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ABSTRACT 

Introduction 

The determinants of response to antidepressant treatment in major depression are unknown. 

The objective of this study was to establish whether treatment response is predicted by 

Hypothalamus-Pituitary-Adrenal (HPA) axis parameters, or by genetic polymorphisms in the 

glucocorticoid receptor (GR), that regulates its feedback. 

116 Methods 

A cohort of depressed outpatients was recruited by advertisements. Ninety-eight patients 

with a 17-item HRSD score >16 completed 8 weeks of paroxetine treatment. Treatment 

response was measured blind to endocrine test results and was defined as a 50% decrease 

in HRSD ratings. At baseline, 24hour urinary Cortisol excretion, and Cortisol and ACTH 

concentrations in a DEX/CRH test were measured. The presence of polymorphisms in the 

GR DNA sequence (Bell, ER22/23EK, N3635) was determined. Prediction of treatment 

response was analyzed by calculating response rates per tertile of a HPA-axis parameter 

and per GR genotype. 

Results 

The overall treatment response rate was 49%. The response rate in the high ACTH tertile 

was significantly lower as compared wi th the intermediate tertile, but not compared with 

the low tertile (response rates from high to low tertile: 33%, 67% and 42%). Also, the 

decrease in HRSD ratings was lower in the high ACTH tertile as compared to both low and 

intermediate ACTH tertiles (HRSD decrease: 7 vs 10 and 11, respectively, p<0.05). Carriers 

of the Bell polymorphism had higher ACTH values than non-carriers (baseline ACTH: 3 vs. 5 

ng/ l , p=0.02) and showed a trend towards lower decrease of HRSD rates than non-carriers 

(HRSD decrease: 8 vs 11, respectively, p=0.07). 

Conclusion 

The results suggest that hyperactivity of the HPA-axis predicts worse treatment outcome. 

The Bell polymorphism explains, in part, DEX/CRH test results and tends to be associated 

wi th worse treatment outcome. 



INTRODUCTION 

Treatment of major depressive disorder with a first trial of antidepressants is effective in 

only 60% of patients (1). The determinants of treatment response are not well known. In 

depression, changes have been described in the Hypothalamic-Pituitary-Adrenal (HPA) axis. 

Hypercortisolism has been reported in many studies as reflected by elevated mean 24-hour 

serum Cortisol concentrations and increased 24-hour urinary excretion of Cortisol. Our previous 

work showed increased expression of corticotrophin releasing hormone (CRH) in post-mortem 

hypothalamus of depressed patients (2). Serum Cortisol concentrations are not suppressed 

in the dexamethasone-suppression test (DST) in about 20-50% of patients. Finally, increased 

Cortisol and corticotrophin (ACTH) concentrations after CRH have been described after 

suppression by 1.5 mg dexamethasone (DEX/CRH test). The DEX/CRH-test is in fact the 

most sensitive endocrine test for major depression as it showed that some 90% of patients 

have an increased HPA-axis activity. For review see (3). 

The increased HPA-axis activity may be of clinical significance since sustained HPA-axis 

hyperactivity after successful treatment is associated with early relapse (4;5). Several authors 

have investigated whether high HPA-axis activity also predicts non-response to antidepressant 

treatment. Ribeiro et al. (5) showed in an extensive meta-analysis that the DST does not 

predict treatment outcome. However, only two small studies investigated the sensitive DEX/ 

CRH test in relation to treatment response. The authors found no difference in DEX/CRH 

test parameters at baseline between treatment responders and non-responders (6;7). 

Both hypercortisolism and increased CRH are proposed to play a causal role in depression. 

This is supported by preliminary studies describing a therapeutic effect of Cortisol and CRH 

receptor antagonists (8). Because Cortisol and CRH affect the serotonin system (3;9), serum 

Cortisol and ACTH concentrations may identify patients who will respond to selective serotonin 

reuptake inhibitors (SSRIs). 

