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Abstract

Background—Chromosome 16p11.2 microdeletion is associated with early-onset obesity. 

Information is limited about the effect of bariatric surgery in patients with genetic obesity.
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Objective—To examine effects of bariatric surgery in obese patients with chromosome 16p11.2 

microdeletion.

Setting—Academic research institution.

Methods—The Swedish Obese Subjects (SOS) study is a prospective study with 2010 

participants receiving bariatric surgery. Deoxyribonucleic acid (DNA) was available in 1843 

participants. Multiplex ligation-dependent probe amplification (MLPA) was used to identify 

16p11.2 microdeletion carriers. Follow up time was 10 years. In carriers and non-carriers, follow-

up rate was 86% and 82% at 10 years, respectively.

Results—Nine carriers of the chromosome 16p11.2 microdeletion (9/1843, 0.49%) were found. 

At baseline, most risk factors were similar, however carriers had higher body mass index (BMI), 

insulin levels and systolic blood pressure compared to non-carriers. At the 1-year examination, the 

percent excess BMI lost (%EBMIL) in carriers and non-carriers was 71.9 and 62.2, respectively; 

p=0.031 (37.9 and 30.6 kg). This was followed by partial weight regain in both groups, and after 

10 years %EBMIL was 25.5 and 41.5 (15.7 and 21.3 kg), respectively (p=0.377). Changes in risk 

factors were similar in the carriers and non-carriers. Two carriers who had type 2 diabetes at 

baseline were both in remission at the 2-year follow-up, but had relapsed at the 10-year follow-up. 

Perceived health status was similar in carriers and non-carriers during follow-up (overall p=0.198).

Conclusions—Despite small sample size, our results indicate that bariatric surgery is a 

treatment option in obese patients with chromosome 16p11.2 microdeletion.
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Introduction

Bariatric surgery is the most effective treatment to achieve substantial long-term weight loss 

and reduced co-morbidities and mortality in severe obesity1. The mechanisms by which 

bariatric surgery leads to weight loss include enhanced gastrointestinal endocrine signaling 

of satiety pathways2. Many patients with monogenic or syndromic obesity have 

hyperphagia, probably caused by disruption of satiety pathways. Consequently, the 

effectiveness of bariatric surgery may differ dependent on if the specific genetic alteration 

causes disruption of satiety pathways that are influenced by bariatric surgery.

There is limited and conflicting information about the effectiveness of bariatric surgery in 

patients with syndromic obesity, such as Prader-Willi (PWS) and Bardet-Biedl (BBS) 
syndromes3, 4. Another common form of syndromic obesity is caused by a 593kb deletion at 

the 16p11.2 locus, here referred to as 16p11.2 microdeletion5. Deletions at this region are 

also associated with autism; the deletion is seen in approximately 1% of individuals with 
autism compared to a frequency of 0.01% in the general population6. In addition, 

duplications of the same region have been associated with underweight7. To our knowledge 

there are no reports on the effects of bariatric surgery in patients with 16p11.2 

microdeletion. The aim of this study was to determine the frequency of 16p11.2 
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microdeletion in the Swedish Obese Subjects (SOS) study and compare the outcomes after 

bariatric surgery in carriers and non-carriers.

Subjects

The SOS study is a prospective, matched, intervention trial comparing the effects of bariatric 

surgery (n=2010) and conventional obesity care (n=2037)8–10. The current study comprises 

1843 subjects from the surgery group in which deoxyribonucleic acid (DNA) was available 

for analysis of the 16p11.2 microdeletion. Of these, 1243 (67.4%) underwent vertical banded 

gastroplasty (VBG), 350 (19.0%) banding and 250 (13.6%) gastric bypass (GBP). Inclusion 

criteria were age between 37–60 years and body mass index (BMI) >34kg/m2 for males and 

>38kg/m2 for females. Exclusion criteria10 were minimal and aimed to ensure that the 

patients were suitable for surgery. Baseline examinations took place 4 weeks before surgery 

and follow-up examinations were scheduled at 0.5, 1, 2, 3, 4, 6, 8 and 10 years after surgery. 

Number of individuals available (excluding those who died during follow-up) and seen at 

each follow-up visit is presented in Supplementary table 1. Biochemical variables were 

measured at baseline and after 2 and 10 years at the Central Laboratory, Sahlgrenska 

University Hospital, Gothenburg, Sweden, accredited according to ISO/IEC 15 189. Self-

reported energy intake and perceived health status were obtained from SOS questionnaires. 

