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TPH, SLC6A2, SLC6A3, DRD2 and DRD4 Polymorphisms 
and Neuroendocrine Factors Predict SSRIs Treatment 
Outcome in the Chinese Population with Major 
Depression

on related gene polymorphisms have received 
increased attention. In particular, several studies 
have evaluated the correlation between poly-
morphisms in the tyrosine and tryptophan 
metabolism pathway genes and MDD [7]. How-
ever, the correlations between these polymor-
phisms and antidepressant response show 
controversial results which has limited their 
clinical application [8, 9]. In this study, we 
hypothesize that SSRI response or remission is 
significantly associated with the tyrosine or tryp-
tophan metabolism pathways gene polymor-
phisms.
Dysregulation of the hypothalamus-pituitary-
adrenal (HPA) axis and the hypothalamus-pitui-
tary-thyroid (HPT) axis plays a pivotal role in the 
pathogenesis of depression [10–12]. Corticotro-
phin-releasing hormone (CRH), adrenocortico-
trophic hormone (ACTH), and cortisol were 
found to be increased in older depressed patients, 

Introduction
▼
In a clinical setting, selective serotonin reuptake 
inhibitors (SSRIs) are the most frequently pre-
scribed antidepressant drugs for major depres-
sive disorder (MDD) treatment. Although these 
antidepressants have proven to be effective [1], 
the response and remission rates remain unsatis-
factory [2, 3]. This is partly due to the lack of reli-
able predictors of treatment outcome [4].
Previous studies have shown that genetic varia-
tion may partly explain the inter-individual dif-
ferences in response to antidepressive drugs [5]. 
Pathway analysis, which is based on the analysis 
of variants within genes involved in the same 
biological pathway, appears to be a particularly 
promising approach in this regard [6]. Along with 
rapid developments in the discovery of antide-
pressants targeting the tyrosine and tryptophan 
metabolism pathways, pharmacogenetic studies 
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Abstract
▼
Objective: This study was intended to deter-
mine whether antidepressant outcome to 
SSRIs was associated with catecholamine gene 
polymorphisms and neuroendocrine factors in 
patients of Chinese Han ethnicity with MDD.
Method: A total of 290 MDD patients were 
recruited and received a 6-week randomized 
double-blinded treatment. Cortisol, adrenocor-
ticotropic hormone (ACTH), thyroid-stimulating 
hormone (TSH), 3′-triiodothyronine (T3), thy-
roxine (T4), free triiodothyronine (fT3), and free 
thyroxine (fT4) levels were measured at the 
baseline. Allele, genotype, and haplotype fre-
quencies of catecholamine genes were compared 
between responders and non-responders, remis-
sion and non-remission groups respectively.
Results: We found that genotype frequency of 
the rs1800544 polymorphism in the DRD4 gene 

was significantly different between responders 
and non-responders (P < 0.05). Also the frequency 
of the rs1800544 CG genotype was significantly 
higher (P < 0.05) in responders (51.4 %) than that 
in non-responders (35.8 %). No significant differ-
ence was found between responders and non-
responders, remission and non-remission groups 
in the SNPs polymorphisms in the TPH, SLC6A2, 
SLC6A3, or DRD2 genes. The combination of all 
neuroendocrine factors, clinical characteristics 
and gene polymorphisms predicted 74.8 % of 
the variation in SSRI response and 65.5 % in SSRI 
remission.
Conclusion: Polymorphisms of the DRD4 gene 
were associated with SSRI response in Chinese 
Han MDD patients. A combination of clinical 
characteristics, neuroendocrine factors, and gene 
polymorphisms might be able to predict the out-
come to SSRIs.
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and are restored to normal levels after amitriptyline treatment 
[13]. Enhanced activities of thyrotropin-releasing hormone 
(TRH) and blunted thyroid-stimulating hormone (TSH) 
responses to TRH are commonly found in depressive patients 
[14]. Higher serum TSH levels were found to be associated with 
response to paroxetine in patients with MDD and could effec-
tively predict the response to paroxetine treatment [15]. How-
ever, it is still controversial whether alterations in the HPA or 
HPT axes can predict the outcome to SSRI treatment.
In the current study, we examined the effect of tyrosine and 
tryptophan metabolism pathway gene polymorphisms on the 
antidepressant treatment outcome to SSRIs and explored 
whether neuroendocrine factors in the HPA and HPT axes could 
predict the SSRI treatment outcome in MDD patients of Chinese 
Han ethnicity.