The finding that dexamethasone does not suppress serum Cortisol in depressed patients 

has led to the hypothesis that the glucocorticoid receptor (GR) is less sensitive in major 

depression. In line with this reasoning is the finding that antidepressants (including paroxetine) 

increase GR mRNA, protein and transcriptional activity (3; 10). The upregulation of GR can 

reduce hypercortisolism and consequently, the supposed depressogenic effects of Cortisol 

on the brain (3). Interestingly, Holsboer et al. (3) found that the post-dexamethasone Cortisol 

concentrations in the DEX/CRH test were also higher in first degree relatives of depressed 

patients as compared to subjects without depressed relatives, supporting a genetic factor 



in the HPA-axis activity. Therefore, it is relevant to study the GR genes. 

At present, three polymorphisms in the GR gene are thought to be of clinical relevance: ER22/ 

23EK, a Bell restriction fragment polymorphism and N363S. These polymorphisms are related 

to changes in HPA-axis activity as well as to anthropomorphic, metabolic or hemodynamic 

cardiovascular risk factors. Higher serum Cortisol concentrations after 1 mg dexamethasone 

were found in carriers of the ER22/23EK, supporting a relatively resistant GR (11). 

In contrast, carriers of the Bell polymorphism showed lower Cortisol concentrations after 0.25 

and 1 mg dexamethasone, suggesting increased sensitivity to glucocorticoids (12). Finally, Cortisol 

118 concentrations in carriers of the N363S polymorphism were decreased after administration of 

0.25 mg dexamethasone, indicating an increased sensitivity of the GR as well (13). 

We hypothesised that increased activity of the HPA-axis and the three GR polymorphisms predict 

response to treatment with an SSRI. We tested this hypothesis in patients who participated in 

a randomised clinical trial addressing the efficacy of T3 addition to paroxetine. As the response 

rate in the trial was exactly similar in the T3 treated as in placebo treated group (14), we 

regarded this as a paroxetine alone treated group. A secondary aim of this study was to 

determine whether variance in the DEX/CRH test is explained by GR-polymorphisms. 

METHODS 

Subjects 

The depressed patients took part in a randomised clinical trial evaluating the efficacy of thyroid 

hormone (T3) addition to treatment with an SSRI, as reported previously (14). To be eligible 

for the study patients had to be between 18 and 65 years of age, to be free of antidepressant 

medication for at least 3 months and to fulfil the diagnostic criteria for major depressive 

disorder according to the Diagnostic and Statistical Manual of mental disorders (DSM)-IV 

(14). Diagnosis of depression and its subtypes was performed by the Structured Clinical Interview 

for the DSM, fourth edition (SCID-IV). Further, patients were required to have a score of at 

least 16 on the 17-item Hamilton Rating Scale for Depression (HRSD). This study was approved 

by the Medical Ethical Committee of the Academic Medical Center and the Free University 

Medical Center. All randomised patients provided written informed consent. 

Exclusion criteria were bipolar disorder, substance abuse or dependence disorder for alcohol 

or drugs, clinically manifest thyroid or adrenocortical disease. Patients were not allowed to 

have taken corticosteroids or drugs interfering with serum Cortisol concentrations, thyroid 



hormone, or any psychotropic drugs during the last 3 months before inclusion, wi th the 

exception of a low dose benzodiazepine (equivalent to 30 mg oxazepam daily) and estrogens. 

For the analysis of the prediction of response patients were only included if they had taken 

study medication for at least 6 weeks. 

