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1. Abstract 

Objective: The goal of our study was to investigate potential effects of bariatric 

bypass surgery on homocysteine, vitamin B12 und folic acid levels in severely obese 

patients. We further assessed cognitive function with respect to homocysteine serum 

levels, speculating that higher concentrations would be associated with reduced 

cognitive performance. 

Material and methods: In the present study, part of a larger cross-sectional trial, 45 

severely obese patients underwent laparoscopic gastric bypass surgery and six 

patients underwent laparoscopic sleeve gastrectomy. Homocysteine levels, vitamin 

B12 and folate concentrations were measured in bariatric surgery candidates as well 

as in another group of patients who had already undergone bariatric bypass surgery. 

Cognitive function was evaluated via computerized versions of behavioral tasks, 

providing information regarding decision-making (Iowa Gambling Task), visuospatial 

short-term memory (Corsi Block Tapping Test), verbal learning and short-term 

memory (Auditory Verbal Learning).  

Results: We found significantly higher mean homocysteine and vitamin B12 serum 

concentrations in the postoperative compared to the preoperative patient group, 

whereas folate levels did not differ between the groups. Homocysteine status 

revealed a significant positive association with male gender, lower folate levels, and 

affiliation to the postoperative group. When investigating the potential links between 

homocysteine levels and depression, however, we found no association. Moreover, 

we did not detect significant differences regarding cognitive performance in pre-

bariatric bypass surgery individuals when compared to post-bariatric bypass surgery 

patients. 

Conclusion: Our study confirms the results of recent studies, demonstrating 

elevated homocysteine plasma levels in post-bariatric patients compared to pre-

bariatric individuals. It was found that men had higher homocysteine serum levels 

than women. Our data, however, do not support a pathophysiological role of 

homocysteine on cognition early after bariatric bypass surgery.  

Key words: Bariatric bypass surgery, homocysteine, vitamin B6, vitamin B12, folate, 

cognition. 
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2. Introduction 

The prevalence of obesity (BMI ≥ 25 kg/m2) is rapidly increasing worldwide, affecting 

over a third of our world’s population 1, 2. Contrary to other major risks which are 

globally declining (f. e., smoking), the prevalence of obesity is not 2. Some authors 

claim that obesity, including an increased waist circumference, goes along with poor 

cognitive performance 3]. Severe obesity, defined by the World Health Organization 

(WHO) as a body mass index (BMI) exceeding 35 kg/m2 4, has been associated 

with various co-morbidities, among others, diabetes and hypertension 2, 5. 

Although severe obesity might be managed by dieting, life-style modifications and 

surgery, the last of these has shown to be most effective for long-term treatment 6. 

According to the WHO, very severe obesity, which is associated with a very high risk 

of mortality, is classified as a BMI equal or exceeding 40 kg/m2 4.  

German guidelines suggest that bariatric surgery might be considered for patients 

with very severe obesity as well as for patients with a BMI above 35 kg/m2 with 

obesity-related co-morbidities such as diabetes, hypertension and sleep apnea, after 

failure of conservative treatment approaches [7]. Bariatric surgery leads to substantial 

and sustained weight loss and is highly effective in treating patients suffering from 

obesity. Even before substantial weight loss occurs, glycemic control improves. Gut 

peptides contribute to glycemic control and regulate food intake [8]. Several bariatric 

procedures for treatment of patients with very severe obesity exist, one of which is 

Roux-en-Y Gastric Bypass (RYGB), currently the most frequently performed 

technique in Europe [9]. It results in weight loss via restriction, malabsorption and 

increased postprandial plasma levels of peptide YY (PYY) and of glucagon-like-

peptide-1 (GLP-1) [8]. PYY reduces food intake and gastric emptying, delays 

gastrointestinal transit and may be a major factor influencing postprandial satiety [8]. 

After bariatric surgery, remission of many obesity-associated somatic co-morbidities 

have been reported [10-13]. 

Since gastric bypass surgery changes the anatomy and physiology of the 

gastrointestinal tract, it not only leads to weight loss and resolution of co-morbidities 

but may eventually also result in maldigestion and malabsorption of various minerals 

and vitamins such as vitamin B12 and folate [14]. After the distal stomach is 

bypassed during RYGB, postoperative gastric acid production of the small gastric 
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pouch is reduced. As a consequence, pouch achlorrhydria may lead to maldigestion 

of food-bound vitamin B12. In addition, vitamin B12 absorption in the terminal ileum 

depends on intrinsic factor which is only produced in the stomach. After bypass 

surgery, however, there is also a decrease in the secretion of intrinsic factor, further 

contributing to malabsorption of vitamin B12 15-18. At the same time, some patients 

develop dietary intolerances after bariatric surgery, for example, to meat or to dairy 

products, which for many are the main providers of vitamin B12 16. This will lead to 

a further decline of vitamin B12 levels. Why some patients develop an intolerance to 

dietary intake of milk or meat, however, remains unknown. Folate deficiency  with 

folate being mainly absorbed in the jejunum, yet also in the remainder of the small 

intestine [19]  if it does occur, may rather be a result of decreased dietary intake 

than malabsorption [20].  

Whichever the mechanism, folate and vitamin B12 are essentially involved in the 

metabolism of homocysteine by converting homocysteine to methionine (figure 1). 

Physiological homocysteine metabolism is dependent on adequate intake of folic 

acid, vitamin B6 and vitamin B12. Deficiencies in these vitamins have been 

associated with an increase in homocysteine concentration after bariatric surgery. 

[18, 26, 27]. 

Elevated serum concentrations of homocysteine above 15 µmol/l, referred to as 

hyperhomocysteinemia [18, 28, 29], has been linked to an increased risk of coronary 

heart disease [24, 25] and venous thromboembolism [25, 30], both caused by 

endothelial dysfunction through inhibition of arginine transport [22]. 

Hyperhomocysteinemia increases oxidative stress and decreases endothelial-

dependent relaxation [22]. Evidence first derived from animals models, indicating that 

decreased availability of NO contributes to endothelial dysfunction in 

hyperhomocysteinemia 25. A systematic review and meta-analysis revealed that 

hyperhomocysteinemia in humans is an independent risk factor for coronary heart 

disease, with each increase of 5 μmol/l homocysteine elevating its risk by 

approximately 20% 24. Homocysteine also seems to contribute to gene-

environment interactions: It has been suggested that it modulates the effects of 

apolipoprotein E and its alleles on hippocampal atrophy [31]. In addition, 

hyperhomocystenemia has been associated with osteoporosis [23, 32, 33], brain 
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shrinkage in patients with alcoholism [34] and is assumed to be a predictor of alcohol 

withdrawal seizures [35].  

Moreover, hyperhomocystenemia is considered a potential risk factor for cognitive 

impairment in various neuropsychiatric conditions in recent publications and has 

been identified as a general risk factor for the integrity and plasticity of the central 

nervous system. Hyperhomocystenemia has been associated with poor cognitive 

function [37-39], neuropsychiatric disorders such as dementia [36, 37, 40, 41] and 

Alzheimer's disease (AD) [36, 41, 42], and is being discussed as an independent risk 

factor for the development of these neurological illnesses 43, 44. Cognitive 

performance seems to be affected by homocysteine levels in patients with mild 

cognitive impairment, anorexia nervosa [45] and also in patients undergoing alcohol 

withdrawal [35, 39, 46]. Besides increased homocysteine levels, low folate and 

vitamin B12 concentrations also have been considered to be associated with AD. Yet 

it remains controversial whether homocysteine contributes to cerebrovascular 

changes or to the pathological features of AD. In AD, stable homocysteine levels over 

time did not correlate with the duration of symptoms and are thus most likely not a 

consequence of the disease 46. Furthermore, elevated homocysteine levels have 

been found to be more common in patients with vascular disease than among those 

with Alzheimer’s disease 43. Seshadri et al., the authors of a prospective 

observational study, argue that hyperhomocysteinemia has been related to cerebral 

microangiopathy, endothelial dysfunction, impaired nitric oxide activity, and increased 

oxidative stress; factors that are all associated with aging of the brain. In their 

opinion, studies in patients, newly diagnosed with dementia, are necessary to 

establish whether elevated homocysteine levels precede the onset of dementia or 

result from dementia-related nutritional and vitamin deficiencies 44.  

