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ABSTRACT
Objective: To determine whether preoperative
psychological depression and/or serotonin transporter
gene polymorphism are associated with poor
outcomes after the common procedure of laparoscopic
cholecystectomy.
Design: Patients undergoing laparoscopic
cholecystectomy were genotyped for the serotonin
transporter gene 5-HTTLPR polymorphism and
assessed for psychological morbidity before and
6 weeks after surgery. The main outcome was
postoperative depression; secondary outcomes
included fatigue, perceived pain, quality of life and
subjective perception about return to usual.
Results: Full genetic and psychological data were
obtained from 273 out of 330 patients consented to
the study (82% female). Significantly fewer people with
preoperative depression (Beck Depression Inventory
(BDI) score >5) had returned to employment (57% vs
86%, p<0.001) or made a full recovery (11% vs 44%,
p<0.001) 6 weeks after surgery. Independent predictors
for subjective return to usual after surgery included
preoperative depression, body mass index and
postoperative pain scores. Independent predictors of
postoperative depression included preoperative
antidepressant use and preoperative depression. SS
genotype was associated with use of antidepressants
preoperatively and higher anxiety levels after surgery.
However, it was not associated with other salient
postoperative psychosocial outcomes.
Conclusions: Depressive psychological morbidity
preoperatively, pain and body mass index appear to be
important factors in predicting recovery after this
common surgical procedure. There may be a place to
include preoperative brief psychological screening to
enable targeted support. Our results suggest that the
serotonin transporter gene is unlikely to be a useful
clinical predictor of outcome in this group.
Trial registration number: ISRCTN40219584.

INTRODUCTION
Predictors of psychosocial outcome after
major surgery include patients’ psychological
morbidity, past adaptation to stressors, history

of compliance with treatment, substance abuse,
obesity, level of social support and pain con-
trol.1–3 Biological markers have been investi-
gated in relation to some outcomes after major
surgery4 but not, to date, for good or poor psy-
chological recovery. One candidate potentially
worthy of further research is the serotonin
transporter gene. This has been reported to
be associated with psychological outcomes
after significant life events.5–7 The promoter
region contains the 5-HTTLPR polymorphism,
which exists as long (L) and short (S) alleles.
The S allele has been reported to be associa-
ted with reduced serotonin transporter expres-
sion,8 and has been suggested to represent a
risk allele for anxiety9 and depression,10 parti-
cularly in the presence of stressful life events.5

The strength of these claims is under debate11

and as yet unresolved.12 13

Early work suggested that 5-HTTLPR geno-
type is associated with some clinical out-
comes such as survival after major colorectal
surgery.14 However, outcomes after less
morbid operations, such as laparoscopic
cholecystectomy, have not been studied in
this context. Laparoscopic cholecystectomy is
of particular interest as it is a common pro-
cedure from which patients’ propensity to
fully recover varies substantially between indi-
viduals, even with uncomplicated surgery.

Strengths and limitations of this study

▪ First to explore depression status and serotonin
transporter gene polymorphism status together
in a population of patients undergoing laparo-
scopic cholecystectomy.

▪ Prospective study.
▪ Reinforces research from other surgical samples

suggesting that preoperative psychological mor-
bidity influences postoperative outcomes.

▪ Relatively small sample size (330).
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Moreover, this procedure does not carry the psycho-
logical overlay of cancer or chronic disease which could
potentially confound. Consequently, this study seeks to
determine whether this biological marker is associated
with poorer mood, as well as other important psycho-
social outcomes (postoperative fatigue, quality of life
and pain perception) after this surgical procedure.
In this study, we investigated the association between

5-HTTLPR genotype and recovery from laparoscopic
cholecystectomy. An association with psychological
outcome might lead to further studies of prophylactic
prevention of depression in those at high risk, therefore
potentially improving postoperative outcomes and costs
in a proportion of patients (around 20% of people with
European ancestry are homozygous for the S allele).15

This study therefore sought to establish whether there is
sufficient evidence to justify a clinical trial.

