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Table S1. Code sets and data definitions.
	Variable
	SIH/SUS (ICD-10, SIGTAP)
	MIMIC-IV (ICD-9-CM, ICD-10-CM and structured sources)

	Acute MI
	DIAG_PRINC I21.0-I21.4, I21.9; IDENT 1; one record per N_AIH
	principal diagnosis 410.x1; I21.0-I21.4, I21.9, I21.A1; first admission per patient

	STEMI / NSTEMI / unspecified
	I21.0-I21.3 / I21.4 / I21.9
	410.0-410.6, 410.8 / 410.7 / 410.9; I21.0-I21.3 / I21.4 / I21.9

	ICU
	UTI_MES_TO greater than 0
	icustays

	Death
	MORTE
	hospital_expire_flag

	Coronary intervention
	PROC_REA SIGTAP 04.06.03 group
	00.66, 36.06, 36.07; ICD-10-PCS 027 prefix

	Code severe composite
	R57.0, I46, I47.2, I49.0, I23, I50, J81 in DIAG_SECUN, CID_ASSO, CID_MORTE, DIAGSEC1-9
	same codes plus ICD-9-CM 785.51, 427.5, 427.1, 427.4, 429.5-429.79, 428, 518.4, any position

	Structured severity
	not available
	vasopressor or inotrope within 24 h (inputevents 221906, 221289, 221662, 221653, 222315, 221749, 221986); MCS (37.61, 37.68; 5A02210, 5A0221D); invasive ventilation (procedureevents 225792, 224385); CPR (99.60; 5A12012); lactate 4 mmol/L or more (labevents 50813)

	Place and date
	MUNIC_RES centroid to MERRA-2 cell; DT_INTER
	not available (date shifted)





Table S2. Cumulative relative risks at all eight percentiles for every outcome (conditional Poisson case-crossover).
	Outcome
	1st
	2.5th
	5th
	10th
	90th
	95th
	97.5th
	99th

	n_all
	1.09 (1.05 to 1.13)
	1.09 (1.06 to 1.13)
	1.10 (1.06 to 1.13)
	1.10 (1.06 to 1.14)
	1.03 (1.01 to 1.06)
	1.02 (1.00 to 1.03)
	1.01 (1.00 to 1.01)
	1.00 (1.00 to 1.00)

	n_stemi
	1.08 (1.01 to 1.16)
	1.08 (1.01 to 1.15)
	1.08 (1.02 to 1.15)
	1.08 (1.03 to 1.14)
	1.00 (1.00 to 1.00)
	1.00 (0.98 to 1.03)
	1.01 (0.96 to 1.05)
	1.01 (0.95 to 1.07)

	n_nstemi
	1.02 (0.87 to 1.21)
	1.02 (0.87 to 1.20)
	1.02 (0.87 to 1.19)
	1.02 (0.88 to 1.18)
	1.02 (0.90 to 1.16)
	1.01 (0.94 to 1.08)
	1.00 (0.98 to 1.03)
	1.00 (1.00 to 1.00)

	n_unspec
	1.10 (1.06 to 1.15)
	1.10 (1.06 to 1.15)
	1.11 (1.06 to 1.15)
	1.11 (1.07 to 1.16)
	1.05 (1.01 to 1.08)
	1.02 (1.01 to 1.04)
	1.01 (1.00 to 1.02)
	1.00 (1.00 to 1.00)

	n_icu
	1.10 (1.04 to 1.16)
	1.10 (1.04 to 1.16)
	1.10 (1.04 to 1.15)
	1.10 (1.04 to 1.15)
	1.04 (0.99 to 1.08)
	1.02 (1.00 to 1.04)
	1.01 (1.00 to 1.02)
	1.00 (1.00 to 1.00)

	n_noicu
	1.09 (1.04 to 1.14)
	1.09 (1.04 to 1.14)
	1.09 (1.05 to 1.14)
	1.10 (1.05 to 1.15)
	1.03 (1.00 to 1.07)
	1.02 (1.00 to 1.04)
	1.01 (1.00 to 1.01)
	1.00 (1.00 to 1.00)

	n_death
	1.09 (0.97 to 1.23)
	1.09 (0.98 to 1.21)
	1.08 (0.98 to 1.20)
	1.07 (0.98 to 1.17)
	1.00 (0.98 to 1.02)
	1.02 (0.95 to 1.09)
	1.02 (0.93 to 1.13)
	1.03 (0.92 to 1.16)

	n_pci
	1.03 (0.98 to 1.10)
	1.04 (0.98 to 1.10)
	1.05 (1.00 to 1.11)
	1.07 (1.01 to 1.13)
	1.05 (1.00 to 1.09)
	1.02 (1.00 to 1.05)
	1.01 (1.00 to 1.02)
	1.00 (1.00 to 1.00)


Reference is the minimum risk percentile of each model, the same reference as the curves in Figure 1 of the main text.


Table S3. Cumulative relative risks by lag window (0 to 3 and 0 to 7 days) relative to the median for every outcome.
	Outcome
	1st, 0-3
	1st, 0-7
	5th, 0-3
	5th, 0-7
	95th, 0-3
	95th, 0-7
	99th, 0-3
	99th, 0-7

	n_all
	0.99 (0.98 to 1.01)
	1.02 (0.99 to 1.05)
	1.00 (0.98 to 1.02)
	1.02 (1.00 to 1.05)
	0.99 (0.98 to 1.01)
	0.95 (0.93 to 0.97)
	0.98 (0.96 to 1.00)
	0.93 (0.91 to 0.96)

	n_stemi
	0.99 (0.95 to 1.03)
	1.02 (0.96 to 1.07)
	1.00 (0.97 to 1.03)
	1.02 (0.97 to 1.06)
	0.99 (0.96 to 1.03)
	0.94 (0.90 to 0.98)
	1.00 (0.96 to 1.05)
	0.95 (0.89 to 1.00)

	n_nstemi
	0.93 (0.85 to 1.01)
	1.00 (0.88 to 1.13)
	0.95 (0.88 to 1.02)
	1.00 (0.90 to 1.10)
	1.02 (0.95 to 1.10)
	0.98 (0.90 to 1.08)
	1.00 (0.91 to 1.10)
	0.98 (0.86 to 1.10)

	n_unspec
	1.00 (0.98 to 1.02)
	1.02 (0.99 to 1.05)
	1.00 (0.99 to 1.02)
	1.03 (1.00 to 1.05)
	0.99 (0.97 to 1.01)
	0.95 (0.93 to 0.97)
	0.98 (0.95 to 1.00)
	0.93 (0.90 to 0.96)

	n_icu
	1.00 (0.97 to 1.03)
	1.02 (0.98 to 1.07)
	1.01 (0.98 to 1.03)
	1.02 (0.99 to 1.06)
	0.98 (0.96 to 1.01)
	0.95 (0.92 to 0.98)
	0.97 (0.94 to 1.00)
	0.93 (0.90 to 0.97)

	n_noicu
	0.99 (0.96 to 1.01)
	1.02 (0.98 to 1.05)
	0.99 (0.97 to 1.01)
	1.02 (0.99 to 1.05)
	1.00 (0.98 to 1.02)
	0.95 (0.93 to 0.97)
	1.00 (0.97 to 1.02)
	0.93 (0.90 to 0.97)

	n_death
	1.04 (0.98 to 1.12)
	1.06 (0.97 to 1.16)
	1.03 (0.98 to 1.09)
	1.05 (0.97 to 1.14)
	1.01 (0.95 to 1.07)
	0.99 (0.92 to 1.06)
	1.01 (0.93 to 1.09)
	1.00 (0.91 to 1.10)

	n_pci
	0.98 (0.95 to 1.01)
	0.98 (0.94 to 1.02)
	0.99 (0.96 to 1.01)
	1.00 (0.96 to 1.03)
	1.00 (0.97 to 1.02)
	0.97 (0.94 to 1.00)
	0.99 (0.95 to 1.02)
	0.95 (0.91 to 0.99)


RR (95 percent CI), reference the 50th percentile.