Medicat ion schedule and psychiatric outcome measures n 

After the measurements of endocrine parameters, patients were randomly assigned to £ 

study treatment comprising 3 groups: placebo, 25u.g T3 or 50 u.g T3 in a ratio of 2:1:1, 3 
00 

respectively. This double-blinded study medication was given in addition to open label 119 

antidepressant treatment with 30 mg paroxetine. Patients were treated for 8 weeks. Ratings o 

of HRSD were obtained every two weeks. Primary outcome was the score on the 17-item z 
> 

HRSD at 8 weeks or the last HRSD-score obtained. HRSD ratings were obtained by observers > 
x 

unaware of endocrine test results. Response was defined as > 50% reduction in HRSD score " 
> 

from baseline to week 8. j§ 
m 
OO 
"O 

Procedures, hormone measurements and GR polymorphism analyses § 

Subjects collected two separate, refrigerated 24-hour urine samples. Afterwards, a DEX/ 

CRH test was performed as described by Heuser et al. (16) with the addition of a TRH | 

stimulation test (DEX/CRH-TRH test). At the day prior to the test, subjects took a tablet of 1,5 g 

mg dexamethasone at 11.00 p.m. On the day of the test, an intravenous catheter was inserted eg 

at 2.00 p.m. From 2.45 p.m. until 4.30 p.m. blood samples were taken every 15 minutes for K 

the assessment of serum Cortisol and ACTH. At 3.00 p.m., after a blood sample was taken, § 

100 \xg CRH (Ferring Hoofddorp, Holland) was injected, followed directly by 400 u.g TRH 

(Protirelin, Hoechst AG, Frankfurt am Main, Germany). We investigated in two volunteers if 

simultaneous injection of TRH affects ACTH and Cortisol concentrations after CRH, but found 

no effect (data not shown). Nor was an effect of TRH found in animal studies (17). 

Sera were kept at -20°C. Hormone assays were conducted in the Endocrinology Laboratory 

of the Academic Medical Centre in Amsterdam. Urinary Cortisol was measured by an in-

house high-performance liquid chromatographic (HPLC) method with a detection limit of 5 

nmol/L. The intra-assay coefficient of variation was 6.5%, the inter-assay coefficient of 

variation was 10.5%. Of the two 24 h urine samples, total volumes as well as concentrations 

of free Cortisol and creatinine were measured. Total creatinine excretion was measured to 

assess the completeness of the collection. If total creatinine excretion in the sample with 

the highest creatinine excretion was > 150% of the creatinine excretion of the other sample, 



both samples were excluded (18). By this criterion, 85 patients collected urine correctly. 

Cortisol levels were determined by luminescence enzyme immunoassay on an Immulite 

(Diagnostic Products Corporation, Los Angeles, CA), with a detection limit of 30 nmol/L. 

The intra-assay coefficient of variation was 5.8%, the inter-assay coefficient of variation was 

7.0%. ACTH levels were determined by immuno lumino metric assay (Nichols Institute, Los 

Angeles, CA), with a detection limit of 1 ng/L. The intra-assay coefficient of variation was 

3.7%, the inter-assay coefficient of variation was 5 .1%. 

Analysis of the GR genotypes was performed using a Taqman sequence detection system 

120 (Applied Biosystems, Nieuwekerk aan de Ussel, The Netherlands) and primers, probes and 

universal mastermix (Applied Biosystems) as described earlier for the ER22/23EK, Bell and 

the N363S (19). If a polymorphism was present, this was checked by repeating the analysis 

for this patient. 

Data analysis 

To compare response rates between the three treatment arms, we performed a Pearson 

Chi-square test. For the prediction of response, we used the following endocrine parameters: 

mean 24h urinary excretion of Cortisol and in the DEX/CRH test baseline Cortisol and ACTH 

(highest value of two measurements after dexamethasone, before CRH), peak (maximal 

value after CRH) and the area under the curve (AUC) of the Cortisol and ACTH concentrations. 

We divided the patients over three equal groups (tertiles) of these parameters. For each 

parameter the mean decrease in HRSD score and response rates were calculated per tertile. 

To determine if response rates were significantly different, the decrease in HRSD ratings 

were tested with ANOVA and if significant, with post hoc analysis. These results were only 

reported if significant. Differences in response rates were tested by calculation of the chance 

on response (named relative response rate) and 95% confidence interval for the two lower 

tertiles as compared to the high tertile. 