METHODS
Full ethics committee and governance approval was
obtained. We followed the STROBE recommendations
for observational studies. We recruited participants by
obtaining fully informed consent from consecutive
patients undergoing laparoscopic cholecystectomy at a
District Teaching Hospital. Patients under 18 or over
65 years of age were excluded as studies show that the
5-HTTLPR polymorphism is less likely to have an impact
in these age ranges.7 Patients were also excluded if they
had significant cognitive or psychological impairment,
or were unable to read or understand written English.
Participation in the study was discontinued if patients
underwent conversion to an open operation.
Demographic and salient medical information was sys-
tematically and prospectively collected.
To assess the ‘participants’ 5-HTTLPR genotype, a

sample of the participants DNA (genetic material) was
collected using buccal swab (with four replicates).
Samples were refrigerated and analysed at the Biology
Department of the University of York. Two of the four
buccal mucosal swab replicates were processed for PCR
analysis using well-established procedures for this mater-
ial. Oligonucleotide primers designed to specifically
prime PCR amplification for the region of the seroto-
nin transporter gene promoter, which includes the
5-HTTLPR polymorphism,5 was synthesised and tested
for unique amplification of the correct human sequences
by determination of the correct size PCR product and by
DNA sequencing. Control samples from non-study indivi-
duals were characterised for the polymorphism and used
as standards for the analysis of the polymorphism in the
experimental group. Analysis of the polymorphism in the
PCR products was conducted using a multichannel DNA
sequencing machine, which automatically recorded the
sizes of the DNA onto a computer for transfer into the
database of the experimental group. High-level quality
assurance procedures ensured correct matching of DNA
results with the individuals in the database. Where the

two replicates did not yield any result or were indetermin-
ate, the further two replicates were analysed.
Psychosocial assessments were made at preoperative

assessment and during clinic attendance 6 weeks after
surgery using the following instruments.
The primary outcome was the Beck Depression

Inventory (BDI) short form16 routinely used in research.
This is a well-established measure of depression. A score
above 5 on the BDI was used as this is the established
cut-off point indicating mild depression.
Validated secondary outcomes included:

The Hospital Anxiety and Depression (HAD) Scale,17

a scale used to monitor depression and anxiety levels
in general hospital patients that is routinely used in
clinical practice. A cut-off of 8–10 indicates borderline
and 11–21 abnormal anxiety or depression.
The Chalder Fatigue Scale18 is an ordinal dimensional
scale to measure fatigue severity. A score of 4 or above
suggesting significant fatigue levels
The 36-item Short Form Health Survey (SF-36)19 is a
commonly used generic profile instrument to
measure health-related quality of life, which produces
eight different subscales including pain and fatigue.
The Eysenck Personality Questionnaire (EPQ-R) short
form (neuroticism subscale),15 20 a well-validated per-
sonality scale.

Unvalidated secondary outcomes included:
A visual analogue scale (0–100) to assess pain, which
was given at day 1 and 6 weeks postsurgery.
A questionnaire to assess common postoperative mile-
stones (eg, time to driving and time to work) was
given at 6 weeks. This also asked patients to rate their
return to usual health on a 0–100% scale.

Statistical methods
Power calculations suggested that 240 patients were
needed, given a distribution of the LL allele in a ratio of
3:7 (43%),5 to detect an effect size of d=0.5 on the BDI
using linear transformed scales, with 80% power and
type I error of 1% (corrected for assessment of multiple
scores). We approached 330 patients for entry into the
study to allow for those declining to consent and for sub-
sequent attrition.
Descriptive analysis for each genotype was mean (SD)

for continuous data, n (%) for categorical data and
median (IQR) for ordinal data. Analysis of variance was
used to compare genotype for continuous variables, χ2

for categorical variables and Kruskall-Wallis for visual
analogue or ordinal data. Logistic regression was used to
compare BDI and Chalder fatigue scores between geno-
type postoperatively, adjusting for preoperative scores,
and analysis of covariance (ANCOVA) was used to
compare SF-36, Pain and EPQ between genotype post-
operatively, adjusting for preoperative scores of other
variables. Linear regression analysis was used to explore
variables associated with patients self-rating (0–100) of
their return to usual at 6 weeks postsurgery, and logistic
regression for return to work.
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All analyses were undertaken on SPSS (V.20). A p value
of <0.05 was used to indicate statistical significance. No
adjustments were made for multiple testing in line with
recommendations by Perneger (1998),21 who stated that
simply describing what tests of significance have been
performed, and why, is generally the best way of dealing
with multiple comparisons.

RESULTS
Preoperative status
Three hundred and thirty preoperative patients were
consented to take part in the study. Ultimately, 46
patients were excluded because of conversion to open
surgery, prolonged hospital stay for complications,
failure to obtain a buccal swab or failure to complete
the baseline questionnaire. A further 11 were also
excluded due to an unresolved genotype, either because
no material could be detected on the swab or because
technical resolution of genotype was not possible, with
requests for further swabs being unsuccessful. The post-
operative BDI was properly completed by 227 patients
(83%; figure 1 summarises these data).
Six of the 330 patients required conversion to open

cholecystectomy (1.8%) and delayed discharge occurred
in 5 (1.5%). Subsequent readmission was necessary in
16 (4.9%), of whom 11 had abnormal liver function
tests associated with pain. Three of these patients had a
common bile duct stone removed. One further patient
required laparotomy for biliary peritonitis due to a leak
from the cystic duct. There were no bile duct injuries.

