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Abstract

Generalizability of efficacy results from medication trials across geographic regions is 
disputed. Geographic differences in factors such as patient characteristics, treatment 
practices and disease definitions might lead to differences in effect sizes across regions. 
This study examined geographic variation in efficacy results of schizophrenia trials with 
atypical antipsychotics using individual-patient data meta-analysis. Twenty-two studies 
including in total 5233 patients from three regions (North America, Europe, and the rest 
of the world) were included in the random effects meta-analysis. The effect size in North 
American patients was smaller in terms of mean change from baseline and in terms 
of responders (Hedge´s G=0.37, 95% CI 0.28–0.46; OR 1.71, 95% CI 1.35–2.17) 
as compared to patients in Europe (Hedge´s G=0.56, 95% CI 0.34–0.79; OR 2.25, 
95% CI 1.62–3.12) and the rest of the world (Hedge´s G=0.53, 95% CI 0.12–0.75; 
OR 2.61, 95% CI 1.66–4.17). The differences were not statistically significant. The 
observed differences remained when the confounding effect of unequal distribution of 
compounds was controlled for by analysing separately the compounds that were studied 
across all three regions. Based on these results it cannot be excluded that there are 
differences in efficacy results of atypical antipsychotics trials across geographic regions. 
The observed trend towards differential efficacy across geographic regions warrants 
further examination of the determinants of these differences.
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Introduction

Placebo controlled randomized clinical trials are the gold standard for testing efficacy of 
new pharmaceutical compounds (1,2). However, the external validity of such trials has 
been regularly disputed. Issues that may affect external validity include differences in 
study design and routine practice, highly selective trial inclusion/exclusion criteria and 
the setting of the trial. (3-5). An important factor related to setting of the trial is the 
geographic area where the trial was performed. Regional differences in factors such as 
health care availability, medicinal practice, disease definition and patient characteristics 
(e.g. race and treatment compliance) may lead to different results with respect to efficacy 
and/or safety in the different regions (1,3,4). Therefore generalizability of the results 
across geographic regions has been questioned. Extrapolation of results across regions 
is currently addressed by regulatory authorities on a case-by-case assessment (6-8). The 
United States Food and Drug Administration (FDA) and the European Medicines 
Agency (EMA) prefer studies to be conducted in their own geographical region. Moreover 
in recent years there is a shift in location of conducting clinical trials from traditional 
sites in North America and Western Europe to emerging regions, such as Eastern Europe 
and Asia. Globalization of clinical trials is beneficial in terms of spreading medical 
knowledge and effective medicinal practice, and it enables patients´ access to medical 
care. Conducting clinical trials in these new regions is also advantageous to industry as 
costs can be reduced while still recruiting large numbers of patients (9). Therefore there 
is a growing interest in the generalizability of efficacy and safety results of clinical trials 
across regions.
In the current study, we examine the generalizability of the results of placebo controlled 
trials of atypical antipsychotics in the acute treatment of schizophrenia across 
geographic regions. Schizophrenia is a disorder characterized by positive symptoms (e.g. 
hallucinations and delusions), negative symptoms (e.g. flat affect and avolition) and 
impairments in cognition (e.g. attention, memory, and flexibility). Patient’s social and 
occupational functioning is commonly severely affected. Schizophrenia affects about 7 
per 1000 in the adult population (10). 

Pharmacotherapy of schizophrenia is commonly grouped into two classes, typical 
and atypical antipsychotics. It is known that there are differences in the prevalence of 
schizophrenia between latitudes (11) and rural versus urban areas (12-14). However, 
only limited evidence is available on the potentially modifying effect of geographic 
factors on the efficacy of pharmacological compounds in schizophrenia. For example, 
studies investigating the influence of race–ethnicity on the effect of antipsychotics in 
the treatment of patients with schizophrenia suggest that such differences may exist 
due to differences in metabolism (15,16), differences in side effects (17), differences 
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in compliance/drop-out, or other race–ethnicity related factors, ultimately resulting in 
differences in overall treatment response (18). However, other studies found no effect of 
race–ethnicity on treatment response to antipsychotics in patients with schizophrenia 
(17,19).

