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ABSTRACT:

Background: Emerging evidence suggests that the FK506 binding protein 51
(FKBP5/FKBP51), encoded by the FKBP5 gene, influences weight and metabolic
regulation. The T-allele of a functional polymorphism in FKBP5 (rs1360780), has
been associated with the expression of FKBP51 and weight loss after bariatric
surgery.

Objective: To examine the role of the FKBP5 rs1360780 polymorphism in relation to
age, sex and type of surgery in weight loss after bariatric surgery in patients with
severe obesity.

Setting: University Hospital in Spain

Methods: A cohort of 151 obese patients submitted to Roux-en-Y Gastric Bypass
(RYGB) (62.3%) and Sleeve Gastrectomy (SG) (37.7%) were followed-up during 24-
months (tzam; loss to follow-up: 0%). During the post-operative period body mass
index (BMI), percentage of excess and total weight loss (YEWL and %TWL) were
evaluated.

Results: The BMI analysis showed an effect of the interaction FKBP5 genotype by
sex (p = 0.0004) and a tendency to the interaction genotype by surgery (p-value =
0.048), so that men carrying the T-allele had higher BMI at t2am than those without
the T-allele, and T-allele carriers that underwent SG had higher BMI at t2am than the
non-carriers. Additionally, we found an interaction between FKBP5 and age for the
%EWL and BMI (p-value = 0.0005 and p-value = 1.5 e-7, respectively), whereby
individuals older than 48 years with the T-allele displayed significant differences for
the analyzed variables at toam compared with the homozygotes for the alternate C-
allele showing lower weight loss.

Conclusion: FKBP5 rs1360780 genotype has specific effects on weight loss
outcomes after bariatric surgery depending on sex, age and type of surgery,
suggesting worse results in older males carrying the T allele who have undergone
SG.

Keywords: obesity, bariatric surgery, weight loss outcomes, BMI, follow-up, gender,

age, FKBP5 gene, rs1360780.
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INTRODUCTION

Bariatric surgery is currently the most effective long-term treatment for severely
obese patients. Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG) are
the most common bariatric procedures. However, there is considerable inter-
individual variation in surgery outcome and particularly in relation to weight loss,
clinical benefits, and in reductions in morbidity and mortality [1]. Given the costs and
dangers surrounding bariatric surgery, there is an urgent need to identify predictors
of response, i.e. which individuals are most likely to respond well to the intervention,

and those who may respond better to alternative treatments.

Studies to date have suggested a variety of complex factors as moderating weight
loss outcomes, including clinical, psychological, demographic, and biological factors.
Specifically, previous studies have revealed age, sex, pre-operative weight and body
mass index (BMI), physical activity, T2D or other obesity associated disorders (e.g.:

anxiety or depression) as moderators of bariatric surgery outcomes [1,2].

Regarding age, some studies have revealed that RYGB is less effective at inducing
weight loss in those over the age of 45 [3,4], whilst others have revealed no
differences [5]. In relation to sex, it is well known that men and women differ in terms
of fat storage and metabolism [6] and studies indicate that bariatric surgery may be

more effective in men than women [7,8].

About 3-4% of the cases of obesity are monogenic with early onset, abnormal
feeding behavior and neuroendocrine disorders, mainly caused by mutations in
genes implicated in the Leptin/melanocortin pathway [9]. However, most of the cases

arise from the interplay of many genes of minor effect and environmental factors.
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Biological factors should be also taken into account when studying weight loss
outcomes after surgery [10]. Hatoum and colleagues (2011) described a high
concordance after RYGB within pairs of first-degree relatives, compared to
cohabitating or unrelated individuals, suggesting weight loss response to surgery is
also heritable [11]. In this regard, the study of candidate genes on the outcomes of
bariatric surgery suggests that specific variants in genes such as the fat mass and
obesity-associated gene (FTO), insulin induced gene 2 (INSIG2), melanocortin 4
receptor gene (MC4R) and proprotein convertase subtilisin/kexin type 1 gene

(PCSK1), play a role in the poorer weight loss outcomes after surgery [12].

