

Antidepressant history data
import pandas
import os

# This query represents dataset "Antidepressant mk" for domain "drug" and was generated for All of Us Registered Tier Dataset v7
dataset_13363552_drug_sql = """
    SELECT
        d_exposure.person_id,
        d_exposure.drug_concept_id,
        d_standard_concept.concept_name as standard_concept_name,
        d_standard_concept.concept_code as standard_concept_code,
        d_standard_concept.vocabulary_id as standard_vocabulary,
        d_exposure.drug_exposure_start_datetime,
        d_exposure.drug_exposure_end_datetime,
        d_exposure.verbatim_end_date,
        d_exposure.drug_type_concept_id,
        d_type.concept_name as drug_type_concept_name,
        d_exposure.stop_reason,
        d_exposure.refills,
        d_exposure.quantity,
        d_exposure.days_supply,
        d_exposure.sig,
        d_exposure.route_concept_id,
        d_route.concept_name as route_concept_name,
        d_exposure.lot_number,
        d_exposure.visit_occurrence_id,
        d_visit.concept_name as visit_occurrence_concept_name,
        d_exposure.drug_source_value,
        d_exposure.drug_source_concept_id,
        d_source_concept.concept_name as source_concept_name,
        d_source_concept.concept_code as source_concept_code,
        d_source_concept.vocabulary_id as source_vocabulary,
        d_exposure.route_source_value,
        d_exposure.dose_unit_source_value 
    FROM
        ( SELECT
            * 
        FROM
            `""" + os.environ["WORKSPACE_CDR"] + """.drug_exposure` d_exposure 
        WHERE
            (
                drug_concept_id IN (SELECT
                    DISTINCT ca.descendant_id 
                FROM
                    `""" + os.environ["WORKSPACE_CDR"] + """.cb_criteria_ancestor` ca 
                JOIN
                    (SELECT
                        DISTINCT c.concept_id       
                    FROM
                        `""" + os.environ["WORKSPACE_CDR"] + """.cb_criteria` c       
                    JOIN
                        (SELECT
                            CAST(cr.id as string) AS id             
                        FROM
                            `""" + os.environ["WORKSPACE_CDR"] + """.cb_criteria` cr             
                        WHERE
                            concept_id IN (21604686, 21604729, 21604788)             
                            AND full_text LIKE '%_rank1]%'       ) a 
                            ON (c.path LIKE CONCAT('%.', a.id, '.%') 
                            OR c.path LIKE CONCAT('%.', a.id) 
                            OR c.path LIKE CONCAT(a.id, '.%') 
                            OR c.path = a.id) 
                    WHERE
                        is_standard = 1 
                        AND is_selectable = 1) b 
                        ON (ca.ancestor_id = b.concept_id)))) d_exposure 
        LEFT JOIN
            `""" + os.environ["WORKSPACE_CDR"] + """.concept` d_standard_concept 
                ON d_exposure.drug_concept_id = d_standard_concept.concept_id 
        LEFT JOIN
            `""" + os.environ["WORKSPACE_CDR"] + """.concept` d_type 
                ON d_exposure.drug_type_concept_id = d_type.concept_id 
        LEFT JOIN
            `""" + os.environ["WORKSPACE_CDR"] + """.concept` d_route 
                ON d_exposure.route_concept_id = d_route.concept_id 
        LEFT JOIN
            `""" + os.environ["WORKSPACE_CDR"] + """.visit_occurrence` v 
                ON d_exposure.visit_occurrence_id = v.visit_occurrence_id 
        LEFT JOIN
            `""" + os.environ["WORKSPACE_CDR"] + """.concept` d_visit 
                ON v.visit_concept_id = d_visit.concept_id 
        LEFT JOIN
            `""" + os.environ["WORKSPACE_CDR"] + """.concept` d_source_concept 
                ON d_exposure.drug_source_concept_id = d_source_concept.concept_id"""

dataset_13363552_drug_df = pandas.read_gbq(
    dataset_13363552_drug_sql,
    dialect="standard",
    use_bqstorage_api=("BIGQUERY_STORAGE_API_ENABLED" in os.environ),
    progress_bar_type="tqdm_notebook")

dataset_13363552_drug_df.head(5)