A recent study conducted by the FDA, which mainly focused on changes over time in 
efficacy of medications for the treatment of schizophrenia, also explored differences in 
results between trials conducted in North America and elsewhere (20). No significant 
differences in effect size were observed between North American and multiregional 
trials, although the effect size was numerically smaller in North America. However, the 
classification of geographic regions may not be considered optimal in this trial-level 
meta-analytic study (32 studies, N=11,567) as trials were divided into North American, 
North-America predominant and foreign-predominant studies. As a consequence, 
foreign-predominant studies could include up to 50% patients from North America. 
In addition, the study failed to stratify the results by compound, which may have 
confounded the conclusions since trials with different compounds cannot be assumed 
to be equally distributed across geographic regions. These two issues illustrate why 
a traditional meta-analysis based on information described in articles and reviews is 
not optimal for examining geographic variation with regards to efficacy, namely that 
variables possibly affecting this variability are available only on study level and not on 
individual patient level.

A recent individual patient data meta-analysis by Chen et al. (21) (33 studies, N=12,585) 
also investigated regional heterogeneity of treatment effect of medications used for 
the treatment of schizophrenia. In this study the following geographic regions were 
ascertained for each patient: Asia, Eastern Europe, Western Europe, North America, 
South Africa, and Latin America. Among the three largest regions, treatment effect was 
observed to be larger in Asia and Eastern Europe as compared to North America. However, 
this study also failed to control for the potential effect of compound and therefore the 
findings may be confounded by differences in the distribution of compounds across 
geographic regions.

The objective of the current study is to investigate geographic variation in efficacy in 
short-term efficacy studies of different atypical antipsychotics in the acute treatment 
of schizophrenia using individual patient data meta-analysis, taking into account the 
potential confounding effect of compound.
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Experimental procedures

Selection of studies
Double-blind, randomized, placebo controlled short-term efficacy trials with atypical 
antipsychotics for the treatment of psychotic episodes in patients with DSM-III-R or 
DSM-IV schizophrenia were identified from documentation submitted to the Dutch 
regulatory authority for the purpose of marketing authorization application. Of note, 
the same data were also used for the registration of these products in other European 
countries. A study period of six weeks was chosen for the analysis cut-off point, because 
this is the duration of short-term schizophrenia trials recommended in the EMA 
Committee for Medicinal Products for Human Use (CHMP) guideline on clinical 
investigation of medicinal products in the treatment of schizophrenia (22) (EMA/
CHMP/40072/2010 Rev. 1). Subsequently, pharmaceutical companies were requested 
to provide their raw data for the purpose of individual patient data meta-analysis.

Outcome measures
The Brief Psychiatric Rating Scale (23) (BPRS) was the main efficacy parameter chosen 
for the comparison between regions, using both change from baseline and responder 
status (at least 30% reduction from baseline) as outcome variables. The 1–7 scale of 
the BPRS was used. The minimum BPRS total score of 18 was not subtracted from the 
total BPRS score. If no BPRS data were available, data from the Positive and Negative 
Symptom Scale (24) (PANNS) were converted to BPRS scores. For any missing individual 
PANNS item, the average of the other PANNS items for the particular patient for that 
visit was used. For studies shorter than six weeks or for patients who dropped out before 
the end of a six-week study, the last observation was carried forward to week 6.

Statistical analysis
ITT analysis of all randomized patients with at least one post-baseline assessment was 
performed.
Active comparator arms were excluded from the analysis, because the objective of 
each trial was to show efficacy of the experimental treatment, not the established one. 
Treatment arms with dosages lower than the lowest effective dose, as indicated in the 
current Summary of Product Characteristics (SPC) of each compound, were excluded 
from the analysis. This was done to avoid bias due to ineffective doses in some of the 
studies.

Three regions were compared in the analysis: North America, Europe and the rest of the 
world. Allocation of countries to these three regions was based mainly on the country 
grouping used by the World Health Organization (WHO). A map of countries and 
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their allocation to regions is presented in Figure 1. Regional differences were examined 
by comparing the pooled data on all patients from all sites within one region to pooled 
data on all patients from all sites within other regions.

Figure 1. 
Allocation of countries to geographic regions North America, Europe and the rest of the World.

A two-step, random effects meta-analysis was chosen as the primary analysis method. 
The random effects model was chosen since the studies have been performed by 
independently operating companies, with different medications, at different times and 
in different study populations. The effect size of the continuous outcome (difference in 
mean total score of treatment versus placebo) is presented as Hedge´s G; the effect size 
of the dichotomous outcome (difference in percentage of responders) as an odds ratio 
(OR). As a crude interpretation of the effect sizes, Hedge´s G of 0.20 was considered as 
a small effect, G of 0.50 as a moderate effect and G of 0.80 as a large effect (25).
In addition to effect size and 95% confidence interval calculations, prediction intervals 
for Hedge´s G and odds ratio were calculated to estimate how the true effects are 
distributed around the overall effect size.