Table S4. Descriptive statistics of the Brazilian cohort by year and exposure summary.
	Item
	Value

	Admissions 2023 / 2024 / 2025 / 2026 (to June)
	164,536 / 172,970 / 190,325 / 93,959

	Municipalities of residence
	5,550

	MERRA-2 grid cells
	1,389

	Heat wave days per cell year, mean
	27.7

	Cold spell days per cell year, mean
	24.2

	Admissions from the Southeast / South / Northeast, %
	48.1 / 18.8 / 20.0

	Secondary diagnosis fields completed
	0 percent in the legacy field of extracted records; about 9 percent in the newer fields of a sample file

	MIMIC-IV, severity components among ICU and non ICU patients, %
	vasopressor 17.7 / 0; ventilation 16.6 / 0; mechanical support 14.8 / 0.8; lactate 4 or more 8.4 / 0.7; death 9.6 / 1.2





Table S5. STROBE checklist.
	Item
	Recommendation
	Reported in section

	1 Title and abstract
	Design indicated; informative abstract
	Title; Abstract

	2 Background/rationale
	Scientific background and rationale
	1

	3 Objectives
	Objectives and prespecified hypotheses
	1 (last paragraph)

	4 Study design
	Key elements of study design
	2.1, 2.6

	5 Setting
	Setting, locations, dates
	2.2, 2.5

	6 Participants
	Eligibility, sources, selection
	2.2; Fig. S1

	7 Variables
	Outcomes, exposures, confounders
	2.3 to 2.5; Table S1

	8 Data sources/measurement
	Sources and methods of assessment
	2.2, 2.4, 2.5

	9 Bias
	Efforts to address sources of bias
	2.6 (self matched design, adjustment)

	10 Study size
	How the study size was arrived at
	2.6

	11 Quantitative variables
	Handling of quantitative variables
	2.4, 2.6

	12 Statistical methods
	Methods, subgroups, sensitivity analyses
	2.6

	13 Participants
	Numbers at each stage
	3.1; Fig. S1

	14 Descriptive data
	Characteristics
	3.1; Table 1; Table S4

	15 Outcome data
	Numbers of outcome events
	3.1, 3.2; Tables 1 and 2

	16 Main results
	Estimates with precision
	3.2 to 3.4; Tables 2 to 4

	17 Other analyses
	Subgroups, prespecified contrasts, lag windows
	3.3, 3.4; Supplementary Tables S2 and S3

	18 Key results
	Summary with reference to objectives
	4.1

	19 Limitations
	Limitations and their direction
	4.5

	20 Interpretation
	Cautious interpretation
	4.2 to 4.4; 5

	21 Generalisability
	External validity
	4.5

	22 Funding
	Source of funding
	Funding statement


STROBE, Strengthening the Reporting of Observational Studies in Epidemiology. RECORD extension items (data source codes, linkage, cleaning) are covered in 2.2 to 2.5 and Table S1.


Fig. S1. The two data sets and the role of each.
[image: ]
MIMIC-IV characterizes what an ICU stay, death and diagnosis codes capture of measured severity; the Brazilian data set applies those markers at national scale with real dates and places.


Extraction and analysis code
This section lists the code that built both data sets and produced every estimate in the article, with the order of execution and the output files behind each table and figure. No data are included. MIMIC-IV version 3.1 is available to credentialed users through PhysioNet under a data use agreement, and no record level MIMIC-IV data left the credentialed environment. SIH/SUS reduced files are public and are downloaded from the DATASUS FTP server by script 03. Daily NASA POWER data are public and are downloaded by script 04. The scripts will also be deposited in a public repository on acceptance.
Order of execution. run_all.sh runs the steps in order (setup, then a for MIMIC-IV and b for Brazil). Only the default DuckDB route for MIMIC-IV was used for the article. The PostgreSQL and BigQuery branches in run_all.sh expect a SQL file that is not part of this material.
1. 01b_mimic_duckdb_cikar.py. Extracts the MIMIC-IV cohort (first MI admission per adult) directly from the csv.gz files with DuckDB. Output mi_cohort.csv and out_mimic/flow.json.
2. 02_mimic_validation_analysis.py. Benchmarks the severity markers against structured severity. Files used in the article are A1_validation_code_vs_structured.csv and A1b_icu_death_vs_structured.csv (Table 2, including the location independent phenotype), A1c_severity_by_icu.csv (components by ICU status, Results 3.2) and A2b_table1_all.csv (MIMIC-IV column of Table 1). A6_qba_inputs.json holds the inputs of the prespecified quantitative bias analysis, which could not be performed because the code based composite was empty in SIH. The script also writes tables from an earlier exploratory analysis of the same cohort (A2 to A5, A7 to A9 and results.json, on era and on hour of emergency department arrival). These are not reported in this article.
3. 03e_local_fast.py or 03d_colab_fast.py. Downloads the SIH/SUS files, keeps admissions with a principal diagnosis of I21 and one record per admission authorization. SCOPE = "full" (all 27 states from January 2023) is the setting used for the article; SCOPE = "fast" is a quick subset for testing. Output data/cohortB_mi.parquet.
4. 04_nasa_power_grid_link.R. Assigns each municipality of residence (IBGE 2022 boundaries) to its MERRA-2 grid cell and downloads daily NASA POWER data for each cell. Output data/munic_cell.parquet and data/power_daily.parquet.
5. 05_case_crossover_dlnm.R. Fits the conditional Poisson case-crossover models with distributed lag non-linear terms and the case-case models. B2b_RR_ref50.csv gives relative risks over lags 0 to 7 relative to the median (Tables 3 and 4); B2c_cumulative_by_lag_ref50.csv gives cumulative relative risks by lag window (the lag 0 to 3 heat window in Table 3, and Table S3); B2d_contrasts.csv gives the heat versus cold and STEMI versus NSTEMI contrasts (Table 3 and Results 3.3); B2_RR_conditional_poisson.csv gives all percentiles relative to the minimum risk percentile of each model (Table S2); B2_curve_all_percentiles.csv gives the curves drawn in Fig. 1; B2_RR_ratio_severe_vs_nonsevere.csv gives the ratio of relative risks for admissions with versus without an ICU stay (Table 4); B3_case_case_OR.csv gives the case-case odds ratios (Table 4 and Fig. 2); B1_descriptives.csv gives counts by type and year and heat wave and cold spell days (Table 1 and Table S4); B4_QBA.csv holds the quantitative bias analysis, skipped because the code based composite had fewer than 50 events.
00_sentetik_mimic.py. Writes a small random MIMIC-IV-like folder only to check that scripts 01b and 02 run end to end. It was not used for any result.
Software. Python 3.12 (pandas, numpy, scipy, statsmodels, duckdb, pyarrow, datasus-dbc) and R 4.5 (data.table, arrow, dlnm, gnm, splines, fixest, jsonlite, timeDate, geobr, sf, httr, dplyr). Some comments and console messages in the scripts are in Turkish.
01b_mimic_duckdb_cikar.py
"""
01b_mimic_duckdb_cikar.py
Cohort A extraction straight from the MIMIC-IV csv.gz files with DuckDB (no PostgreSQL).
Paths (override with environment variables):
  MIMIC_DIR  default ~/mimiciv_3.1   expects hosp/ and icu/ folders with csv.gz files
  ED_DIR     default ~/mimiciv_ed/ed expects edstays.csv.gz
  Missing files are searched under ~/Downloads and ~/mimic* as a fallback (e.g. procedures_icd).
Output: mi_cohort.csv (same columns as 01_mimic_cohort.sql) + out_mimic/flow.json + extraction log.
Usage: .venv/bin/python 01b_mimic_duckdb_cikar.py
"""
import os, sys, glob, json, time
import duckdb, pandas as pd, numpy as np