# Import libraries with short names
import pandas as pd
import numpy as np
import os

#rename
antidepressant_df = dataset_13363552_drug_df  # all antidepressants

2.5.1  Data Preparation
Prepare antidepressants dataframe
Recreate unique antidepressants file

antidepressant_df.info()

# remove rows where standard_vocabulary is not RxNorm
antidepressant_df = antidepressant_df[antidepressant_df['standard_vocabulary'] == 'RxNorm']
antidepressant_df

2.5.2 #Upload the grouping file in the 'data' folder. Make sure the file name is: unique_ad_grouped.csv

ad_grouping_df = pd.read_csv("./data/unique_a
d_grouped.csv") #change "Maria" to your folders name
ad_grouping_df.head()


ad_grouping_df['ad_grouping'].unique()

# Convert standard_concept_code to Int64
antidepressant_df.loc[:,'standard_concept_code'] = antidepressant_df['standard_concept_code'].astype('Int64')
ad_grouping_df.loc[:,'standard_concept_code'] = ad_grouping_df['standard_concept_code'].astype('Int64')


# Left join to group the antidepressants based on standard_concept_code
grouped_ad_df = pd.merge(antidepressant_df, ad_grouping_df[['standard_concept_code', 'ad_grouping']],
                     on='standard_concept_code', how='left')
grouped_ad_df.head()

# retain only needed columns
cols_to_keep =  [
    'person_id',
    'drug_exposure_start_datetime',
    'drug_exposure_end_datetime',
    'days_supply',
    'ad_grouping',
]
grouped_ad_df = grouped_ad_df[cols_to_keep]

# Remove duplicate rows
grouped_ad_df = grouped_ad_df.drop_duplicates(
    subset=['person_id', 
            'drug_exposure_start_datetime', 
            'drug_exposure_end_datetime', 
            'days_supply',
            'ad_grouping'])
# number of rows without duplicates # I got 3995866
grouped_ad_df.shape[0]
2.5.3  Generate antidepressant dates and dosage days
# import library
from datetime import datetime, timedelta

# Initialize ad_dates_df to store dosage dates and days for each antidepressant group per person
# Define a dataframe with the desired structure
ad_dates_df = pd.DataFrame(columns=[
    "person_id", 
    "ad_grouping", 
    "trial_number", 
    "trial_start", 
    "trial_end", 
    "dosage_days"
])

# Check datatypes for match with required processing
print(ad_dates_df.dtypes)

ad_dates_df.info()

# Change integers to nullable ints
ad_dates_df['person_id'] = ad_dates_df['person_id'].astype('Int64')
ad_dates_df['trial_number'] = ad_dates_df['trial_number'].astype('Int64')
ad_dates_df['dosage_days'] = ad_dates_df['dosage_days'].astype('Int64')

# Change dates to proper dates data types
ad_dates_df['trial_start'] = pd.to_datetime(ad_dates_df['trial_start'])
ad_dates_df['trial_end'] = pd.to_datetime(ad_dates_df['trial_end'])

# Print the DataFrame with updated datatypes
print(ad_dates_df.dtypes)
 calculate dosage days
# define function to calculate end dates and dosage days given the values of the end date and days supplies columns
def calculate_dosage_days(row, trial_end, trial_dosage):
    
    # end date and days supply do not have values
    if (pd.isna(row['drug_exposure_end_datetime']) and 
        (pd.isna(row['days_supply']) or row['days_supply'] == 0)):
        
        # take start date as end date and increment dosage (one time dose)
        trial_end = row['drug_exposure_start_datetime']
        trial_dosage += 1
    