A recent study investigated the association of the FK506 binding protein-5 gene
(FKBP5), which encodes for the protein FKBP51 in the hypothalamic-pituitary-
adrenal (HPA) axis, and the outcome after bariatric surgery in obese patients [13].
FKBP5 is well recognized for its ability to be induced by exposure to psychological
stress, inhibiting the glucocorticoid receptor (GR) activity and ultimately leading to
the reduction of the HPA axis activation [14,15]. Animal models demonstrated that
FKBP51 knockout mouse embryonic fibroblasts showed reduced lipid accumulation
and expression of adipogenic genes compared to wild-type animals [16].
Additionally, higher levels of hypothalamic FKBP5 expression were related to

increased body weight gain [17].

Interestingly, the T allele of a functional polymorphism (rs1360780) in the FKBP5
gene is associated with a greater induction of the FKBP5 gene [18]. Hartmann and
colleagues (2016) found in a sample of 42 obese patients that carriers of the T allele
(i.e.: individuals with TT and CT genotype) had nearly 20% less excess weight loss
and 10% less total weight loss compared with homozygotes of the alternate C allele

over the 26-week follow-up period after surgery [13]. Consequently, these findings
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provide evidence that a functional variant of the FKBP5 gene moderates the clinical
response of severe obesity to bariatric surgery. The aim of our study was to examine
the role of FKBP5 polymorphism (rs1360780) in a cohort of 151 obese patients
submitted to bariatric surgery (RYGB or SG) and followed-up during 24-months. In
addition to the genetic effect, we also aimed to explore the effect of other variables
such as type of surgery, sex and age that could have an impact on the outcome of
surgery on weight loss.

MATERIAL AND METHODS

Participants

The study recruited 151 morbidly obese patients awaiting for bariatric surgery in the
Hospital Universitari Parc Tauli, Sabadell, Spain. All the patients were 18 years or
older, with BMI = 35 kg/m?, and underwent either Roux-en-Y- gastric bypass (RYGB)
or Sleeve gastrectomy (SG) bariatric surgery between 2008 and 2015. All subjects
fulfilled the eligibility criteria for bariatric surgery and the type of technique was

chosen according to European guidelines [19].

This cohort was evaluated pre-, peri and postoperatively by a multidisciplinary team
(endocrinologists, clinical nurses, surgeons, dietitians and psychiatrists) in
consecutive visits over a 2-year timespan according to the local protocol. This period
was divided as follows: to: before surgery; tim: 1 month after surgery; tam: 3 months
after surgery; tsm: 6 months after surgery; tizm: 12 months after surgery and tzam: 24

months after surgery.
Anthropometric assessment

Measurements of weight, height and waist circumference were obtained from

physical examination along the evaluated period.
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To report weight loss we calculated for all the assessments (from to to toam): i) Body
Mass Index (BMI), ii) percentage of excess weight loss (%EWL), and iii) percentage

of total weight loss (% TWL). The 151 patients completed all the assessments.

BMI was calculated in Kg/m? according to the formula : weight (Kg) / height (m?). The
%EWL was calculated as [(weight loss / excess weight) x 100], where excess weight
was taken as the weight in kilograms above the weight corresponding to the BMI for

24.9 kg/m?. The %TWL was calculated as [(weight loss / weight at to) x 100].
Ethics

All subjects were informed about our study and invited to participate in this
prospective cohort. Informed consent was obtained from all participants included in
the study. The Institutional Ethics Committee of Hospital Universitari Parc Tauli

approved the protocol, and all investigations complied with the Helsinki Declaration.
Laboratory analysis:

Blood samples were collected from all patients and genomic DNA from blood was
extracted using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany).
Genotyping of the FKBP5 polymorphism (rs1360780) was performed using TagMan
allelic discrimination assay from Life Technologies (Thermo Fisher Scientific,
California, USA). The assay was run in a 384-well plate on the ABI PRISM 7900HT
Fast Real-Time PCR System (Applied Biosystems, California, USA) using standard
conditions. The final volume of each well was 5 pl, which contained 5 ng of genomic
DNA, 2.5 pl of TagMan Master Mix and 0.125 of 40x genotyping assay. SDS v.2.4
software was used for the data analysis of the genotypes. Testing for validity and
accuracy of genotyping, we retested a 20% random sample. In all cases, genotypes

were reproducible.
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Statistical analysis