Descriptive summary by genotype
Of the 275 patients, 86 (31%) were homozygous for
the L allele (LL), 53 (19%) for the S allele (SS) and

136 (50%) were heterozygous (SL). There was no evi-
dence of differences between 5-HTTLPR genotypes with
respect to gender (p=0.522), age (P=0.490), body mass
index (BMI; p=0.498), previous operations (p=0.608),
number of previous significant life events (p=0.172),
employment status (0.344) or socioeconomic status
(SES; p=0.141). However, significantly more patients
with the SS genotype had a history of antidepressant use
(47%) compared with the LL (24%) or the SL (28%)
genotypes (p=0.032). This was nearly twice as many for
SS compared with LL. None of the preoperative patient-
reported outcome measures was associated with
5-HTTLPR genotype (figures 2 and 3).

Postoperative outcome measures
Primary outcome: BDI
Using the cut-off of 5 or more on the BDI scale, 75/273
(28%)were assessed as depressed preoperatively (figure 2)
and 60/227 (26%) were depressed postoperatively
(figure 4.) There were no differences between the geno-
types for those with an abnormal postoperative BDI
score (p=0.935).
Using logistic regression, postoperative depression was

not significantly associated with genotype, when adjusting
for a range of factors including preoperative depres-
sion, age, gender, previous antidepressant drug use, BMI,
number of life events, number of previous operations,
SES and employment status (p=0.737). However, previous
antidepressant use (p<0.001) and preoperative depres-
sion (p<0.001) were predictors of postoperative depres-
sion in this model.
Both preoperative and postoperative BDI data were

available for 226 patients. Of these, 38 (17%) were
depressed preoperatively and postoperatively, 24 (11%)
were depressed preoperatively but not after surgery,

Figure 1 Flow of patients

through the study. ERCP,

Endoscopic retrograde Cholangio

pancreatography.
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22 (10%) were only depressed postoperatively and 142
(63%) were not depressed at either time. None of the
above four groups were significantly associated with
genotype status (p=0.637).

Secondary validated outcome measures
Postoperative secondary outcomes with genotype status
are given in figures 4 and 5. Postoperative HAD anxiety
scores were significantly worse in the SS group (38%)
compared with the other groups (22% SL; 20% LL).
However, none of the other postoperative scales and
quality of life scores differed significantly between the
three groups on univariate analysis. ANCOVA or logistic
regression was used to examine the postoperative out-
comes adjusting for the preoperative scores. 5-HTTLPR
status was not a significant predictor in any of these
analyses.

Patient-reported outcomes
The unvalidated patient-reported outcome measures are
shown in figure 6. There was no significant difference in

postoperative visual analogue scale pain scores between
genotype.
At 6 weeks postsurgery, 115 of the 148 (77.7%) who

were in employment had returned to work. There was no
significant difference between genotype (p=0.091) and a
non-linear pattern across genotypes with the proportions
who had returned to work; LL (69%), SL (86%) and SS
(74%). When adjusting for other factors using logistic
regression, there was still no significant difference in
return to employment with genotype (p=0.099).
Using the self-report scale of return to usual health,

only 40% of all patients reported a full recovery (score
of 100) by 6 weeks postsurgery. However, the overall
mean self-report recovery score was 89% of usual health.
There was no significant difference in the mean recovery
scores of the three genotypes (LL=87.7, SL=90.4,
SS=88.9, p=0.134) or in the proportion of patients fully
recovered (LL=34%, SL=44%, SS=38%, p=0.433). When
adjusting for other factors using ANCOVA, there was
still no significant difference in the recovery score with
genotype (p=0.854). However, preoperative depression

Figure 2 Percentage of

preoperative abnormal

questionnaire scores by serotonin

transporter gene polymorphism.

BDI, Beck Depression Inventory;

EPQ-R, Eysenck Personality

Questionnaire; HADS, Hospital

Anxiety and Depression Scale.

Figure 3 Preoperative SF-36

subscale scores by serotonin

transporter gene polymorphism.