    # end date has value but days supply does not
    elif (pd.isna(row['days_supply']) or row['days_supply'] == 0):
        # take current end date and assume same dosage days as time elapse
        trial_end = row['drug_exposure_end_datetime']
        date_diff = row['drug_exposure_end_datetime'] - row['drug_exposure_start_datetime']
        trial_dosage += date_diff.days + 1
    
    # end date has no value but days supply has
    elif pd.isna(row['drug_exposure_end_datetime']):
        # increment dosage days by days supply and assume same number of days
        # elapsed from start date to get end date
        trial_end = row['drug_exposure_start_datetime'] + timedelta(days=row['days_supply']) - timedelta(days=1)
        trial_dosage += row['days_supply']
    
    # end date and days supply have values
    else:
        # get current end date and increment dosage days by days supply
        trial_end = row['drug_exposure_end_datetime']
        trial_dosage += row['days_supply']
    
    return trial_end, trial_dosage

  process a persons antidepressant use
# define function to process antidepressant dates for each person
def process_person(person, person_subset):
    ad_dates_list = []
    
    # loop through every antidepressant the person is taking
    for ad in person_subset['ad_grouping'].unique():
        # create a subset for the antidepressant for the person
        person_ad_subset = person_subset[person_subset['ad_grouping'] == ad]
        
        # Get the earliest antidepressant start date
        earliest_ad_start = person_ad_subset['drug_exposure_start_datetime'].min()
        
        # Sort dosage data for the person and antidepressant by start date
        person_ad_subset_sorted = person_ad_subset.sort_values(by='drug_exposure_start_datetime')
        
        # Initialize values for end date and dosage trackers
        earliest_ad_end = earliest_ad_start
        dosage_days = 0
        
        ## Initialize trial trackers
        trial, trial_end, trial_dosage = 1, earliest_ad_start, 0
        
        # Loop sorted dosage data and find values for end date amd dosage days
        for index, row in person_ad_subset_sorted.iterrows():
            
            # if start date is more than 4 weeks from current end date or the last row  then process trackers
            if (((row['drug_exposure_start_datetime'] - trial_end) > timedelta(days=28)) or
                (index == person_ad_subset_sorted.index[-1])):
                
                # take the current trial end and trial days to write on the table
                earliest_ad_end, dosage_days = trial_end, trial_dosage
                
                # append to the dates being tracked
                ad_dates_list.append({
                    'person_id': person, 
                    'ad_grouping': ad, 
                    'trial_number': trial,
                    'trial_start': earliest_ad_start, 
                    'trial_end': earliest_ad_end,
                    'dosage_days': dosage_days
                })
                
                # if last row then break the loop
                if (index == person_ad_subset_sorted.index[-1]):
                    break
                    
                # if not the last trial or last row, initialize the next dosage dates
                else:
                    earliest_ad_start = row['drug_exposure_start_datetime']
                    earliest_ad_end = row['drug_exposure_start_datetime']                        
                    
                # update trial trackers to start tracking next trial
                trial_end = row['drug_exposure_start_datetime']
                trial += 1
                trial_dosage = 0
            
            # current end date in tracker is greater than the dates being processed then skip
            if ((trial_end > row['drug_exposure_end_datetime']) or 
                ((pd.isna(row['drug_exposure_end_datetime']) and (trial_end > row['drug_exposure_start_datetime'])))):
                continue
            
            # calculate trial end date and dosage for the row
            trial_end, trial_dosage = calculate_dosage_days(row, trial_end, trial_dosage)
        
    
    return ad_dates_list

2.5.6  Loop for each person in grouped_ad_df and call process_person on a subset of the dataframe from that person and create the contents of ad_dates_df
from tqdm import tqdm # for the status bar (there are some impatient analysts out there)

# initialize the status bar
with tqdm(total=len(grouped_ad_df['person_id'].unique()), desc='Processing Patients') as pbar:
    