In a secondary analysis, the data of two specific compounds that were studied in all 
three regions, were individually analysed for differences in efficacy between regions, thus 
excluding the potential confounding effect of compounds. All analyses were performed 
using Comprehensive Meta-Analysis, version 2.
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Results

Of the 29 studies that met the inclusion criteria, raw data from 22 (76%) studies were 
provided by the relevant pharmaceutical companies.
Seventeen of the 22 studies were performed in North America, two in Europe and 
three studies were international studies conducted across two or three regions. For these 
international studies, the patients from each specific region were handled as a separate 
study in the analysis. This resulted in 26 (sub)studies with 18 studies performed in 
North America, five in Europe and three in the rest of the world.
The total number of patients included was 5233: 3737 from North America, 1052 from 
Europe and 444 from the rest of the world.
The antipsychotic compounds examined in the studies are referred to in this paper as 
compound A, B, C, D and E (this is in order to protect the company rights).
Table 1 presents the patient characteristics per study and per geographic region. The 
table shows that the North American studies have a patient population with a larger 
variety of different race-ethnicity than the European studies. The mean BPRS baseline 
score is somewhat higher in the North American studies than in the other regions, 
although not significantly so (data not shown). Patients in the North American studies 
are more frequently male and on average younger than patients in the European studies.
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Table 1. 
Patient characteristics in the included studies.

Patient characteristics per study 
Study 
no. 

Study 
performed in 

Study 
start 
year 

Drug Patients 
exp/cont N 

Age 
mean 
(SD) 

Sex 
(% male) 

Ethnicity Duration of 
study 
(weeks) 

BPRS score at 
baseline Mean 
(SD) 

1 North America 1991 A 127/65 35.9 
(9.46) 

84.9% Caucasian 74% 
Black 18.8% 
Hispanic 5.7% 
Other 1.6% 

6 59.88 (10.72) 

2 North America 1993 A 49/48 37.7 
(9.48) 

70.1% Caucasian 66% 
Black 23.7% 
Hispanic 5.2% 
Other 3.1% 

6 55.05 (7.71) 

3 Europe 2004 B 75/37 69.7 
(4.49) 

27.7% Caucasian 100% 6 50.72 (5.73) 

4 Europe, Rest 2004 B 374/127 37.3 
(10.8) 

53.5% Caucasian 85.6% 
Other 14.2% 

6 52.36 (6.68) 

5 North America 2004 B 224/105 41.9 
(10.5) 

72.0% Caucasian 42.6% 
Black 56.2% 
Other 1.2% 

6 54.03 (7.14) 

6 North America, 
Europe, Rest 

2004 B 358/120 36.9 
(10.7) 

65.3% Caucasian 49.6% 
Black 20.7% 
Asian 23.9% 
Other 5.9% 

6 52.4 
(7.62) 

7 North America 1989 C 8/4 34.1 (9.3) 100% Caucasian 25.0% 
Black 66.7% 
Hispanic 8.3% 

3 41.67 (9.55) 

8 North America 1991 C 53/53 36.3 (8.4) 90.6% Caucasian 61.3% 
Black 35.9% 
Hispanic 0.9% 
Other 1.9% 

6 54.94 (7.72) 

9 North America 1993 C 203/51 37.1 (9.1) 75.2% Caucasian 71.3% 
Black 19.7% 
Asian 2% 
Hispanic 5.1% 
Other 2% 

6 63.37 (10.51) 

10 North America 2001 C 266/82 38.7 
(10.2) 

75.6% Caucasian 51.7% 
Black 36.2% 
Asian 1.2% 
Hispanic 9.5% 
Other 1.5% 

6 52.87 (9.53) 

11 North America 1991 C 110/57 37.2 (7.8) 77.3% Caucasian 1.7%% 
Black 28.7% 
Hispanic 9% 
Other 0.6%% 

6 56.35 (8.80) 

  

table 1 continues 

Study 
no. 