MIMIC_DIR = os.path.expanduser(os.environ.get("MIMIC_DIR", "~/mimiciv_3.1"))
ED_DIR = os.path.expanduser(os.environ.get("ED_DIR", "~/mimiciv_ed/ed"))
os.makedirs("out_mimic", exist_ok=True)
t0 = time.time()
log = open("out_mimic/01b_extraction.log", "w")
def say(*a):
    s = " ".join(str(x) for x in a); print(s, flush=True); log.write(s + "\n"); log.flush()

def find_file(name, sub):
    cands = [os.path.join(MIMIC_DIR, sub, name), os.path.join(MIMIC_DIR, name)]
    cands += glob.glob(os.path.expanduser(f"~/Downloads/**/{name}"), recursive=True)
    cands += glob.glob(os.path.expanduser(f"~/mimic*/**/{name}"), recursive=True)
    for c in cands:
        if os.path.exists(c): return c
    for alt in (name.replace(".csv.gz", ".csv"), name.replace(".csv.gz", ".parquet")):
        for base in (os.path.join(MIMIC_DIR, sub), MIMIC_DIR):
            c = os.path.join(base, alt)
            if os.path.exists(c): return c
    return None

files = {
    "admissions": ("admissions.csv.gz", "hosp"), "patients": ("patients.csv.gz", "hosp"),
    "diagnoses_icd": ("diagnoses_icd.csv.gz", "hosp"), "procedures_icd": ("procedures_icd.csv.gz", "hosp"),
    "labevents": ("labevents.csv.gz", "hosp"), "d_labitems": ("d_labitems.csv.gz", "hosp"),
    "icustays": ("icustays.csv.gz", "icu"), "inputevents": ("inputevents.csv.gz", "icu"),
    "procedureevents": ("procedureevents.csv.gz", "icu"), "transfers": ("transfers.csv.gz", "hosp"),
}
paths = {k: find_file(*v) for k, v in files.items()}
ed_path = os.path.join(ED_DIR, "edstays.csv.gz") if os.path.exists(os.path.join(ED_DIR, "edstays.csv.gz")) else find_file("edstays.csv.gz", "ed")
for k, p in paths.items(): say(f"{k:16s} {p}")
say(f"{'edstays':16s} {ed_path}")
missing = [k for k, p in paths.items() if p is None and k != "transfers"]
if paths["transfers"] is None:
    say("transfers.csv.gz not found: direct ED to ICU (transfers based) will be empty")
if missing:
    say("MISSING FILES:", missing); sys.exit(1)

con = duckdb.connect()
con.execute("SET threads TO 8; SET memory_limit='12GB'; SET preserve_insertion_order=false;")
def reader(p):
    return f"read_parquet('{p}')" if p.endswith(".parquet") else f"read_csv_auto('{p}', header=true, sample_size=-1)"
for k, p in paths.items():
    if p is None:
        con.execute(f"CREATE VIEW {k} AS SELECT NULL::BIGINT AS hadm_id, NULL::VARCHAR AS eventtype, NULL::VARCHAR AS careunit, NULL::TIMESTAMP AS intime WHERE 1=0")
    else:
        con.execute(f"CREATE VIEW {k} AS SELECT * FROM {reader(p)}")
if ed_path:
    con.execute(f"CREATE VIEW edstays AS SELECT * FROM {reader(ed_path)}")
else:
    con.execute("CREATE VIEW edstays AS SELECT NULL::BIGINT AS subject_id, NULL::BIGINT AS hadm_id, NULL::TIMESTAMP AS intime, NULL::VARCHAR AS arrival_transport WHERE 1=0")

# troponin itemids, logged so the assay era can be checked
trop = con.execute("SELECT itemid, label, fluid, category FROM d_labitems WHERE lower(label) LIKE '%troponin%'").df()
say("troponin items in d_labitems:\n" + trop.to_string(index=False))

# ---------------- base cohort (materialized)
con.execute("""
CREATE TABLE base AS
WITH principal AS (
  SELECT subject_id, hadm_id, icd_version, icd_code FROM diagnoses_icd
  WHERE seq_num = 1 AND ((icd_version = 9 AND regexp_matches(icd_code, '^410[0-9][0-2]$'))
                      OR (icd_version = 10 AND regexp_matches(icd_code, '^I2[12]')))
), typed AS (
  SELECT *,
    CASE WHEN icd_version = 9 AND regexp_matches(icd_code, '^410[0-68]1$') THEN 'STEMI'
         WHEN icd_version = 9 AND icd_code = '41071' THEN 'NSTEMI'
         WHEN icd_version = 9 AND icd_code = '41091' THEN 'UNSPEC'
         WHEN icd_version = 10 AND regexp_matches(icd_code, '^I21[0-3]') THEN 'STEMI'
         WHEN icd_version = 10 AND regexp_matches(icd_code, '^I214') THEN 'NSTEMI'
         WHEN icd_version = 10 AND regexp_matches(icd_code, '^I219') THEN 'UNSPEC'
         WHEN icd_version = 10 AND icd_code = 'I21A1' THEN 'TYPE2'
         WHEN icd_version = 10 AND icd_code = 'I21A9' THEN 'OTHER_TYPE' ELSE 'EXCLUDE' END AS mi_type,
    CASE WHEN (icd_version = 9 AND regexp_matches(icd_code, '^410[0-9]2$')) OR (icd_version = 10 AND regexp_matches(icd_code, '^I22')) THEN 1 ELSE 0 END AS subsequent_mi,
    CASE WHEN icd_version = 9 AND regexp_matches(icd_code, '^410[0-9]0$') THEN 1 ELSE 0 END AS episode_unspecified
  FROM principal
), adm AS (
  SELECT t.*, a.admittime, a.dischtime, a.deathtime, a.edregtime, a.edouttime, a.admission_type, a.admission_location,
         a.discharge_location, a.insurance, a.race, a.hospital_expire_flag,
         p.gender, p.anchor_age, p.anchor_year, p.anchor_year_group, p.dod,
         p.anchor_age + (year(a.admittime) - p.anchor_year) AS age_at_admit,
         row_number() OVER (PARTITION BY t.subject_id ORDER BY a.admittime) AS mi_seq
  FROM typed t JOIN admissions a ON a.hadm_id = t.hadm_id JOIN patients p ON p.subject_id = t.subject_id
)
SELECT * FROM adm
""")
flow = {}
flow["principal_mi_admissions"] = con.execute("SELECT count(*) FROM base").fetchone()[0]
flow["first_mi_admission_per_patient"] = con.execute("SELECT count(*) FROM base WHERE mi_seq = 1").fetchone()[0]
flow["excluded_subsequent_or_other_type"] = con.execute("SELECT count(*) FROM base WHERE mi_seq = 1 AND (mi_type IN ('EXCLUDE','OTHER_TYPE') OR subsequent_mi = 1)").fetchone()[0]
flow["excluded_under_18"] = con.execute("SELECT count(*) FROM base WHERE mi_seq = 1 AND mi_type NOT IN ('EXCLUDE','OTHER_TYPE') AND subsequent_mi = 0 AND age_at_admit < 18").fetchone()[0]
con.execute("CREATE TABLE b AS SELECT * FROM base WHERE mi_seq = 1 AND mi_type NOT IN ('EXCLUDE','OTHER_TYPE') AND subsequent_mi = 0 AND age_at_admit >= 18")
flow["analysis_cohort"] = con.execute("SELECT count(*) FROM b").fetchone()[0]
say("flow:", flow)

