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Background: Anxiety disorders, including the common generalized anxiety disorder (GAD), are among the leading causes of 
disability globally. Clinical practice guidelines recommend venlafaxine, a serotonin and norepinephrine reuptake inhibitor, as a first- 
line pharmacological treatment option for GAD.
Methods: This retrospective cohort study utilized longitudinal real-world data from the US-based database, Holmusk NeuroBlu Data, 
to explore anxiety severity changes following 30–90 days of venlafaxine prescription in adults with GAD. The main outcome was 
change from baseline (mean and median) in the 7-item Generalized Anxiety Disorder Questionnaire (GAD-7) score, as well as 
clinically meaningful change (a difference of ≥4 points).
Results: Of 756 patients with GAD (78.6% female, 78.4% White, mean [standard deviation] age 38.5 [14.4 years]), 71.8% had 
a diagnosis of comorbid major depressive disorder (MDD) at baseline and 23.0% had another anxiety/phobic disorder. Median 
(interquartile range [IQR]) GAD-7 scores decreased significantly (P<0.001) from 14.0 (10.0–18.0) at baseline (−30 to +7 days from 
first venlafaxine prescription) to 9.0 (5.0–14.0) points at follow-up (30–90 days after first venlafaxine prescription), a median (IQR) 
change of −3.0 (−8.0–0.0), corresponding to a shift from moderate to mild anxiety severity. Stratified by baseline anxiety severity, 
symptom improvement was more pronounced among patients with greater baseline severity. Overall, 48.1% of patients had a clinically 
meaningful decrease of ≥4 points in GAD-7 score, while only 7.5% significantly worsened. Altogether, 63.6% of patients continued 
venlafaxine for ≥90 days after first venlafaxine prescription.
Conclusion: In this real-world cohort, improved GAD-7 scores were observed to be associated with venlafaxine prescription.
Keywords: all-cause discontinuation, anxiety disorders, effectiveness, real-world evidence, serotonin and noradrenaline reuptake 
inhibitor

Introduction
Anxiety disorders are one of the greatest causes of disability globally,1,2 with data from the Global Burden of Disease 
study (2023 update) providing an estimated global prevalence of anxiety disorders of approximately 6%.3

Generalized anxiety disorder (GAD) is one of the most common types of anxiety disorder, characterized by excessive 
anxiety and worry that are difficult to control, along with other symptoms, such as restlessness, feeling on edge, sleep 
disturbance, being easily fatigued, difficulty concentrating and irritability, not attributable to another mental, substance 
use or medical disorder.4 Importantly, GAD is associated with substantial impact on quality of life and frequently co- 
occurs with depression, insomnia, and substance use disorders.5
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The two main treatment options for GAD are cognitive behavioral therapy and pharmacotherapy,6 with the selective 
serotonin reuptake inhibitors (SSRIs) and serotonin and norepinephrine reuptake inhibitors (SNRIs) recommended as 
first-line pharmacological treatment options for GAD. The SNRI venlafaxine is a guideline-recommended first-line 
pharmacological option,6,7 with randomized controlled trials (RCTs) demonstrating response rates of 66–69% for 
venlafaxine, compared with 39–46% for placebo.8–10

In patients receiving pharmacological treatment for GAD, ongoing monitoring is essential to evaluate treatment effec
tiveness and guide therapeutic adjustments.5,11 In RCTs, the Hamilton Anxiety Rating Scale (HAM-A) is one of the most 
widely used measurements for assessing GAD treatment efficacy.12,13 However, this 14-item clinician-administered format 
requires extended time, limiting its utility in routine practice, where brief self-report measures are preferred and more practical 
to use.14 One such measure is the 7-item Generalized Anxiety Disorder Questionnaire (GAD-7), which is a validated, brief, 
self-administered scale for measuring the frequency of and changes in anxiety symptoms.5,14,15 While the GAD-7 is 
a measurement tool that can be used in everyday clinical practice, use remains inconsistent across care providers.16,17

Although most real-world studies do not establish causal treatment effects, these studies are playing an increasingly 
important role in improving our understanding of treatment effectiveness outside clinical trial settings.18 While real- 
world evidence (RWE) studies using European electronic health record (EHR) datasets19 and United States (US) claims 
databases20,21 have described prescription patterns and healthcare costs associated with GAD, evidence gaps remain for 
effectiveness and patient outcomes in routine practice, where conditions differ substantially from RCT settings, including 
patients with comorbidities, comedications, and more severe illness burden.18 The aim of this study was to explore the 
changes in the severity of anxiety following venlafaxine prescription, and to explore clinical and demographic factors 
associated with such changes, in patients diagnosed with GAD in routine clinical practice, thereby bridging the gap 
between RCT efficacy data and real-world effectiveness.

Methods
Study Design and Data Source
This retrospective cohort study utilized Holmusk NeuroBlu Data (V24R5), a longitudinal behavioral health real-world 
database comprising structured and unstructured patient-level records from US healthcare providers (predominantly specialist 
care) spanning 1999 to 2024. NeuroBlu Data are deidentified at source, thus institutional review board approval was not 
deemed necessary for this study. NeuroBlu Data has received a waiver of authorization for analysis of de-identified healthcare 
data from the Western-Copernicus Group (WCG) Institutional Review Board (Ref: WCG-IRB 1–1,470,336-1).