Perceived health status was examined using the question: “Please rate your general health on 

the 7-grade scale below”, where 1 is “I feel great, couldn’t feel better” and 7 is “I feel really 

bad, couldn’t feel worse”. Seven regional ethics review boards approved the study and 

informed consent was obtained. The SOS study is registered at ClinicalTrials.gov (identifier: 

NCT01479452)

Methods

Chromosome 16p11.2 microdeletion screening

To identify carriers of the 16p11.2 microdeletion, 21 single nucleotide polymorphisms 

(SNPs), of which 14 were within, 3 were upstream and 4 were downstream of the deletion 

were genotyped using the Sequenom MassARRAY platform (Sequenom Inc., San Diego, 

California) at the Mutation Analysis Core Facility (MAF), Karolinska Institute, Stockholm, 

Sweden. The assay was designed using the MassARRAY Assay Design 3.1 software 

(Sequenom) (primer sequences are available upon request). The presence of the deletion was 

confirmed using 100ng of DNA and the multiple ligation dependent probe amplification 

(MLPA) Autism kit (cat no: P343 Holland, Amsterdam, Netherlands) containing 11 probes 

in the 16p11.2 region, 9 within the deleted region and 2 in the regions flanking the deletion. 

Labeled MLPA-products were detected using an ABI Prism 3739 Genetic Analyzer (Life 

Technologies Ltd, Paisley, UK) with GeneScan500 LIZ size standard (Life Technologies) at 

the KIGene Core Facility, Karolinska Institute, Stockholm, Sweden.

Statistical methods

Descriptive statistics are given as means with standard deviations (SD). Multilevel mixed-

effect regression models were fitted to the data to assess longitudinal changes in carriers and 

non-carriers of the chromosome 16p11.2 microdeletion. For systolic blood pressure and 
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serum insulin, a logarithmic transformation was applied before statistical testing due to a 

few extreme values. For dichotomous variables during follow-up (complications, mortality), 

no formal statistical testing was conducted due to low number of persons with the 

chromosome 16p11.2 microdeletion. Statistical analyses were carried out using the Stata 

statistical package 12.1 (Stata-Corp. 2011, Stata Statistical Software: Release 12, College 

Station, TX, USA; StataCorp LP).

Results

Baseline characteristics of carriers and non-carriers of the chromosome 16p11.2 
microdeletion

Amongst the 1843 patients we found 9 carriers (4 men, 5 women) of the 16p11.2 

microdeletion (0.49%) (Table 1). None of the individuals were previously diagnosed with 
syndromic obesity. At baseline, most risk factors were similar, however the 16p11.2 

microdeletion carriers had higher BMI, fasting insulin and systolic blood pressure compared 

to the non-carriers (Table 1). Two (22.2%) of the 16p11.2 microdeletion carriers had type 2 

diabetes.

Changes in body weight, BMI, energy intake and perceived heath status

Among the nine 16p11.2 deletion carriers, four underwent vertical banded gastroplasty, three 

banding and two gastric bypass. After surgery, rapid weight loss was seen in both carriers 

and non-carriers (Figure 1a). At 1 year, carriers and non-carriers had 71.9 and 62.2 percent 

excess body mass index lost (%EBMIL), respectively; p=0.031 (37.9 and 30.6 kg). After 

partial weight regain, %EBMIL at 10 years was 25.5 and 41.5 (15.7 and 21.3 kg) in carriers 

and non-carriers, respectively (p=0.377). The individual BMI trajectories over time varied 

markedly among the carriers of the 16p11.2 microdeletion (Figure 1b). Detailed follow-up 

information is presented in Supplementary table 1 and mean weight changes in each 
surgery subgroup (banding, vertical banded gastroplasty, gastric bypass) in Supplementary 

table 2.

Compared to baseline, energy intake was significantly reduced 0.5 years after surgery in 

both carriers and non-carriers of the 16p11.2 microdeletion (p<0.001 for both groups), and 

remained lower compared to baseline during the 10-year follow-up (Figure 1c), with no 

statistical difference in overall trend between the groups (p=0.173). Perceived health status 

was similar in carriers and non-carriers during follow-up (overall p=0.198), with 

improvement during the first year as compared to baseline in both groups (Figure 1d).

Changes in risk factors and diabetes remission

After surgery, cardiovascular risk factors improved and changes in blood glucose, serum 

insulin, total cholesterol, high density lipoprotein (HDL) cholesterol, systolic and diastolic 

blood pressure during follow-up were similar in carriers and non-carriers of the 16p11.2 

microdeletion (overall p=0.239, p=0.318, p=0.714, p=0.676 and p=0.974, respectively; 

Supplementary Figure 1). The two carriers that had type 2 diabetes at baseline were both in 

remission at the 2-year follow-up, while at the 10-year follow-up both had relapsed.

Kristensson et al. Page 4

Surg Obes Relat Dis. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Post-surgical complications

Three of the nine carriers of the 16p11.2 microdeletion had complications within 90 days 

after surgery. One patient died 2 days after surgery (gastric bypass), one was re-operated and 

one had a wound infection.

Discussion

In this study, we demonstrate that the response to bariatric surgery is similar in obese 

patients with and without chromosome 16p11.2 microdeletion. Bariatric surgery resulted in 

large long-term weight loss and seemed to have the same positive effects on risk factors in 

carriers and non-carriers of the microdeletion.