Patients and Methods
▼
Subjects
The study was approved by the local research ethics committee. 
Written informed consent was obtained from each patient. A 
total of 290 depressed patients, aged 18–55 years, fulfilling the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition criteria for major depressive disorder, with a minimum 
17-item Hamilton Depression Rating Scale (HAMD) score of 18 
[16], were recruited for this study from April 2005 to September 
2006. All the participants were of unrelated (no blood relation-
ship) Chinese Han origin, and shared similar geographic and 
sociodemographic characteristics ( ●▶ Table 1). The diagnosis of 
each patient was confirmed in a psychiatric examination per-
formed by an experienced and board-certified psychiatrist. 
Interrater reliability was evaluated using Kappa coefficients 
(Kappa value = 0.85). Patients were drug naive, or without any 

antidepressant treatment for at least 2 weeks (fluoxetine for 4 
weeks), and none had received electroconvulsive therapy treat-
ment. Patients with other axis I psychiatric disorders, such as 
schizophrenia, rapid cycling bipolar disorder, dementia, general-
ized anxiety disorder, obsessive-compulsive disorder, or sub-
stance abuse, and those with axis II disorders (including 
personality disorders), major medical/neurological disorders, 
abnormal laboratory baseline values, and pregnancy were 
excluded.

Treatment
All patients received a 6-week period of treatment. Patients 
were randomly selected for treatment with fluoxetine, paroxe-
tine, citalopram, or sertralin. The total dose per day ranged from 
20 to 60 mg of floxetine, paroxetine, or citalopram, and from 50 
to 150 mg of sertraline. No other psychotropic medications were 
permitted during the study except an acceptable dosage of ben-
zodiazepine at bedtime for insomnia.

Data collection
5 mL of peripheral venous blood were collected from each par-
ticipant for genotyping upon enrollment. Patients’ conditions 
were assessed by trained psychiatrists blinded to genotypes, 
who were responsible for determining a detailed objective pro-
tocol for each patient. The HAMD rating scale was used to assess 
the severity of symptoms at the baseline and then at 1, 2, 4, and 
6 weeks following the initiation of treatment, respectively. We 
used a last-observation-carried-forward (LOCF) analysis, miss-
ing data were replaced by the last record value. Response was 
defined as a more than 50 % reduction in the total HAMD score at 
the end of the 6th week. Patients with a reduction of HAMD 
scores ≤ 50 % at the end of the 6th week were assigned to the 
group of non-responders. Remission was defined as a score 
of  ≤ 7 in the total HAMD score at the end of the 6th week.

Table 1 Demographic and clinical characteristics of patients.

Group Responders 

(n = 220)

Non-responders 

(n = 70) P-value

Remission  

(n = 144)

Non-remission 

(n = 146) P-value
Mean SD Mean SD t/χ2 Mean SD Mean SD t/χ2

age (years) 35.51 13.62 37.74 12.19 1.119 0.197 33.81 13.42 38.16 12.75  − 2.835 0.005 * 
number of episodes 1.51 0.859 1.56 1.326 5.124 0.787 1.43 0.687 1.61 1.211  − 1.576 0.116
body mass index 21.90 4.37 21.98 3.57 0.023 0.891 21.44 3.49 22.37 4.77  − 1.849 0.066
HAMD baseline 24.42 4.89 24.37 4.82  − 0.070 0.944 23.43 4.44 25.37 5.09  − 3.455 0.001 * 
HAMD-6week 5.96 3.46 18.33 7.69 18.640 0.000 * 3.90 2.09 13.38 6.47  − 16.719 0.000 * 
gender N  % N  % 0.229 0.992 N  % N  % 0.499 0.481
male 107 48.6 34 48.6 67 46.5 74 50.7
female 113 51.4 36 51.4 77 53.5 72 49.3
marital status N  % N  % 0.622 0.522 N  % N  % 6.756 0.011 * 
single (never married) 82 37.3 21 30.0 63 43.75 40 27.4
married 122 55.5 44 62.9 72 50.0 94 64.38
divorced or remarried 16 7.2 5 7.1 9 6.25 12 8.22
family history N  % N  % 2.919 0.094 N  % N  % 0.421 0.517
yes 29 13.2 15 21.4 23 15.6 21 14.7
no 191 86.8 55 78.6 124 84.4 122 85.3
neuroendocrine factor
CORT (nmol/L) 415.76 88.92 416.68 75.18 1.015 0.937 434.73 135.88 387.72 119.93 1.764 0.081
ACTH (ng/L) 29.52 7.44 28.64 6.72 9.293 0.369 31.69 13.17 28.10 11.71 1.186 0.240
TSH (mU/L) 2.69 1.19 2.85 1.22 0.034 0.316 2.70 1.74 2.91 1.99  − 0.561 0.576
fT3 (pmol/L) 4.49 0.52 4.42 0.39 4.535 0.340 4.41 0.75 4.45 0.90  − 0.246 0.806
fT4 (pmol/L) 15.95 2.36 15.49 1.43 8.821 0.131 16.13 3.82 15.28 3.17 1.23 0.222
T3 (nmol/L) 1.62 0.16 1.62 0.04 0.713 0.909 1.56 0.31 1.64 0.34  − 0.951 0.346
T4 (nmol/L) 91.14 9.88 91.53 6.73 1.061 0.836 86.93 15.42 93.65 25.24  − 1.173 0.246