The literature indicates that after bariatric surgery plasma levels of homocysteine are 

elevated [14, 28, 48, 49]. Borson-Chazot and colleagues revealed increased 

homocysteine levels in 40 out of 53 patients one year after gastroplasty, attributing 

these observations to the change in folate status [28]. Dixon et al. [48] demonstrated 

increased homocysteine levels in a study, including 293 patients, up to two years 

after laparoscopic gastric banding under the conditions of higher folate levels and 

unchanged vitamin B12 concentrations. The authors concluded that during weight 

loss there is an altered dose-response relationship, necessitating higher folate and 
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vitamin B12 concentrations to keep homocysteine levels within the recommended 

range [48, 50]. When conducting a study, including morbidly obese Chinese patients 

who had undergone gastroplasty (n = 12), Sheu et al. observed elevated circulating 

homocysteine levels in 75% of the patients. They found increased homocysteine 

concentrations as early as six months after gastroplasty when weight loss peaked 

and food intake was most inadequate [49]. Another investigation in French patients, 

had revealed that homocysteine levels had increased one year after gastroplasty. 

Although the reasons for elevated homocysteine concentrations are multifactorial, 

efficient metabolism of homocysteine requires most of all sufficient supplies of folate, 

and to a lesser extent an adequate intake of vitamin B6 and vitamin B12. Thus Sheu 

et al. stressed the importance of early and prolonged folate supplementation to 

prevent hyperhomocysteinemia after bariatric surgery. Even though an additional 

daily intake of 0.5 mg folic acid is considered to normalize moderate 

hyperhomocystememia in most individuals, the exact dose in post-bariatric patients 

has yet to be determined.  

Additional trials are mandatory to shed light upon potential links between bariatric 

surgery, homocysteine levels, vitamin supplementation and cognitive function. Only a 

few investigators so far have noted improved cognitive performance after bariatric 

surgery, mainly in form of improved memory and executive functions [10-13. These 

findings were attributed to weight loss [10]. Weight regain two years postoperatively, 

was consequently associated with reduced attentiveness [13]. However, the 

pathophysiological mechanisms behind improved cognitive performance with weight 

loss and reduced performance on regaining weight remain unclear. The longitudinal 

studies, conducted by Alosco and other colleagues [10-13], have mentioned lasting 

improvements in cognition after bariatric surgery. The data revealed improvement of 

attention up to 24 months after surgery while improvement of executive function 

reached its peak 36 months after bariatric surgery. Memory improvements were 

maintained at 36 months.  
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3. Objectives 

To date, the influence of postoperative homocysteine levels on cognitive performance 

in the context of bariatric surgery has not been thoroughly investigated in a clinical 

trial. Taking into consideration that hyperhomocysteinemia is regarded as a risk 

factor for the integrity of the CNS, including cognitive function, the aim of our study 

was to investigate homocysteine, vitamin B12, and folate levels in severely obese 

bariatric surgery candidates compared with post-bariatric surgery patients with 

respect to cognitive functioning. We hypothesized that higher homocysteine levels 

would be associated with reduced cognitive performance. 
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4. Material and methods 

3. 1. Study design 

The present work was part of a larger cross-sectional study (same patients, different 

trial), investigating physical activity and cognitive performance in pre- and post-

bariatric surgery patients [51, 52]. For the present investigation, data were obtained 

between March 2013 and August 2014. Investigated subjects were bariatric surgery 

candidates and patients, recruited during routine pre- and postoperative psychiatric 

evaluation. The trial was conducted in a cross-sectional design with two study 

groups: preoperative bariatric surgery candidates (12 males, 36 females) versus 

postoperative bariatric patients (12 males, 39 females) who reported at least 40% 

excess weight loss (%EWL). EWL is calculated as (operative weight – follow-up 

weight/[(operative weight – weight at BMI 25 kg/m²) x 100)] [52].  

Main inclusion criteria were preoperative obesity class II (BMI above 35.0 kg/m2) or III 

(BMI equal or exceeding 40 kg/m2) and age between 18 and 65 years. The inclusion 

criterion of at least 40% EWL at the time of inclusion was used to ensure that all 

included postoperative patients had lost a significant amount of weight. This degree 

of weight loss following bariatric surgery is associated with improvements in 

performance across various cognitive domains [54, 55]. All study participants gave 

written informed consent for the participation according to procedures approved by 

the Institutional Ethics Committee and received financial compensation for study 

participation. 

A history of bariatric surgery procedures previous to the current study, intellectual 

disability, developmental or learning disorders, current substance abuse (except for 

nicotine), psychosis or severe neurological disorders (e.g., multiple sclerosis, stroke) 

as well as insufficient German language skills to participate in the neuropsychiatric 

assessment accounted for exclusion. 

After surgery, patients were instructed to take daily multivitamin supplementations 

containing 0.4 mg folic acid.  
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3.2. Surgical techniques 

A total of 45 patients of the post-bariatric group underwent laparoscopic gastric 

bypass, whereas six subjects underwent laparoscopic sleeve gastrectomy. 

During gastric bypass surgery (RYGB), the jejunum was divided  by using a surgical 

stapler  about 90 cm away from the ligament of Treitz, creating a small gastric 

pouch and anastomosing the alimentary limb to the gastric pouch. Finally, the 

biliopancreatic limb was anastomosed (side to side) with the alimentary limb 

approximately 130 cm from the gastro-jejunal junction to make a common channel. 

In sleeve gastrectomy, the stomach was stapled longitudinally on a bougie, starting 

from the gastric antrum about 5-7 cm proximal to the pylorus, using a surgical stapler 

(staple height 2.00 mm at the antrum, 1.8 mm for the body and fundus), resulting in a 

reduced gastric volume of approximately 150 ml. 

3.3 Laboratory analyses 

In pre- and postoperative participants, fasting blood samples (plasma EDTA) were 

taken between 8 and 10 a.m. in our outpatient clinic. Immediately after collection, 

blood samples were centrifuged and stored at -20°C in our lab. After a couple of 

months, the samples were transferred to MHH for long-term storage at -80°C. 

Homocysteine serum levels were measured, using an enzyme cycling assay on the 

cobas 8000 module cobas c502 (Roche Diagnostics, Mannheim, Germany). Serum 

folate concentrations were measured using the cobas e602 module (Roche 

Diagnostics, Mannheim, Germany). This methodology uses a competitive electro-

chemiluminescence immunoassay (ECLIA) with a ruthenium-labelled folate-binding 

protein (Roche Diagnostics). Vitamin B12 was quantified on the cobas e602 again 

using a competitive ECLIA but for this assay, coupled with a ruthenium-labeled 

intrinsic factor (Roche Diagnostics). 

3.4 Neuropsychological assessments 

Cognitive assessments were carried out by independent assessors who were not 

involved in the pre- or postoperative psychiatric evaluation.  
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Cognitive function was measured via computerized versions of behavioral tasks 

commonly used to assess cognitive performance in obese patients [11, 51, 52]. 