For the comparison of age and HPA-axis parameters in the GR genotypes, Mann-Whitney U 

tests were performed because of the non-normal distribution and small groups. Differences 

in dichotomous variables such as gender, chronic depression and therapy resistant depression, 

were analysed using the Fisher's exact test. To analyse the prediction of response by the GR 

polymorphisms, we tested differences in decrease of HRSD ratings by the student's t-test. 

Then, we calculated response rates and relative response rates with 95% confidence intervals 

(CI) per genotype. For all tests a p value of < 0.05 was considered statistically significant 

and all tests were two-tailed. 



RESULTS 

Clinical characteristics 

A total of 113 patients with depression met the criteria for eligibility and 98 patients 

completed 8 weeks (except one subject who completed 6 weeks) of study medication. 

After treatment with 30 mg of paroxetine for 8 (one patient for 6) weeks, the overall n 

response rate, defined as a 50% reduction in HRSD-score, was 48 out of 98 patients (49%). ^ 

Response rates in the three treatment arms (placebo, 25 u.g T3, 50 \xg T3) were similar 3 

(50%, 46%, 50%, respectively; % • 0.11, df=2, p=0.95). Characteristics of responders and 121 

non-responders were not statistically different between responders and non-responders o 

(Table 1). The 17-item HRSD scores indicate that the majority of all patients had a moderately z 

severe depression and that quite a large proportion of subjects had recurrent (43%), chronic > 

(52%) and therapy resistant (38%) depression. £ 
z 
o 

Table 1. Clinical Characteristics S 
i / i 

Responders Non-responders Q 
n=48 n=50 2 

m 
Age (mean ±SD) 47 ± 12 46 ± 11 ^ 
Woman (n, %) 32(67%) 31(62%) | 
17-HRSD(mean±SD) 21 ±3 20 ± 3 § 
Chronic depression (n, %) 22 (46%) 20 (40%) » 
Recurrent depression (n, %) 25(52%) 26(52%) S 
Therapy resistant* (n, %) 17(35%) 19(38%) 3 

m 
* Therapy resistance was defined as having a score 1 or more in the Thase and Rush classification for therapy ^ 
resistance (20). § 

Prediction of response 

Neither urinary Cortisol, nor any of the parameters of the Cortisol concentrations in the 

DEX/CRH test, predicted response to paroxetine (Table 2), irrespective of the exclusion of 

patients using estrogens. 

In contrast, analysis of the delta and peak ACTH in the DEX/CRH-test showed that HRSD 

ratings decreased not as much in the high ACTH-tertile as in the low and intermediate 

tertiles. Testing this with ANOVA and post hoc analysis revealed that, indeed, subjects in 

the high ACTH fertile group responded less favourable; significant compared to the 

intermediate fertile (for peak ACTH: p<0.01, 95% CI -7.89 - -1.73) and borderline significant 

compared to the lower fertile (peak ACTH: p=0.06, 95% CI: -6.10-0.15). 

ANOVA analysis for the delta and AUC ACTH showed the same, significant results (data not 

shown). A lower response rate and relative response rate in the high delta ACTH fertile was 
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statistically significant when compared to the intermediate tertile, but not if compared to 

the low tertile of the delta ACTH. Similar, but borderline significant results were obtained 

for peak (Table 2) and AUC ACTH (data not shown). The results were unchanged when 

patients using low-dose benzodiazepines (<30 mg/day) were excluded. Finally, baseline 

ACTH did not predict response rates. 