Variables are reported as mean + SDs or percentages. The baseline characteristics
of the sample were analyzed using the Pearson Chi-Square test for contingency
tables or the non-parametric Mann-Whitney U test for continuous variables. Hardy-
Weinberg equilibrium (HWE) for genotype frequencies in patients was calculated
using chi-square tests (OEGE; Rodriguez, Gaunt, & Day, 2009). As the present
study consisted in a prospective analysis of the variation of excess weight loss
(%EWL), total weight loss (%TWL) and body mass index (BMI) changes in a follow-
up of 24 months after bariatric surgery, generalized estimating equation models
(GEE) were considered. The factors used in the models were time, FKBP5
genotype, surgical technique, age, sex, T2D and the interactions time x surgery,
FKBP5 genotype x sex, FKBP5 genotype x surgery, FKBP5 genotype x age, and sex
x surgery x FKBP5 genotype. Furthermore, the effect of the age was also studied
considering EGG models with age as dichotomous variable using the value of the
median to determine the two groups of age. The comparison between the four
groups of patients determined by their genotype and the age groups, was performed
using the Kruskal-Wallis test followed by Benjamini & Hochberg post hoc test. All
analyses were performed using RStudio 1.1.463 and p-values less than 0.05 were
considered to be statistically significant.

RESULTS

Baseline characteristics of the sample

The sample consisted of 151 Caucasian individuals, mainly women (78.1%). The
participants were aged between 21-61 years (mean age = 46.33, SD = 10.01). Males
and females differed slightly in terms of age (mean = 43.1, SD = 11.2 and, mean =
47.2, SD = 9.5, respectively, p-value = 0.04). All of them underwent either RYGB (n

6
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= 94, 62.3%) or SG (n = 57, 37.7%), no differences on BMI were found between
surgeries at baseline (Mean = 44.19, SD = 6.01 and Mean = 46.02, SD = 9.05,

respectively, p-value = 0.607).

The FKBP5 genotype frequencies were: 67 CC (44.4 %); 69 CT (45.7%) and 15 TT
(9.9%). No deviations from HWE in the examined SNP was detected (y?> = 0.21, p-
value = 0.65).These frequencies were similar to those found in European populations
in 1000 Genomes (CC = 45%, CT =44%, TT = 10%). Based on previous reports, we
assumed a dominant model and due to the low frequency of T-allele, FKBP5
genotype was converted into a binary variable for the analyses: CC genotype and T
carriers (i.e.: genotypes CT and TT). No differences were observed between
genotypic frequencies (CC or T carriers), sex, surgery, age, weight, BMI, excess

weight and excess of BMI at baseline (Table 1).

In Table 2 we report information about waist circumference, metabolic variables and
co-morbidities in the patients in the pre (t0) and postoperative (t24) period according
to the genotype.

Longitudinal assessment

Main Effects: The study included the three variables of interest: %EWL, %TWL and
BMI assessed longitudinally. The effect of time, age, sex, surgery, T2D and FKBP5
genotype on the variables (%EWL, %TWL and BMI) was explored using a
generalized equation model including the above mentioned variables and the
interactions time x surgery, FKBP5 genotype x sex, FKBP5 genotype x surgery,

FKBP5 genotype x age, and sex x surgery X FKBP5 genotype.

The test of model effects reported an effect of time on the variation of all the

variables with a p-value < 2e-16 for %EWL, % TWL and BMI). The effect of surgery



180

185

190

195

200

and T2D was only significant on BMI (p-value = 0.01 and 0.003, respectively).
Additionally, a strong effect of age was found for the %EWL (p-value = 6.2e-09) and

%TWL (p-value = 4.5e-14) but not for BMI.

Interaction Effects: For %EWL and %TWL we found a statistically significant

interaction between time and surgery (p-value = 0.00089 and 0.00083, respectively).
Thus, patients submitted to a Sleeve Gastrectomy lost 8.58% and 4.01% less %EWL
and %TWL respectively at taam than patients that underwent RYGB (p-value = 0.020
and 0.006, respectively) (Figure 1A and 1B). Furthermore, men with SG lost 4.52%

less TWL than those with RYGB at tizm but not at tam (p-value = 0.034) (Figure 1E).