These tests, providing information regarding decision-making (Iowa Gambling Task 

[56], visuospatial short-term memory (Corsi Block Tapping Test [57]), verbal learning 

and short-term memory (Auditory Verbal Learning Test [58, 59]), are described 

below: 

3.4.1 Iowa Gambling Task 

A computerized version of the Iowa Gambling Task [56] was used to evaluate 

executive functions of the patients by simulating real-life decision making. Each 

participant was provided with four decks of cards (A, B, C, D) on a computer touch 

screen. All of them included monetary gains and losses but varying in amount and 

frequency. For instance, deck A and B provided high gain but were also 

accompanied with high losses (overall loss), Deck C and D provided moderate gain 

and were accompanied by low losses (overall win). 

All participants were provided with € 2,000 at the beginning of the task and were told 

to try to win the maximal possible amount of money while losing as least as possible. 

At trial 100 (the end), the net score was calculated (total number of cards drawn from 

decks C and D minus the total number of cards drawn from decks A and B). A low 

net score indicated poor ability of the participant to choose profitably. 

3.4.2 Corsi Block Tapping Test 

A computerized version of the Corsi Block Tapping Test [60] was used to estimate 

the visuo-spatial short-term memory. The test was conducted according to the 

original Corsi test in which each task consisted of nine blocks in an irregularly 

arranged fashion. The participants were asked to observe flashing blocks in a 

randomized series [61] and then try to repeat the same sequence directly after 

demonstration. The initial span for every participant was four blocks, each level was 

described by two series of similar length, then gradually increased by one block. The 

task was carried out until two incorrect attempts of the same length were made. The 

primary outcome was calculated as follows: Total score = [(block span) x (number of 

correct trials)]. This takes into consideration the block span and also performance in 

every trial at each level: Hence, the estimated outcome is statistically plausible and 

sensitive [62]. 
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3.4.3 Auditory verbal learning test 

A computerized version of the Rey Auditory Verbal Learning Test (RAVLT) was used 

to assess verbal learning ability and short-term memory [58, 59].The test consisted of 

five consecutive trials. In each trial, a list of 15 different words was presented. Each 

word was followed by an interval of three seconds. Every trial was followed by 60 

seconds of a free recall interval during which the participants were asked to recall as 

many words as possible of those 15 words. Feedback for correct recall of the words 

was not given to avoid a possible distraction of the participants [58]. Eventually, the 

number of correctly recalled words in each trial was counted. The primary outcome 

was identified as the net score, calculated as the sum of scores from the five trials 

[63]. 

3.4.4 Patient Health Questionnaire-Depression Scale (PHQ-9) 

Bartsch et al. [44] demonstrated that preoperative patients are often susceptible to 

major depression. While many depressive bariatric surgery candidates have an 

intensive craving for food prior to surgery, this compensating desire, however, can no 

longer be satisfied after surgery takes place because the intake of huge amounts of 

food is no longer possible. Thus one may speculate that depressive symptoms will 

increase after surgery and that the afflicted will need more antidepressants. 

Therefore, psychiatric evaluation is recommended prior to bariatric surgery to assess 

suitability for the procedure [64]. For this purpose, the German version of the Patient 

Health Questionnaire-Depression Scale (PHQ-9 [65]) may be applied for detection of 

signs of depression. A net score of more than 10 will suggest the presence of a major 

depressive disorder [66].  

3.5 Statistical analysis 

Homocysteine serum levels deviate from normal distribution, according to the 

Kolmogorov-Smirnov test. Therefore, we applied the nonparametric methods 

Spearman's correlation analysis and the Mann-Whitney U test for group comparison 

of independent samples. X2-tests were used when appropriate. Patients were 

grouped according to their surgical history as being either pre- or post-bariatric 

surgery group (pre/post group, respectively). All data are given as mean (SD), 
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median, and range. All statistical tests were two-tailed. The level of statistical 

significance was set at α=0.05. 

We performed a multiple linear regression analysis as appropriate to identify possible 

influencing factors on specific dependent variables (homocysteine levels or 

psychometric values, accordingly). We used a forward stepwise selection approach, 

using change in F-statistics as a criterion for inclusion or removal of predictors. 

Before including variables, deviating from normal distribution in the model, we used 

z-transformation to achieve normal distribution. Variables correlated with 

homocysteine levels or psychometric variables (p<0.1 in Spearman’s correlation) 

were included in the multivariate regression analyses. 

All statistical analyses were performed employing SPSSTM for Windows 23.0 (SPSS 

Inc., Chicago, IL). 
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5. Results 

Regarding the surgical techniques in the postoperative group, nonparametric tests in 

our study did not reveal significant differences between patients who received 

laparoscopic gastric bypass surgery versus those who had undergone laparoscopic 

sleeve gastrectomy with respect to sociodemographics, BMI, cognitive tasks, 

homocysteine, vitamin B12 and folate levels as well as signs of depression [67]. 

As described in table 1, we found significantly higher average homocysteine serum 

levels (14.6 µmol/l versus 11.6 µmol/l) and mean vitamin B12 concentrations (485.4 

pg/ml versus 430.3 pg/ml) in the postoperative group versus the preoperative group, 

while folate levels hardly differed (11.0 ng/ml versus 10.7 ng/ml). In the preoperative 

group (n=48), data of 12 men and 36 women, in the postoperative group (n=51), data 

of 12 men and 39 women were obtained. Male participants of both investigated 

groups showed higher homocysteine serum levels than females (mean (SD): men: 

18.40 (12.42) mmol/l vs. women: 11.42 (3.64) mmol/l; p=0.012). No group differences 

were found regarding age, nationality, education, employment and marital status [67]. 

Folate serum levels were included in the multiple regression analysis because they 

had shown to be independently associated with homocysteine levels. The results of 

our multiple linear regression analysis with homocysteine as a dependent variable, 

and gender, pre/post group and folate as independent variables revealed a 

significant positive association between male gender, lower folate levels, and 

affiliation to the postoperative group (table 2) [67]. 

5.1 Association of homocysteine with cognitive performance and depression 

Bivariate level, Spearman´s correlation analysis demonstrated no significant 

relationship between the Corsi Block Tapping Test, the Iowa Gambling Task, the 

Auditory Verbal Learning Test and homocysteine. We found an inverse correlation 

between homocysteine and the Auditory Verbal Learning Test performance as a 

trend (r=-0.178, p=0.078), but also not reaching significance. 

In addition, we analyzed the potential influence of homocysteine (pre/post group, age 

and gender) on neuropsychological parameters, using multiple linear regression 

(table 3). With respect to cognition, we applied all three above mentioned cognitive 

tests as target variables: In the Corsi Block Tapping Test, only younger age was 
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associated with better task performance (F(1;97)=5.984; p=0.016; R²adj. 0.048; age: β 

=-0.241; t=-0.245; p=0.016). In the model, using the Iowa Gambling Task as a 

dependent variable, none of the included factors demonstrated a significant 

influence. In the Auditory Verbal Learning Test model, female gender and younger 

age revealed a significant influence. In the regression model, homocysteine did not 

have any significant influence. To verify the influence of gender, we performed a T-

test for independent samples, demonstrating a better task performance in the 

Learning Test in women versus men (male: n=24, mean=48.3, SD=8,0; female: 

n=75, mean=55.6, SD=8.6; t=-3.665, df=97, p<0.001) [67]. 

Given that obesity is associated with depression [68], we also checked for depressive 

symptoms prior to surgery to quantify the degree of depression present in our study 

population. We also looked for depressive symptoms in patients who had already 

undergone surgery. Preoperative candidates were significantly more likely to suffer 

from major depression than postoperative patients (table 1). However, when we 

investigated the association between homocysteine levels and levels of depression, 

we found no association. 
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6. Discussion 

Data on the influence of bariatric surgery on homocysteine levels are inconsistent. 