Table 2. Treatment Response per Tertile of HPA-axis Parameter 

N Value of parameter HRSD at Decrease Response Relative 
baseline in HRSD rate response 

median (range) mean ±SD mean ±SD n (%) rate 

95% CI 

urinary Cortisola 

nmol/24 hr 

baseline Cortisol 
nmol/l 
peak Cortisol '-
nmol/l 

delta Cortisol' 
nmol/l 

baseline ACTH " 
ng/l 
peak ACTH-"** 
ng/l 

delta ACTH < * 
ng/l 

low 
middie 
high 

" low 
high 
low 
middle 
high 
low 
middle 
high 
low 
high 
low 
middle 
high 
low 
middle 
high 

28 
29 
28 
77 
21 
32 
30 
32 
31 
31 
32 
57 
41 
31 
33 
30 
31 
31 
32 

27 (4-48) 
63 (49-80) 

111 (82-443) 
50 (50-50) 

100(50490) 
60 (50-90) 

185(100-270) 
500 (280-840) 

20 (0-60) 
155(65-235) 

388 (245-795) 
3 (2-4) 

8 (5-60) 
9(3-14) 

19(15-30) 
54(32-315) 

5(1-11) 
15(12-24) 

37(26-310) 

21 ± 4 
21 ±3 
20 ±3 
20 ±3 
20 ±3 
20 ±3 
22 ±4 
20 ±3 
20 ±3 
22 ±4 
21 ±3 
21 ±3 
21 ±3 
20 ±4 
21 ±3 
21 ±3 
21+4 
21 ±3 
2 • ± 3 

9 ± 7 
10 ± 6 
9 ± 6 
10 ± 7 
8 ± 6 
9 ± 6 
10 ± 6 
9 ± 7 
9± 7 
10 + 6 
9 ± 7 
10 + 6 
9 ± 7 
10 ± 6 
12 + 5 
7 ± 7 
10±6 
11 ± 6 
7 ± 7 

12 (43%) 
12 (41%) 
15 (54%) 
39 (51%) 
9 (43%) 
14 (44%) 
15 (50%) 
16 (50%) 
13 (42%) 
16 (52%) 
16 (50%) 
30 (53%) 
18(44%) 
13(42%) 
22 (67%) 
10(33%) 
12(39%) 
22(71%) 
11 (34%) 

1.00 
0.97 
1.25 
1.00 
0.85 
1.00 
1.14 
1.14 
1.00 
1.23 
1.19 
1.00 
0.83 
1.00 
1.59 
0.79 
1.00 
1.83 
0.89 

0.53-1.77 
0.72-2.17 

0.49-1.45 

0.67-1.94 
0.68-1.93 

0.72-2.10 
0.69-2.05 

0.55-1.28 

0.98-2.57 
0.41-1.53 

1.12-3.01 
0.46-1.70 

Patients (n=98) were divided in three equal groups (tertiles) of the HPA-axis parameters. Response rates are 
shown per group, a Urinary Cortisol levels are presented after exclusion of incomplete samples (n=85). b For 
baseline Cortisol and baseline ACTH (after 1.5 mg dexamethasone, before CRH) patients were divided in two 
groups, since in the majority of patients the values were under the detection limit, c Tertiles of the maximum 
(peak) and delta of Cortisol and ACTH after i.v. injection of 100|ig CRH and 400 îg TRH. Patients had had 1.5 mg 
dexamethasone the evening before testing (modified DEX/CRH test, Heuser et al. (16)). Only patients who had no 
missing measurement just before or just after the highest value were included (n=94). ** decrease in HRSD 
ratings: F: 4.88, df=2, 91, p=0.01; * decrease in HRSD ratings: F: 3.15, df=2, 91, p<0.05 

Clinical variables according to GR polymorphisms 

For the ER22/23EK polymorphism, available in 92 patients, the prevalence of ER22/23EK 

carriers was nine (10%) and no homozygous patients were identified. Age, gender and 

major depression characteristics were similar in ER22/23EK carriers as compared to wild 

types. This polymorphism was not associated with the variance in urinary Cortisol or in DEX/ 

CRH test parameters (Table 3). 