HAMD = Hamilton depression rating scale;  * p < 0.05
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7 neuroendocrine indicators were evaluated, as follows: cortisol, 
ACTH, TSH, 3′-triiodothyronine (T3), thyroxine (T4), free triiodo-
thyronine (fT3), and free thyroxine (fT4). Cortisol, T3, T4, fT3, 
and fT4 were measured by electrochemiluminescene quantita-
tive assays. TSH was measured using an electrochemilumi-
nescene double-antibody sandwich method. ACTH was 
measured by radioimmunoassay. All of the above indicators 
were detected with a Roche E170 analytical system in the clini-
cal laboratory of the West China Hospital.

Single nucleotide polymorphism (SNP) selection and 
genotyping
Among the many catecholamine genes, TH, DRD2, DRD4, 
SLC6A2, and SLC6A3 are the most well-studied in MDD. We used 
the following criteria for SNP selection of these genes: (1) the 
SNP is in a functional region of the gene; (2) the SNP was shown 
to have strong effects on drug response in previous studies, 
especially genome-wide association studies; and (3) it was a tag 
SNP.
Genomic DNA was extracted from venous blood leukocytes 
using the standard phenol-chloroform method. Considering that 
the coverage of a gene and a minor allele frequency occur at a 
rate above 0.03, we selected 19 single SNPs for the TH, DRD2, 
DRD4, SLC6A2, and SLC6A3 genes from the literature and the 
National Center for Biotechnology Information dbSNP database 
(http://www.ncbi.nlm.nih.gov/SNP). Of the 19 SNPs, 2 
(rs2234689, rs3863145) were downstream, 4 (rs1362621, 
rs2550948, rs2550956, rs2937639) were upstream, 2 (rs140504, 
rs6356) were in a coding exon, 4 (rs10743152, rs10770141, 
rs1800544, rs933399) were in the promoter region, 4 
(rs2242446, rs4963126, rs5564, rs7131056) were in introns, 2 
(rs2292023, rs27072) were in the 3' untranslated region, and 1 
(rs5569) was a synonymous codon. All SNPs were genotyped 
with a matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometer using a MassARRAY(R) Analyzer 4 platform 
(Sequenom; San Diego, CA, USA). All primers were designed by 
the accompanying software, Spectrodesigner. Polymerase chain 
reactions (PCRs) were carried out in a total volume of 5 µL 
with10 ng genomic DNA, under the cycling conditions recom-
mended by the manufacturer. Detailed information about the 
primers and PCR conditions is available on request. The determi-
nation of genotypes was performed by researchers who were 
blinded to the clinical outcome of the antidepressant treatment.

