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Background: The serotonin (5-HT) transporter-linked polymorphic region (5-HTTLPR) mod-

erates the relationship between stressful life events and depression. Given the high prevalence 

of depression in chronic pain, the primary aim of this preliminary study was to investigate the 

associations between the 5-HTTLPR and the severity of depressive symptoms in a cohort of 

adults with chronic pain.

Methods: Adults with chronic pain who were consecutively admitted to an outpatient pain 

rehabilitation program and met inclusion criteria were recruited for study participation (n=277). 

Individuals were genotyped for the 5-HTTLPR (including rs25531) and categorized as high, 

intermediate, or low expressors of the 5-HT transporter. The severity of depressive symptoms 

at admission was measured by using the Center for Epidemiologic Depression scale (CES-D).

Results: The distribution of the high-, intermediate-, and low-expressing genotypes was 

61 (22%), 149 (54%), and 67 (24%), respectively. The Hardy–Weinberg P-value was 0.204, 

which indicated no departure from equilibrium. A main effect of 5-HTTLPR was observed for 

depressive symptoms (P=0.040) where Center for Epidemiologic Depression scale (CES-D) 

scores were significantly greater in the low-expressing group compared to the high- (P=0.019) 

and intermediate (P=0.029)-expressing groups. In multivariate multinomial logistic regression 

analysis adjusted for age, sex, pain severity, pain catastrophizing, and pain anxiety, greater 

CES-D scores were significantly associated with the 5-HTTLPR low-expressing group compared 

to the high-expressing group (P=0.023), but not for the low-expressing group compared to the 

intermediate-expressing group (P=0.056). 

Conclusion: These preliminary findings suggest that the triallelic 5-HTTLPR could influence 

the severity of depressive symptoms in adults with chronic pain. Individuals with chronic pain 

may be particularly vulnerable to the moderating effects of 5-HTTLPR due to high levels of 

pain-related stress that are inherently present in this population. 

Keywords: serotonin transporter gene, chronic pain, depression

Introduction
The effects of serotonin (5-HT) on depression are influenced, in part, by polymorphisms 

in the gene (SLC6A4) coding for the 5-HT transporter (5-HTT) which facilitates the 

reuptake of 5-HT from the synaptic cleft.1 This gene has a 43-base-pair (bp)  insertion–

deletion in the regulatory promoter region referred to as the 5-HT transporter-linked 

polymorphic region (5-HTTLPR).2,3 The short (S) allele has been associated with 

reduced 5-HTT expression and 5-HT reuptake compared to the long (L) allele. The 

genetic expression of 5-HTT is further influenced by a single-nucleotide  polymorphism 
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(SNP) in the promoter region (A to G substitution; rs25531).4,5 

The minor G allele, which is predominately in phase with the 

L allele, reduces the 5-HTT transcription to S allele levels. 

When studied together, the 5-HTTLPR and SNP are referred 

to as the triallelic 5-HTTLPR polymorphism. Based on the 

level of 5-HTT expression, three distinct levels have been 

described including a high- (L
A
/L

A
), intermediate- (S

A
/L

A
, 

L
A
/L

G
), and low (S

A
/ S

A
, L

G
/ S

A
)-expressing group.6,7 Initial 

observations of an interaction between the 5-HTTLPR S 

allele, life stress, and depression were highly scrutinized,8–10 

but subsequent work suggests that the S allele moderates the 

relationship between stressful life events and depression.11,12

The estimated prevalence of depression exceeds 

50%–60% among adults with chronic pain.13 The frequent 

 co-occurrence of chronic pain and depressive symptoms 

reflects, in part, the shared neural circuits that exist between 

these two health problems. Functional imaging studies sup-

port this assertion where alterations in brain regions respon-

sible for processing affective stimuli have been observed 

in adults with various chronic pain conditions including 

fibromyalgia, abdominal pain, and low back pain.14–17 

The interaction between 5-HTTLPR, life stress, and 

depression combined with the high prevalence of depres-

sion in chronic pain suggests that the triallelic 5-HTTLPR 

polymorphism could influence the severity of depressive 

symptoms in adults with chronic pain. Although the influence 

of 5-HTTLPR has been investigated in numerous populations 

with psychiatric and neurological disorders,11,12 the effects of 

5-HTTLPR have not been previously reported for a cohort 

comprised exclusively of adults with chronic pain. Thus, the 

primary aim of this preliminary study was to investigate the 

associations between the triallelic 5-HTLLPR polymorphism 

and the severity of depressive symptoms in a cohort of adults 

with chronic pain. This represents a secondary analysis of 

previously published data.18

Methods
Participants
The study protocol was approved by the Mayo Foundation 

Institutional Review Board, and written informed consent 

was provided by all patients prior to study participation. As 

previously reported,18 all adults consecutively admitted to 

the Mayo Comprehensive Pain Rehabilitation Center from 

March 2009 to March 2010 were eligible for study recruit-

ment. During this time period, 524 patients were admitted and 

300 met inclusion criteria and were successfully recruited. 