Regarding the interaction between FKBP5 and sex, it was only significant for BMI (p-
value = 0.0004). These results pointed out that men carrying the T allele had higher
BMI at t2am than those non-carriers (Figure 2F). Additionally, a marginally significant

effect of the interaction FKBP5 and surgery was found on BMI (p-value = 0.048)

The interaction between age and FKBP5 genotype was significant for BMI and
%EWL (p-value = 6.8e-07 and p-value = 0.0007, respectively), and the interaction
between sex, FKBP5 and surgery for the three variables %EWL, %TWL and BMI
was significant (p-values = 9.2e-05, 8.4e-05 and 0.0001, respectively). These results
show significant differences in the outcome after surgery depending on FKBP5
genotype, sex of the individuals and surgery, pointing out worst results in males

carrying the T allele submitted to SG.

Given the strong effect of age reported before, we tried to study the influence of this
factor in more depth. To this aim as the median of age was 48 years, we generated
two groups: i) individuals under 48 years (n = 74) and ii) individuals with age equal or

higher than 48 years (n = 77). Using the generalized estimating equation model, we
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explored the effect of age using this new binary variable (i.e.: AgeD) on the %EWL,
%TWL and BMI. The model included: time, surgery, FKBP5 genotype, sex, AgeD
and the interaction FKBP5 x AgeD. According with the results previously reported,
the analysis showed a strong effect of AgeD on the variables %EWL and %TWL for
the total sample (p-value = 3.54e-08 and 3.61e-11 respectively). Similar results were
found in men (p-value = 7.97e-05 for %EWL, and p-value = 4.24e-05 for %TWL) and

women (p-value = 0.0002 for %EWL, and p-value = 4.03e-08 for %TWL).

Furthermore, we found a significant interaction FKBP5 x AgeD on the %EWL and
BMI for the total sample (p-value = 0.0005 and p-value = 1.48e-07, respectively) and
by sex, in men (p-value = 0.0002 and p-value = 8.39e-07, respectively) and women

(p-value = 0.018 and p-value = 0.0004, respectively).

In order to better understand the interaction between FKBP5 genotype and AgeD
after two years of the surgery (t2am), we divided patients in four groups according to
their genotype and age group: Group 1 with individuals with age under 48 and CC
genotype (n = 30), Group 2 with individuals with age under 48 and CT or TT
genotype (i.e.: T carriers, n = 44), Group 3 with individuals older than 48 years and
CC genotype (n = 37) and Group 4 with individuals older than 48 years and T
carriers (n = 40). In Table 3 we report mean and SD for the analyzed variables
(YEWL, %TWL and BMI) for each group at 24 months (t2am). For the three outcomes
patients of Group 4 (= 48 and T carriers) displayed the worse scores. These

differences were statistically significant for the three variables analyzed (Table 3).

Post-hoc analysis showed for %EWL significant differences between groups 1 and 3
(p-value = 0.010) and groups 1 and 4 (p-value = 0.021). For the %TWL the

differences were found between groups 1 and 3, groups 1 and 4, and groups 2 and 4
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(p-value = 0.039, 0.016 and 0.016, respectively). Finally, for BMI differences were

found between groups 1 and 3 (p-value = 0.027) (Figure 3).

DISCUSSION

Our study aimed to explore the role of different factors including type of surgery, age,
sex, and FKBP5 genotype on weight loss outcomes following bariatric surgery over

24 months in a sample of 151 patients with severe obesity.

The main finding was that males over 48 years old, who were T-allele carriers of
FKBP5 polymorphism (rs1360780) and had undergone sleeve gastrectomy (SG),

displayed the worst weight loss outcome at 24 months after surgery.

As expected, our results seem to indicate an effect of the type of surgery on weight
loss during the post-operative period. In this regard, individuals submitted to Roux-
en-Y Gastric Bypass (RYGB) seem to have better outcomes at t2a compared with
those individuals submitted to SG. These two bariatric procedures are the most
commonly used in severe obese patients and are effective at promoting weight loss.
Several studies have compared whether the results of these two techniques are
equivalent. A recent meta-analysis pointed out that both procedures result in similar
% of excess weight loss (%EWL) and body mass index (BMI) reduction levels at 6
and 12 months. However, % EWL and BMI reduction were significantly greater in the
RYGB group 24 months after surgery [21]. These findings seem to support the trend

observed in our cohort.