Statistical analysis
Demographic and clinical variables were compared using the 
Student’s t test (age, body mass index, HAMD scores, number of 
episodes, neuroendocrine factors) or Pearson’s χ2 test (gender, 
marital status, family history), and Fisher’s exact test was used 
to compare data between responders and non-responders, 
remission and non-remission groups. A stepwise logistic regres-
sion was used to examine the relationship between genotype, 
neuroendocrine factors, clinical variables and treatment out-
come. All tests were 2-tailed and statistical significance was ac-
cepted at P < 0.05. Statistical analyses were performed using 
SPSS 17.0. Analysis of allelic and genotypic distributions and 
pairwise linkage disequilibria were performed using SHEsis 
software (http://202.120.31.177/myanalysis.php) [17]. The dis-
crepancies in allele and genotype frequency between groups 
were compared by using a χ2 test. Odd ratios (ORs) and their 95 % 
confidence intervals (CIs) were also calculated. Deviations from 
Hardy-Weinberg equilibrium were tested using HaploView 

 version 4.2 [18]. Haplotype construction was initially performed 
on HaploView and further analysis was carried out with SHEsis 
software [19].

Results
▼
A total of 303 patients were initially enrolled in this study. Ten 
patients were removed due to the absence of blood samples or 
because genotyping failed due to the poor quality of their blood 
samples. Furthermore, 3 patients dropped out as a result of 
intolerable adverse effects at their first or second visit. A cohort 
of 290 patients was used in the final analysis.

Demographic and clinical characteristics
Clinical and demographic characteristics of subjects and the lev-
els of significance of differences in clinical variables between 
responders and non-responders, remission and non-remission 
groups are shown in  ●▶ Table 1. Of the 290 patients who com-
pleted the 6-week SSRI treatment trial, 220 were responders and 
70 were non-responders, 144 were in the remission and 146 
were in the non-remission groups, for an overall rate of response 
of 75.9 % and remission of 49.7 %. There were no significant dif-
ferences in age, gender, body mass index, HAMD scores at base-
line, number of previous episodes of MDD, marital status, or 
family history (P = 0.197, 0.992, 0.891, 0.944, 0.787, 0.552, 0.094, 
respectively) between responders and non-responders. There 
were no significant differences in gender, body mass index, 
number of previous episodes of MDD, or family history between 
the remission and non-remission groups (P = 0.481, 0.066, 0.116, 
0.517). But there were significant differences in age, HAMD 
scores at baseline, marital status between remission and non-
remission groups (P = 0.005, 0.001, 0.011). No significant differ-
ences in neuroendocrine levels were found between responders 
and non-responders, remission and non-remission groups, i. e., 
CORT, ACTH, TSH, fT4, fT3, T3, and T4 levels (P = 0.937, 0.369, 
0.316, 0.131, 0.340, 0.909, and 0.836 between responders and 
non-responders, P = 0.081, 0.240, 0.576, 0.222, 0.806, 0.346 and 
0.246 between remission and non-remission groups, respec-
tively).

Genotype and allele frequencies of DRD4
The genotype and allele frequencies of 14 SNPs in each group are 
shown in  ●▶ Table 2,  3. 5 SNPs (rs2550948, rs27072, rs2937639, 
rs5569, and rs933399) were omitted from the analysis because 
they deviated from the values expected under Hardy-Weinberg 
equilibrium (P < 0.001 for all). The frequency of the DRD4 
rs1800544 CG genotype was significantly higher (P < 0.05) in the 
SSRIs responders (51.4 %) than that in the non-responders 
(35.8 %). The frequencies of the DRD4 rs1800544 CC and GG gen-
otypes were significantly lower (P < 0.05) in the SSRIs responders 
(7.7 %, 40.9 %) than that in the non-responders (19.4 %, 44.8 %). A 
response rate to SSRIs was strongly associated with the geno-
type of the DRD4 rs1800544 polymorphism (OR = 6.38; 95 % 
CI = 1.53–18.71; P = 0.003, false discovery rate [FDR] P = 0.042). 
Allele frequencies of rs1800544 polymorphisms and those of 
other SNPs (TPH, SLC6A2, SLC6A3, and DRD2) did not differ sig-
nificantly between responders and non-responders (P > 0.05).
Referring to the remission and non-remission groups, genotype 
and allele frequencies did not differ significantly between groups 
after FDR adjusted (P > 0.05).
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Haplotype frequencies of SNPs between the responders 
and non-responders
Pairwise linkage disequilibrium (LD) between the 14 markers 
was conducted. Strong LD was observed between the 2 haplo-
type blocks composed of rs2292023-rs1362621 (D' = 0.990; 
r2 = 0.827; SLC6A2 gene) and rs10743152-rs10770141 
(D' = 1.000; r2 = 0.904; TH gene). Therefore, we estimated the 
haplotype distributions with these SNPs ( ●▶ Table 4). Haplotypes 
were removed from this analysis if their estimated frequencies 
were less than 3 % in either the responder or non-responder 
group. Neither of these markers remained significant after FDR 
correction ( ●▶ Table 4; FDR P > 0.05). Thus, no association was 
found between either of the haplotype blocks and SSRI treat-
ment response at week 6.