Study 
performed in 

Study 
start 
year 

Drug Patients 
exp/cont N 

Age 
mean 
(SD) 

Sex 
(% male) 

Ethnicity Duration of 
study 
(weeks) 

BPRS score at 
baseline Mean 
(SD) 

12 Europe 1991 C 
 

76/36 36.8 
(11.0) 

62.5% Caucasian 84.8% 
Black 4.5% 
Asian 3.6% 
Oriental 0.9% 
Other 6.3% 

6 58.96 (10.82) 

13 Europe, Rest 2004 C 339/115 34.2 
(10.5) 

60.8% Caucasian 59%% 
Black 4.2% 
Oriental 36.6% 
Other 0.2% 

6 54.03 (8.00) 

14 North America 2004 C 324/111 41.5 
(10.2) 

73.6% Caucasian 34.0% 
Black 57.5% 
Asian 0.7% 
Oriental 1.4% 
Hispanic 4.1% 
Other 2.3% 

6 53.59 (7.52) 

15 North America 1990a D 340/86 37.2 
(10.5) 

83.3% Caucasian 71.1% 
Black 18.1% 
Oriental 2.1% 
Hispanic 8.5% 
Other 0.2 

8 52.41 (11.07) 

16 North America 1990a D 51/53 40.2 
(10.3)) 

97.1% Caucasian 53.8% 
Black 44.2% 
Oriental 1.0% 
Hispanic 1.0% 
Other 1.5% 

6 54.44 (11.87) 

17 North America 1990 D 157/79 38.1 (9.6) 79.7% Caucasian 55.1% 
Black 33.9% 
Asian 0.4% 
Oriental 0.9% 
Hispanic 9.3% 
Other 0.4% 

4 53.82 (6.43) 

18 North America 1992 E 26/11 33.9 (7.4) 91.9% Caucasian 56.7% 
Black 43.2% 

7 52.24 (9.54) 
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Meta-analysis of all studies: Table 2 presents effect sizes and prediction intervals for 
the studies stratified by region. Figure 2 presents the results on mean change from 
baseline and the results on responders in forest plots.

table 1 continues 

Study 
no. 

Study 
performed in 

Study 
start 
year 

Drug Patients 
exp/cont N 

Age 
mean 
(SD) 

Sex 
(% male) 

Ethnicity Duration of 
study 
(weeks) 

BPRS score at 
baseline Mean 
(SD) 

19 North America 1992 E 103/47 37.4 (8.6) 96% Caucasian 56% 
Black 36.7% 
Asian 0.7% 
Oriental 0.7% 
Hispanic 5.3% 
Other 0.7% 

6 51.12 (9.87) 

20 North America 1993 E 34/39 40.2 (8.6) 97.3% Caucasian 64.4% 
Black 28.8% 
Oriental 1.4% 
Hispanic 5.9% 

6 53.01 (12.17) 

21 North America 1994 E 222/108 38 (9.1) 76.4% Caucasian 64.9% 
Black 23.9% 
Asian 0.6% 
Oriental 2.7% 
Hispanic 5.8% 
Other 2.1% 

8 52.37 (11.67) 

22 North America 1994 E 207/71 39.1 (9.6) 75.9% Caucasian 61.5% 
Black 28.8% 
Asian 0.4% 
Oriental 0.4% 
Hispanic 8.3% 
Other 0.7% 

8 54.21 (13.34) 

  

table 1 continues 

Study 
no. 

Study 
performed in 

Study 
start 
year 

Drug Patients 
exp/cont N 

Age 
mean 
(SD) 

Sex 
(% male) 

Ethnicity Duration of 
study 
(weeks) 

BPRS score at 
baseline Mean 
(SD) 

Patient characteristics per geographical area     
 North America 1989 - 

2004 
All 2625/1112 38.6 (9.9) 78.9 Caucasian 56.7% 

Black 34.7% 
Asian 0.5% 
Oriental 0.9% 
Hispanic 5.6% 
Other 1.6% 

3 - 8 
 
 
 
 

54.2 (9.8) 

 Europe 1991- 
2004 

B, C 770/282 40.9 
(14.5) 

50.8 Caucasian 98.0% 
Black 0.7% 
Asian 0.6% 
Oriental 0.1% 
Other 0.7% 

6 
 
 
 
 

53.3 (7.7) 

 Rest of the 
world (Asia, 
Africa) 

2004 B, C 332/112 32.8 (9.5) 69.8 Caucasian 9.7% 
Black 8.8% 
Asian 24.8% 
Oriental 37.4% 
Other 19.4% 

 
6 
 
 
 

52.2 (8.1) 

 Total 1989 - 
2004 

All 3727/1506 38.6 
(11.1) 

72.5 Caucasian 60.9% 
Black 25.8% 
Asian 2.6% 
Oriental 3.8% 
Hispanic 4.0% 
Other 2.9% 

3 - 8 54.0 (9.6) 

 

 



Geographic variation in efficacy of atypical antipsychotics for the acute treatment of 
schizophrenia – An individual patient data meta-analysis

47

C
ha

pt
er

 3

Table 2. 
Summary results, mean change from baseline and proportion responders (≥30% change 
from baseline on the BPRS), pooled for all compounds.