Few studies that have explored the effects of bariatric surgery on monogenic and syndromic 

forms of obesity, and the results have been inconsistent with some studies reporting large 

weight losses and improvement of risk factors, while others found no weight changes at 

all3, 4. Furthermore, there is limited information on safety of bariatric surgery in patients 

with genetic obesity4. In the current study, there was one postoperative death among the 9 

patients with the 16p11.2 microdeletion compared to a 0.25% postoperative mortality rate in 

whole SOS surgery group9. Due to the limited number of patients with diagnosed genetic 

obesity who undergo bariatric surgery, safety evaluation is challenging. However, reporting 

adverse events after bariatric surgery in specific genetic forms of obesity is critical for 

patient safety4.

It is unknown how the 16p11.2 microdeletion leads to obesity. None of the 27 genes within 

the deletion stands out as a candidate gene for obesity11, however studies suggest that 

several factors together may cause the obese phenotype. This includes changes in brain 

structures associated with the reward system and eating behavior12, 13 and changes in satiety 

response14, sweet food intake15, and altered expression of obesity associated genes16.

Many rare genetic forms of obesity have in common that they affect eating behavior4, 12. 

Eating disorders have been associated with less favorable outcome of bariatric surgery and 

patients with severe eating disorders are not recommended to undergo bariatric surgery. 

Patients with eating disorders who underwent bariatric surgery initially had the same 

decrease in BMI as those without disorders, but this was followed by greater weight 

regain17–19. Some studies indicate that 16p11.2 microdeletion carriers have an altered eating 

behavior12–15, however our results show that the carriers of the 16p11.2 microdeletion can 

reduce their energy intake to a similar degree as the non-carriers. In addition, carriers 

reported similar perceived health score as non-carriers, indicating that there was no 

difference in subjective health between the groups.

A limitation of this study is the small number of individuals with the 16p11.2 microdeletion. 

The frequency of the 16p11.2 microdeletion in the surgery group of the SOS study was 

0.49%, which is slightly lower than what we5 and others20 have previously found in 

individuals with morbid obesity. A potential explanation is the fact that the chromosome 
16p11.2 microdeletion is associated with cognitive deficits11 and that this may have led to 
a lower proportion of carriers of the 16p11.2 microdeletion among the candidates for 
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inclusion in the study compared to non-carriers. Also, the exclusion criteria in the SOS 
study, including psychological problems suspected to result in poor cooperation10, might 
have disfavored selection of deletion carriers.

Conclusions

We conclude that bariatric surgery has similar effects in carriers and non-carriers of the 

16p11.2 microdeletion, with large sustained weight loss and improved risk factors in both 

groups. This suggests that bariatric surgery is a treatment option for obesity in patients with 

chromosome 16p11.2 microdeletion.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Estimated means from mixed-models with 95% confidence intervals for body weight (a), 

body mass index (BMI) (b), energy intake (c) and perceived health status (d) in carriers and 

non-carriers of the 16p11.2 microdeletion followed for 10 years after bariatric surgery in the 

Swedish Obese Subjects (SOS) study. Orange dashed lines represent carriers of the 16p11.2 

microdeletion, while solid blue lines represent non-carriers. b) Individual BMI trajectories 

for carriers of the 16p11.2 microdeletion are presented with narrow lines.
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Table 1

Baseline characteristics of carriers and non-carriers of the 16p11.2 microdeletion. Standard deviations are 

presented in brackets (where applicable).

Carriers Non-carriers p-value

N 9 1834

Age, yers 46.9 (4.4) 47.2 (6.0) 0.887

Male gender, % 44.4 29.7 0.464

BMI, kg/m2 46.8 (6.0) 42.3 (4.5) 0.003

Weight, kg 124.3 (23.2) 120.8 (16.6) 0.530

Blood glucose, mmol/L 5.6 (2.6) 5.2 (2.0) 0.557

Insulin, mU/L 32.4 (21.1) 21.4 (13.7) 0.029

Systolic blood pressure, mmHg 159.8 (16.2) 144.9 (18.8) 0.018

Diastolic blood pressure, mmHg 94.0 (10.9) 89.8 (11.2) 0.261

Triglycerides, mmol/L 1.8 (0.3) 2.3 (1.6) 0.359

Total cholesterol, mmol/L 5.6 (1.2) 5.9 (1.1) 0.553

HDL cholesterol, mmol/L 1.4 (0.3) 1.4 (0.3) 0.896

Diabetes, % 22.2 17.5 0.662

Hypertension, % 88.9 78.2 0.693

Smoking, % 22.2 26.3 1.000

Caloric intake/day, kcal 3017 (989) 2948 (1266) 0.871

Perceived health status, score 3.6 (1.1) 3.7 (1.3) 0.751

Abbreviations: BMI - body mass index, HDL - high density lipoprotein
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