# ---------------- diagnosis and procedure flags
con.execute("""
CREATE TABLE dx AS
SELECT b.hadm_id,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code='78551') OR (d.icd_version=10 AND d.icd_code='R570') THEN 1 ELSE 0 END) AS dx_shock,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code='4275') OR (d.icd_version=10 AND d.icd_code LIKE 'I46%') THEN 1 ELSE 0 END) AS dx_arrest,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code IN ('4271','42741','42742')) OR (d.icd_version=10 AND (d.icd_code LIKE 'I472%' OR d.icd_code IN ('I4901','I4902'))) THEN 1 ELSE 0 END) AS dx_vtvf,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code='4260') OR (d.icd_version=10 AND d.icd_code='I442') THEN 1 ELSE 0 END) AS dx_cavb,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code IN ('4295','4296','42971','42979')) OR (d.icd_version=10 AND d.icd_code LIKE 'I23%') THEN 1 ELSE 0 END) AS dx_mech,
  max(CASE WHEN (d.icd_version=9 AND (d.icd_code LIKE '428%' OR d.icd_code='5184')) OR (d.icd_version=10 AND (d.icd_code LIKE 'I50%' OR d.icd_code LIKE 'J81%')) THEN 1 ELSE 0 END) AS dx_hf,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code IN ('43401','43411','43491')) OR (d.icd_version=10 AND d.icd_code LIKE 'I63%') THEN 1 ELSE 0 END) AS dx_stroke,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code LIKE '584%') OR (d.icd_version=10 AND d.icd_code LIKE 'N17%') THEN 1 ELSE 0 END) AS dx_aki,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code LIKE '250%') OR (d.icd_version=10 AND regexp_matches(d.icd_code, '^E1[0-4]')) THEN 1 ELSE 0 END) AS dx_diabetes,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code LIKE '585%') OR (d.icd_version=10 AND d.icd_code LIKE 'N18%') THEN 1 ELSE 0 END) AS dx_ckd,
  max(CASE WHEN (d.icd_version=9 AND d.icd_code LIKE '4273%') OR (d.icd_version=10 AND d.icd_code LIKE 'I48%') THEN 1 ELSE 0 END) AS dx_af
FROM b JOIN diagnoses_icd d ON d.hadm_id = b.hadm_id GROUP BY b.hadm_id
""")
con.execute("""
CREATE TABLE px AS
SELECT b.hadm_id,
  max(CASE WHEN (p.icd_version=9 AND p.icd_code IN ('0066','3606','3607')) OR (p.icd_version=10 AND p.icd_code LIKE '027%') THEN 1 ELSE 0 END) AS px_pci,
  max(CASE WHEN (p.icd_version=9 AND p.icd_code LIKE '361%') OR (p.icd_version=10 AND p.icd_code LIKE '021%') THEN 1 ELSE 0 END) AS px_cabg,
  max(CASE WHEN (p.icd_version=9 AND p.icd_code IN ('3761','3768')) OR (p.icd_version=10 AND p.icd_code IN ('5A02210','5A0221D')) THEN 1 ELSE 0 END) AS px_mcs,
  max(CASE WHEN (p.icd_version=9 AND p.icd_code='9960') OR (p.icd_version=10 AND p.icd_code='5A12012') THEN 1 ELSE 0 END) AS px_cpr,
  max(CASE WHEN (p.icd_version=9 AND p.icd_code='3778') OR (p.icd_version=10 AND p.icd_code='5A2204Z') THEN 1 ELSE 0 END) AS px_temp_pace,
  min(CASE WHEN (p.icd_version=9 AND p.icd_code IN ('0066','3606','3607')) OR (p.icd_version=10 AND p.icd_code LIKE '027%') THEN p.chartdate END) AS pci_date
FROM b JOIN procedures_icd p ON p.hadm_id = b.hadm_id GROUP BY b.hadm_id
""")
# ---------------- ICU, vasopressors, ventilation, RRT, transfusion (icu module)
con.execute("""
CREATE TABLE icu AS
SELECT b.hadm_id, min(i.intime) AS icu_intime, arg_min(i.first_careunit, i.intime) AS first_careunit, sum(i.los) AS icu_los_days
FROM b JOIN icustays i ON i.hadm_id = b.hadm_id GROUP BY b.hadm_id
""")
con.execute("""
CREATE TABLE vaso AS SELECT b.hadm_id, 1 AS vaso24,
  max(CASE WHEN ie.starttime <= coalesce(b.edregtime, b.admittime) + INTERVAL 6 HOUR THEN 1 ELSE 0 END) AS vaso6
FROM b JOIN inputevents ie ON ie.hadm_id = b.hadm_id
WHERE ie.itemid IN (221906,221289,221662,221653,222315,221749,221986) AND ie.starttime <= b.admittime + INTERVAL 24 HOUR
GROUP BY b.hadm_id
""")
con.execute("""
CREATE TABLE vent AS SELECT b.hadm_id, 1 AS vent24,
  max(CASE WHEN pe.starttime <= coalesce(b.edregtime, b.admittime) + INTERVAL 6 HOUR THEN 1 ELSE 0 END) AS vent6
FROM b JOIN procedureevents pe ON pe.hadm_id = b.hadm_id
WHERE pe.itemid IN (225792, 224385) AND pe.starttime <= b.admittime + INTERVAL 24 HOUR
GROUP BY b.hadm_id
""")
con.execute("""
CREATE TABLE rrt AS SELECT DISTINCT b.hadm_id, 1 AS rrt_any FROM b JOIN procedureevents pe ON pe.hadm_id = b.hadm_id
WHERE pe.itemid IN (225441, 225802, 225803, 225805, 225809, 225955)
""")
con.execute("""
CREATE TABLE tr AS SELECT DISTINCT b.hadm_id, 1 AS prbc_any FROM b JOIN inputevents ie ON ie.hadm_id = b.hadm_id WHERE ie.itemid = 225168
""")
# ---------------- labs (single scan of labevents restricted to cohort hadm_ids and four itemids)
con.execute("""
CREATE TABLE labs AS
SELECT b.hadm_id,
  max(CASE WHEN l.itemid = 50813 AND l.charttime <= b.admittime + INTERVAL 24 HOUR THEN l.valuenum END) AS lactate_max24,
  max(CASE WHEN l.itemid = 50813 AND l.charttime <= coalesce(b.edregtime, b.admittime) + INTERVAL 6 HOUR THEN l.valuenum END) AS lactate_max6,
  max(CASE WHEN l.itemid = 51003 AND l.charttime <= b.admittime + INTERVAL 48 HOUR THEN l.valuenum END) AS tnt_max48,
  max(CASE WHEN l.itemid = 51003 THEN 1 ELSE 0 END) AS tnt_measured,
  min(CASE WHEN l.itemid = 50912 AND l.charttime BETWEEN b.admittime - INTERVAL 7 DAY AND b.admittime + INTERVAL 24 HOUR THEN l.valuenum END) AS creat_baseline,
  max(CASE WHEN l.itemid = 50912 AND l.charttime BETWEEN b.admittime AND b.dischtime THEN l.valuenum END) AS creat_max,
  max(CASE WHEN l.itemid = 51222 AND l.charttime <= b.admittime + INTERVAL 24 HOUR THEN l.valuenum END) AS hgb_first24_max,
  min(CASE WHEN l.itemid = 51222 AND l.charttime BETWEEN b.admittime AND b.dischtime THEN l.valuenum END) AS hgb_min
FROM b JOIN labevents l ON l.hadm_id = b.hadm_id
WHERE l.itemid IN (50813, 51003, 50912, 51222) GROUP BY b.hadm_id
""")
say(f"labs scanned {time.time()-t0:.0f}s")
# ---------------- first care unit after the ED (transfers table): direct ED to ICU
con.execute("""