While some investigations revealed no significant changes in homocysteine levels, 

six months after gastric bypass surgery [69], or a drop in homocysteine levels, one 

year after gastric bypass surgery [70], several other studies reported elevated plasma 

levels of homocysteine after bariatric surgery [14, 28, 48, 49]. Our findings are in line 

with the findings of Toh, Borson-Chazot, Dixon and Sheu [14, 28, 48, 49], 

demonstrating significantly higher plasma homocysteine levels in patients after 

bariatric surgery compared to pre-bariatric patients. These increases in homocysteine 

levels after bariatric surgeries might be explained by an increase of methionine via 

enhanced protein catabolism as a result of weight loss [48]. Another possible 

explanation would be the exceeding demand of folic acid to lower homocysteine 

levels during the period of weight loss. It has been previously shown that the 

maximum effect of folic acid in lowering homocysteine levels can be achieved by a 

dose of at least 0.8 mg/d [71]. In the present study, however, patients were instructed 

to postoperatively only take daily multivitamin supplementations containing 0.4 mg 

folic acid. 

Elevated homocysteine levels, as observed in our study, however, may alter the 

beneficial effects of weight loss procedures on the cardiovascular system [70, 72, 73] 

and eventually on cognitive function. Elevated homocysteine concentrations have 

been associated with dementia [36, 37, 40, 41] and short-term cognition deficits [37]. 

Increased serum levels seem to pose a risk for dementia in older adults and are 

inversely related to cognitive function in those who are demented. Studies on 

homocysteine and cognition in the elderly revealed that serum homocysteine levels 

are significantly higher among patients with dementia than among normal controls 

43. Obesity itself has been linked to reduced neurocognitive performance, too [3], 

and is considered an independent risk factor for Alzheimer’s disease, vascular 

dementia and abnormalities on neuroimaging [10].  

After bariatric surgery, lasting improvements in cognitive functioning have been 

reported, i.e. improvement of attention up to 24 months, of memory for 36 months 

and of executive function reaching its peak 36 months after bariatric surgery [10, 11, 

13]. Despite these observations, the underlying mechanisms of improved cognition 

have not been clearly understood. Although comorbidity amelioration was reported in 
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previous studies [10, 11, 13], no significant correlation was found between 

postoperative changes in medical comorbidities and improved cognitive function [10]. 

In contrast to the trials, conducted by Alosco and colleagues [10, 11, 13], 

homocysteine appeared to have no influence on cognitive performance in our study. 

We found no significant differences in cognitive performance between our two study 

groups (i.e., pre- versus post-bariatric patients), as revealed by the Corsi Block 

Tapping Test (estimates visuo spatial short-term memory) and Iowa Gambling Task 

(evaluates executive functions). Nevertheless, we found a negative influence of 

higher homocysteine levels on cognitive functioning in the Auditory verbal learning 

test as a trend, when applying bivariate correlations in our patients` samples. The 

Auditory verbal learning test was implemented to assess verbal learning ability and 

short-term memory. The aforementioned trend, however, did not reach statistical 

significance. Unlike the other longitudinal investigations [10, 11, 13], the present trial 

is a comparative cross-sectional study. We performed other cognitive tasks than the 

U.S. studies. In addition, neuropsychological assessment in our group of post-

bariatric patients was not carried out at fixed time points. Instead we defined an 

excess weight loss of at least 40% as the date of neuropsychological assessment. 

Therefore, the disparity between the results may possibly be attributed to these 

methodological differences. Moreover, by applying multivariate linear regression with 

homocysteine levels, age, gender, and group affiliation as predictors, we found that 

the above mentioned negative influence of higher homocysteine levels on cognitive 

functions was possibly confounded by the influence of gender on both of them. 

Consequently, we couldn’t confirm a relevant pathophysiological effect of higher 

homocysteine levels on cognitive performance early after bariatric surgery.  

Folic acid levels revealed no significant differences between our two study groups 

(prior and after surgery: 10.7 ng/ml versus 11.0 ng/ml). Nonetheless, folate has a 

great impact on homocysteine levels. In line with other investigations [48, 71], our 

results suggest that adequate doses of folate (in a dose >0.4 mg/d) should be given 

to post-bariatric patients during weight loss to postoperatively lower elevated 

homocysteine concentrations. 

In our population, we found a significant influence of gender, folic acid and affiliation 

to the pre-/post-surgery group on homocysteine plasma levels. However, we found 

no correlation between vitamin B12 levels and homocysteine concentrations. These 

findings may be attributed to the average vitamin B12 concentration of 485.4 pg/ml 
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we observed in our postoperative group which is markedly below the vitamin B12 

dose of 600 pg/ml, suggested by Dixon et al. to maintain stable homocysteine levels 

after surgery [48]. Moreover, pre- as well as postoperative homocysteine levels can 

be affected by other factors besides folate and vitamin B12. For instance, a recent 

study on patients with alcohol dependence observed a significant association of 

homocysteine serum levels with folate and riboflavin (vitamin B2), yet not with vitamin 

B12 [74]. In our study, we also found higher vitamin B12 concentrations in 

postoperative patients versus preoperative individuals. These observations might be 

explained by early postoperative administration of vitamin B12 in our patients, 

starting four weeks prior to bariatric surgery (100 µg s.c., every month). 

Dixon concluded that high serum vitamin B12 and folate levels are needed to 

maintain low homocysteine levels during the period of weight loss [48]. According to 

McNulty, folate is the major determinant of homocysteine and there is no doubt that 

folic acid fortification has a major homocysteine-lowering effect, irrespective of the 

genotype. Since vitamins B6 and B12 seem to play key roles in homocysteine 

metabolism, too, particularly after folate status has been optimized, the authors 

argued that all three vitamins be included in any fortification policy aimed at lowering 

homocysteine, with potential benefits in preventing cardiovascular disease and stroke 

in particular 26. Garcia and Zanibbi hypothesized that if effects of elevated 

homocysteine on the brain are irreversible, vitamin supplementation should occur 

before pathological changes manifest. The same would be true for screening for 

elevated homocysteine levels in the elderly. This way vitamin B supplementation 

would take place at early stages before clinically apparent cognitive decline sets in 

43. 

Finally, we have to concede that our study has several limitations. First of all, we did 

not measure vitamin B6 serum levels. However, in the literature it was published that 

vitamin B6 has no lowering effect on homocysteine levels [75-77]. Moreover, all 

postoperative patients were advised to take multivitamin preparations containing 

vitamin B6 on a daily basis 67. Another limitation of our study is the fact that we did 

not assess renal function which was shown to be strongly associated with 

homocysteine levels [69]. The majority of patients  except for two in the post 

bariatric group who experienced a slight increase in serum creatinine levels in the 

early postoperative recovery period  in both study groups had no history of renal 
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disorders 67. A third limitation was the short duration of our study (mean 8.2 months 

postoperatively). Other trials, for example, the one conducted by Alosco and 

colleagues, revealed that improvement of attention appears up to 24 months after 

surgery while improvement of executive function reached their peak only 36 months 

after bariatric procedure. Memory improvements were maintained at 36 months [13]. 

Furthermore, our study has been performed in a cross-sectional design in contrast to 

longitudinal studies in which it was possible to monitor the longitudinal course of 

homocysteine, cognitive performance and depression over a period of time instead of 

a fixed time point only. 
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7. Conclusion 

Our study confirms the results of recent studies, demonstrating elevated 

homocysteine plasma levels in post-bariatric patients compared to pre-bariatric 

patients. Hyperhomocysteinemia may be harmful to post-bariatric patients since it 

has been associated with cardiovascular diseases [24], thrombosis [22, 25], and 

several neuropsychiatric disorders such as dementia [36, 37, 40, 41].  