SF-36, 36-item Short Form Health

Survey.
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(p=0.001), BMI (p=0.026) andpostoperativepain (<0.001)
were significant predictors of recovery in this model.
Significantly fewer people with preoperative depres-

sion (BDI score >5) had returned to employment (57%
vs 86%, p<0.001) or made a full recovery (11% vs 44%,
p<0.001) 6 weeks after surgery.

Surgical outcomes
Most patients were not routinely given postoperative
clinic appointments, but 123 (44.7%) patients sought at
least one unscheduled medical opinion related to the
surgery. This was frequently from their general practi-
tioner (GP) with 114 (41.5%) making at least one visit
and 43 (15.6%) making two or more visits for reasons
which typically included pain, wound problems, suture
removal and sick notes. The SL group was less likely to
see their GP (42%) compared with the SS (59%) and
LL (61%) groups (p=0.019). The emergency depart-
ment was attended by 18 (6.5%) patients and the ward
was attended by 16 (5.8%). There was no difference

between genotype groups for accident and emergency
or ward visits.

DISCUSSION
To the best of our knowledge, this is the first paper
exploring psychosocial recovery after laparoscopic chole-
cystectomy. Surgeons recognise that some patients do
not recover well after surgery either psychologically or in
terms of prompt return to work and usual activities,
despite the fact that the procedure has apparently gone
well without significant complications. Most patients are
not routinely followed up after such surgery, and there is
a general expectation that most patients will be back to
normal by 6 weeks. However, as this study has demon-
strated, the proportion of patients recovering fully
within 6 weeks may be notably lower than might be
expected, with more than one-fifth of patients in
employment failing to return to work and less than half
of patients reporting that they feel fully recovered.

Figure 4 Percentage of

postoperative abnormal

questionnaire scores by serotonin

transporter gene polymorphism.

BDI, Beck Depression Inventory;

EPQ-R, Eysenck Personality

Questionnaire; HADS, Hospital

Anxiety and Depression Scale.

Figure 5 Postoperative SF-36

subscale scores by serotonin

transporter gene polymorphism.

SF-36, 36-item Short Form Health

Survey.
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Moreover, poorer recovery is associated with preopera-
tive psychological morbidity, in keeping with the findings
of other studies.1–3 22 This highlights a clear need to
develop a better understanding of the role of psycho-
social factors in patient recovery.
We found no clear evidence that 5-HTTLPR genotype

is associated with risk of low mood or poor recovery after
laparoscopic cholecystectomy. This may be because this
operation is now relatively safe and not perceived as a
negative life event. Indeed, the fact that it relieves symp-
toms will be perceived positively in conjunction with low
levels of complications. Alternatively, it could be that psy-
chological support throughout the perioperative period
mitigates against postoperative problems (ie, that local
surgical teams are already very good at it). It is also pos-
sible that the role of 5-HTTLPR in relation to psycho-
logical outcomes is minimal11 or that the low numbers of
people with SS reduced power. In the candidate gene x
environment interaction literature, significant results are
reported in 96% of initial studies, but only 27% of replica-
tion studies.23 We observed a mixture of negative findings
and some interesting positive ones, but given the number
of statistical tests conducted, we cannot be confident that
any represent true associations. It has been suggested that
the S allele of the 5-HTTLPR polymorphism is associated
with anxiety-related traits.24 While we found that pre-
operative antidepressant use, preoperative neuroticism
scores and postoperative anxiety scores were significantly
elevated in the SS group, we found that neither preopera-
tive anxiety nor preoperative or postoperative depression
scores were related to genotype. Given the relatively small
sample size and the number of statistical tests conducted,
these results should be treated with caution.
Preoperative assessment rarely includes psychological

evaluation. With the advent of very simple and effective

screening instruments that include either the short form
BDI (used here) or the two-item Patient Health
Questionnaire (PHQ) 225 or the nine-item PHQ926

depression screening questionnaire, this is now readily
possible. The finding that someone is suffering from low
mood or depression may be useful information in
exploring how symptoms are perceived22 and how this
impacts on postoperative outcomes including coping.27

It may also help in working out what support is neces-
sary for people undergoing operative procedures, both
preoperative and particularly postoperative support.
Many patients who have laparoscopic cholecystectomy
do not receive routine outpatient follow-up, but a minor-
ity of vulnerable patients may benefit significantly from
the reassurance that this provides, with some needing
referral on for psychological therapy. Sound preopera-
tive psychological assessment and selection of patients
for appropriate and differentiated postoperative care
may be an area worthy of research for improving out-
comes postoperatively, psychologically and in terms of
quality of life outcomes. Cost-effectiveness research in
this area could be productive.
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