    # Iterate over unique person_ids in grouped_ad_df
    for person in grouped_ad_df['person_id'].unique():
        person_subset = grouped_ad_df[grouped_ad_df['person_id'] == person]
        ad_dates_list = process_person(person, person_subset)
        ad_dates_df = pd.concat([ad_dates_df, pd.DataFrame(ad_dates_list)], ignore_index=True)
        
        pbar.update(1)
2.5.7  Fill out antidepressant remission details for each trial
Check if dosage days for the trial is more than 70 days (10 weeks), dose_70p (1 or 0)
Check if there are other antidepressants start within the trial, other_ad (1 or 0)
If dose_70p is 1 and other_ad is 0 for the trial, then Remission is 1 otherwise 0
2.5.8  For Remission
In ad_dates_df, create a column called ‘dose_70p’ . This column indicates whether or not the dosage days for an antidepressant trial is greater than or equal to 70 days

import numpy as np
ad_dates_df['dose_70p'] = np.where(ad_dates_df['dosage_days'] >= 70, 1, 0)
ad_dates_df.head(5)
2.5.9  Create a function to check if another antidepressant is used within 70 days from the start of the antidepressant trial
# set up pandarallel 
!pip install --user pandarallel
import sys
sys.path.append('/home/jupyter/.local/lib/python3.10/site-packages')
from pandarallel import pandarallel
pandarallel.initialize(progress_bar=True)
# Create functions to calculate starting other antidepressants within the trial period
# Function to compute oth_ad columns
def compute_other_ad (row, person_counts): 
    # if only one row then there is no history of other antidepressants
    if person_counts[row['person_id']] == 1: 
        return 0
       
    else: # check if another antidepressant was started within 10 weeks or 70 days
        trial_start = row['trial_start']
        trial_end = trial_start + pd.Timedelta(days=70)
        
        # Check other rows for the same person_id for other antidepressants
        other_rows = ad_dates_df[(ad_dates_df['person_id'] == row['person_id']) & 
                                 (ad_dates_df['ad_grouping'] != row['ad_grouping'])]
        
        # find row where antidepressant started within trial period return 1 if found
        for _, other_row in other_rows.iterrows():
            ad_start = other_row['trial_start']
            if pd.notna(ad_start) and trial_start <= ad_start <= trial_end:
                return 1
            
        # return 0 if not found
        return 0


# make sure that dates are in datetime datatype
ad_dates_df['trial_start'] = pd.to_datetime(ad_dates_df['trial_start'], errors='coerce')
ad_dates_df['trial_end'] = pd.to_datetime(ad_dates_df['trial_end'], errors='coerce')

ad_dates_df.info()

from tqdm import tqdm # for the status bar (there are some impatient analysts out there)
from pandarallel import pandarallel # for parallel processing of pandas methods
import time

pandarallel.initialize(progress_bar=True) # initialize pandarallel progress bar

start_time = time.time()
# Count the occurrences of each person_id
person_counts = ad_dates_df['person_id'].value_counts()

# Fill values for the use of other antidepressants for the time period
ad_dates_df['other_ad'] = ad_dates_df.parallel_apply(compute_other_ad, axis=1, args=(person_counts,))
end_time = time.time()

print(f"Execution time: {end_time - start_time}")
# If dose_70p is 1 and other_ad is 0 for the trial, then Remission is 1 otherwise 0
ad_dates_df['Remission'] = np.where((ad_dates_df["dose_70p"] == 1) & (ad_dates_df["other_ad"] == 0), 1, 0)

ad_dates_df.head()

2.5.10  Calculate age at antidepressant trial start and create age groups
# read demographic_df.csv
demographics_df = pd.read_csv('./data/demographics_df.csv')

# Create age ranges
ad_history_df = pd.merge(ad_dates_df, demographics_df[['person_id', 'date_of_birth']], on='person_id', how='left')