Time-Related Variables
The overall study period was 1999–2024, with patients meeting eligibility criteria at any point within this calendar period 
included in the analysis. The index date was defined as the first recorded venlafaxine prescription. The baseline period was 
defined as a 5-week window (−30/+7days) around the index date to assess demographic and clinical characteristics of the 
population at the point of venlafaxine treatment initiation. A pre-index date lookback period of 90 days was used to ensure the 
presence of clinical activity prior to the first recorded venlafaxine prescription, increasing confidence that the index 
prescription reflected treatment initiation. The post-index period extended up to 150 days following venlafaxine initiation. 
Within this post-index period, the outcome assessment window was between 30 and 90 days (Supplementary Figure 1), 
a timeframe consistent with the onset of anxiolytic response to venlafaxine observed in clinical trials.8,22 The requirement for 
a longer post-index period than outcome assessment window was to account for gaps in prescriptions (see exposure section).

Patient Population
The population of interest was adult patients with generalized anxiety disorder and a prescription of venlafaxine. 
Inclusion criteria were: (1) patients aged ≥18 years at the time of first venlafaxine prescription; (2) a diagnosis record 
of GAD (ICD-10: F41.1 or ICD-9: 300.02) within the baseline period; (3) at least one GAD-7 assessment at baseline 
(−30/+7days around the index date) and one GAD assessment during the outcome assessment window (+30-90 days after 
the index date). In addition, all patients were required to have observable clinical data across the 150-day post-index 
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period. Only patients where the index dose of venlafaxine was ≤75 mg were included, as doses exceeding 75mg are 
unlikely to represent patients with GAD newly initiating venlafaxine, given the FDA approved starting dose of 75 mg/ 
day (with the option to start at 37.5mg for some patients for the first 4–7 days).23 Patients with psychiatric, neurode
generative, or neurodevelopmental comorbidities, listed in Supplementary Table 1, were excluded. Individual EHR 
records, where data was available, were searched for exclusion diagnostic codes up to 6-months before and 6-months 
after the index date. It is important to note that this 12-month window represents a screening range for exclusion 
diagnoses rather than a mandatory data-availability requirement. Further, patients were excluded if venlafaxine was 
discontinued before the follow-up GAD-7 outcome assessment.

Exposure
Patients with at least one venlafaxine prescription were eligible for study inclusion. Prescriptions separated by ≤60 days 
were merged and considered a continuous treatment period. Treatment discontinuation was defined as a gap of >60 days 
between prescriptions. This approach was taken to account for the paucity of prescription end dates in EHR data; 
however, it should be acknowledged that this may introduce misclassification bias in exposure duration. To ensure 
complete capture of the treatment period and discontinuation events, patients were required to have ≥60 days of 
observable data following the outcome assessment window.

Outcomes
The main outcome was change in anxiety severity using GAD-7.14 Change was assessed by: a) mean and median change in 
total GAD-7 score, calculated as the difference between follow-up and baseline scores; and b) clinically meaningful change, 
defined as a difference of ≥4 points (categorized as clinically meaningful improvement [decrease of ≥4 points] and clinically 
meaningful worsening [increase of ≥4 points]).15 Analyses were stratified by sex and by category of baseline anxiety severity. 
Baseline GAD-7 severity was classified using established thresholds:14 minimal (0–4), mild (5–9), moderate (10–14), and 
severe (15–21).

Exploratory Analysis
To gain insight into real-world treatment acceptability, an exploratory analysis was conducted following initial data analysis to 
assess venlafaxine treatment discontinuation during the 30–90-day period following the index venlafaxine prescription. 
Discontinuation was defined as a gap of >60 days without a recorded prescription. The proportions of patients discontinuing 
treatment was calculated for intervals of 30 to 60 days and 61 and 90 days after the index prescription, as well as cumulatively 
over the full 30–90-day period. Discontinuation rates were also stratified by sex and by category of baseline anxiety severity.

Data Analysis
Continuous variables were summarized using mean and standard deviation (SD) or median and interquartile range (IQR), 
as appropriate. Categorical and ordinal variables were summarized using frequencies and percentages. Change in GAD-7 
score from baseline to follow-up was assessed using the Wilcoxon signed-rank test, with effect size estimated using 
a matched-pairs rank-biserial correlation analysis, using R (version 4.3.1), effectsize package (version 1.0.1).

Multivariable logistic regression analysis was conducted to identify clinical features associated with a clinically 
meaningful improvement in the GAD-7 total score. Patients with a GAD-7 score of ≤3 at baseline were excluded from 
this responder analysis as it was not possible for them to experience the outcome of improvement of 4 points. The 
covariates included age (at index date), sex, index year, race, geographical region, baseline psychiatric comorbidities, 
baseline GAD-7 score, baseline psychiatric medication prescriptions (antidepressants, anxiolytics, antipsychotics, mood 
stabilizers, anticonvulsants, hypnotics or sedatives – see Supplementary Table 2 for a list of included medications), and 
index venlafaxine dose. Post-hoc subgroup analyses were conducted to further explore the findings of the multivariable 
analysis, and a sensitivity analysis was also conducted in which the baseline period was limited to −30 days to 0 day to 
avoid early post-treatment changes that could theoretically affect baseline GAD-7 scores. All statistical analyses were 
two-sided with an alpha of 0.05 and without correction for multiple comparisons.
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Results
Baseline Demographics and Clinical Characteristics
Altogether, 756 patients met the eligibility criteria and were included in the study (Figure 1). The included population 
was predominantly female (78.6%) and white (78.4%), with a mean age at the time of the first recorded venlafaxine 
prescription of 38.5±14.4 years (Table 1). Most patients had moderate (32.3%) or severe (46.8%) anxiety at baseline. 
There were no statistically significant differences in baseline demographics between males and females (Table 1). In 
unadjusted between-group comparisons stratified by baseline anxiety severity, a statistically significant association was 
observed between baseline anxiety severity and race (P=0.023; Table 1), with higher proportions of Black or African 
American patients having greater anxiety severity, although sample sizes were small. Most patients in this study received 
their first recorded venlafaxine prescription in an outpatient (93%) or other (7%) setting (telehealth/case management), 
with no index prescriptions recorded in an inpatient or emergency department setting.