We studied the effect of age both as a continuous and dichotomous variable. In both
cases we found a strong effect of age on the analyzed variables, whereby individuals
older than 48 years showed less weight loss after surgery. The implications of age

on weight loss after surgery are still controversial, with some studies showing no

10
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significant difference [22,23] and others demonstrating less excess weight loss
among patients older than 60 years in comparison with younger subjects [24,25]. A
later publication where the authors applied a lower age limit, as we did in our study,
reported differences in the percentage of excess BMI loss 12 months after surgery,
whereby younger patients responded better [4]. One plausible explanation for this
effect could be the impaired metabolic capacity and decrease in energy
requirements in the elderly compared to young individuals as well as hormonal
factors, especially in women. Only one previous study has reported a sex-specific
effect of age on weight loss after bariatric surgery. In this study, Ochner and
colleagues found that weight loss in the post-operative period was significantly
reduced in women aged 55-65 years compared to women aged 20-45, but not in
men [26]. In addition to metabolic rate and physical activity, the authors suggested
that the menopausal status of these women could explain these findings. However,
surprisingly, the effect of menopausal age on weight loss appeared to depend on
surgery type since significant effects were detected in women undergoing gastric
banding, but not RYGB. Unfortunately, we did not report menopausal status in our

cohort.

Thus, pooling all these studies together, available data so far suggest that different
types of bariatric surgery may have different effects on weight loss depending on sex

and age, shedding some light on the etiological complexity of obesity.

Our data on the variability of the FKBP5 gene and its association with weight loss
after bariatric surgery did not show a direct association between genotype and the
analyzed outcomes. Only one previous study by Hartman and colleagues (2006)
have explored this hypothesis. They reported that T allele carriers at rs1360780 had

nearly 20% less EWL and 10% less TWL compared to the CC individuals after a 26-

11
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week follow-up in a cohort of forty-two obese patients [13]. The study by Hartman
and colleagues is similar to ours regarding the analyzed polymorphism, age range
and mean, design, follow-up of weight loss and analyzed variables (i.e. BMI, %EWL
and %TWL). However, our study has several strengths. It includes a considerably
bigger sample (n=151 patients, loss of follow-up was 0%), with a higher proportion of
males. On the other hand, in Hartman’s study all patients were submitted to RYGB
whereas in our study 37.7% underwent SG, allowing us to compare the effectiveness
of both surgical methods. With an expanded sample size and considering age and
type of surgery followed by the patients, we pointed out how these variables were
not independent to explain the complexity of weight loss after bariatric surgery. In
this regard, males carrying the T allele of FKBP5 rs1360780 and submitted to SG,
displayed worse scores for %EWL, % TWL and BMI. Also, bariatric surgery was less
effective on older individuals (= 48 years). To the best of our knowledge, this is the
first study exploring this polymorphism and its interaction with determinant factors

associated with weight loss.

FKBP5 is well known for its important role as a molecular co-chaperone that inhibits
glucocorticoid receptors activity, and consequently suppresses stress response
[14,15]. Glucocorticoids have also systemic metabolic effects beyond the central
nervous system, in organs such as skeletal muscle and adipose tissue [27]. FKBP5
is expressed in peripheral and central tissues with its highest expression in adipose
and skeletal muscle [28]. Specifically, the functional variant of the gene analyzed in
the present study (rs1360780) has been associated with a higher levels of the
FKBP5 protein and a prolonged cortisol response to stress measured by reduced
cortisol suppression after different tests [29-31]. Unfortunately, we could not

measure cortisol levels in our cohort, which is a limitation of the present study.

12
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Given the polygenic nature of obesity, cumulative minor effects of different genes
expressed in metabolic active tissues, either regulating FKBP5 or other related
pathways, could be implicated in the observed weight loss [32]. In our study, we
have only analyzed a genetic variant in the FKBP5 gene. However, weight loss after
surgery can be attributed not only to the variability of this gene but also to other
factors that could contribute to the outcome.. One interesting strategy in future
genetic studies should be to estimate polygenic risk scores based on biologically
meaningful gene sets, which can represent functional pathways associated to weight

loss, including FKBP5 gene.