# make sure dates have correct data type
ad_history_df['trial_start'] = pd.to_datetime(ad_history_df['trial_start'], errors='coerce')
ad_history_df['date_of_birth'] = pd.to_datetime(ad_history_df['date_of_birth'], errors='coerce')

# Calculate age in years at adantidepressant start
ad_history_df['age_at_ad'] = (ad_history_df['trial_start'] - ad_history_df['date_of_birth']).dt.days / 365.25

# Define bins for age ranges
bins = [0, 12, 19, 40, 64, 79, 89, float('inf')]

# Define labels for age groups
labels = ['ager_0012', 'ager_1319', 'ager_2040', 'ager_4164', 'ager_6579', 'ager_8089', 'ager_90p']

# Create a categorical column for age ranges
ad_history_df['age_range'] = pd.cut(ad_history_df['age_at_ad'], 
                                    bins=bins, 
                                    labels=labels, 
                                    right=True, 
                                    include_lowest=True)
2.5.11  Create features for antidepressant intake history

# Create a function to count episodes per trial
def get_episodes_count(row):

    # get rows that ended before the current trial start for the person to get all medication history
    previous_episodes = ad_history_df[(ad_history_df['person_id'] == row['person_id']) & 
                                    (ad_history_df['trial_end'] < row['trial_start'])]
    
    # if no history then return 0 since no previous episodes exist
    if previous_episodes.empty:
        return 0
    
    # arrange based on trial_start
    previous_episodes.sort_values(by=["trial_start"], inplace=True)
    
    # initialize variables
    episode_count = 1 # at least 1 episode if there is at least 1 row in previous_episodes
    current_start_date = None
    current_end_date = None
    
    # count episodes
    for index, previous_row in previous_episodes.iterrows():
        if current_start_date is None:  # First row 
            # store start dates for comparison with succeeding rows
            current_start_date = previous_row['trial_start']
            current_end_date = previous_row['trial_end']
        else:
            if previous_row['trial_start'] <= current_end_date:  # Within current episode
                current_end_date = max(current_end_date, previous_row['trial_end'])
            else:  # New episode
                episode_count += 1
                current_start_date = previous_row['trial_start']
                current_end_date = previous_row['trial_end']
                
    return episode_count
# Store episode history count data
ad_history_df['num_episodes'] = ad_history_df.parallel_apply(get_episodes_count, axis=1)

# Define bins for age ranges
bins = [0, 1, float('inf')]

# Define labels for age groups
labels = ['epi_01', 'epi_2p']

# Create a categorical column for age ranges
ad_history_df['episodes_range'] = pd.cut(ad_history_df['num_episodes'], 
                                         bins=bins, labels=labels, 
                                         right=True, 
                                         include_lowest=True)

# Create a function to count remission history per trial
def get_remission_count (row):

    # get rows that ended before the current trial start for the person to get all medication history
    previous_episodes = ad_history_df[(ad_history_df['person_id'] == row['person_id']) & 
                                    (ad_history_df['trial_end'] < row['trial_start'])]
    
    # if no history then return 0 since no previous episodes exist
    if previous_episodes.empty:
        return 0
    
    # get the sum of the remission column to get the number of time patient acheived remission
    remission_count = previous_episodes['Remission'].sum()
         
    return remission_count


# Store remission history count data
ad_history_df['num_remissions'] = ad_history_df.parallel_apply(get_remission_count, axis=1)

# Define bins for remission ranges
bins = [0, 1, float('inf')]

# Define labels for remission groups
labels = ['rem_01', 'rem_2p']

# Create a categorical column for remission ranges
ad_history_df['remissions_range'] = pd.cut(ad_history_df['num_remissions'],
                                  bins=bins,
                                  labels=labels,
                                  right=True,
                                  include_lowest=True)
# Create a function to count previous antidepressants taken per trial
def get_ad_count (row):