Region Drug Number of 
studies 

N exp/ 
control 

type ES tau2a ES  Se 
(ES) 

95% c.i. ES 95% p.i. ES test effect area 

          Qbetween (df) p 

North 
America 

All 18 2625/1112 Hedges g .011 0.368 0.045 0.279 – 0.457 0.15 – 0.58 3.787(2)  0.151 

Europe All 5 770/282 Hedges g .011 0.564 0.116 0.336 – 0.792 0.35 – 0.78 

Rest of 
the world 

All 3 332/112 Hedges g .011 0.530 0.111 0.313 – 0.747 0.38 – 0.68 

North 
America 

All 18 2625/1112 ORb .071 1.710 0.121 1.350 – 2.168 0.97 – 2.97 3.393(2) 0.183 

Europe All 5 770/282 OR .071 2.250 0.166 1.624 – 3.117 1.30 – 3.91 

Rest of 
the world 

All 3 332/112 OR .071 2.611 0.239 1.656 – 4.169 1.51 – 4.53 

a pooled tau estimate (i.e. tau is estimated for each region and then pooled over the regions to get a more stable estimate (recommended when regions have < 5 studies) 

b tau2 and SE(ES) pertain to the log odds ratio while ES, and the 95% c.i. and the 95% p.i. pertain to the OR
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Figure 2. 
Mean total BPRS score change from baseline to 6 weeks, grouped by region and responders in terms of ≥30% 
reduction in BPRS total score from baseline to 6 weeks, grouped by region.



Geographic variation in efficacy of atypical antipsychotics for the acute treatment of 
schizophrenia – An individual patient data meta-analysis

49

C
ha

pt
er

 3

Mean response
The overall point estimate (SE) of the effect for all studies is 0.411 (0.040) and the 
effect sizes for the studies from North America, Europe, and the rest of the world are 
0.368 (0.045), 0.564 (0.116) and 0.530 (0.111), respectively, suggesting a larger effect 
in Europe, and the rest of the world compared to North America.
Visual inspection of the forest plot (taking into account the 95% CIs) indicates that the 
difference in effect between the three geographic regions is not statistically significant. 
The prediction intervals across the geographic regions in Table 2 (Qbetween=3.787; 
P=0.151), suggest a trend towards smaller effect sizes in North American patients with 
effect sizes ranging from a small effect (G=0.15) to a moderate effect (G=0.58) compared 
to European studies and studies from the rest of the world with effect sizes ranging 
from a moderate effect (G=0.35 and G=0.31, respectively) to a large effect (G=0.78 and 
G=0.75, respectively).

Responder analysis
The overall OR (95% CI) for all studies is 1.971 (1.65–2.361). In North American 
studies the OR for being a responder is 1.710 (1.350–2.168), in European studies it is 
2.250 (1.624–3.117) and in studies from the rest of the world 2.611 (95% CI 1.653–
4.169). Visual inspection of the forest plot (taking into account the 95% CIs) suggests 
that the difference between the three geographic regions is not statistically significant. The 
prediction intervals across the geographic regions in Table 2 (Qbetween=3.393; P=0.183), 
suggest that there is a trend for weaker effects of acute antipsychotic treatment in North 
American studies, with a prediction interval ranging from 0.98 to 2.97, compared to 
studies in Europe and the rest of the world, with prediction intervals ranging from 1.30 
to 3.91 and from 1.50 to 4.53, respectively.
Meta-analysis of individual compounds: the results are presented in Table 3 and in 
Figure 3.
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Table 3. 
Summary results, mean change from baseline and proportion responders (≥30% change 
from baseline on the BPRS), for compounds B and C separately.