Table 3. Clinical Variables According to ER22/23EK Genotype 

GG/GG GA/GA p value 
(wild type) (ER22/23EK carriers)" 

n=83 n=9 

Age (mean ±SD) 
Woman (n, %) 
Chronic depression (n, %) 
Therapy resistant* (n, %) 
HPA axis parameters 
urinary Cortisola nmol/24 hr (median, p10-p9 

baseline Cortisolö nmol/l (median, p,0-p90) 
peak Cortisol ö nmol/l(median, p'°-p90) 
baseline ACTH0 ng/l(median, p10-p90) 
peak ACTH b ng/l(median, p10-p90) 

46 ± 12 
54 (65%) 
35 (42%) 
31 (37%) 

63 (15-130) 
50(50-112) 
200 (50-530) 
4(2-13) 
21 (7-79) 

52 ±3 
4 (44%) 
6 (67%) 
4 (44%) 

55 (27-443) 
50(50-170) 
80 (50-790) 
4 (2-60) 
19(4-295) 

0.21 
0.28 
0.18 
0.73 

0.62 
0.85 
0.98 
0.92 
0.89 

n.a. not applicable. # Only heterozygous patients.* Therapy resistance was defined as having a score 1 or more in 
the Thase and Rush classification for therapy resistance.(20) For test statistics, see the methods section. 
a Urinary Cortisol values are presented after the exclusion of incomplete samples (n=81). b Tertiles of maximal 
Cortisol and ACTH values before (baseline) and after (peak) i.v. injection of 100 u.g CRH and 400 u.g TRH. Patients 
had had 1.5 mg dexamethasone the evening before testing (modified DEX/CRH test, Heuser et al.(16)). Only 
patients who had no missing measurement just before or just after the highest value were included (n=88). 

Data on the Bell restriction length polymorphism were measured in 91 patients. Forty-two 

(46%) patients were heterozygous and ten (11%) homozygous for the polymorphism. There 

was a trend towards a lower prevalence of women and a higher prevalence of therapy 

resistance in Bell carriers as compared to non-carriers (Table 4). Age and the presence of 

chronic and recurrent depression were similar. The Bell polymorphism was not associated 

with urinary Cortisol or Cortisol parameters in the DEX/CRH test, even when estrogen taking 

patients were excluded. In contrast, all ACTH parameters were higher in the 52 Bell carriers. 

When the carriers were divided in heterozygous and homozygous patients, the ACTH values 

tended to be higher in homozygous patients compared to heterozygous patients (peak 

ACTH 17, 23 and 27 ng/L in non-carriers, heterozygous and homozygous, respectively. 

Kruskal-Wallis test: %2 4.04, df 2, p=0.13). Exclusion of patients carrying the ER22/23EK did 

not alter the association between ACTH and Bell, although differences were not statistically 

significant due to lower power (data not shown). Because the Bell polymorphism was related 

to high ACTH, we investigated whether ACTH tertiles predicted response independent of 

the Bell polymorphism. The largest group was the heterozygous group (n=42). High ACTH 

was still associated with a lower decrease in HRSD as compared to the low and middle 

ACTH tertile (HRSD decrease from low to high ACTH: 9 ± 6, 11 ± 5, 5 ± 6; F 4.26, df 2; 39, 

p=0.02). Data on the N363S polymorphism were available in 89 patients and the prevalence 

of heterozygous patients (AG) and homozygous patients (GG) was 3(3%) and 1(1%) 



respectively. Because of the low prevalence of this polymorphism, data on this polymorphism 

are not shown. The DEX/CRH test results in the 4 carriers of N363S polymorphism were 

within the range of the non-carriers. 

Table 4. Clinical Variables According to Bell Genotype 

CC 
(wild type) 

n=39 

CG and GG 
^Bell-carriers) ° 

n=52 

test statistic p value 
(df) 

124 

Age (mean ±SD) 
Woman (n, %) 
Chronic depression (n, %) 
Therapy resistant* (n, %) 

HPA axis parameters 
urinary Cortisol0 nmol/24 hr (median, p,0-p9 

baseline Cortisol0 nmol/l (median, p,0-p90) 
peak Cortisol;' nmol/l (median, p'°-p90) 
baseline ACTH0 ng/l (median, p,0-p90) 
peak ACTHb ng/l (median, p,0-p90) 

46 ±11 
29 (74%) 
14(36%) 
10(26%) 

73(22-159) 
50(50-100) 
125(50-522) 

3 (2-10) 

47 ±11 
23 (56%) 
25 (48%) 
23 (44%) 

63(15-159) 
50(50-134) 
230 (50-628) 

5(2-15) 

-0.36 (89) 
n.a. 
n.a. 
n.a. 