Inclusion criteria included: 1) admission to the outpatient pain 

treatment program; 2) chronic non-cancer pain >3 months 

duration; and 3) age >18 years. Exclusion criteria included the 

presence of a major medical (eg, severe cardiac or pulmonary 

disease), surgical (eg, spine, intrapelvic, or intraabdominal 

surgery within 6 months prior to admission), or psychiatric 

disorder (eg, schizophrenia, dementia) that precluded full 

participation in the outpatient treatment program. The geno-

type of one patient could not be determined, and baseline 

assessments were not obtained for 22 patients. Thus, the 

study cohort comprised 277 patients.

Study setting
The clinical setting has been previously described.19 Briefly, a 

cognitive behavioral model served as the basis for treatment, 

and the primary goal of the outpatient program was restora-

tion of physical and emotional functioning. The outpatient 

pain rehabilitation program was of 3 weeks duration, and 

patients attended 8 hours daily. Patients were involved in daily 

physical and occupational therapy, and all patients attended 

daily educational group sessions related to management of 

depressive symptoms, relaxation training, stress manage-

ment, activity moderation, and elimination of pain behaviors. 

Demographic and clinical characteristics
Baseline demographic and clinical characteristics were col-

lected at admission including age, sex, ethnicity, pain dura-

tion, and primary pain site.

Measures
The self-report questionnaires were completed on the day of 

admission to the pain rehabilitation program.

Depressive symptoms
The Center for Epidemiologic Studies Depression (CES-D) 

scale was used to measure the severity of depressive symp-

toms.20 The 20-item self-administered questionnaire has 

established reliability and validity.21,22 Total scores range 

from 0 to 60, where higher scores indicate greater levels of 

depressive symptoms. 

Pain severity
Pain severity was assessed by using the pain severity subscale 

of the Multidimensional Pain Inventory (MPI).23 Three ques-

tions comprise the pain severity subscale: 1) “Rate the level 

of your pain at the present moment”; 2) “On the average, 

how severe has your pain been during the last week”; and 

3) “How much suffering do you experience because of your 

pain.” Raw scores were converted to standardized t-scores 

with a normative value of 50 (range, 0–100) and an SD 
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of 10.24 This self-report questionnaire has proven reliability 

and construct validity.25

Pain catastrophizing
The Pain Catastrophizing Scale (PCS) assesses the negative 

cognitions and emotions associated with actual or anticipated 

pain experiences.26 This is a 13-item self-report question-

naire, with scores ranging from 0 to 52, with higher scores 

indicating negative expectancies regarding the ability to 

cope with pain.

Pain anxiety
Pain anxiety was measured by using the short version of the 

Pain Anxiety Symptoms Scale (PASS-20).27  This is a 20-item 

self-report questionnaire, with a score range from 0 to 100, 

with higher scores indicating greater levels of pain anxiety. 

Genotyping
As previously reported,18 DNA was extracted from whole 

blood at the Biospecimens Accessioning Processing Labora-

tory at Mayo Clinic Rochester by using an automated platform 

(AutoGen FlexStar Qiagen Chemistries, Holliston, MA, USA), 

quantification was by UV absorbance, and quality was assessed 

by 260/280 optical density ratio. The simultaneous determina-

tion of the long and short form of the 5-HTT promoter region 

and rs25531 was performed by polymerase chain reaction 

amplification of the promoter region of 5-HTT followed by Hpa 

II digestion of the resulting amplicon as described by Wendland 

et al.5,28 Samples were denatured for 1 cycle of 2 minutes at 

94°C, annealed for 30 cycles at 94°C for 30 seconds, 58°C for 

30 seconds, 72°C for 1 minute, and elongated for 10 minutes at 

72°C. Digested fragment sizes of 512 and 469 bp correspond 

to L
A
 and S

A
 (long or short allele with “A” present at rs25531), 

respectively. The presence of G at rs25531 is indicative of a 

digested fragment of 402 bp and an additional fragment of 69 

or 100 bp for the short and long allele, respectively. 