Additionally, other biological factors such as age, sex and hormones play an
important role in both phenotype and response after the surgery procedure. On the
other hand, environmental factors such as perceived stress, which tends to increase
in obese patients, should be considered a key variable in the phenotype of obesity

and the study of the weight loss after bariatric surgery [33].

The findings of this study have to be taken in light of some limitations. We did not
measure cortisol levels that would be interesting to correlate with genotypes. As we
only evaluate a single polymorphism we can not discard the effect of other genetic
markers given the polygenic nature of obesity. Finally, the present study performed
an exhaustive clinical assessment to discard cases of monogenic obesity. However,
a genetic screening for the mutations in genes of the Leptin/Melanocortin pathway

associated with these early and severe forms of obesity was not performed.

Future longitudinal studies with larger sample sizes, as well as a longer follow-up
period, might shed some light on the role of FKBP5 variability and its interaction with

variables such as surgery, sex and stress. It might be worth using two well-
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differentiated samples in terms of age (i.e.: young and old sample) like in previous
studies [26]. The identification of potential predictors of success after bariatric

surgery will be relevant in the near future for improving patients’ quality of life.

Conclusions

In summary, in our longitudinal study comparing two different bariatric surgery
procedures (RYGB and SG) and considering the effect of FKBP5 variability, age and
sex on the surgical outcome, we report better results for RYGB in men with the CC
genotype. Our results show how age, sex and genotype have a different impact on
weight loss depending on the surgical techniqgue used. These findings provide a
basis for further studies, which could include as procedure selection criteria not only
BMI but also sex, age or different specific genetic variants that could have a

significant impact on the surgery outcome.
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Figure 1. Evolution of the three analyzed variables (YoEWL, %TWL and BMI) over

time and according to surgery (RYGB vs SG) in the total sample and by sex.

Figure 2. Evolution of the three analyzed variables (Y%EWL, %TWL and BMI) over

time and according to genotype (CC or T carriers) in the total sample and by sex.

Figure 3. Evolution of the three analyzed variables (YoEWL, %TWL and BMI) over
time and according to age group (< 48 and = 48) and genotype (CC and T carriers).
The groups correspond to Group 1: <48 + CC; Group 2: < 48 + T carriers; Group 3:

=48 + CC and Group 4: 248 + T carriers.
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Table 2. Anthropometric and metabolic variables and comorbidities of the sample according to

Pre-operative (t0)

Post-operative (t24)

Comorbidities, n (%)

Variables CC(n=67) CT/TT (n = 84) CC(n=67) CT/TT (n = 84)
WC (cm) 132.5(14.53)  132.71(13.48)  102.59(13.14)  102.31(10.98)
FPG (mg/dL) 104.66 (31.82)  113.30(39.15)  88.44(27.19)  88.76 (25.23)
Insulin (LU1/mL) 21.41 (18.46) 22.87 (16.03) 6.63 (3.46) 7.45 (3.13)
HbA1c (%) 6.16 (1.05) 6.29 (1.27) 7.11 (12.76) 5.53 (0.76)

HTA
No- HTA 26 (39.4%)
Yes- HTA 40 (60.4%)
DLP
No-DLP 39 (59.1%)
Yes-DLP 27 (40.9%)
T2D
No-T2D 49 (73.1%)
Yes-T2D 18 (26.9%)

28 (33.7%)
55 (66.3%)

41 (49.4%)
42 (50.6%)

52 (61.9%)
32 (38.1%)

45 (71.4%)
18 (28.6%)

53 (84.1%)
10 (15.9%)

63 (94%)
4 (6%)

58 (71.6%)
23 (28.4%)

68 (84%)
13 (16%)

77 (91.7%)
7 (8.3%)

FKBP5 genotype in the Pre (t0) and post-operative (t24) period.

WC: Waist Circumference; FPG : Fasting Plasma Glucose; Insulin; HbAlc: Hemoglobin Alc; HTA:

490 Hypertension; DLP: dyslipoproteinemia; T2D: type 2 diabetes.
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