Altogether, 71.8% of patients had a diagnosis of comorbid MDD recorded at baseline and 23.0% also had another 
anxiety/phobic disorder (Table 1). Comorbid MDD was more prevalent among patients with moderate or severe anxiety 
(72.1% and 76.0% respectively), compared with patients with minimal or mild anxiety (65.5% and 60.2% respectively).

Venlafaxine Treatment Characteristics
The initial venlafaxine prescription dose was 37.5mg in 65.5% of patients, with the remaining patients receiving 75mg 
(Table 1). Females were more likely to receive an initial dose of 37.5mg than males (67.3% vs 58.6%; P=0.049). At the 
time of the follow-up GAD-7 assessment, the most prescribed dose of venlafaxine was 75mg (46.2%), followed by 
37.5mg (33.3%), and 150mg (17.6%). There was no statistically significant association between baseline anxiety severity 
and venlafaxine dose, at either the first or last recorded prescription before follow-up GAD-7 assessment.

Concomitant psychotropic medication prescription decreased from baseline to follow-up. At baseline, patients were 
receiving a mean of 1.7±1.4) psychiatric medications (excluding venlafaxine), decreasing to 0.8±1.0 during follow-up 
(Table 2). The most frequently recorded medication classes were antidepressants and anxiolytics, and the use of these 
also decreased from baseline (65.2% and 39.7%) to follow-up (31.5% and 21.3%).

GAD-7
Between baseline and follow-up (the 30–90 days after the index event), median (IQR) GAD-7 score decreased significantly 
(P<0.001) from 14.0 (10.0–18.0) to 9.0 (5.0–14.0) points, a median change of −3.0 (−8.0–0.0), corresponding to a shift from 
moderate to mild anxiety severity, with similar decreases seen for male and female patients (Figures 2a and b). When stratified 
by baseline anxiety severity, symptom improvement was more pronounced among patients with greater baseline severity 
(Figure 2c). In contrast, patients with mild severity showed the smallest changes. The timing of the follow-up GAD-7 
assessment was ~50 days after index for the study population and was similar for male and female patients and across baseline 
anxiety severity groups (Table 1). Results of a sensitivity analysis in which the baseline period was defined as −30 days to 
0 day relative to the first recorded venlafaxine prescription were consistent with those of the main analysis in terms of baseline 
and follow-up GAD-7 scores and time to follow-up GAD-7 assessment (Supplementary Table 3). These consistent findings 
indicate that the incorporation of 7 post-index days into the baseline period had no material influence on the observed GAD-7 
score values or timing.

Clinically Meaningful Change in GAD-7
Altogether, 48.1% of patients experienced a clinically meaningful improvement in GAD-7 score (a decrease of ≥4 points) 
(Figure 3a). A further 24.3% experienced improvement that was not considered clinically meaningful (a decrease of <4 
points). Clinically meaningful worsening (increase of ≥4) was experienced by 7.5% of patients, with a further 12.2% 
experiencing a numerical, but not clinically meaningful worsening; 7.8% of patients experienced no change in GAD-7 
score.

There was no statistically significant association between sex and any of the clinically meaningful change categories 
on unadjusted between-group comparisons (Figure 3a). When stratified by baseline anxiety severity, the proportion of 
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Neuroblu database (V24R5)
N=32,936,960) 

Patients without a venlafaxine prescription excluded
(n=31,803,804)

Patients without a 90-day lookback period excluded
(n=366,850)

Patients with a prescription for venlafaxine and a 
90-day lookback period

(n= 766,306 )

Patients with a GAD diagnosis at baseline*
(n=79,896)

Patients without a GAD diagnosis excluded
(n=686,410)

Patients aged ≥18 years at index event
(n=77,425)

Patients <18 years excluded
(n=2471)

Patients with ≥ 1 GAD-7 questionnaire at baseline 
(n=6895)

Patients without any GAD-7 questionnaires recorded 
at baseline
(n=70,530)

Patients with ≥5 months’ observable data 
(n=5688)

Patients without ≥5 months’ observable data excluded
(n=1207)

Patients with ≥1 GAD-7 questionnaire recorded 
during the 30-90-day outcome assessment window 

(n=1999)

Patients without ≥1 GAD-7 questionnaire recorded 
during the 30-90-day outcome assessment window 

excluded
(n=3689)

Study population
(n=756)

Patients with psychiatric comorbidities excluded 
(n=782)

Patients who discontinued venlafaxine before GAD-7 
questionnaire assessment window excluded 

(n=330)
Patients prescribed an initial dose >75mg excluded 

(n=131)

