ± 65.0 
 

[70] Weight % 
 

 
LA 
ALA 
AA  
EPA 
DHA 

(At admission) 
26.0 ± 4.4+ 

0.7 ± 0.2  
6.9 ± 1.4 
1.1 ± 0.4  
2.9 ± 0.7+ 

(12 wk lifestyle intervention) 
24.3 ± 3.3* 
0.6 ± 0.1* 

8.7 ± 1.9* 
0.8 ± 0.4* 
3.3 ± 0.8* 
 
 

(12 mo after surgery) 
25.5 ± 3.5  
0.6 ± 0.1  
7.3 ± 1.4^  
1.3 ± 1.0 
3.5 ± 1.1*^ 
 
^ = significant difference from 12 wk  

Results from 
two types of 
bariatric surgery 
are described 
together 
 
Small surgical 
cohort (n = 34) 
 

[71] Median, [IQR]. 
Weight % 
 

 
ALA 
AA 
EPA 
DHA 

 
0.51 [0.43; 0.88] 
7.47 [5.97; 10.60] 
0.40 [0.31; 0.63] 
1.11 [0.96; 1.32] 

(3 mo) 
0.38 [0.32; 0.45]* 
10.01 [8.35; 10.94]* 
0.22 [0.18; 0.29]* 
1.38 [1.21; 1.64]* 
 

(12 mo) 
0.47 [0.40; 0.59] 
9.17 [8.13; 10.11]* 
0.26 [0.22; 0.58]*  
1.31 [1.02; 1.68] 

Small cohort (n 
= 20) 

[72] pmol/mL  
AA 

 
5931.76 ± 1326.98 

(12 mo) 
5424.01 ± 1459.97* 

Reason 12 
patients lost, 
from 12 mo 
follow up post-
surgery is not 
reported 
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[73] mg/L 
 

 
LA 
 
 
 
AA 

 
RYGB: 328.4 ± 86.2 
LSG: 321.7 ± 97.2 
Control: 300.5 ± 84.0 
 
RYGB: 85.3 ± 25.1 
LSG: 66.0 ± 37.8 
Control: 66.4 ± 28.6 

(Change at 6 mo)  
RYGB: −63.9 ± 12.8£ 
LSG: +10.0 ± 14.2+£ 
Control: −29.7 ± 13.9 
 
RYGB: −10.7 ± 4.7  
LSG: +2.3 ± 5.1  
Control: −5.2 ± 5.0.  

(Change at 18 mo) 
RYGB: −18.0 ± 14.4£ 

LSG: +47.9 ± 15.3+£ 

Control: −39.3 ± 15.3 

 
RYGB: −6.4 ± 5.1 
LSG: +7.9 ± 5.4+ 

Control: −9.7 ± 5.3 
 

 
 

[61,74] Weight % OAGB group: 
LA 
ALA 
AA 
EPA 
DHA 
n-3 PUFA 
n-6 PUFA 
 
 
LA 
ALA 
AA 
EPA 
DHA 
 
Lean controls: 
LA 
ALA 
AA 
EPA 
DHA 
n-3 PUFA 
n-6 PUFA 
 
 
LA 
ALA 
AA 

For 2 wk article: 
23.00 ± 3.21+ 
0.24 ± 0.11+ 

6.20 ± 2.00 
0.76 ± 0.45+ 
1.36 ± 0.54 
2.76 ± 0.95 
30.62 ± 1.93+ 

 

For 6-9 mo article: 
23.0 ± 3.68+ 

0.20 ± 0.09+ 
6.02 ± 1.72 
0.70 ± 0.32+ 
1.21 ± 0.38 
 
For 2 wk article: 
26.24 ± 3.85 
0.34 ± 0.11 
5.61 ± 1.15 
1.09 ± 0.72 
1.14 ± 0.44 
2.97 ± 1.14 
33.32 ± 3.96 
 
For 6-9 mo article: 
27.1 ± 3.59 
0.33 ± 0.09 
5.55 ± 1.16 
1.11 ± 0.61 

(2 wk) 
20.63 ± 2.79*+ 

0.15 ± 0.10*+ 
7.85 ± 2.12*+ 

0.54 ± 0.18*+ 
1.42 ± 0.39+ 

2.54 ± 0.54+  
29.68 ± 3.19*+ 
 
 
 
 
 
 
 
 
 
 

(6-9 mo)  
 
 
 
 
 
 
 
 
 
22.5 ± 3.73+ 

0.21 ± 0.090+ 

5.53 ± 1.23* 

0.63 ± 0.23+ 

1.07 ± 0.33* 

 
 
 
 
 

Small OAGB 
cohort (n = 38) 
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EPA 
DHA 
 

1.17 ± 0.45 
 

[75] Median [IQR] 
mg/L 

DJBL: 
LA 
ALA 
AA 
EPA 
DHA 
 
 
Control: 
LA 
ALA 
AA 
EPA 
DHA 
 

(-2 wk) 
567.9 [432.1; 654.5] 
13.8 [11.0; 19.8] 
146.8 [113.9; 187.5] 
17.3 [11.6; 25.7] 
36.3 [26.2; 48.3] 
 
 
 
500.5 [406.0; 615.6] 
14.9 [11.5; 22.0] 
149.8 [129.3; 189.8] 
17.4 [12.8; 26.0] 
40.9 [30.3; 53.0] 
 

(10 d) 
389.1 [295.1; 515.6]* 
10.9 [8.0; 13.5]* 
131.4 [110.0; 160.5]* 
8.1 [5.9; 12.7]* 
30.3 [23.2; 38.3]* 
 
 
 
397.5 [303.4; 509.8]* 
11.5 [8.0; 15.0]* 
136.6 [115.7; 165.0]* 
9.3 [6.4; 13.6]* 
33.6 [27.4; 41.5]* 
 
 

(6 m) 
429.7 [345.6; 502.6]*+$ 

11.1 [9.0; 15.2]*+ 

134.9 [104.8; 161.5]*+ 

14.2 [9.7; 19.3]*+$ 

31.7 [26.2; 44.6]*+ 

$=compared to 10 d 
within same group 
 
485.1 [407.0; 591.8]+$ 

13.1 [9.0; 19.9]*+$ 

148.2 [134.6; 188.5]+$ 

18.5 [12.6; 24.7]+$ 

41.4 [30.4; 49.4]+$ 

 

 

(11.5 m) 
470.4 [354.8; 558.5]*$ 

12.4 [8.5; 16.5]*+$ 

151.9 [111.7; 174.6]*+$ 

14.4 [10.4; 20.4]*+$ 

34.1 [26.3; 40.5]*+ 

 

 
 
489.9 [392.1; 603.5]$ 

12.5 [10.2; 19.2]+$ 

159.9 [128.6; 188.8]+$ 

19.1 [12.9; 23.1]+$ 

42.6 [31.7; 50.7]+$ 

 
 

Incorrect IQR 
values shown 
for 6 mo ALA in 
DJBL group 
 
The trial was 
powered 
according to the 
primary 
outcome of a 
reduction in 
HbA1c 
concentration of 
20% at 12 
months. It was 
estimated that 
15% of patients 
in the control 
arm and 35% of 
the DJBL group 
would achieve 
this outcome. 73 
patients per 
group would 
give 80% power 
to detect this as 
a significant 
effect. Adding 
10% loss of 
follow-up 
increased the 
sample size to 
80 per group. 
 

 