Haplotype frequencies of SNPs between the remission 
and non-remission groups
LD between the 14 markers was conducted between the remis-
sion and non-remission groups. Strong LD was observed 
between the 2 haplotype blocks composed of rs2292023-
rs1362621 (D' = 0.990; r2 = 0.827; SLC6A2 gene) and rs10743152-
rs10770141 (D' = 1.000; r2 = 0.904; TH gene). Neither of these 
markers remained significant after FDR correction ( ●▶ Table 4; 
FDR P > 0.05). Thus, no association was found between either of 
the haplotype blocks and SSRI treatment remission at week 6.

Clinical characteristics, neuroendocrine factors, gene 
polymorphisms and treatment outcome
We used SSRI response or remission as the dependent factor; 
genotype of rs1800544, age, gender, baseline scores on the 
HAMD, number of episodes, family history, marital status, and 
neuroendocrine indicators (CORT, ACTH, TSH, fT3, fT4, T3, and 
T4) as covariates in the logistic regression ( ●▶ Table 5, 6). None of 
the factors was a significant predictor of SSRI response when 
examined independently (P > 0.05, respectively). Baseline scores 
on the HAMD was a significant predictor of SSRI remission when 
examined independently (P = 0.015). We also found the combi-
nation of all factors (genotype of rs1800544, age, gender, base-
line scores on the HAMD, number of episodes, family history, 
marital status, and neuroendocrine factors) predicted 74.8 % of 
the variation in SSRI response and 65.5 % in SSRI remission 
( ●▶ Table 6).

Discussion
▼
In our study we found that the rs1800544 polymorphisms of the 
DRD4 gene were significantly associated with MDD response 
after 6 weeks of SSRI treatment. No neuroendocrine indicator 
independently predicted the SSRI response or remission in our 
study; however, a combination of neuroendocrine factors, some 
clinical characteristics and rs1800544 polymorphisms predicted 
74.8 % of the SSRI response and 65.5 % of the SSRI remission. 
There were significant differences in age, HAMD scores at base-
line, marital status between remission and non-remission 
groups.

DRD4 gene polymorphisms are associated with SSRIs 
response
Our data revealed that the rs1800544 (DRD4 gene) polymor-
phisms play a major role in the antidepressant response to SSRI 
treatment. The frequency of the DRD4 rs1800544 CG genotype Ta
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was significantly higher in the SSRI responders (51.4 %) than that 
in the non-responders (35.8 %). Dopamine (DA) is hypothesized 
to play an important role in MDD pathogenesis and antidepres-
sant effects. DA function is increased after chronic antidepres-
sant treatment [20, 21]. Also the antidepressant effects of SSRIs 
are reversed by acute administration of a D2 receptor-selective 
antagonist [22]. Nevertheless, the DA system has been poorly 
investigated in previous pharmacogenetic studies, which have 
instead focused on dopamine receptors belonging to the D2-like 
family (D2, D3, and D4). Garriock et al. reported that a variable 
number tandem repeat (VNTR) polymorphism within exon 3 of 
DRD4 may modulate the antidepressant efficacy [23], but no 
association with SSRI response was found in a larger sample 
[24]. Our results support our primary hypothesis that SSRI 
response is significantly associated with the DRD4 gene poly-
morphisms. Genetic make-up of the Asian people is likely to dif-
fer from other ethnic groups, which maybe can partly explain 
the different outcomes of antidepressant treatment with SSRI 
relative to previous studies. As this genetic subgroup (CG) com-
prised 59.5 % of the present cohort (131/220 cases), this result 
may prove important for clinical practice. This preliminary find-
ing should be further tested in studies specifically designed to 

examine the differential response to drug class according to 
genotype.