Figure 1 Patient population flowchart. *Baseline defined as from 30 days before to 7 days after the index event. 
Abbreviation: GAD-7, Generalized Anxiety Disorder 7-item scale.
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Table 1 Demographic and Clinical Characteristics. All Characteristics Were Recorded at Baseline Unless Stated Otherwise

Total (n=756) Sex Baseline Anxiety Severity

Female (n=594) Male (n=162) Minimal (n=55) Mild (n=103) Moderate (n=244) Severe (n=354)

Age at first recorded venlafaxine prescription (years)

Mean (SD) 38.5 (14.4) 38.4 (14.4) 38.6 (14.5) 41.7 (15.7) 41.1 (15.6) 38.6 (14.4) 37.1 (13.7)

Median (Q1–Q3) 36.0 (26.0–49.0) 36.0 (26.2–48.0) 36.0 (26.0–50.0) 40.0 (30.0–53.0) 38.0 (28.0–52.5) 36.0 (26.0–48.0) 35.0 (25.0–46.8)

Age group at first recorded venlafaxine prescription (years), n (%)

18–35 371 (49.1) 291 (49.0) 80 (49.4) 22 (40.0) 46 (44.7) 118 (48.4) 185 (52.3)

36–50 217 (28.7) 172 (29.0) 45 (27.8) 17 (30.9) 28 (27.2) 74 (30.3) 98 (27.7)

51–65 130 (17.2) 100 (16.8) 30 (18.5) 12 (21.8) 19 (18.4) 40 (16.4) 59 (16.7)

>65 38 (5.0) 31 (5.2) 7 (4.3) 4 (7.3) 10 (9.7) 12 (4.9) 12 (3.4)

Sex, n (%)

Female 594 (78.6) 47 (85.5) 78 (75.7) 186 (76.2) 283 (79.9)

Race, n (%)

White 593 (78.4 467 (78.6) 126 (77.8) 43 (78.2) 81 (78.6) 199 (81.6) 270 (76.3)

Black or African American 49 (6.5) 41 (6.9) 8 (4.9) 2 (3.6) 2 (1.9) 10 (4.1) 35 (9.9)

Other Race 92 (12.2) 70 (11.8) 22 (13.6) 7 (12.7) 17 (16.5) 31 (12.7) 37 (10.5)

Unknown 22 (2.9) 16 (2.7) 6 (3.7) 3 (5.5) 3 (2.9) 4 (1.6) 12 (3.4)

Ethnicity, n (%)

Hispanic or Latino 14 (1.9) 11 (1.9) 3 (1.9) 0 (0) 2 (1.9) 6 (2.5) 6 (1.7)

Not Hispanic or Latino 226 (29.9) 181 (30.5) 45 (27.8) 16 (29.1) 35 (34.0) 68 (27.9) 107 (30.2)

Unknown 516 (68.3) 402 (67.7) 114 (70.4) 39 (70.9) 66 (64.1) 170 (69.7) 241 (68.1)

Geographical region, n (%)

Midwest 301 (39.8) 241 (40.6) 60 (37.0) 15 (27.3) 42 (40.8) 97 (39.8) 147 (41.5)

West 240 (31.7) 180 (30.3) 60 (37.0) 16 (29.1) 30 (29.1) 83 (34.0) 111 (31.4)

South 145 (19.2) 118 (19.9) 27 (16.7) 16 (29.1) 19 (18.4) 48 (19.7) 62 (17.5)

Northeast 49 (6.5) 37 (6.2) 12 (7.4) 5 (9.1) 8 (7.8) 13 (5.3) 23 (6.5)

Unknown 21 (2.8) 18 (3.0) 3 (1.9) 3 (5.5) 4 (3.9) 3 (1.2) 11 (3.1)

Psychiatric diagnoses, n (%)

Major depressive disorder 543 (71.8) 432 (72.7) 111 (68.5) 36 (65.5) 62 (60.2) 176 (72.1) 269 (76.0)

Other anxiety/phobic disorders 174 (23.0) 132 (22.2) 42 (25.9) 9 (16.4) 20 (19.4) 52 (21.3) 93 (26.3)

Post-traumatic stress disorder 92 (12.2) 72 (12.1) 20 (12.3) 5 (9.1) 6 (5.8) 29 (11.9) 52 (14.7)

Attention deficit hyperactivity disorder 46 (6.1) 33 (5.6) 13 (8.0) 6 (10.9) 5 (4.9) 20 (8.2) 15 (4.2)

Adjustment and stress-related disorders 17 (2.2) 16 (2.7) 1 (0.6) 2 (3.6) 2 (1.9) 3 (1.2) 10 (2.8)

Obsessive–compulsive disorder 12 (1.6) 8 (1.3) 4 (2.5) 2 (3.6) 1 (1.0) 4 (1.6) 5 (1.4)

Personality disorders 9 (1.2) 7 (1.2) 2 (1.2) 0 (0) 3 (2.9) 2 (0.8) 4 (1.1)

Dysthymia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
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Clinical setting at first recorded venlafaxine prescription, n (%)

Outpatient 703 (93.0) 552 (92.9) 151 (93.2) 48 (87.3) 87 (84.5) 234 (95.9) 334 (94.4)

Emergency department 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Inpatient 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Other setting 53 (7.0) 42 (7.1) 11 (6.8) 7 (12.7) 16 (15.5) 10 (4.1) 20 (5.6)

Unknown 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Venlafaxine dose at baseline (mg), n (%)