We couldn’t find a significant difference regarding the cognitive performance between 

pre-bariatric patients versus post-bariatric patients. Furthermore, homocysteine did 

not reveal a negative influence on cognitive performance except on the auditory 

verbal learning test which assesses verbal learning ability and short-term memory. 

However, we found no more than a trend, not reaching significance. 

Taken together our results do not reveal a pathophysiological role of homocysteine in 

cognitive performance early after bariatric surgery (on average 8.2 months 

postoperatively). 



 

 

 21 

8. Prospective 

Future studies should use a longitudinal design to assess individual changes in both, 

homocysteine levels and cognitive performance. In conclusion, in patients, 

undergoing bariatric surgery, long-term studies would be helpful to monitor 

homocysteine levels since elevation of homocysteine might only be a temporary 

condition during the period of weight loss. This could probably lead to clinical 

recommendations regarding an adequate dosage of folate supplementation 

postoperatively. 
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9. List of abbreviations 

AD      Alzheimer’s disease 

AVLT      Auditory Verbal Learning Test 

B      unstandardized regression coefficient 

BHMT      Betaine homocysteine methyltransferase 

BMI      Body mass index 

BS      Bariatric surgery 

CBS      Cystathionine β-synthase 

CBTT      Corsi Block Tapping Test 

CNS      Central nervous system 

ECLIA      Electro-chemiluminescence immunoassay 

EWL      Excess weight loss 

GLP-1      Glucagon-like-peptide-1 

GPB      Gastric bypass  

HCY      Homocysteine 

IGT      Iowa Gambling Task 

MCI      Mild cognitive impairment 

MHH      Medizinische Hochschule Hannover 

n.s.      Not significant 

PHQ      Patient Health Questionnaire 

PHQ-9     Patient Health Questionnaire Depression 
      Scale 

PYY      Postprandial plasma peptide YY 

RAVLT     Rey Auditory Verbal Learning Test 

RYGB      Roux-en-Y gastric bypass 

SD      Standard deviation 

5-methyl-THF    5-methyltetrahydrofolate 
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11. List of tables 

Table 1: Vitamin concentrations, homocysteine levels (HCY) and test results (Patient 

Health Questionnaire, Iowa Gambling Task, Corsi Block Tapping Test, Auditory 

Verbal Learning Test) in pre- and post- bariatric patients 67. 

 
*group difference tested with Mann-Whitney-U test 

** group difference tested with chi-square test. 

AVLT: Auditory Verbal Learning Test (total number of words correctly repeated within the 5 trials) 

BS: Bariatric surgery 

CBTT: Corsi Block Tapping Test 

HCY: Homocysteine serum levels 

IGT: Iowa Gambling Task 

n.s: Not significant 

PHQ: Patient Health Questionnaire 

SD: Standard deviation 

 

pre vs. post BS 

folate 

[ng/ml] 

vitamin 

B12 

[pg/ml] 

HCY 

[µmol/l] PHQ-9 IGT CBTT AVLT 

age 

[years] gender 

pre mean 10.7 430.3 11.6 8.9 11.2 28.7 53.4 45.1 male: 12 

median 9.1 368.6 10.1 9.0 9.0 30.0 54.0 45.4 female: 36 

SD 5.3 193.6 5.0 5.3 23.2 15.4 8.0 10.6   

range 
3.7-25.7 

209.5-

1259.0 
5.6-36.1 1-22 -36-60 3-63 32-65 26-63 

  

post mean 11.0 485.4 14.6 3.9 18.5 29.1 54.3 41.7 male: 12 

median 10.1 445.8 12.3 3.0 18.0 25.0 56.0 40.0 female: 39 

SD 5.3 184.1 8.9 3.4 22.4 18.3 9.8 11.3   

range 
0.0 -20.0 

202.9-

1120.0 
6.3-54.4 0-11 -28-60 3-104 26-70 22-64 

  

group difference n.s.* p=0.024* p=0.013* p<0.001* n.s.* n.s.* n.s.* n.s.* n.s.** 
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Table 2: Association between gender, folate, and group affiliation with homocysteine 

levels 67. 

 B significance 

Intercept  p<0.001 

gender -0.395 p<0.001 

folate -0.334 p<0.001 

group pre/post 0.226 p=0.009 

Regression model: F(3;95)=14.938; p<0.001; R²adj.=0.30; B = unstandardized regression coefficient 

Dependent variable: homocysteine serum levels; results of the multiple linear regression analysis. Details are described in the 

results section. 

groups: 1 = preoperative, 2 = postoperative 

gender: 1 = male, 2 = female 

 

Table 3: Association between group affiliation, gender, homocysteine and age and 

the Auditory Verbal Learning Test 67. 

 B T significance 

Intercept  7.732 p<0.001 

group pre/post  0.048 0.495 p=0.622 

gender 0.250 2.385 p=0.019 

homocysteine -0.162 -1.523 p=0.131 

age -0.207 -2.140 p=0.035 

Regression model: F(4:94)=5.06; p=0.001; R²adj.=0.142 

Dependent variable: Auditory Verbal Learning Test; results of the multiple linear regression analysis. 

groups: 1 = preoperative, 2 = postoperative 

gender: 1 = male, 2 = female 
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12. List of figures 

 

Figure1: Methionine-homocysteine cycle [modified according to 21]. with its various pathways: Conversion to 

cysteine by the action of cystathionine β-synthase (CBS) along with vitamin B6 acting as a cofactor. 

Homocysteine is synthesized by demethylation of the essential amino acid methionine in dietary protein. There 

are two metabolic pathways: 

1. Folate-dependent re-methylation pathway: Re-methylation to methionine by 5-methyltetrahydrofolate (5-

methylTHF) via methionine synthase and vitamin B12 as a cofactor [22, 23]. 

2. Non-folate dependent re-methylation pathway as an alternate route: re-methylation by betaine via 

betaine homocysteine methyltransferase (BHMT)  [24, 25]. 
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Homocysteine and Cognition in Bariatric Surgery

Julia Wilhelm, MD,1,* Sherif Adel Aly,2,* Astrid Müller, MD, PhD,3 Kerstin Gruner-Labitzke,2

Ralf Lichtinghagen, MD,4 Thomas Hillemacher, MD,1 Stefan Bleich, MD,1

Helge Frieling, MD,1 and Hinrich Köhler, MD2

Purpose: The aim of this study was to investigate the effects of bariatric surgery on homocysteine serum levels
with respect to cognitive functioning and level of depression.
Materials and Methods: Fasting homocysteine, vitamin B12, and folate levels were measured in 99 patients;
48 bariatric surgery candidates and 51 postbariatric patients with a mean excess weight loss of at least 40%.
Cognitive performance in all subjects was evaluated by a computerized test battery. Depression was assessed
using the depression module of the Patient Health Questionnaire.
Results: We found a significant relationship between gender, folate, and affiliation and the pre/postgroup and
homocysteine levels. Postoperative patients’ homocysteine levels were significantly higher compared with
preoperative levels. Regarding cognitive functioning, bivariate correlations suggested a link between homo-
cysteine and verbal learning/short-term memory, measured with the Auditory Verbal Learning Test as a trend,
not reaching significance. Multivariate analysis showed that it was not homocysteine but affiliation to the pre- or
postoperative group that was significantly associated with the level of depression. Applying the Auditory Verbal
Learning Test as a dependent variable, male gender and younger age were associated with better task per-
formance, but homocysteine was not.
Conclusions: Our results do not support a relevant pathophysiological role of homocysteine levels in cognitive
performance early after bariatric surgery.