Region Drug Number 
of studies 

N exp/ 
control 

type ES tau2a ES  Se 
(ES) 

95% c.i. ES 95% p.i. ES test effect area 

          Qbetween (df) p 
North 
America 

B 2 345/147 Hedges g .025 0.443 0.099 0.248 – 0.638 0.26 – 0.62 2.472 0.291 

Europe B 3 523/188 Hedges g .025 0.696 0.130 0.440 – 0.951 0.51 – 0.88 

Rest of the 
world 

B 2 164/55 Hedges g .025 0.483 0.483 0.176 – 0.790 0.30 – 0.67 

North 
America 

B 2 345/147 ORb .323 2.159 0.507 0.800 – 5.826 0.50 – 7.00 0.219 0.896 

Europe B 3 523/188 OR .323 2.504 0.218 1.632 – 3.841 0.58 – 8.12 

Rest of the 
world 

B 2 164/55 OR .323 2.091 0.356 1.040 – 4.206 0.48  - 6.78 

          Qbetween (df) p 
North 
America 

C 6 964/358 Hedges g .005 0.305 0.071 0.166 – 0.445 0.14 – 0.47 2.509 0.285 

Europe C 2 248/95 Hedges g .005 0.357 0.121 0.119 – 0.594 0.19 – 0.52 

Rest of the 
world 

C 1 167/56 Hedges g .005 0.577 0.156 0.271 – 0.884 0.41 – 0.74 

North 
America 

C 6 964/358 ORb .184 1.636 0.266 1.050 – 2.549 0.66 – 4.43 1.888 0.389 

Europe C 2 248/95 OR .184 1.941 0.257 1.174 – 3.210 0.70 – 4.71 

Rest of the 
world 

C 1 167/56 OR .184 3.128 0.322 1.664 – 5.878 1.13 – 7.59 

a pooled tau estimate (i.e. tau is estimated for each region and then pooled over the regions to get a more stable estimate (recommended when regions have < 5 studies) 

b tau2 and SE(ES) pertain to the log odds ratio while ES, and the 95% c.i. and the 95% p.i. pertain to the OR 

Figure 3. 
Mean total BPRS score change from baseline to 6 weeks and responders in terms of ≥30% reduction in BPRS total 
score from baseline to 6 weeks for compound B and C grouped by region.
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Compound B
The overall effect sizes (SE) for studies from North America, Europe and the rest of the 
world are 0.443 (0.099), 0.696 (0.130) and 0.483 (0.157), respectively. The OR (95% 
CI) for being a responder was 2.159 (0.800–5.826) in North American patients, 2.504 
(1.632–3.841) in European patients and 2.091 (1.040–4.206) in patients from the rest 
of the world. These results again suggest a larger effect in the European studies (but not 
in studies from the rest of the world) compared to North American studies.
Visual inspection of both forest plots (taking into account the 95% CIs) suggests that the 
difference in effect between the three geographic regions is not statistically significant. 
The prediction intervals across the geographic regions in Table 2 for Hedge׳s G 
(Qbetween=2.472; P=0.291), suggest a trend towards smaller effect sizes in North American 
studies with effect sizes ranging from 0.26 to 0.62 compared to European studies with 
effect sizes ranging from 0.51 to 0.88. The effect sizes for studies from the rest of the 
world are similar to those in North America (0.30–0.67). The prediction intervals for 
OR show a similar trend, although less pronounced.

Compound C
The overall effect sizes (SE) for studies from North America, Europe and the rest of the 
world are 0.305 (0.071), 0.357 (0.121) and 0.577 (0.156), respectively. The OR (95% 
CI) for being a responder was 1.636 (1.050–2.549) in North American patients, 1.941 
(1.174–3.210) in European patients and 3.128 (1.664–5.878) in patients from the rest 
of the world. These results again suggest a larger effect in the European studies and 
studies from the rest of the world compared to North American studies.
Visual inspection of both forest plots (taking into account the 95% CIs) suggests 
that the difference in effect between the three geographic regions is not statistically 
significant. The prediction intervals across the geographic regions in Table 2 for Hedge׳s 
G (Qbetween=2.509; P=0.285), suggest again a trend towards smaller effect sizes in North 
American compared to European studies. However, the larger effects are seen in studies 
from the rest of the world. However only one study was performed with patients outside 
of North America and Europe. The prediction intervals for OR show a similar trend.

Discussion

The objective of this study was to investigate whether extrapolation of efficacy results 
across geographic regions is justified.
In our individual patient data meta-analysis of 22 studies including 5233 patients, the 
magnitude of effect of atypical antipsychotics in the treatment of schizophrenia was 
smaller in North American studies compared to studies conducted in Europe and in 
the rest of the world. The magnitude of effect of atypical antipsychotics was small to 
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moderate in North America (with a prediction interval for Hedge’s G from 0.15 to 0.58) 
as opposed to moderate to large in Europe and the rest of the world (with a prediction 
interval for Hedge’s G from 0.35 to 0.78 and from 0.31 to 0.75, respectively). Similar 
differences were observed for the responder OR. These findings confirm the results 
reported by Khin et al. (20) and Chen et al. (21), who also observed smaller effect sizes 
in North American patients as compared to other regions.