-0.65 
-0.43 
-1.35 
-2.30 

17(5-97) 23(9-101] 

0.72 
0.08 
0.29 
0.08 

0.52 
0.67 
0.18 
0.02 
<0.05 

n.a. not applicable. * 42 heterozygous and 10 homozygous patients. * Therapy resistance was defined as having a 
score 1 or more in the Thase and Rush classification for therapy resistance (23). For test statistics, see the methods 
section.a Urinary Cortisol values are presented after the exclusion of incomplete samples (n=81).b Tertiles of maximal 
Cortisol and ACTH values before (baseline) and after (peak) i.v. injection of 100 u.g CRH and 400 jug TRH. Patients 
had had 1.5 mg dexamethasone the evening before testing (modified DEX/CRH test, Heuser et al. (16). Only 
patients who had no missing measurement just before or just after the highest value were included (n=87). 

Prediction of response by th e GR polymorphism 

There was a trend towards a lower decrease in HRSD ratings for Bell carriers as compared 

wi th wild types (Table 5). This trend disappeared when heterozygous and homozygous 

patients were analyzed separately (decrease in HRSD rates for wild type, heterozygous and 

homozygous patients: 11 ± 6, 8 ± 6 and 9 ± 8; F: 1.88, df: 2, 88, p=0.16) or when response 

rates as defined by 50% decrease in HRSD ratings were calculated. Response was not 

predicted by the ER22/23EK polymorphism. 

Table 5. Treatment Response According to GR Genotypes 

C22/23(n=92) 

Bell *(n=91) 

non-carriers 
carriersa 

non-carriers 
carriers :' 

N 

83 
9 
39 
52 

HRSD at 
baseline 

mean ±SD 

21 ±3 
19 + 3 
21 ±3 
21 ±3 

Decrease 
in HRSD 

mean ±SD 

10 ± 6 
8 ± 8 
11 ±6 
8 ± 6 

Response 
rate 

n (%) 

41 (49%) 
4 (44%) 
22 (46%) 
21 (40%) 

Relative 
response 

rate 

1.00 
0.90 
1.00 
0.72 

95% CI 

0.42-1.93 

0.47-1.10 

Patients are divided in groups according to GR genotype. Response rates are shown per genotype, a Only heterozygous 
patients, b 42 heterozygous and 10 homozygous patients. * Decrease in HRSD ratings: t: 1.86, df=89, p=0.07 



DISCUSSION 

In our data, high ACTH concentrations after CRH were related to worse treatment outcome. 

Of the GR polymorphisms, only the Bell polymorphism was non-significantly related to non-

response. 

The response rate in the high ACTH tertile was clearly lower than in the intermediate ACTH 

fertile, but only slightly lower than in the low ACTH tertile. The analysis of the reduction in 

HRSD ratings per ACTH tertile showed a pattern, which was more compatible with the 

concept that high ACTH (thus, higher HPA-axis activity) is linearly related to non-response. 

Post hoc analysis pointed out that indeed the high ACTH tertile is the aberrant tertile. 

Whether peak ACTH and Cortisol concentrations in the DEX/CRH test can predict response, 

was investigated in two previous studies (6;7). The authors found no differences in the 

DEX/CRH test between treatment responders and non-responders after 6 weeks of 

treatment, although one of these studies described a trend towards higher peak Cortisol in 

non-responders. The absence of significant associations in these studies may be explained 

by their smaller sample size, inclusion of bipolar patients or solely treatment resistant patients. 