Keywords: homocysteine, cognition, bariatric surgery, obesity

Introduction

Severe obesity is rapidly increasing worldwide and is
defined as body–mass index (BMI) exceeding 35 kg/m2.1

The most effective way in the long-term treatment of severe
obesity is through surgery.2 The most frequent bariatric
surgical procedure performed worldwide is the Roux-en-Y

gastric bypass (RYGB),3 resulting in weight loss through
restriction, malabsorption, or increased postprandial plasma
peptide YY (PYY) and glucagon-like peptide-1 (GLP-1)
favoring enhanced satiety.4

Gastric bypass alters the anatomy and physiology of the
gastrointestinal tract and eventually leads to malabsorption of
vitamin B12 and folate.5Themalabsorption of vitamin B12 is
possibly caused by achlorhydria,6 intolerance to dietary in-
take of milk or meat7 (which are the main supply sources for
vitamin B12), and decreased secretion of intrinsic factor8

required for vitamin B12 absorption in the terminal ileum.
Folate deficiency may occur due to a decrease in dietary

intake rather than malabsorption9 as folate is absorbed not
only mainly in the jejunum but also in the rest of the small
intestine.10 Folate and vitamin B12 are substantially involved
in the metabolism of homocysteine by converting homo-
cysteine to methionine through the methionine synthase en-
zyme, thus vitamin B12 and folate deficiency are associated
with increase in homocysteine concentration.11

Obesity is associated with reduced neurocognitive perfor-
mance and it has been suggested that weight loss following
bariatric surgical procedures leads to improvements in cogni-
tive functioning.12–15 However, up to now, the underlying
mechanisms of improved cognition have not been clearly un-
derstood. Although remission of many obesity-related somatic
comorbidities was reported in previous studies,12–15 no sig-
nificant correlation was found between postoperative changes
in medical comorbidities and improved cognitive functions.14

In this context, longitudinal studies conducted by Alosco
et al.

12–15 demonstrated lasting improvements in cognition
after bariatric surgery. Results revealed improvement of
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attention up to 24 months after surgery, while improvement of
executive functions reached their peak 36 months after the
bariatric procedure. Memory improvements were maintained
at 36 months.

Homocysteine is a nonprotein a-amino acid synthesized by
demethylation of the essential amino acid methionine. Hy-
perhomocysteinemia is usually defined as a condition in
which homocysteine levels in blood exceed 15lmol/L.11,16

Elevated homocysteine levels have been identified as an inde-
pendent factor for cardiovascular diseases17 and thrombosis18

through endothelial cell dysfunction.19 In addition, hyperho-
mocysteinemia has been associated with osteoporosis20 and
neuropsychiatric disorders such as dementia,21 Alzheimer’s
disease,22,23 and poor cognitive functions.24–26

Several studies demonstrated elevated plasma levels of
homocysteine after bariatric surgical procedures.5,16,27,28

Borson-Chazot et al. demonstrated elevated homocysteine
levels in 40 of 53 subjects 1 year after gastroplasty and at-
tributed this to the change in folate status,16 while Sheu et al.

pointed to the importance of early supplementation of post-
bariatric patients with folate in a study of 12 subjects after
gastroplasty. They found an increase of homocysteine levels in
nine subjects 6 and 12 months postoperatively without any
significant change in folate status.27 In addition, Dixon et al.28

demonstrated an increase of homocysteine levels in a study of
293 subjects up to 2 years after laparoscopic gastric banding
under the conditions of higher folate levels and unchanged
vitaminB12 levels. The authors conclude that under conditions
of weight loss, there is an altered dose–response relationship
with a necessity of higher folate and vitamin B12 levels to keep
homocysteine levels in recommended concentrations.28,29

Elevated homocysteine levels have been identified as a
general risk factor for the integrity and plasticity of the central
nervous system (CNS). Hyperhomocysteinemia has been linked
to brain shrinkage in patients with alcoholism30 and, moreover,
it is known to be an important predictor of alcohol withdrawal
seizures.31Homocysteine also contributes to gene–environment
interactions. It has been suggested that homocysteine levels
modulate the disadvantageous effects of a certain gene (apoli-
poprotein E) and its alleles on hippocampal atrophy.32

With regard to cognitive performance, elevated homo-
cysteine levels have been associatedwith cognitive impairment
in different neuropsychiatric conditions such as in patients with
mild cognitive impairment (MCI), dementia,22,23,25 and also
in patients undergoing alcohol withdrawal.26 Moreover, the
cognitive performance in patients with anorexia nervosa seems
to be affected by homocysteine levels.33

There are several studies showing improvement of cognitive
performance mainly in the form of improved memory and
executive functions after bariatric surgery.12–15 These findings
were previously attributed to weight loss14without finding any
correlation with the status of medical comorbidities.12,14 The
pathophysiological mechanisms behind this remained unclear,
therefore Alosco et al. pointed out the necessity of investi-
gating biomarkers or applying neuroimaging.12 Interestingly,
it was also shown that weight regain 2 years postoperatively
was associated with reduced attentiveness.12

To our knowledge, so far, no study has investigated the
impact of homocysteine levels on cognitive performance in
the context of bariatric surgery. Taking into account that the
condition of elevated homocysteine levels has to be regarded
as a risk factor for the integrity of the CNS, including cog-

nitive functioning, the aim of the present study was to in-
vestigate homocysteine, vitamin B12, and folate levels in
severely obese bariatric surgery candidates compared with
postbariatric surgery patients with respect to cognitive
functioning. We expected higher homocysteine levels to be
associated with reduced cognitive performance.

Materials and Methods

Study design

The present work was part of a larger cross-sectional study
investigating physical activity and cognitive performance in
pre- and postbariatric surgery patients.34,35 For the present
investigation, data were obtained between March 2013 and
August 2014. All investigated subjects were bariatric surgery
patients, respectively, patients who were recruited within the
routine pre- and postoperative psychiatric evaluation. The
investigation was conducted in a cross-sectional design with
two study groups: preoperative bariatric surgery candidates
(12 males, 36 females) versus postoperative bariatric patients
(12 males, 39 females) who showed an excess weight loss
(EWL) of at least 40% (%EWL, operative weight [kg] -

follow-up weight [kg]/[(operative weight [kg] - weight at
BMI 25 [kg]) · 100]).36 The inclusion criterion of at least
40% EWL was used to ensure that all included postoperative
patients had lost a significant amount of weight since past
studies indicated that intentional weight loss following bar-
iatric surgery is associated with improvements in perfor-
mance across various cognitive domains.37,38

All study participants gave written informed consent for
participation according to procedures approved by the In-
stitutional Ethics Committee and received financial com-
pensation for study participation. Main inclusion criteria
were preoperative obesity grade 2 or 3 (BMI ‡35.0 kg/m2)
and age between 18 and 65 years. A history of prior bariatric
surgery, intellectual disability, developmental or learning
disorders, current substance abuse except for nicotine, and
psychosis or severe neurological disorders (e.g., multiple
sclerosis, stroke), as well as insufficient German language
skills to participate in the neuropsychiatric assessment, were
defined as exclusion criteria. Forty-five subjects of the post-
bariatric group underwent gastric bypass, whereas six sub-
jects underwent sleeve gastrectomy. The assessments were
carried out by independent assessors who were not involved
in the pre- or postoperative psychiatric evaluation.