TPH, SLC6A2, SLC6A3, and DRD2 gene polymorphisms 
are not associated with SSRIs response or remission
Our data revealed no association between polymorphisms in the 
TPH, SLC6A2, SLC6A3, and DRD2 genes and the efficacy of SSRIs. 
The noradrenaline transporter or the norepinephrine trans-
porter, encoded by the SLC6A2 gene, is a primary target of several 
antidepressant agents. Previous studies reported that the G allele 
of the SLC6A2 variant rs5569 (G1287A) might be associated with 
antidepressant outcome, especially for noradrenergic antide-
pressants, and that the T allele of rs2242446 (T182C) may predict 
a better milnacipran response [8, 9, 25]. On the other hand, nega-
tive findings for the association of both of these polymorphisms 
and patient response have also been reported [26–29].
The SLC6A3 gene encodes the dopamine transporter DAT, which 
is a membrane-spanning protein whose primary function is to 
clear DA from the synapses. A 40- bp VNTR in exon 15 has been 
reported to affect DAT expression [30]. In addition, the 9/10 and 
9/9 SLC6A3 genotypes may be associated with the risk of poorer 
and slower response to various antidepressants [31] and SSRI 
augmentation with methylphenidate [32]. Another variant in 
SLC6A3 (rs8179029) was associated with desipramine response 
in Mexican-Americans, but confirmation of this result is lacking 
[25]. Thus, given the low number of available studies, no defini-
tive conclusion of the association between this gene and antide-
pressant outcome can be established.
Associations between polymorphisms of the TPH gene, which 
encodes tryptophan hydroxylase, and SSRI response were 
confirmed by pharmacogenetic studies [33–35], but these 
results have not been replicated for the most part, especially in 
Asian populations but also in Caucasians [36–42].
Similarly, studies examining the role of the DRD2 gene in antide-
pressant response are conflicting. Negative results were obtained 
for the rs1801028 and rs6275 polymorphisms, while a signifi-
cant association between early improvement and rs4460839/
rs2734833 has been reported [24, 29, 43].

Table 5 The logistic regression in which SSRI response (or remission) was the dependent factor.

Covariate B S.E. Wald df Sig Exp (B) 95 %CI for Exp (B)

genotype 0.188 (0.320) 0.311 (0.275) 0.363 (1.354) 1 0.547 (0.245) 1.206 (0.726) 0.655–2.22 (0.424–1.245)
age  − 0.014 (0.002) 0.017 (0.015) 0.607 (0.025) 1 0.436 (0.874) 0.986 (1.002) 0.953–1.021 (0.973–1.032)
gender  − 0.145 (0.360) 0.322 (0.280) 0.202 (1.659) 1 0.653 (0.198) 0.865 (1.434) 0.460–1.627 (0.829–2.480)
HAMD-baseline 0.042 ( − 0.074) 0.035 (0.030) 1.454 (5.951) 1 0.228 (0.015 * ) 1.043 (0.929) 0.974–1.117 (0.876–0.986)
number of episodes 0.052 ( − 0.182) 0.161 (0.166) 0.103 (1.198) 1 0.748 (0.274) 1.053 (0.834) 0.768–1.444 (0.602–1.155)
family history  − 0.451 ( − 0.225) 0.424 (0.386) 1.134 (0.340) 1 0.287 (0.560) 0.637 (0.798) 0.278–1.461 (0.374–1.702)
single 0.598 (0.932) 0.654 (0.614) 0.836 (2.305) 1 0.360 (0.129) 1.818 (2.539) 0.505–6.549 (0.762–8.458)
married 0.576 (0.129) 0.581 (0.558) 0.983 (0.054) 1 0.321 (0.817) 1.779 (1.138) 0.570–5.552 (0.381–3.399)
divorced 1.090 (4.137) 2 0.580 (0.126)
CORT 0.003 (0.003) 0.003 (0.002) 1.234 (1.779) 1 0.267 (0.182) 1.003 (1.003) 0.998–1.008 (0.998–1.008)
ACTH  − 0.002 (0.038) 0.029 (0.027) 0.005 (2.092) 1 0.946 (0.148) 0.998 (1.039) 0.943–1.056 (0.986–1.094)
TSH  − 0.214 ( − 0.167) 0.154 (0.153) 1.931 (1.196) 1 0.165 (0.274) 0.807 (0.846) 0.597–1.092 (0.627–1.142)
fT3  − 0.171 ( − 0.239) 0.368 (0.355) 0.215 (0.453) 1 0.643 (0.501) 0.843 (0.787) 0.410–1.734 (0.392–1.580)
fT4 0.271 (0.238) 0.160 (0.191) 2.878 (1.546) 1 0.090 (0.214) 1.311 (1.269) 0.959–1.792 (0.872–1.846)
T3 0.572 ( − 1.193) 1.283 (1.342) 0.199 (0.791) 1 0.656 (0.374) 1.771 (0.303) 0.143–21.881 (0.022–4.207)
T4  − 0.032 ( − 0.039) 0.030 (0.032) 1.185 (1.526) 1 0.276 (0.217) 0.968 (0.961) 0.913–1.026 (0.903–1.023)
constant  − 1.530 (2.060) 2.794 (2.430) 0.300 (0.719) 1 0.584 (0.397) 0.217 (7.846)
Genotype of rs1800544 was included in logistic regression which included C allele carrier (CG or CC) or not (GG). The values in the brackets are the results of logistic regression 
in which SSRI remission was the dependent factor