37.5 495 (65.5) 400 (67.3) 95 (58.6) 29 (52.7) 63 (61.2) 161 (66.0) 242 (68.4)

75 258 (34.1) 192 (32.3) 66 (40.7) 26 (47.3) 39 (37.9) 82 (33.6) 111 (31.4)

Other 3 (0.4) 2 (0.3) 1 (0.6) 0 1 (1) 1 (0.4) 1 (0.3)

Time from index to follow-up GAD-7 assessment (days)

Mean (SD) 49.4 (16.1) 49.3 (15.9) 50.0 (16.7) 55.5 (18.0) 51.4 (17.3) 47.5 (15.7) 49.3 (15.4)

Median (Q1 – Q3) 44.0 (35.0–61.0) 44.0 (35.0–61.8) 45.0 (35.0–58.0) 55.0 (39.0–68.0) 46.0 (36.5–65.5) 42.0 (35.0–56.0) 45.0 (36.0–62.0)

Abbreviations: Q, quartile; SD, standard deviation; GAD-7, Generalized Anxiety Disorder 7-item scale.
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patients achieving clinically meaningful improvement was greater among patients with greater initial severity. 
(Figure 3b).

Altogether, 719 patients with a baseline GAD-7 score of ≥4 were included in the logistic regression analysis 
conducted to examine the association between clinically meaningful improvement in GAD-7 and baseline patient 
characteristics (Table 3). In unadjusted univariate analysis, baseline factors associated with significantly reduced odds 
of reaching a clinically meaningful improvement were a concomitant anticonvulsant prescription (odds ratio [OR] 0.55, 
95% CI 0.34–0.88; P=0.014), antidepressant prescription (OR 0.52, 0.37–0.73; P<0.001), antipsychotic prescription (OR 
0.60, 0.37–0.96; P=0.033), anxiolytic prescription (OR 0.66, 0.49–0.88; P=0.005) and venlafaxine dose at baseline (OR 
0.99, 0.98–1.00; P=0.010). The only factor associated with a significantly increased odds of reaching a clinically 
meaningful improvement in GAD-7 was baseline GAD-7 score (OR 5.84, 3.77–9.05; P<0.001).

In multivariable analysis, the only significant associations with reduced odds of reaching a clinically meaningful 
improvement in GAD-7 were antidepressant prescription (OR 0.56, 0.38–0.82; P=0.003) and anxiolytic prescription (OR 
0.56, 0.39–0.80; P=0.002). As in the univariate analysis, baseline GAD-7 score was associated with a significantly 
increased odds of reaching a clinically meaningful improvement in GAD-7 score (OR 7.24, 4.49–11.67; P<0.001). 
Results of a sensitivity analysis in which the baseline period was defined as −30 days to 0 day relative to the first 
recorded venlafaxine prescription were consistent with those of the main univariate and multivariable analysis 
(Supplementary Table 4). These consistent findings indicate that the incorporation of 7 post-index days into the baseline 
period had no material influence on the observed associations between baseline characteristics and clinically meaningful 
improvement in GAD-7 score.

Table 2 Psychiatric Medications Prescriptions at Baseline and Follow-Up

Total 
(n=756)

Sex Baseline Anxiety Severity

Female 
(n=594)

Male 
(n=162)

Minimal 
(n=55)

Mild 
(n=103)

Moderate 
(n=244)

Severe 
(n=354)

Number of psychiatric medications

Baseline

Mean (SD) 1.7 (1.4) 1.7 (1.4) 1.7 (1.4) 1.8 (1.7) 1.8 (1.4) 1.5 (1.2) 1.7 (1.4)

Median (Q1, Q3) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–3.0) 2.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0)

Follow-Up

Mean (SD) 0.8 (1.0) 0.7 (1.0) 0.9 (1.2) 0.8 (1.1) 0.8 (1.1) 0.7 (0.9) 0.8 (1.1)

Median (Q1, Q3) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 1.0 (0.0–1.0)

Anticonvulsants, n (%)

Baseline 74 (9.8) 49 (8.2) 25 (15.4) 6 (10.9) 9 (8.7) 22 (9.0) 37 (10.5)

Follow-Up 36 (4.8) 25 (4.2) 11 (6.8) 2 (3.6) 2 (1.9) 9 (3.7) 23 (6.5)

Antidepressants, n (%)

Baseline 493 (65.2) 391 (65.8) 102 (63.0) 37 (67.3) 72 (69.9) 158 (64.8) 226 (63.8)

Follow-Up 238 (31.5) 182 (30.6) 56 (34.6) 19 (34.5) 37 (35.9) 78 (32.0) 104 (29.4)

Antipsychotics, n (%)

Baseline 64 (8.5) 55 (9.3) 9 (5.6) 6 (10.9) 11 (10.7) 16 (6.6) 31 (8.8)

Follow-Up 45 (6.0) 34 (5.7) 11 (6.8) 3 (5.5) 5 (4.9) 15 (6.1) 22 (6.2)

Anxiolytics, n (%)

Baseline 300 (39.7) 226 (38.0) 74 (45.7) 17 (30.9) 42 (40.8) 85 (34.8) 156 (44.1)

Follow-up 161 (21.3) 130 (21.9) 31 (19.1) 11 (20.0) 22 (21.4) 42 (17.2) 86 (24.3)

Hypnotics or sedatives, n (%)