CREATE TABLE firstunit AS
WITH t AS (
  SELECT b.hadm_id, tr.eventtype, tr.careunit, tr.intime,
         row_number() OVER (PARTITION BY b.hadm_id ORDER BY tr.intime) AS rn
  FROM b JOIN transfers tr ON tr.hadm_id = b.hadm_id
  WHERE tr.eventtype IN ('admit', 'transfer') AND tr.careunit IS NOT NULL AND tr.careunit <> 'Emergency Department'
    AND tr.careunit NOT LIKE 'Emergency Department%'
)
SELECT hadm_id, careunit AS first_unit_after_ed, intime AS first_unit_time,
       CASE WHEN careunit IN (SELECT DISTINCT first_careunit FROM icustays) THEN 1 ELSE 0 END AS direct_ed_icu
FROM t WHERE rn = 1
""")
# ---------------- ED
con.execute("""
CREATE TABLE ed AS SELECT b.hadm_id, min(e.intime) AS ed_intime, arg_min(e.arrival_transport, e.intime) AS arrival_transport
FROM b JOIN edstays e ON e.hadm_id = b.hadm_id GROUP BY b.hadm_id
""")
# ---------------- Charlson (Quan 2005) from index and prior admissions
dxall = con.execute("""
SELECT b.hadm_id AS index_hadm, d.icd_version, d.icd_code FROM b
JOIN admissions a ON a.subject_id = b.subject_id AND a.admittime <= b.admittime
JOIN diagnoses_icd d ON d.hadm_id = a.hadm_id
""").df()
Q9 = {"mi": ["410", "412"], "chf": ["39891", "40201", "40211", "40291", "40401", "40403", "40411", "40413", "40491", "40493", "4254", "4255", "4256", "4257", "4258", "4259", "428"],
      "pvd": ["0930", "4373", "440", "441", "4431", "4432", "4433", "4434", "4435", "4436", "4437", "4438", "4439", "4471", "5571", "5579", "V434"],
      "cvd": ["36234", "430", "431", "432", "433", "434", "435", "436", "437", "438"], "dementia": ["290", "2941", "3312"],
      "copd": ["4168", "4169", "490", "491", "492", "493", "494", "495", "496", "500", "501", "502", "503", "504", "505", "5064", "5081", "5088"],
      "rheum": ["4465", "7100", "7101", "7102", "7103", "7104", "7140", "7141", "7142", "7148", "725"], "pud": ["531", "532", "533", "534"],
      "mildliver": ["07022", "07023", "07032", "07033", "07044", "07054", "0706", "0709", "570", "571", "5733", "5734", "5738", "5739", "V427"],
      "dm": ["2500", "2501", "2502", "2503", "2508", "2509"], "dmcx": ["2504", "2505", "2506", "2507"], "hemi": ["3341", "342", "343", "3440", "3441", "3442", "3443", "3444", "3445", "3446", "3449"],
      "renal": ["40301", "40311", "40391", "40402", "40403", "40412", "40413", "40492", "40493", "582", "5830", "5831", "5832", "5834", "5836", "5837", "585", "586", "5880", "V420", "V451", "V56"],
      "cancer": [str(x) for x in range(140, 173)] + [str(x) for x in range(174, 196)] + ["200", "201", "202", "203", "204", "205", "206", "207", "208", "2386"],
      "sevliver": ["4560", "4561", "4562", "5722", "5723", "5724", "5728"], "mets": ["196", "197", "198", "199"], "aids": ["042", "043", "044"]}
Q10 = {"mi": ["I21", "I22", "I252"], "chf": ["I099", "I110", "I130", "I132", "I255", "I420", "I425", "I426", "I427", "I428", "I429", "I43", "I50", "P290"],
       "pvd": ["I70", "I71", "I731", "I738", "I739", "I771", "I790", "I792", "K551", "K558", "K559", "Z958", "Z959"], "cvd": ["G45", "G46", "H340", "I60", "I61", "I62", "I63", "I64", "I65", "I66", "I67", "I68", "I69"],
       "dementia": ["F00", "F01", "F02", "F03", "F051", "G30", "G311"], "copd": ["I278", "I279", "J40", "J41", "J42", "J43", "J44", "J45", "J46", "J47", "J60", "J61", "J62", "J63", "J64", "J65", "J66", "J67", "J684", "J701", "J703"],
       "rheum": ["M05", "M06", "M315", "M32", "M33", "M34", "M351", "M353", "M360"], "pud": ["K25", "K26", "K27", "K28"],
       "mildliver": ["B18", "K700", "K701", "K702", "K703", "K709", "K713", "K714", "K715", "K717", "K73", "K74", "K760", "K762", "K763", "K764", "K768", "K769", "Z944"],
       "dm": ["E100", "E101", "E106", "E108", "E109", "E110", "E111", "E116", "E118", "E119", "E120", "E121", "E126", "E128", "E129", "E130", "E131", "E136", "E138", "E139", "E140", "E141", "E146", "E148", "E149"],
       "dmcx": ["E102", "E103", "E104", "E105", "E107", "E112", "E113", "E114", "E115", "E117", "E122", "E123", "E124", "E125", "E127", "E132", "E133", "E134", "E135", "E137", "E142", "E143", "E144", "E145", "E147"],
       "hemi": ["G041", "G114", "G801", "G802", "G81", "G82", "G830", "G831", "G832", "G833", "G834", "G839"],
       "renal": ["I120", "I131", "N032", "N033", "N034", "N035", "N036", "N037", "N052", "N053", "N054", "N055", "N056", "N057", "N18", "N19", "N250", "Z490", "Z491", "Z492", "Z940", "Z992"],
       "cancer": [f"C{i:02d}" for i in range(0, 27)] + [f"C{i}" for i in range(30, 35)] + ["C37", "C38", "C39", "C40", "C41", "C43", "C45", "C46", "C47", "C48", "C49", "C50", "C51", "C52", "C53", "C54", "C55", "C56", "C57", "C58", "C6", "C7", "C80", "C81", "C82", "C83", "C84", "C85", "C88", "C90", "C91", "C92", "C93", "C94", "C95", "C96", "C97"],
       "sevliver": ["I850", "I859", "I864", "I982", "K704", "K711", "K721", "K729", "K765", "K766", "K767"], "mets": ["C77", "C78", "C79", "C80"], "aids": ["B20", "B21", "B22", "B24"]}
W = {"mi": 1, "chf": 1, "pvd": 1, "cvd": 1, "dementia": 1, "copd": 1, "rheum": 1, "pud": 1, "mildliver": 1, "dm": 1, "dmcx": 2, "hemi": 2, "renal": 2, "cancer": 2, "sevliver": 3, "mets": 6, "aids": 6}
def charlson_index(group):
    codes9 = group.loc[group.icd_version == 9, "icd_code"].astype(str).tolist()
    codes10 = group.loc[group.icd_version == 10, "icd_code"].astype(str).tolist()
    present = set()
    for cond, pre in Q9.items():
        if any(c.startswith(p) for c in codes9 for p in pre): present.add(cond)
    for cond, pre in Q10.items():
        if any(c.startswith(p) for c in codes10 for p in pre): present.add(cond)
    if "dmcx" in present: present.discard("dm")
    if "sevliver" in present: present.discard("mildliver")
    if "mets" in present: present.discard("cancer")
    return sum(W[c] for c in present)
say("computing Charlson ...")