As opposed to the analyses of Khin et al. (20) and Chen et al. (21), our study was 
able to demonstrate that the observed differences between North America and Europe 
in magnitude of effect are not driven by unequal distribution of studied compounds 
across the three regions. Our meta-analysis for single compounds that were studied in all 
regions indicate differences in magnitude of effect between the regions, especially with 
compound B for which studies were more equally divided across the regions.
The fact that these geographic differences were not statistically significant may be due to 
insufficient power, as there were a low number of both studies and patients from Europe 
and the rest of the world as compared to North America.

It should also be added that when examining interaction, as we have done with 
geographic region and effect size, criteria for significance are commonly more lenient 
than the traditional 0.5 level. We therefore conclude that clinically relevant regional 
differences in effect size between North America and the rest of the world cannot be 
excluded.

Possible explanations for the differences in effect size across regions could be differences 
in patient population, predominantly with regard to ethnicity and age. Specifically, 
patients in the North American studies were much more ethnically diverse than in 
the European studies. Similar differences were previously reported by Khin et al. (20). 
However there are contradicting results regarding the impact of race on efficacy of 
pharmacological treatment of schizophrenia (15-19).
In addition, patients in North American studies were on average younger than patients 
in the European studies. Only limited evidence is available on the effect of age on efficacy 
of antipsychotic treatment in schizophrenia, and the studies available address mostly the 
challenges of treating elderly schizophrenic patients (26-28). 

Changes in efficacy of pharmacological treatments with increasing age may arise from 
alteration of pharmacokinetics, and assessing the effects of antipsychotic treatment is 
more difficult in older patients due to comorbidities, such as dementia and depression, 
and co-medications. Our dataset included one elderly study (B-1), which showed a 
comparable effect size to the other studies.
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It is noted that several other factors that may vary across regions, e.g. access to medical 
care, recruitment source and cultural background of raters as well as the time period 
when studies were performed and these factors may have contributed to the differences 
in efficacy across geographic regions. However, a thorough examination of these potential 
explanations is beyond the scope of our study.

The results of our study suggest that efficacy results of atypical antipsychotics for the 
treatment of psychosis in patients with schizophrenia may differ across geographic 
regions and that therefore study results cannot be extrapolated from one geographical 
region to the others.

Conclusion

Our study is the first one to evaluate geographic variation in efficacy of antipsychotic 
treatment, using individual patient data and controlling for confounding by compound. 
The results indicate a clear trend towards a smaller effect size in North America (with 
effect size being small to moderate) as compared to Europe and the rest of the world 
(with effect size being moderate to large). It should be noted that the observed geographic 
difference was not statistically significant, but this may be due to the low power to 
detect differences due to the low number of patients and studies in Europe. Therefore, 
a real geographic difference of effect of atypical antipsychotics in the acute treatment 
of schizophrenia cannot be excluded and further studies on the determinants of these 
differences are warranted.



Chapter 3

54

References

1. ICH Topic E8 General Considerations for Clinical Trials. CPMP/ICH/291/95. 1998

2. ICH Topic E10. Choice of Control Group in Clinical Trials. CPMP/ICH/364/96. 2001 

3. Rothwell PM. External validity of randomised controlled trials: “to whom do the results of this trial 

apply?”. Lancet 2005; 365:82-93.

4. Rothwell PM. Factors that can affect the external validity of randomised controlled trials. PLoS 

Clinical Trials 2006; 1:e9.

5. ICH Topic E5. Ethnic factors in the Acceptability of Foreign Clinical Data. CHMP/ICH/289/95. 

1995 

6. European Medicines Agency. CHMP Reflection paper on the extrapolation of results from clinical 

studies conducted outside the EU to the EU-population. EMEA/CHMP/EWP/692702/2008. 2008  

7. US Department of Health and Human Services. Code of Federal Regulations, Title 21-Food and 

Drugs, Part 312, Investigational New Drug Applications, 21 CFR 312.120; Foreign Clinical Studies 

Not Conducted Under an IND. 2013 

8. Department of Health and Human Services. Code of Federal Regulations, Title 21-Food and Drugs, 

Part 314, Applications for FDA Approval to Market a New Drug, 21 CFR 314.106; Foreign Data.  