Statistical analyses
Demographic, clinical characteristics, and measures of 

depressive symptoms, pain catastrophizing, and pain anxiety 

were summarized for the three 5-HTTLPR groups. Mean and 

standard deviation were reported for continuous variables, 

and count and proportion were reported for categorical 

variables. Nonparametric tests (Kruskal–Wallis test) were 

used to assess the main effects of the 5-HTTLPR groups on 

depressive symptoms, pain severity, pain catastrophizing, 

and pain anxiety. Group comparisons were performed sepa-

rately by using the Mann–Whitney U test when a significant 

main effect was identified. Univariable and multivariable 

multinomial logistic regression analyses were performed 

with the 5-HTTLPR low-expressing group as the com-

parator (dependent) variable. Independent variables in the 

multinomial logistic regression model included age, sex, 

depressive symptoms, pain severity, pain catastrophizing, 

and pain anxiety. These variables were selected due to previ-

ously reported associations with either the 5-HTTLPR29 or 

depressive symptoms30,31 in adults with chronic pain. The 

Hardy–Weinberg equilibrium for genotypic distribution was 

determined by using the c2 test for each group.32 The level of 

significance for all tests was set at P=0.05, and all analyses 

were completed by using SPSS (IBM, Inc; Version 21.0, 

Chicago, IL, USA). 

Results
Sample characteristics
The demographic and clinical characteristics have been sum-

marized in Table 1. The majority of the study participants 

were Caucasian females. The three most frequently occur-

ring pain diagnoses were low back pain, fibromyalgia, and 

generalized pain. The distribution of the high-, intermediate-, 

and low-expressing genotypes was 61 (22%), 149 (54%), and 

67 (24%), respectively. The Hardy–Weinberg P-value was 

0.204, which indicated no departure from equilibrium. No 

significant group differences in demographic or clinical char-

acteristics were observed based on the 5-HTTLPR groups.

Depressive symptoms
Table 2 summarizes the mean scores for the CES-D, MPI 

pain severity subscale, PCS, and PASS-20. A main effect of 

5-HTTLPR was observed for the CES-D (P=0.040). Indi-

vidual 5-HTTLPR group analyses demonstrated that CES-D 

scores were significantly greater in the low-expressing group 

compared to the high-expressing group (P=0.019) (Figure 1). 

Similarly, CES-D scores were significantly greater in the low-

expressing group compared to the intermediate-expressing 

group (P=0.029). No significant difference in CES-D scores 

was observed between the high- and intermediate-expressing 

groups. 

In univariate multinominal logistic regression analysis 

with the low-expressing group as the comparator variable, 

greater CES-D scores were significantly associated with the 

5-HTTLPR low-expressing group compared to the high-

expressing group (P=0.032) (Table 3). Similarly, greater 

CES-D scores were significantly associated with the low-

expressing group compared to the intermediate-expressing 

group (P=0.049). No significant associations were observed 
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between the 5-HTTLPR groups and age, sex, pain severity, 

pain catastrophizing, or pain anxiety.

In multivariate multinomial logistic regression analysis 

adjusted for age, sex, pain severity, pain catastrophizing, 

and pain anxiety, the signif icant association between 

greater CES-D scores and the 5-HTTLPR low-expressing 

group was retained (P=0.023) (Table 3). However, the asso-

ciation between greater CES-D scores and the 5-HTTLPR 

intermediate-expressing group was not statistically signifi-

cant (P=0.056). No significant associations were observed 

between the 5-HTTLPR groups and age, sex, pain severity, 

pain catastrophizing, or pain anxiety.

Discussion
The main finding of this preliminary study was that depressive 

symptoms were significantly greater in the low-expressing 

5-HTTLPR group compared to the high- and intermediate-

expressing groups. In multivariate multinominal logistic 

regression analysis adjusted for age, sex, pain severity, pain 

catastrophizing, and pain anxiety, the low-expressing group 

was associated with greater CES-D scores compared to the 

high-expressing group. These observations suggest that the 

5-HTTLPR genotype influenced the severity of depressive 

symptoms in this study population comprised exclusively of 

adults with chronic pain. 

The observed associations between 5-HTTLPR and depres-

sive symptoms in the absence of a direct measure of life stress 

warrants further explanation. In 2003, Caspi et al8 reported that 

the 5-HTTLPR polymorphism moderated the influence of life 

stress on depression. Specifically, individuals homozygous for 

the S allele experienced greater levels of depressive symptoms, 

an increased rate of major depression, and elevated suicidality 

in response to stressful life events compared to individuals 

homozygous for the L allele. However, as observed by Karg et 

al,11 evidence supporting a moderation effect was stronger for 

chronic stressors compared to acute stressors. This observation 

is relevant to our study population because chronic pain has 

been  identified as an important source of chronic stress.33 Thus, 

Table 1 Demographic and clinical characteristics of study participants

Characteristics Total (n=277) 5-HTTLPR genotype

High expressing 
(n=60) 