Laboratory analyses

In the pre- and postoperative participants, fasting blood
withdrawal was scheduled after the preoperative and, re-
spectively, postoperative routine evaluation between 8 and
10 a.m. All blood samples were centrifuged and stored at
-20�C immediately after collection and later transferred to a
-80�C storage. Homocysteine serum levels were measured
using an enzyme cycling assay on the cobas 8000 module
cobas c502 (Roche Diagnostics, Mannheim, Germany). On
the cobas e602 module, we measured folate using a com-
petitive electrochemiluminescence immunoassay (ECLIA)
with a ruthenium-labeled folate-binding protein (Roche Di-
agnostics). Vitamin B12 was quantified on the cobas e602 by
using a competitive ECLIA with a ruthenium-labeled in-
trinsic factor (Roche Diagnostics).
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Neuropsychological assessments

Cognitive functions were measured using computerized
versions of behavioral tasks commonly used to assess cognitive
performance in obese patients.13,34,35 The neuropsychologi-
cal assessments were described in detail elsewhere.34,35 For
the present study, data on decision-making (Iowa Gambl-
ing Task39), visuospatial short-term memory (Corsi Block-
Tapping Test40), and verbal learning and short-term memory
(Auditory Verbal Learning Test41,42) were used.With regard to
the Iowa Gambling Task, the net score was used as the de-
pendent variable: a lower net score indicates a poorer ability to
advantageous decision-making. The primary outcomemeasure
of the Corsi Block-Tapping Test was the block span * number
of correct trials product, with higher scores suggesting better
performance. With respect to the Auditory Verbal Learning
Test, the total number of words correctly repeated was added
for each of the five trials. A total score was determined using
the sum of trials I–V and served as the dependent variable.43

Given that obesity is associated with depression,44 which
potentially may impact cognitive performance, the German
version of the Patient Health Questionnaire-Depression Scale
(PHQ-9)45 was applied to record depressive symptoms. A
net score of more than 10 suggests the existence of major
depressive disorder.46

Statistical analysis

Homocysteine deviates from normal distribution accord-
ing to the Kolmogorov–Smirnov test. Therefore, we applied
nonparametric methods such as Mann–Whitney U-test for
group comparison of independent samples or w2-test where
appropriate. Patients were affiliated according to their sur-
gery history in a pre- or postbariatric surgery group (pre/post
group). All data are given as mean (standard deviation [SD]),
median, and range. All statistical tests were two-tailed. We
considered a significance level of a = 0.05.

We performed Spearman’s correlation or multiple linear
regression analysis to identify possible influencing factors/
predictors on specific dependent variables (homocysteine

levels or psychometric values accordingly).We used a forward
stepwise selection approach, using change in F-statistics as the
criterion for inclusion or removal of predictors. Before in-
cluding variables deviating from normal distribution into the
model, we used z-transformation to achieve normal distribu-
tion. Variables that correlated with homocysteine levels or
psychometric variables ( p< 0.1 in Spearman’s correlation)
were included into multivariate regression analyses.

Statistical analysis was performed employing SPSS� for
Windows 23.0 (SPSS, Inc., Chicago, IL).

Results

Demographic characteristics of the study population are
given in Table 1. Regarding the surgical technique in the
postoperative group, nonparametric tests did not reveal any
significant differences between patients who received gastric
bypass versus those who had undergone sleeve gastrectomy
with respect to sociodemographics, BMI, cognitive tasks,
homocysteine, vitamin B12 and folate levels, and symptoms
of depression (data not shown).

Homocysteine serum levels in pre- and postoperative

patients

As described in Table 1, homocysteine serum levels and
vitamin B12 levels were significantly higher in the postop-
erative group compared with the preoperative group, while
folate levels did not differ. We found that male participants
had higher homocysteine serum levels (mean [SD]: male:
18.40 [12.42] mmol/L vs. female: 11.42 [3.64] mmol/L;
p = 0.012). No group differences were found regarding age,
sex, nationality, school education, employment, and marital
status (data not shown).

Folate serum levels, but not age or vitamin B12 serum
levels, were independently associated with homocysteine
levels (data not shown) and therefore included in the multiple
regression analysis. We computed a multiple linear regres-
sion analysis with homocysteine as the dependent variable
and gender, pre/postgroup, and folate as independent

Table 1. Demographic Characteristics of the Study Population, Comparing

Pre- and Postbariatric Patients

Pre vs. post-BS
Folate
(ng/mL)

Vitamin B12
(pg/mL)

HCY
(mmol/L) PHQ-9 IGT CBTT AVLT

Age
(years) Gender

Pre
Mean 10.7 430.3 11.6 8.9 11.2 28.7 53.4 45.1 Male: 12
Median 9.1 368.6 10.1 9.0 9.0 30.0 54.0 45.4 Female: 36
SD 5.3 193.6 5.0 5.3 23.2 15.4 8.0 10.6
Range 3.7–25.7 209.5–1259.0 5.6–36.1 1–22 -36–60 3–63 32–65 26–63

Post
Mean 11.0 485.4 14.6 3.9 18.5 29.1 54.3 41.7 Male: 12
Median 10.1 445.8 12.3 3.0 18.0 25.0 56.0 40.0 Female: 39
SD 5.3 184.1 8.9 3.4 22.4 18.3 9.8 11.3
Range 0.0–20.0 202.9–1120.0 6.3–54.4 0–11 -28–60 3–104 26–70 22–64

Group difference n.s.* p = 0.024* p = 0.013* p < 0.001* n.s.* n.s.* n.s.* n.s.* n.s.**

*Group difference tested with Mann–Whitney U-test.
**Group difference tested with v

2-test.
AVLT, Auditory Verbal Learning Test (total number of words correctly repeated within the five trials); BS, bariatric surgery; CBTT,

Corsi Block-Tapping Test; HCY, homocysteine serum levels; IGT, Iowa Gambling Task; n.s., not significant; PHQ, Patient Health
Questionnaire; SD, standard deviation.
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variables. Results showed a significant positive association
between male gender, lower folate levels, and affiliation to
the postoperative group with homocysteine levels (Table 2).

Association of homocysteine with depression

and cognitive performance

On a bivariate level, Spearman’s correlation analysis
showed no significant relationship between the Corsi Block-
Tapping Test, the Iowa Gambling Task, and homocysteine
(data not shown). However, we found an inverse correlation
between homocysteine and the Auditory Verbal Learning
Test performance as a trend (r = -0.178, p = 0.078), not
reaching significance.

In a second step, we analyzed a possible influence of
homocysteine, pre/postgroup, age, and gender on neuro-
psychological parameters using multiple linear regression, as
described above. Regarding cognition, we analyzed a possible
influence using the three previously described cognitive tests
as target variables: the Iowa Gambling Task, the Corsi Block-
Tapping Test, and the Auditory Verbal Learning Test. For the
Corsi Block-Tapping Test, only younger age was related to
better task performance [F(1;97)= 5.984; p= 0.016; R2adj.
0.048; age: b=-0.241; t=-0.245; p= 0.016]. In the model
using the IowaGambling Task as the dependent variable, none
of the included factors showed a significant influence. In the
Auditory Verbal Learning Test model, female gender and
younger age showed a significant influence. Homocysteine did
not show any significant influence in the regression model
(Table 3). To verify the influence of gender, we performed a
T-test for independent samples, which showed better task

performance in the Learning Test in women compared with
men (male: n= 24, mean= 48.3, SD= 8.0; female: n= 75,
mean= 55.6, SD= 8.6; t=-3.665, df= 97, p< 0.001).

Discussion

Our cross-sectional study investigated the effects of bar-
iatric surgery on homocysteine serum levels with respect to
cognitive functioning and level of depression in a cohort of
severely obese bariatric surgery candidates and postsurgery
patients. We found a significant positive association between
male gender, lower folate levels, and affiliation to the post-
operative group with homocysteine levels without finding a
significant correlation between vitamin B12 levels and
homocysteine concentration.

Additionally, we found higher vitamin B12 concentrations
in postoperative subjects, which should be explained by early
postoperative (4 weeks) administration of vitamin B12
100lg s.c monthly. Folate levels revealed no significant
difference between our two study groups.