Baseline 39 (5.2) 33 (5.6) 6 (3.7) 3 (5.5) 7 (6.8) 15 (6.1) 14 (4.0)

Follow-Up 18 (2.4) 14 (2.4) 4 (2.5) 1 (1.8) 3 (2.9) 6 (2.5) 8 (2.3)

Mood stabilizers, n (%)

Baseline 81 (10.7) 69 (11.6) 12 (7.4) 5 (9.1) 11 (10.7) 26 (10.7) 39 (11.0)

Follow-Up 36 (4.8) 28 (4.7) 8 (4.9) 3 (5.5) 8 (7.8) 9 (3.7) 16 (4.5)

Abbreviations: Q, quartile; SD, standard deviation.
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Subsequent subgroup analyses indicated that during follow-up after first venlafaxine prescription, patients who also 
did vs did not have an antidepressant prescription at baseline had a smaller median change from baseline in GAD-7 score 
(−3.0 vs −5.0; P<0.001) and a smaller proportion of patients achieving a clinically meaningful improvement in GAD-7 
score (44.0% vs 55.9%; P=0.002). Notably, both patients with and those without antidepressant prescription at baseline 
had similar baseline GAD-7 scores and experienced a significant decrease in GAD-7 scores from baseline. Baseline, 
follow-up and median change in GAD-7 scores for subgroups of patients with or without antidepressant or anxiolytic 
prescriptions, at baseline or at follow-up, are shown in Table 4, along with the proportion of patients in each subgroup 
achieving a clinically meaningful improvement in GAD-7.

As noted, baseline GAD-7 score was significantly associated with achieving a clinically meaningful improvement, on 
both univariate and multivariable analysis, and subgroup analyses revealed that increasing baseline GAD-7 score was 
associated with increasing odds of achieving a clinically meaningful improvement in GAD-7 following venlafaxine 
treatment, with each 1-point increase in baseline GAD-7 score associated with higher odds of achieving clinically 
meaningful improvement although this was a non-linear relationship (Supplementary Figure 2).

Exploratory Treatment Discontinuation Analysis
Overall, 63.6% of patients had no recorded discontinuation during the 30–90-day follow-up period. There were 23.5% of 
patients who met the discontinuation definition (no recorded prescription of venlafaxine for more than 60 days) between 

P<0.001

P<0.001P<0.001

P<0.001

P=0.056

P=0.011

P<0.001

a b

c

Figure 2 Median GAD-7 score at baseline and follow-up for (a) the total population, (b) for males and females and (c) by baseline anxiety severity. In the boxplots, the 
center line denotes the median value (50th percentile) and the box contains the 25th to 75th percentiles of data. The black whiskers mark the 5th and 95th percentiles. All 
reported P values are for change in GAD-7 score from baseline to follow-up (Wilcoxon Signed Rank test). 
Abbreviations: GAD-7, Generalized Anxiety Disorder 7-item scale; SD, standard deviation.
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Figure 3 Clinically meaningful change in GAD-7 score for (a) the total population and for males and females and (b) stratified by baseline anxiety severity. 
Abbreviation: GAD-7, Generalized Anxiety Disorder 7-item scale.
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Table 3 Logistic Regression Analysis of the Association Between Clinically Meaningful Improvement 
in GAD-7 and Baseline Demographic, Clinical and Treatment Characteristics

Baseline Variable Univariate Analysis Multivariable Analysis

OR [95% CI] P value OR [95% CI] P value

Demographic
Age 1.00 [0.99, 1.01] 0.759 1.01 [0.99, 1.02] 0.316

Sex

Female Reference Reference
Male 0.81 [0.57, 1.15] 0.242 0.86 [0.58, 1.28] 0.462

Index year 1.03 [0.95, 1.12] 0.495 1.04 [0.95, 1.15] 0.371

Race
Black or African American 1.06 [0.59, 1.91] 0.834 0.63 [0.33, 1.21] 0.164

Other 0.62 [0.39, 0.98] 0.040 0.62 [0.37, 1.05] 0.074

White Reference Reference
Unknown 1.09 [0.44, 2.71] 0.859 0.96 [0.35, 2.64] 0.930

Region

Midwest Reference Reference
Northeast 1.24 [0.67, 2.27] 0.495 1.21 [0.59, 2.47] 0.600

South 0.87 [0.60, 1.26] 0.463 0.94 [0.59, 1.48] 0.777

West 0.85 [0.62, 1.16] 0.303 0.88 [0.59, 1.33] 0.555
Unknown 1.55 [0.59, 4.04] 0.371 1.24 [0.41, 3.72] 0.706

Clinical
Attention deficit hyperactivity disorder 0.76 [0.41, 1.41] 0.385 0.72 [0.36, 1.46] 0.363
Adjustment and stress-related disorders 2.73 [0.86, 8.67] 0.088 2.55 [0.69, 9.44] 0.160

Major depressive disorder 0.81 [0.58, 1.12] 0.197 0.68 [0.46, 1.00] 0.051

Obsessive–compulsive disorder 0.32 [0.09, 1.19] 0.140 0.51 [0.12, 2.14] 0.360
Other anxiety disorders 0.94 [0.66, 1.33] 0.718 0.93 [0.63, 1.38] 0.729

Personality disorders 1.22 [0.33, 4.59] 0.766 1.38 [0.30, 6.36] 0.681
Post-traumatic stress disorder 0.77 [0.49, 1.20] 0.253 0.83 [0.49, 1.39] 0.482