    # get rows that ended before the current trial start for the person to get all medication history
    previous_episodes = ad_history_df[(ad_history_df['person_id'] == row['person_id']) & 
                                    (ad_history_df['trial_end'] < row['trial_start'])]
    
    # if no history then return 0 since no previous episodes exist
    if previous_episodes.empty:
        return 0
    
    # get the number of unique antidepressants
    ad_count = previous_episodes['ad_grouping'].nunique()
         
    return ad_count

# Store antidepressant number in their columns
ad_history_df['num_antidepressants'] = ad_history_df.parallel_apply(get_ad_count, axis=1)
# Define bins for antidepressant ranges
bins = [0, 1, 3, float('inf')]

# Define labels for antidepressant groups
labels = ['adep_01', 'adep_23', 'adep_4p']

# Create a categorical column for antidepressant ranges
ad_history_df['antidepressants_range'] = pd.cut(ad_history_df['num_antidepressants'],
                                   bins=bins,
                                   labels=labels,
                                   right=True,
                                   include_lowest=True)
2.5.12  Create features for antidepressant response history


# Initialize columns
ad_history_df['SN'] = 0
ad_history_df['SR'] = 0
ad_history_df['DN'] = 0
ad_history_df['DR'] = 0



# Create a function to get all different antidepressant history
## hist_type values are 'SN', 'SR', DN' and 'DR'
def get_ad_hist (row, hist_type):
    
    # If it's the first trial and SN or SR, return 0 (no history)
    if row['trial_number'] == 1 and (hist_type == 'SN' or hist_type == 'SR'):
        return 0
    
    # Check if processing for SN or SR is needed
    elif hist_type == 'SN' or hist_type == 'SR':
        # Check previous trials
        previous_trials = ad_history_df[(ad_history_df['person_id'] == row['person_id']) & 
                                             (ad_history_df['trial_number'] < row['trial_number']) &
                                            (ad_history_df['ad_grouping'] == row['ad_grouping'])]
        
        if hist_type == 'SN':
            # Check for any previous trial with no remission
            history = previous_trials[previous_trials['Remission'] == 0]
        else: # 'SR'
            # Check for any previous trial with no remission
            history = previous_trials[previous_trials['Remission'] == 1]
            
        if history.empty:
            return 0 # no history found
        else:
            return 1 # history found 
       
    # Check if processing for DN or DR is needed
    elif hist_type == 'DN' or hist_type == 'DR':
        
        # Get the start of the trial
        trial_start = row["trial_start"]
    
        # Check other rows for the same person_id for other antidepressants
        other_rows = ad_history_df[(ad_history_df['person_id'] == row['person_id']) & 
                                 (ad_history_df['ad_grouping'] != row['ad_grouping'])]
        
        # Retain only those with end date before trial start (ended before trial began)
        other_rows = other_rows[other_rows['trial_end'] < trial_start]
        
        if hist_type == 'DN':
            # Check for any previous other antidepressant with no remission
            history = other_rows[other_rows['Remission'] == 0]
        else: # 'DR'
            # Check for any previous other antidepressant with remission
            history = other_rows[other_rows['Remission'] == 1]
            
        if history.empty:
            return 0 # no history found
        else:
            return 1 # history found
            
    return 0 # default return is 0
from tqdm import tqdm # for the status bar (there are some impatient analysts out there)
import time

from pandarallel import pandarallel # for parallel processing of pandas methods

pandarallel.initialize(progress_bar=True) # initialize pandas progress bar

start_time = time.time()
for hist_type in tqdm(['SN', 'SR', 'DN', 'DR'], desc='Processing history types'):
   ad_history_df[hist_type] = ad_history_df.parallel_apply(get_ad_hist, axis=1, args=(hist_type, ))
end_time = time.time()

print(f"Execution time: {end_time - start_time}")

ad_history_df.to_csv('./data/ad_history_df.csv', index=False)