As already described by Bartsch et al.,35 preoperative pa-
tients were significantly more likely to suffer from major
depression. Homocysteine levels showed no association with
the level of depression.

Our findings are in line with the majority of recent inves-
tigations demonstrating significantly higher homocysteine
levels in patients after bariatric surgical procedures compared
with prebariatric patients.5,16,27,28 Only few studies in the
literature showed no significant changes in homocysteine
levels 6 months after the gastric bypass procedure (GBP)47 or
even decrease in homocysteine levels in a study of 365 pa-
tients 1 year after GBP.48

The postulated increase in homocysteine levels after bar-
iatric surgeries—and in the same vein also the higher level of
homocysteine in the present postoperative group—might be
explained by the increase in methionine levels through en-
hanced protein catabolism as a result of weight loss.28 An-
other possible explanation is an exceeding demand of folate
to lower homocysteine levels during the period of weight loss
as it was previously shown that the maximum reduction ef-
fect of folate on homocysteine levels can be achieved by a
dose of at least 0.8mg/day.49 It is noteworthy that our patients
were instructed to take multivitamin supplementation con-
taining folate, 0.4mg/day, postoperatively.

Dixon et al. demonstrated in their study that 24 subjects
did not show an elevation of homocysteine levels postoper-
atively and that all of them had a folate level of >15 ng/mL as
well as a vitamin B12 level of >600 pg/mL.28 The authors
pointed to the importance of adequate vitamin B12 and folate
supplementation as vitamin B12 and folate are described to
be responsible for 36% of homocysteine levels postopera-
tively compared with 9% preoperatively.29 Hence, Dixon
et al. conclude that high serum vitamin B12 and folate levels
are needed to maintain low homocysteine levels during
weight loss.28

Our finding that no correlation between vitamin B12 levels
and homocysteine concentration was observed might partly
be explained in this context. In our postoperative group, vita-
min B12 levels showed a mean concentration of 485.4 pg/mL,
which is markedly below the suggested 600 pg/mL by Dixon
et al.28 Moreover, the results of the study by Dixon et al.28,29

concerning the abovementioned influence of folate and

Table 2. Association Between Gender, Folate,

and Group Affiliation with Homocysteine Levels

B Significance

Intercept p < 0.001
Gender -0.395 p < 0.001
Folate -0.334 p < 0.001
Group pre/post 0.226 p = 0.009

Regression model: F(3;95)= 14.938; p < 0.001; R
2adj. = 0.30.

Dependent variable: homocysteine serum levels; results of the
multiple linear regression analysis. Details are described in the
Results section. Group: preoperative = 1, postoperative = 2; gender:
male = 1, female = 2.

Table 3. Association Between Group

Affiliation, Gender, Homocysteine, and Age

and the Auditory Verbal Learning Test

B T Significance

Intercept 7.732 <0.001
Group pre/post 0.048 0.495 0.622
Gender 0.250 2.385 0.019
Homocysteine -0.162 -1.523 0.131
Age -0.207 -2.140 0.035

Regression model: F(4;94)= 5.06; p = 0.001; R
2adj. = 0.142.

Dependent variable: Auditory Verbal Learning Test; results of the
multiple linear regression analysis. Details are described in the
Results section. Group: preoperative = 1, postoperative = 2; gender:
male = 1, female = 2.
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vitamin B12 on homocysteine levels pre- and postoperatively
indicate that there are other factors influencing homocysteine
levels relevantly besides folate and vitamin B12 pre- as well
as postoperatively. For example, a recent study on patients
with alcohol dependence showed a significant association of
homocysteine serum levels with folate and riboflavin, not
with vitamin B12.50

Interestingly, in our study, no difference in cognitive
functioning regarding the pre- versus postoperative group
was found, which is in contrast to previous findings sug-
gesting improvement of cognitive performance after bariatric
surgical procedures.12,14 This discrepancy might partly be
explained by methodological reasons. First of all, the above-
mentioned investigations used a longitudinal design. In con-
trast, the present study is a comparative cross-sectional study,
which limits the results. Second, the mentioned U.S. studies
performed other cognitive tasks as we did. Third, in contrast to
the previous investigations, the neuropsychological assessment
in our postoperative patient group was not performed at fixed
time points.

Regarding cognitive performance in our total sample, bi-
variate correlations suggested a link between higher homo-
cysteine levels and worse performance in the Auditory
Verbal Learning Test, which assesses verbal learning ability
and short-term memory as a trend not reaching significance.
In contrast, homocysteine was not related to visuospatial
short-term memory (Corsi Block-Tapping Test) or decision-
making ability (Iowa Gambling Task). However, applying a
multivariate linear regression with homocysteine levels, age,
gender, and group affiliation as predictors, we found that the
observed link between homocysteine and worse performance
in the Auditory Verbal Learning Test was possibly con-
founded by the influence of gender on both Auditory Verbal
Learning Test and homocysteine serum levels. Therefore, our
results do not support a relevant pathophysiological role of
homocysteine levels in cognitive performance early after
bariatric surgery. This is in contrast to the suggestion that
homocysteine has to be regarded as a risk factor for cognitive
dysfunction in different neuropsychiatric conditions such as
MCI,25 dementia,21 alcohol withdrawal seizures,31 and short-
term cognition deficits.26 However, regarding previous re-
search on the effects of elevated homocysteine levels on
cognitive functioning, not all studies suggest a negative in-
fluence. Interestingly, results of an investigation conducted
by our study group revealed that moderately elevated plasma
homocysteine levels were associated with normal short- and
long-term verbal memory, while normal plasma homo-
cysteine levels were associated with poorer memory perfor-
mance in 14 females with anorexia nervosa and 12 females
with bulimia nervosa, indicating that under the special cir-
cumstances of eating disorders, elevated homocysteine levels
improve memory signaling.33

There are several limitations to our study. First, we did not
measure vitamin B6 concentrations. However, it was re-
ported that vitamin B6 has no lowering effect on homo-
cysteine levels.51 In addition, all postoperative patients were
instructed to take multivitamin supplementation containing
vitamin B6 on a daily basis. A second limitation of our study
is that we did not assess the renal function, which was shown
to have a strong association with homocysteine concentra-
tion.47 All patients in the two study groups had no history of
renal disorder except two patients who exhibited a slight

increase in serum creatinine levels in the early postoperative
recovery period in the postbariatric group. A further limita-
tion might be the relatively short time span between the date
of surgery and postbariatric neuropsychological assessment
(mean 8.2 months postoperatively) as it was shown in the
study conducted by Alosco et al. that improvement of at-
tention appears up to 24 months after surgery, while im-
provement of executive functions reached their peak even 36
months after the bariatric procedure. Memory improvements
were maintained at 36 months.12

Moreover, the study was performed in a cross-sectional
design, which does not allow conclusions about the longitu-
dinal course of cognitive functioning, depressive symptoms,
homocysteine levels, etc., in patients undergoing bariatric
procedures. Future studies should be conducted in a longi-
tudinal design to assess individual changes in both homo-
cysteine levels and cognitive performance.

In conclusion, in patients undergoing bariatric surgery,
long-term studies would be helpful to investigate individual
changes of homocysteine levels in combination with different
folate supplementation regimes. This may lead to relevant
clinical recommendations for treating patients after bariatric
surgery.

Disclosure Statement

No competing financial interests exist.
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Pek C, Köhler H, et al. Physical activity is unrelated to
cognitive performance in pre-bariatric surgery patients.
J Psychosomat Res 2015;79:165–170.

35. Bartsch M, Langenberg S, Gruner-Labitzke K, Schulze M,
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