ch = dxall.groupby("index_hadm").apply(charlson_index).rename("charlson_comorbidity_index").reset_index().rename(columns={"index_hadm": "hadm_id"})
con.register("ch", ch)
# ---------------- assemble
out = con.execute("""
SELECT b.*,
  coalesce(b.edregtime, ed.ed_intime) AS ed_reg,
  hour(coalesce(b.edregtime, ed.ed_intime)) AS ed_hour,
  CASE WHEN hour(coalesce(b.edregtime, ed.ed_intime)) BETWEEN 8 AND 15 THEN 'day'
       WHEN hour(coalesce(b.edregtime, ed.ed_intime)) BETWEEN 16 AND 23 THEN 'evening'
       WHEN hour(coalesce(b.edregtime, ed.ed_intime)) BETWEEN 0 AND 7 THEN 'night' END AS arrival_period,
  CASE WHEN hour(coalesce(b.edregtime, ed.ed_intime)) >= 19 OR hour(coalesce(b.edregtime, ed.ed_intime)) <= 6 THEN 1
       WHEN coalesce(b.edregtime, ed.ed_intime) IS NULL THEN NULL ELSE 0 END AS offhours,
  ed.arrival_transport,
  CASE WHEN upper(b.admission_location) LIKE 'TRANSFER FROM HOSPITAL%' OR upper(b.admission_location) LIKE 'TRANSFER FROM SKILLED%' THEN 1 ELSE 0 END AS transfer_in,
  coalesce(dx.dx_shock,0) AS dx_shock, coalesce(dx.dx_arrest,0) AS dx_arrest, coalesce(dx.dx_vtvf,0) AS dx_vtvf, coalesce(dx.dx_cavb,0) AS dx_cavb,
  coalesce(dx.dx_mech,0) AS dx_mech, coalesce(dx.dx_hf,0) AS dx_hf, coalesce(dx.dx_stroke,0) AS dx_stroke, coalesce(dx.dx_aki,0) AS dx_aki,
  coalesce(dx.dx_diabetes,0) AS dx_diabetes, coalesce(dx.dx_ckd,0) AS dx_ckd, coalesce(dx.dx_af,0) AS dx_af,
  coalesce(px.px_pci,0) AS px_pci, coalesce(px.px_cabg,0) AS px_cabg, coalesce(px.px_mcs,0) AS px_mcs, coalesce(px.px_cpr,0) AS px_cpr,
  coalesce(px.px_temp_pace,0) AS px_temp_pace, px.pci_date,
  CASE WHEN icu.icu_intime IS NOT NULL THEN 1 ELSE 0 END AS icu_any, icu.first_careunit, icu.icu_los_days,
  date_diff('minute', coalesce(b.edregtime, b.admittime), icu.icu_intime) / 60.0 AS hours_to_icu,
  CASE WHEN icu.icu_intime IS NOT NULL AND icu.icu_intime <= coalesce(b.edregtime, b.admittime) + INTERVAL 6 HOUR THEN 1 ELSE 0 END AS icu_direct6h,
  fu.first_unit_after_ed, coalesce(fu.direct_ed_icu, 0) AS direct_ed_icu,
  date_diff('minute', coalesce(b.edregtime, b.admittime), fu.first_unit_time) / 60.0 AS hours_to_first_unit,
  CASE WHEN icu.icu_intime IS NOT NULL AND icu.icu_intime > b.admittime + INTERVAL 24 HOUR THEN 1 ELSE 0 END AS icu_delayed24h,
  coalesce(vaso.vaso24,0) AS vaso24, coalesce(vaso.vaso6,0) AS vaso6, coalesce(vent.vent24,0) AS vent24, coalesce(vent.vent6,0) AS vent6,
  coalesce(rrt.rrt_any,0) AS rrt_any, coalesce(tr.prbc_any,0) AS prbc_any,
  labs.lactate_max24, labs.lactate_max6, labs.tnt_max48, coalesce(labs.tnt_measured,0) AS tnt_measured, labs.creat_baseline, labs.creat_max, labs.hgb_first24_max, labs.hgb_min,
  CASE WHEN labs.creat_baseline IS NOT NULL AND labs.creat_max IS NOT NULL AND (labs.creat_max >= 1.5*labs.creat_baseline OR labs.creat_max - labs.creat_baseline >= 0.3) THEN 1 ELSE 0 END AS aki_creat,
  CASE WHEN coalesce(tr.prbc_any,0)=1 AND labs.hgb_first24_max - labs.hgb_min >= 3 THEN 1 ELSE 0 END AS major_bleed,
  ch.charlson_comorbidity_index,
  CASE WHEN b.dod IS NOT NULL AND b.dod <= b.admittime + INTERVAL 30 DAY THEN 1 ELSE 0 END AS death30,
  CASE WHEN b.dod IS NOT NULL AND b.dod <= b.admittime + INTERVAL 90 DAY THEN 1 ELSE 0 END AS death90
FROM b
LEFT JOIN dx ON dx.hadm_id = b.hadm_id LEFT JOIN px ON px.hadm_id = b.hadm_id LEFT JOIN icu ON icu.hadm_id = b.hadm_id
LEFT JOIN vaso ON vaso.hadm_id = b.hadm_id LEFT JOIN vent ON vent.hadm_id = b.hadm_id LEFT JOIN rrt ON rrt.hadm_id = b.hadm_id
LEFT JOIN tr ON tr.hadm_id = b.hadm_id LEFT JOIN labs ON labs.hadm_id = b.hadm_id LEFT JOIN ch ON ch.hadm_id = b.hadm_id LEFT JOIN ed ON ed.hadm_id = b.hadm_id
LEFT JOIN firstunit fu ON fu.hadm_id = b.hadm_id
""").df()
out.to_csv("mi_cohort.csv", index=False)
json.dump(flow, open("out_mimic/flow.json", "w"), indent=2)
say(f"written mi_cohort.csv n={len(out)}  ({time.time()-t0:.0f}s)")
say(out[["mi_type"]].value_counts().to_string())
say("ED registration available:", int(out["ed_reg"].notna().sum()), " offhours share:", round(float(out["offhours"].mean()), 3))
say("direct ED to ICU (transfers table):", round(float(out["direct_ed_icu"].mean()), 3), " first unit examples:", out["first_unit_after_ed"].value_counts().head(6).to_dict())
say("ICU any:", round(float(out["icu_any"].mean()), 3), " severe (vaso/vent/MCS/CPR/lactate4):",
    round(float(((out.vaso24==1)|(out.vent24==1)|(out.px_mcs==1)|(out.px_cpr==1)|(out.lactate_max24>=4)).mean()), 3))
02_mimic_validation_analysis.py
"""
02_mimic_validation_analysis.py
Cohort A (MIMIC-IV). Input: mi_cohort.csv exported from 01_mimic_cohort.sql.
Outputs (folder out_mimic/):
  A1_validation_code_vs_structured.csv   sensitivity, specificity, PPV, NPV of code-only phenotypes
  A2_table1_by_era.csv                    characteristics by anchor_year_group
  A3_type_severity_by_era.csv             MI type and presentation severity by era
  A4_icu_models.csv                       era and arrival period effects on ICU use with and without severity
  A5_arrival_hour.csv                     counts by ED hour, all and severe
  A6_qba_inputs.json                      Se/Sp/PPV with beta parameters, consumed by 05_case_crossover_dlnm.R
  A7_offhours_outcomes.csv                PRIMARY AXIS: outcomes by on-hours (07:00-18:59) vs off-hours (19:00-06:59) ED arrival
  A8_offhours_models.csv                  crude and adjusted ORs for off-hours, overall and by MI type, with and without severity
  A9_sensitivity.csv                      sensitivity analyses for the primary model
  results.json                            key numbers for the manuscript
Requirements: pandas, numpy, statsmodels, scipy
"""
import json, os
import numpy as np
import pandas as pd
import statsmodels.api as sm
import statsmodels.formula.api as smf
from scipy import stats