Intermediate 
(n=149)

Low expressing 
(n=68)

Age, years, mean ± SD 45.5±13.2 46.9±12.7 45.6±13.3 44.1±13.4
Sex, number of female (%) 185 (67) 44 (72) 98 (66) 43 (64)
Ethnicity, Caucasian, n (%) 263 (95) 57 (93) 145 (97) 61 (91)
Pain duration, years, mean ± SD 9.3±8.3 8.5±9.0 9.7±7.9 9.0±8.6
Primary pain diagnosis

Low back pain, n (%) 62 (22) 9 (15) 32 (21) 21 (31)
Fibromyalgia 60 (23) 13 (21) 32 (21) 15 (22)
Abdominal 21 (8) 9 (15) 8 (5) 4 (6)
Generalized 37 (13) 7 (11) 23 (15) 7 (10)
Chronic headache 28 (10) 4 (7) 18 (12) 6 (9)
Pelvic 10 (4) 2 (3) 7 (5) 1 (2)
Lower extremity 15 (5) 4 (6) 7 (5) 4 (6)
Facial 5 (2) 1 (2) 3 (2) 1 (2)
Neck 21 (7) 7 (13) 11 (7) 3 (3)
Upper extremity 13 (5) 3 (5) 7 (5) 3 (4)
Chest wall 3 (1) 0 1 (<1) 2 (3)
Other 2 (<1) 1 (2) 0 1 (2)

Abbreviations: SD, standard deviation; HTTLPR, (5-HT) transporter-linked polymorphic region.

Table 2 Mean values (±SD) of depressive symptoms, pain severity, pain catastrophizing, and pain anxiety

Variables Total 
(n=277)

High expressing 
(n=60)

Intermediate 
(n=149)

Low expressing 
(n=68)

P-value*

Depressive symptoms 28.8±12.7 27.0±12.1 28.2±13.5 31.9±10.9 0.040
Pain severity 51±7.1 50.3±7.4 51.0±7.1 51.4±6.7 0.863
Pain catastrophizing 27.4±11.3 26.7±10.4 27.0±11.8 28.7±10.9 0.495
Pain anxiety 49.1±19.4 47.7±16.6 49.1±20.4 50.2±19.4 0.877

Notes: *Kruskal–Wallis test. Depressive symptoms, Centers for Epidemiologic Studies Depression scale; pain severity, Multidimensional Pain Inventory pain severity 
subscale; pain catastrophizing, Pain Catastrophizing Scale; pain anxiety, Pain Anxiety Symptoms Scale.
Abbreviation: SD, standard deviation.
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the association between the 5-HTTLPR low-expressing group 

and depressive symptoms observed herein was possibly due, 

in part, to high levels of chronic stress that were inherently 

present in our study population. This supposition is further 

supported by numerous epidemiologic studies that report the 

estimated prevalence of posttraumatic stress disorder in adults 

with chronic pain exceeds 20%.34–40 Collectively, these data 

suggest that individuals with chronic pain, including those 

without current depression, may be particularly vulnerable 

to the moderating effects of 5-HTTLPR due to high levels of 

chronic stress.

The CES-D has been used in numerous 5-HTTLPR 

association studies, but the results have been mixed. For 

example, in a study that involved 177 Japanese health care 

workers41 and a study that involved 698 African–American 

women,42 CES-D scores were significantly greater among 

Figure 1 Mean and standard deviation for Center for Epidemiologic Studies Depression scale scores for each 5-HTTLPR genotype group (Mann–Whitney U test; *P=0.019; 
**P=0.029).
Abbreviations: HTTLPR, (5-HT) transporter-linked polymorphic region; CES-D, Center for Epidemiologic Depression scale.
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Table 3 Univariable and multivariable multinomial logistic regression analysis with the 5-HTTLPR low-expressing genotype as the 
comparator variable

Variables Univariable OR Multivariable OR*

OR 95% CI P-value OR 95% CI P-value

High- versus low-expressing group
Depressive symptoms 1.03 1.01 to 1.06 0.032 1.05 1.01 to 1.09 0.023
Age 1.02 0.99 to 1.04 0.224 1.02 0.99 to 1.04 0.264
Female sex 0.62 0.29 to 1.33 0.223 0.46 0.20 to 1.04 0.063
Pain severity 0.98 0.95 to 1.03 0.387 0.99 0.94 to 1.05 0.794
Pain catastrophizing 0.98 0.95 to 1.02 0.328 1.01 0.95 to 1.07 0.735
Pain anxiety 0.99 0.976 to 1.01 0.478 1.01 0.98 to 1.04 0.650