GAD-7 score 5.84 [3.77, 9.05] <0.001 7.24 [4.49, 11.67] <0.001

Treatment
Anticonvulsant 0.55 [0.34, 0.88] 0.014 0.66 [0.38, 1.18] 0.160

Antidepressant 0.52 [0.37, 0.73] <0.001 0.56 [0.38, 0.82] 0.003

Antipsychotic 0.6 [0.37, 0.96] 0.033 0.71 [0.41, 1.22] 0.216
Anxiolytic 0.66 [0.49, 0.88] 0.005 0.56 [0.39, 0.80] 0.002

Hypnotic or sedative 1.02 [0.57, 1.82] 0.954 1.49 [0.77, 2.87] 0.235

Mood stabilizer 0.68 [0.44, 1.04] 0.078 0.78 [0.47, 1.28] 0.318
Venlafaxine dose 0.99 [0.98, 1.00] 0.010 0.99 [0.98, 1.00] 0.137

Abbreviations: CI, confidence interval; GAD-7, 7-item Generalized Anxiety Disorder Questionnaire; OR, odds ratio.

Table 4 Subgroup Analysis in Patients with or Without Antidepressant (in Addition to Venlafaxine) or Anxiolytic 
Presentation at Baseline or at the Time of Follow-Up GAD-7 Assessment

Subgroup GAD-7 Total Score, Median (IQR) Proportion of Patients  
Achieving a Clinically  
Meaningful Improvement, %

Baseline Follow-Up Change from Baseline

Baseline prescriptions
Antidepressants

Yes (n=493) 14.0 (10.0–18.0) 10.0 (5.0–14.0) −3.0 (−7.0–0.0) 44.0
No (n=263) 14.0 (11.0–18.0) 8.0 (4.0–13.0)* −5.0 (−9.0- −1.0)** 55.9†

Anxiolytics

Yes (n=300) 15.0 (11.0–18.0) 10.0 (5.8–14.5) −3.0 (−7.5–0.0) 44.7
No (n=456) 14.0 (10.0–17.0)‡ 9.0 (4.0–13.1)† −4.0 (−8.0–0.0) 50.4

(Continued)
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30 and 60 days after the index venlafaxine prescription, and a further 12.8% met the definition between 61 and 90 days. 
In the 30–60-day interval, discontinuation proportions differed across baseline anxiety severity categories (minimal 9.1%, 
mild 21.4%, moderate 26.2%, severe 24.6%, respectively; P=0.049). No statistically significant differences by anxiety 
severity were observed for discontinuation occurring between 61 and 90 days or for discontinuation assessed over the 
entire 30–90-day period. Discontinuation during the 61–90-day interval was more frequent among males than females 
(17.9% vs 11.4%; P=0.041).

Discussion
In the current study, most patients were female, and a concomitant MDD diagnosis was frequently recorded, both of 
which are consistent with the clinical presentation of GAD in usual practice.24 Overall, this real-world study shows 
reduction in GAD-7 scores in patients treated with venlafaxine, with almost half of them achieving clinically meaningful 
improvement in 30–90 days after a first recorded prescription. While the observed improvement cannot be conclusively 
attributed to the prescription of venlafaxine alone due to the design of the study, the lack of a comparator and potential 
confounders, the result is congruent to randomised-controlled clinical trials which establish the efficacy of venlafaxine in 
GAD. Notably, the median GAD-7 score at baseline (14.0) indicates that at least half of all included patients who were 
prescribed venlafaxine around the time of a recorded GAD diagnosis had moderate or severe anxiety, which is 
comparable to previous observational studies using the GAD-7 in primary care settings.14,25 Moreover, the median 
GAD-7 score of 9.0 during follow-up indicates that after treatment with venlafaxine there was a shift from moderate 
anxiety at baseline to mild anxiety during follow-up. However, it should be noted that the exclusion of patients who 
discontinued venlafaxine before their follow-up GAD-7 assessment in the present study may have biased the change in 
GAD-7 score, leading to changes of larger magnitude.

The magnitude of improvement in GAD-7 score was largest in those with moderate or severe anxiety at baseline, 
without significant change in GAD-7 score in patients with mild baseline anxiety. This result is consistent with previous 
clinical trial results showing reductions in anxiety following treatment with venlafaxine in patients with moderate to 
severe anxiety,10 while patients with mild anxiety maintained their stability. Achieving a 4-point decrease in GAD-7 in 
this population is particularly challenging due to measurement floor effects. Notably, one third of patients remained 
below the recommended target dose of 75 mg,23 which may have further contributed to attenuated response rates. 
Notably, in our study males were prescribed higher doses of venlafaxine at baseline than females, which may reflect 
differential prescribing practices, despite a lack of any evidence from prior research that would suggest a need to dose 
venlafaxine differentially based on sex, with similar pharmacokinetics in females and males.26

In the current study, the proportion of patients with GAD who were already prescribed antidepressants (65%) or 
anxiolytics (40%) at baseline were consistent with those of previous studies in GAD using data from routine care.19,21 

The decrease in these proportions during the follow-up period suggests that patients may have been switched from these 

Table 4 (Continued). 