IN = "mi_cohort.csv"
OUT = "out_mimic"
os.makedirs(OUT, exist_ok=True)

df = pd.read_csv(IN, parse_dates=["admittime", "dischtime", "ed_reg"], low_memory=False)

# ---------------------------------------------------------------- derived variables
df["era"] = df["anchor_year_group"].astype(str)
era_order = ["2008 - 2010", "2011 - 2013", "2014 - 2016", "2017 - 2019", "2020 - 2022"]
df["era"] = pd.Categorical(df["era"], categories=era_order, ordered=True)
df["female"] = (df["gender"] == "F").astype(int)
df["icd10"] = (df["icd_version"] == 10).astype(int)
df["lactate4"] = (df["lactate_max24"] >= 4).astype(int)
for c in ["vaso6", "vent6"]:
    if c not in df.columns: df[c] = np.nan
if "lactate_max6" not in df.columns: df["lactate_max6"] = np.nan
# 6-hour severity window (vasopressor, ventilation, lactate within 6 h of ED registration; MCS and CPR codes are day level)
df["severe6"] = ((df["vaso6"] == 1) | (df["vent6"] == 1) | (df["px_mcs"] == 1) | (df["px_cpr"] == 1) | (df["lactate_max6"] >= 4)).astype(int)
# ICU timing categories from ONE reference time (ED registration when present, else admission): mutually exclusive by construction
h = pd.to_numeric(df["hours_to_icu"], errors="coerce")
df["icu_direct6h"] = ((df["icu_any"] == 1) & (h <= 6)).astype(int)
df["icu_6_24h"] = ((df["icu_any"] == 1) & (h > 6) & (h <= 24)).astype(int)
df["icu_delayed24h"] = ((df["icu_any"] == 1) & (h > 24)).astype(int)
assert int((df[["icu_direct6h", "icu_6_24h", "icu_delayed24h"]].sum(axis=1) == df["icu_any"]).all()), "ICU timing categories do not partition any ICU"
if "direct_ed_icu" not in df.columns: df["direct_ed_icu"] = np.nan

# Reference standard for presentation severity (structured data, first 24 h)
df["severe_struct"] = ((df["vaso24"] == 1) | (df["px_mcs"] == 1) | (df["vent24"] == 1) |
                       (df["px_cpr"] == 1) | (df["lactate4"] == 1)).astype(int)

# Code-only phenotypes (diagnosis codes only; these are what DATASUS can carry)
df["code_shock"] = df["dx_shock"].fillna(0).astype(int)
df["code_arrest"] = df["dx_arrest"].fillna(0).astype(int)
df["code_severe"] = ((df["dx_shock"] == 1) | (df["dx_arrest"] == 1) | (df["dx_vtvf"] == 1) |
                     (df["dx_mech"] == 1) | (df["dx_hf"] == 1)).astype(int)
df["code_severe_narrow"] = ((df["dx_shock"] == 1) | (df["dx_arrest"] == 1)).astype(int)

# Structured targets for individual code checks
df["struct_shock"] = ((df["vaso24"] == 1) | (df["px_mcs"] == 1)).astype(int)
df["struct_arrest"] = (df["px_cpr"] == 1).astype(int)

# ---------------------------------------------------------------- A1 validation
def diag_metrics(test, ref, label, subset=None):
    d = df if subset is None else df[subset]
    t, r = d[test].values, d[ref].values
    tp = int(((t == 1) & (r == 1)).sum()); fp = int(((t == 1) & (r == 0)).sum())
    fn = int(((t == 0) & (r == 1)).sum()); tn = int(((t == 0) & (r == 0)).sum())
    def ci(k, n):
        if n == 0: return (np.nan, np.nan, np.nan)
        lo, hi = stats.beta.ppf([0.025, 0.975], k + 0.5, n - k + 0.5)
        return (k / n, lo, hi)
    se, sp, ppv, npv = ci(tp, tp + fn), ci(tn, tn + fp), ci(tp, tp + fp), ci(tn, tn + fn)
    return dict(phenotype=label, n=len(d), tp=tp, fp=fp, fn=fn, tn=tn,
                sens=se[0], sens_lo=se[1], sens_hi=se[2],
                spec=sp[0], spec_lo=sp[1], spec_hi=sp[2],
                ppv=ppv[0], ppv_lo=ppv[1], ppv_hi=ppv[2],
                npv=npv[0], npv_lo=npv[1], npv_hi=npv[2],
                prev_ref=float(np.mean(r)), prev_code=float(np.mean(t)))

rows = []
for test, ref, label in [("code_severe", "severe_struct", "code severe composite vs structured severity"),
                         ("code_severe_narrow", "severe_struct", "shock or arrest code vs structured severity"),
                         ("code_shock", "struct_shock", "shock code vs vasopressor or MCS 24 h"),
                         ("code_arrest", "struct_arrest", "arrest code vs CPR procedure")]:
    rows.append(diag_metrics(test, ref, label))
    rows.append(diag_metrics(test, ref, label + " | ICD-9 era", df["icd10"] == 0))
    rows.append(diag_metrics(test, ref, label + " | ICD-10 era", df["icd10"] == 1))
    for ty in ["STEMI", "NSTEMI"]:
        rows.append(diag_metrics(test, ref, label + f" | {ty}", df["mi_type"] == ty))
val = pd.DataFrame(rows)
val.to_csv(f"{OUT}/A1_validation_code_vs_structured.csv", index=False)

# Beta parameters for quantitative bias analysis in Cohort B (ICD-10 era, composite)
sel = val[val["phenotype"] == "code severe composite vs structured severity | ICD-10 era"].iloc[0]
qba = {"sens_alpha": int(sel["tp"]) + 1, "sens_beta": int(sel["fn"]) + 1,
       "spec_alpha": int(sel["tn"]) + 1, "spec_beta": int(sel["fp"]) + 1,
       "sens": float(sel["sens"]), "spec": float(sel["spec"]), "ppv": float(sel["ppv"]), "npv": float(sel["npv"]),
       "source": "MIMIC-IV ICD-10 era, code severe composite vs structured severity"}
with open(f"{OUT}/A6_qba_inputs.json", "w") as f:
    json.dump(qba, f, indent=2)