2013 

9. Thiers FA, Sinskey AJ, Berndt ER. Trends in the globalization of clinical trials. Nature Reviews Drug 

Discovery 2008: 7;13-14

10. McGrath J, Saha S, Chant D, Welham J. Schizophrenia: a concise overview of incidence, prevalence 

and mortality. Epidemiol Rev 2008;30:67-76

11. Davies G, Welham J, Chant D, Torrey EF, McGrath J. A systematic review and meta-analysis of 

Northern Hemisphere season of birth studies in schizophrenia. Schizophr Bull 2003;29:587-93

12. Pedersen CB, Mortensen PB. Evidence of a dose-response relationship between urbanicity during 

upbringing and schizophrenia risk. Arch Hen Psychiatry 2001;58:1039

13. Krabbendam L, van Os J. Schizophrenia and urbanicity; a major environmental influence-conditional 

on genetic risk. Schizophr Bull 2005,4:795-9

14. March D, Hatch SL, Morgan C, Kirkbride JB, Bresnahan M, Fearon P, Susser E. Psychosis and place. 

Epidemiol Rev 2008;30:84-100

15. Bersani FS, Capra E, Minichino A, Pannese R, Girardi N, Marini I, Delle Chiaie R, Biondi M. 

Factors affecting interindividual differences in clozapine response: a review and case report. Human 

Psychopharmacology 2011; 26:177-87.

16. Bigos KL, Bies RR, Pollock BG, Lowy JJ, Zhang F, Weinberger DR. Genetic variation in CYP3A43 

explains racial difference in olanzapine clearance. Mol Psychiatry 2011; 16:620-5.

17. Stauffer VL, Sniadecki JL, Piezer KW, Gatz J, Kollack-Walker S, Hoffmann VP, Conley R, Durell 

T. Impact of race on efficacy and safety during treatment with olanzapine in schizophrenia, 

schizophreniform or schizoaffective disorder. BMC Psychiatry 2010; 3:10:89



Geographic variation in efficacy of atypical antipsychotics for the acute treatment of 
schizophrenia – An individual patient data meta-analysis

55

C
ha

pt
er

 3

18. Teo C, Borlido C, Kennedy JL, De Luca V. The role of ethnicity in treatment refractory schizophrenia. 

Compr Psychiatry 2013; 54:167-72.

19. Ciliberto N, Bossie CA, Urioste R, Lasser RA. Lack of impact of race on the efficacy and safety of 

long-acting risperidone versus placebo in patients with schizophrenia or schizoaffective disorder. Int 

Clin Psychopharmacol 2005; 20:207-12.

20. Khin NA, Chen YF, Yang Y, Yang P, Laughren TP. Exploratory analyses of efficacy data from 

schizophrenia trials in support of new drug applications submitted to the US Food and Drug 

Administration. J Clin Psychiatry 2012; 73:856-64

21. Chen YF, Wang SJ, Khin NA, Hung HM, Laughren TP.  Trial design issues and treatment effect 

modeling in multi-regional schizophrenia trials. Pharmaceutical Statistics 2010; 9:217-29.

22. European Medicines Agency. CHMP Guideline on clinical investigation of medicinal products, 

including depot preparations in the treatment of schizophrenia.  EMA/CHMP/40072/2010 Rev. 1. 

2010

23. Overall J E & Gorham D R. The brief psychiatric rating scale. Psychol Rep 1962; 10:799-812.

24. Kay SR, Fiszbein A, Lewis AO. The positive and negative syndrome scale (PANSS) for schizophrenia. 

Schizophr Bull 1987; 13:261-76

25. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Hilllsdale (NJ): Erlbaum; 1988.

26. Cohen CI, Cohen GD, Blank K, Gaitz C, Katz IR, Leuchter A, Maletta G, Meyers B, Sakauye K, 

Shamoian C. Schizophrenia and older adults. An overview: directions for research and policy. Am J 

Geriatr Psychiatry 2000; 8:19-28

27. Suzuki T, Remington G, Uchida H, Rajji TK, Graff-Guerrero A, Mamo DC. Management of 

schizophrenia in late life with antipsychotic medications: a qualitative review. Drugs Aging 2011; 

28:961-80.

28. Rado J, Janicak PG. Pharmacological and clinical profile of recently approved second-generation 

antipsychotics: implications for treatment of schizophrenia in older patients. Drugs Aging 2012; 

29:783-91.

29. Bersani FS, Capra E, Minichino A, Pannese R, Girardi N, Marini I, Delle Chiaie R, Biondi M. 

Factors affecting interindividual differences in clozapine response: a review and case report. Human 

Psychopharmacology 2011; 26:177-87.