Subgroup GAD-7 Total Score, Median (IQR) Proportion of Patients  
Achieving a Clinically  
Meaningful Improvement, %

Baseline Follow-Up Change from Baseline

Follow-Up prescriptions
Antidepressants

Yes (n=161) 13.0 (9.0–18.0) 10.5 (6.0–15.0) −2.0 (−6.0–0.0) 39.1

No (n=595) 14.0 (11.0–18.0) 9.0 (4.4–13.8)π −4.0 (−8.0 - −0.4)* 50.6*

Anxiolytics
Yes (n=103) 15.0 (11.5–18.0) 11.0 (6.0–15.0) −2.0 (−7.0–0.0) 40.8

No (n=653) 14.0 (10.0–18.0) 9.0 (4.5–14.0)‡ −3.5 (−8.0–0.0) 49.3

Notes: *P=0.013 for with vs without a prescription; **P<0.001 for with vs without a prescription; †P=0.002 for with vs without a prescription; ‡P=0.034; 
πP=0.03. 
Abbreviations: GAD-7, Generalized Anxiety Disorder 7-item scale; IQR, interquartile range.
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medications to venlafaxine. Patients included in the study may have been prescribed venlafaxine for the treatment of 
GAD or for both GAD and MDD in patients with both diagnoses, because venlafaxine is also a first-line treatment option 
for MDD. The 90-day lookback window was utilized to increase the likelihood of only including patients initiated on 
venlafaxine for the proximal GAD diagnosis. Moreover, patients initiated on a dose of venlafaxine higher than 75mg 
were excluded from the study to reduce the likelihood of including patients who were already receiving venlafaxine, as it 
was unlikely that patients would be started on such a high dose without previous venlafaxine exposure. The finding of 
higher doses during the follow-up period may point towards dose optimization and further supports this point.

The inclusion of patients with MDD and patients receiving concomitant antidepressants is an important feature of our 
study population as it reflects real-world characteristics. This contrasts with clinical trials in patients with anxiety, which 
often exclude those with comorbid MDD.8,10,22,27,28 The results of the regression analyses demonstrated that patients 
included in the current study who were receiving an antidepressant or anxiolytic in addition to venlafaxine had 
significantly lower odds of achieving a clinically meaningful improvement in GAD-7. Moreover, subgroup analyses of 
change from baseline in GAD-7 score demonstrated that a baseline prescription of an antidepressant in addition to 
a venlafaxine prescription was associated with a significantly smaller decrease in GAD-7 score than in those without an 
antidepressant prescription at baseline. These findings of the regression and subgroup analyses are consistent with the 
results of a pooled analysis of placebo-controlled studies of venlafaxine in GAD, which found that a history of 
antidepressant or anxiolytic treatment for anxiety reduced the odds of achieving a response to venlafaxine,29 either 
due to prior treatment effects reducing room for improvement or these patients may represent patients with more complex 
presentation or a treatment-resistant subgroup. However, the design of the present study does not account for confound
ing by indication or the time-varying nature of antidepressant or anxiolytic treatments and therefore interpretation of 
these results is subject to important caveats. Specifically, the observed reduction in concomitant antidepressant and 
anxiolytic prescribing during follow-up suggests that treatment regimens were actively modified over the study period. 
Long-term studies evaluating treatment response patterns in these patients may provide better clinical insights.

The discontinuation rates reported in this study, which can be considered as a proxy for acceptability,30 are broadly consistent 
with RCTs, which have generally reported overall discontinuation rates of approximately 20% to 30% at 8 weeks.9,10,31

An important strength of the current study is the use of the GAD-7, which is not typically available in real-world 
datasets. However, there are also some important limitations to be considered. Previous research on changes in anxiety 
severity in patients with GAD receiving treatment with venlafaxine have primarily been conducted in clinical trial 
settings utilizing measures such as the HAM-A,8,10,22,27 limiting direct comparisons with the results of the current 
analysis. However, these studies that utilized HAM-A have also demonstrated significant reductions in anxiety severity 
with venlafaxine and there is evidence from a GAD-7 validity study demonstrating a high level or correlation between 
GAD-7 and HAM-A.25 Other limitations include the possibility that patients may have received prior venlafaxine 
treatment at centers not captured in NeuroBlu Data, and previous patient clinical history may be incomplete for some 
patients. Additionally, the impact of side effects and tolerability on anxiety severity changes were not assessed in the 
present study, which could be addressed in future studies. Furthermore, NeuroBlu Data only includes prescription data 
and is not linked to pharmacy claims and predominantly captures specialized healthcare centers and may not accurately 
represent patients with GAD who are managed in primary care.

As with all studies utilizing EHR data, our data (while novel in its measurement of anxiety symptoms), has not been 
collected for the purpose of this study and therefore data may be missing, and/or collected at inconsistent time points. 
There are several other important methodological limitations that should be considered. The study does not utilize 
a comparator group and therefore improvement cannot solely be attributed to venlafaxine treatment, as there are other 
factors such as the natural course of anxiety symptoms, concomitant medications and changes in concomitant medica
tions. Inclusion of baseline GAD-7 score as a covariate in the multivariable model accounts for differences in initial 
severity and the associated ceiling/floor effects on change. However, in the absence of a control group, regression to the 
mean cannot be fully excluded as a contributor to the observed improvement; this is an inherent limitation of single-arm 
pre-post observational studies.
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Conclusions
In this selected real-world US-based cohort of patients with GAD, improvement in GAD-7 scores was observed to be 
associated with venlafaxine prescription. However, this result should be interpreted with caution, due to the retrospective 
design of the study and absence of controls.
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