Table 6 The predictive probability of clinical characteristics, neuroendo-
crine factors and gene polymorphisms in SSRI treatment outcome.

Predicted by combination of all factors

Observed Negative Positive Percentage Correct ( %)

non-responder 11 59 15.7
responder 14 206 93.6
overall 74.8
non-remission 95 51 65.1
remission 49 95 66.0
overall 65.5
All factors include age, gender, HAMD baseline, number of episodes of MDD, family 
history, marital status, rs1800544 genotype and neuroendocrine factors. Neuen-
docrine factors include CORT, ACTH, TSH, fT3, fT4, TT3, TT4. Negative indicate 
non-response or non-remission to SSRI treatment predicted by logistic regression. 
Positive indicate response or remission to SSRI treatment predicted by logistic 
regression. Number of patients or correct percentage are shown
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Clinical characteristics, neuroendocrine factors and 
gene polymorphisms may predict SSRIs response and 
remission
With respect to the HPA and HPT axes, no neuroendocrine indi-
cator independently predicted SSRI response or remission in this 
study. However, we found the combination of some clinical char-
acteristics, neuroendocrine factors and rs1800544 polymor-
phisms predicted 74.8 % of the SSRI response and 65.5 % of the 
SSRI remission. This might provide a valuable way which com-
bined with the genetic pathway, neuroendocrine factors and 
clinical characteristics may be able to predict SSRI treatment 
outcome in the future. Our findings were different from previous 
studies that reported higher TSH independently predicted SSRIs 
response [44].
Additionally, we found that every one point increase in the 
HAMD baseline scores was associated with a 0.929 fall in the 
possibility to research remission ( ●▶ Table 5) and the remission 
group had lower baseline HAMD scores relative to the non-
remission group. Our finding is consistent with one previous 
study which stated that higher baseline depressive symptom 
severity predicted lower probability of remission [45]. In the 
current study we found that the remission group was younger 
and had less percent of patients who were married, remarried or 
divorced relative to the non-remission group. The relationship 
between age, marital status and antidepressant outcome was 
also reported by other studies [46].

Limitation
▼
There are some limitations of our study. First, we did not meas-
ure the plasma levels of the medications. Some studies have 
shown no relationship between SNPs and plasma drug concen-
tration; however, there may be indirect effects that influence 
antidepressant efficacy [47]. Second, the relationships between 
SNPs and side effects were not explored, and neither were rela-
tionships with personality and cognitive functions. Further lim-
itations include the relatively short timeframe of the study, the 
inability to exclude the possibility of a placebo effect because of 
the lack of a control group and focusing only on a limited num-
ber of genetic polymorphisms.

Conclusion
▼
In conclusion, despite these limitations, this randomized dou-
ble-blinded study demonstrates that the responses to SSRIs are 
significantly associated with catecholamine gene polymor-
phisms. We concluded that polymorphisms of the DRD4 gene 
accurately predict SSRI responses in Chinese Han individuals 
suffering from MDD. Therefore, it will be necessary to replicate 
and further verify this possibility in other independent studies 
using larger samples. Independently, neuroendocrine factors 
were not significant predictors for SSRI outcome, and only their 
combination with clinical characteristics and gene polymor-
phisms could predict subject response or remission to SSRIs. 
Therefore, the influence of gene-environment interactions on 
SSRI response or remission should be explored in future studies.
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