Intermediate versus low
Depressive symptoms 1.02 1.00 to 1.05 0.049 1.03 0.99 to 1.07 0.056
Age 1.01 0.99 to 1.03 0.448 1.01 0.98 to 1.03 0.625
Female sex 0.89 0.49 to 1.62 0.716 0.82 0.43 to 1.53 0.525
Pain severity 0.99 0.95 to 1.03 0.717 1.00 0.96 to 1.05 0.880
Pain catastrophizing 0.99 0.96 to 1.01 0.307 0.99 0.95 to 1.04 0.767
Pain anxiety 1.00 0.98 to 1.01 0.721 1.01 0.99 to 1.04 0.337

Notes: *Adjusted for all other factors listed in the table. Depressive symptoms, Centers for Epidemiologic Studies Depression scale; pain severity, Multidimensional Pain 
Inventory pain severity subscale; pain catastrophizing, Pain Catastrophizing Scale; pain anxiety, Pain Anxiety Symptoms Scale.
Abbreviations: HTTLPR, (5-HT) transporter-linked polymorphic region; CI, confidence interval; OR, odds ratio.
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 individuals with the S allele compared to the other allelic 

groups. In a study of 984 Taiwanese adults, “extreme” trau-

matic stressors, but not stressful life events, were associated 

with greater CES-D scores among individuals with the S 

allele.43 However, in three separate studies that reported data 

from 306 Chinese adults with Parkinson’s disease,44 568 white 

non-Hispanic women,45 and 1421 individuals from a “French 

community,”46 no significant associations were found between 

the 5-HTTLPR polymorphism, life stress, or CES-D scores. 

Furthermore, two studies reported an opposite association 

where the L allele was observed to moderate the effects of life 

stress on depressive symptoms as measured by the CES-D.47,48 

The association of 5-HTTLPR with depressive symptoms 

and life stress has been reported to vary by sex in two stud-

ies that used the CES-D.49,50 Although evidence supporting 

sex differences in the moderating effects of 5-HTTLPR on 

depression exists,29,51 no significant effect of 5-HTTLPR on 

sex was observed in the present study.

The observations from this preliminary study have sev-

eral implications for future research. First, the findings of 

this study need to be replicated by using validated measures 

of acute and chronic life stress. This would allow investiga-

tors to test the hypothesis that the susceptibility of adults 

with chronic pain to depression is partly influenced by the 

moderating effects of 5-HTTLPR. Second, following the 

replication of findings of the study, prospective trials could 

investigate the potential effects of cognitive behavioral 

interventions aimed specifically at enhancing stress man-

agement in an attempt to mitigate the moderating effects of 

the 5-HTTLPR low-expressing genotype. In this particular 

subgroup of patients, enhancing the capacity for stress man-

agement could yield improvements in depression beyond 

the therapeutic effects associated with depression-specific 

CBT interventions.52 Third, prospective trials could also be 

designed to assess the efficacy of analgesic antidepressant 

medications in association with 5-HTTLPR in adults with 

chronic pain. Although the associations between serotonin 

norepinephrine reuptake inhibitors, tricyclic antidepres-

sants, and 5-HTTLPR have been reported, these trials were 

conducted in various populations of adults with primary 

psychiatric disorders.53 

This study has limitations. The demographic and clinical 

characteristics of individuals referred for multidisciplinary 

pain rehabilitation at a tertiary referral medical center may 

vary compared to a random community sample of adults 

with chronic pain. This could limit the generalization of the 

findings of this study. However, as previously reported,18 

in a study that involved a random sample of adults with 

chronic pain living in the catchment area of our  institution, 

96% were white and 56% were female.54 Despite these 

demographic similarities, the risk of referral bias can-

not be excluded, and the observed associations between 

5-HTTLPR and depressive symptoms may not be applicable 

to other populations of adults with chronic pain. Although 

the CES-D was used to measure the severity of depressive 

symptoms, the participants of the study did not undergo a 

formal diagnostic evaluation for a mood disorder. Finally, 

a validated measure of life stress was not available, which 

limits further analysis of a possible gene by environment 

interaction. 

Conclusion
In this preliminary study that involved a cohort of adults with 

chronic pain, the 5-HTTPR had a significant effect on the 

severity of depressive symptoms as measured by the CES-D. 

The observations from this study suggest that future research 

is warranted in order to further characterize the moderating 

effects of 5-HTTLPR on chronic pain-related stress and 

depressive symptoms.

Disclosure
The authors report no conflicts of interest in this work.
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