In the present study, peak ACTH did, but peak Cortisol did not at all predict treatment 

response. Since the mean peak of Cortisol nicely followed the mean peak of ACTH, one 

would expect Cortisol to predict treatment outcome as well. In part, this may be caused by 

the later time point of the Cortisol peak. In the initial report on the DEX/CRH test the 

authors described that in some 10% of the patients the Cortisol peaked after 4.30 p.m. 

(16), the latest measurement in our test. The measured Cortisol peak may thus be less 

accurate than the ACTH peak. On the other hand, ACTH may reflect disbalances in 

hypothalamic neuroendocrine function (due to increased CRH and vasopressin levels) in 

depression more precisely than Cortisol. 

In line with the association between high ACTH and non-response is the trend towards a 

lower response in carriers of the Bell polymorphism; these carriers have also increased 

ACTH values in the DEX/CRH test. The (non-significant) higher prevalence of therapy resistance 

to former therapies in Bell carriers fits in this concept as well. Nevertheless, this finding 

should be replicated in other studies. 

ACTH and Cortisol concentrations after dexamethasone, before CRH, did not predict response. 

This may be due to a too infrequent prevalence of dexamethasone non-suppression in our 

outpatient population to detect such a prediction; most baseline ACTH values were very 

low in the present study. Lower prevalences of dexamethasone non-suppression in outpatients 



as compared with inpatients have been described before (21). 

We could not establish a relation between the ER22/23EK polymorphism and response rates 

to paroxetine, possibly due to the low prevalence of ER22/23EK carriers in the present study. 

The prevalence of the three GR genotypes was similar to the prevalence reported in the 

literature (ER22/23EK: 9% and 0%, Bell: 46% and 14%, N363S: 6% and 0% for heterozygous 

and homozygous respectively) (12;13;22). Since we did not compare genotype frequencies 

between patients and a population of healthy controls, we cannot draw any conclusions 

whether or not these polymorphisms are associated with depression. 

126 ACTH concentrations in the DEX/CRH test seem in part to be explained by the Bell genotype, 

as ACTH was higher in carriers of this polymorphism. In contrast, Cortisol values were not 

associated with the Bell polymorphism. Earlier studies described that Cortisol was rather 

decreased in Bell carriers (12). A recent study showed that in Bell homozygous subjects 

ACTH increased significantly after psychosocial stress, but Cortisol barely increased, which 

was in contrast with non-carrier subjects in whom both ACTH and Cortisol increased (19). 

The finding that ACTH is increased while Cortisol is decreased seems contradictory. This may 

be explained by tissue specific effects of the Bell polymorphism; carriers of Bell polymorphisms 

have increased skin-blanching after budesonide application, indicating increased sensitivity 

of the GR, while in the same patients leucocytes showed a reduced sensitivity to 

dexamethasone (22). 

Earlier studies described altered post-dexamethasone Cortisol concentrations in carriers of 

the Bell and ER22/23EK polymorphisms (11;12). The fact that we could not replicate this is 

probably explained by the higher dose of dexamethasone (1.5 mg) in the DEX/CRH test. 

This is illustrated by the observation that increased GR sensitivity of the N363S polymorphism 

was only found after 0.25 mg and not after 1 mg dexamethasone (13). In addition, the 

DEX/CRH test was performed in the afternoon when Cortisol levels are lower than in the 

morning, when the DST is usually performed. 

We prospectively investigated a large population of depressed patients who had been free 

of antidepressants for three months. Influence of previous treatments on baseline parameters 

was therefore unlikely. To date, we are the first to investigate GR polymorphisms in relation 

to both treatment outcome and to HPA-axis activity in outpatients with major depression. 

In this setting, we found an association between treatment non-response and high ACTH. 

Furthermore, the Bell genotype appeared to be associated with higher ACTH in the DEX/ 

CRH test and tended to predict non-response. 
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