# ---------------------------------------------------------------- A2 table 1 by era
def n_pct(s):
    return f"{int(s.sum())} ({100*s.mean():.1f})"
def med_iqr(s):
    return f"{s.median():.0f} ({s.quantile(.25):.0f}-{s.quantile(.75):.0f})"
t1 = pd.DataFrame({
    "Admissions": df.groupby("era", observed=True).size(),
    "Age": df.groupby("era", observed=True)["age_at_admit"].apply(med_iqr),
    "Women": df.groupby("era", observed=True)["female"].apply(n_pct),
    "ED arrival": df.groupby("era", observed=True)["ed_reg"].apply(lambda s: n_pct(s.notna())),
    "Transfer in": df.groupby("era", observed=True)["transfer_in"].apply(n_pct),
    "Charlson": df.groupby("era", observed=True)["charlson_comorbidity_index"].apply(med_iqr),
    "Diabetes": df.groupby("era", observed=True)["dx_diabetes"].apply(n_pct),
    "CKD": df.groupby("era", observed=True)["dx_ckd"].apply(n_pct),
    "Prior AF": df.groupby("era", observed=True)["dx_af"].apply(n_pct),
    "ICD-10": df.groupby("era", observed=True)["icd10"].apply(n_pct),
}).T
t1.insert(0, "All", pd.Series({"Admissions": len(df), "Age": med_iqr(df["age_at_admit"]), "Women": n_pct(df["female"]), "ED arrival": n_pct(df["ed_reg"].notna()),
    "Transfer in": n_pct(df["transfer_in"]), "Charlson": med_iqr(df["charlson_comorbidity_index"]), "Diabetes": n_pct(df["dx_diabetes"]), "CKD": n_pct(df["dx_ckd"]),
    "Prior AF": n_pct(df["dx_af"]), "ICD-10": n_pct(df["icd10"])}))
t1.to_csv(f"{OUT}/A2_table1_by_era.csv")
t1b = pd.Series({"STEMI": n_pct(df["mi_type"] == "STEMI"), "NSTEMI": n_pct(df["mi_type"] == "NSTEMI"), "Type 2 or unspecified": n_pct(df["mi_type"].isin(["TYPE2", "UNSPEC"])),
    "Any ICU stay": n_pct(df["icu_any"]), "ICU length of stay, days": med_iqr(df.loc[df["icu_any"] == 1, "icu_los_days"]) if "icu_los_days" in df.columns and (df["icu_any"] == 1).any() else "n.a.",
    "Presentation severity (structured)": n_pct(df["severe_struct"]), "Vasopressor 24 h": n_pct(df["vaso24"]), "Invasive ventilation 24 h": n_pct(df["vent24"]),
    "Mechanical circulatory support": n_pct(df["px_mcs"]), "CPR": n_pct(df["px_cpr"]), "Lactate 4 or more 24 h": n_pct(df["lactate4"]),
    "PCI": n_pct(df["px_pci"]), "In hospital death": n_pct(df["hospital_expire_flag"]), "Death 30 d": n_pct(df["death30"]), "Length of stay, days": med_iqr(df["los_days"]) if "los_days" in df.columns else "n.a."})
t1b.to_csv(f"{OUT}/A2b_table1_all.csv", header=["All admissions"])

# ---- A1b: ICU admission, direct ICU and death as markers of measured (structured) severity
def marker_metrics(marker, ref, lab, sub):
    marker = pd.Series(marker).fillna(0).astype(int).values; ref = pd.Series(ref).astype(int).values
    tp = int(((marker == 1) & (ref == 1)).sum()); fp = int(((marker == 1) & (ref == 0)).sum()); fn = int(((marker == 0) & (ref == 1)).sum()); tn = int(((marker == 0) & (ref == 0)).sum())
    return dict(marker=lab, subset=sub, n=len(ref), ref_prev=ref.mean(), marker_prev=marker.mean(), tp=tp, fp=fp, fn=fn, tn=tn,
                sens=tp/(tp+fn) if tp+fn else np.nan, spec=tn/(tn+fp) if tn+fp else np.nan, ppv=tp/(tp+fp) if tp+fp else np.nan, npv=tn/(tn+fn) if tn+fn else np.nan)
rows_b = []
for sub, d_ in [("all admissions", df), ("ED cohort", df[df["ed_reg"].notna()]), ("STEMI", df[df.mi_type == "STEMI"]), ("NSTEMI", df[df.mi_type == "NSTEMI"])]:
    rows_b.append(marker_metrics(d_["icu_any"], d_["severe_struct"], "any ICU stay", sub))
    rows_b.append(marker_metrics(d_["icu_direct6h"], d_["severe_struct"], "ICU within 6 h", sub))
    rows_b.append(marker_metrics(d_["hospital_expire_flag"], d_["severe_struct"], "in hospital death", sub))
    rows_b.append(marker_metrics(((d_["icu_any"] == 1) | (d_["hospital_expire_flag"] == 1)).astype(int), d_["severe_struct"], "ICU stay or death", sub))
df["severe_indep"] = ((df["px_mcs"] == 1) | (df["px_cpr"] == 1) | (df["lactate4"] == 1)).astype(int)   # recorded independently of ICU location
for sub, d_ in [("all admissions", df), ("ED cohort", df[df["ed_reg"].notna()]), ("STEMI", df[df.mi_type == "STEMI"]), ("NSTEMI", df[df.mi_type == "NSTEMI"])]:
    rows_b.append(marker_metrics(d_["icu_any"], d_["severe_indep"], "any ICU stay vs location independent severity (MCS, CPR, lactate)", sub))
    rows_b.append(marker_metrics(d_["hospital_expire_flag"], d_["severe_indep"], "in hospital death vs location independent severity", sub))
    rows_b.append(marker_metrics(d_["code_severe"], d_["severe_indep"], "code severe composite vs location independent severity", sub))
    rows_b.append(marker_metrics(d_["code_severe_narrow"], d_["severe_indep"], "shock or arrest code vs location independent severity", sub))
pd.DataFrame(rows_b).to_csv(f"{OUT}/A1b_icu_death_vs_structured.csv", index=False)
grad = df.groupby("icu_any").agg(n=("severe_struct", "size"), severe_pct=("severe_struct", "mean"), death_pct=("hospital_expire_flag", "mean"),
                                 vaso_pct=("vaso24", "mean"), vent_pct=("vent24", "mean"), mcs_pct=("px_mcs", "mean"), lactate4_pct=("lactate4", "mean")).reset_index()
grad.to_csv(f"{OUT}/A1c_severity_by_icu.csv", index=False)

# ---------------------------------------------------------------- A3 type and severity by era
def trend_p(col):
    d = df[[col, "era"]].dropna()
    x = d["era"].cat.codes.values.astype(float); y = d[col].values.astype(float)
    if y.sum() == 0: return np.nan
    m = sm.Logit(y, sm.add_constant(x)).fit(disp=0)
    return float(m.pvalues[1])
rows = []
for col, lab in [("STEMI", "STEMI"), ("NSTEMI", "NSTEMI"), ("UNSPEC", "Unspecified"), ("TYPE2", "Type 2")]:
    df[f"is_{col}"] = (df["mi_type"] == col).astype(int)
    rows.append([lab] + [n_pct(g[f"is_{col}"]) for _, g in df.groupby("era", observed=True)] + [trend_p(f"is_{col}")])
for col, lab in [("severe_struct", "Presentation severity (structured)"), ("code_severe", "Code severe composite"),
                 ("vaso24", "Vasopressor 24 h"), ("px_mcs", "Mechanical circulatory support"),
                 ("vent24", "Invasive ventilation 24 h"), ("px_cpr", "CPR"), ("dx_shock", "Cardiogenic shock code"),
                 ("dx_arrest", "Cardiac arrest code"), ("dx_vtvf", "VT or VF"), ("dx_cavb", "Complete AV block"),
                 ("dx_mech", "Mechanical complication"), ("dx_hf", "Heart failure or edema"), ("aki_creat", "AKI (creatinine)"),
                 ("dx_stroke", "Stroke"), ("major_bleed", "Major bleeding"), ("rrt_any", "RRT"),
                 ("icu_any", "Any ICU"), ("icu_direct6h", "Direct ICU 6 h"), ("icu_delayed24h", "Delayed ICU"),
                 ("hospital_expire_flag", "In hospital death"), ("death30", "Death 30 d"), ("death90", "Death 90 d")]:
    df[col] = df[col].fillna(0).astype(int)
    rows.append([lab] + [n_pct(g[col]) for _, g in df.groupby("era", observed=True)] + [trend_p(col)])
t3 = pd.DataFrame(rows, columns=["Outcome"] + era_order + ["P trend"])
t3.to_csv(f"{OUT}/A3_type_severity_by_era.csv", index=False)

# ---------------------------------------------------------------- A4 ICU models (need versus practice)
df["mi_type_c"] = pd.Categorical(df["mi_type"], categories=["NSTEMI", "STEMI", "UNSPEC", "TYPE2"])
df["arrival_period"] = pd.Categorical(df["arrival_period"], categories=["day", "evening", "night"])
base = ("C(era) + C(arrival_period) + bs(age_at_admit, df=3) + female + charlson_comorbidity_index"
        " + C(mi_type_c) + transfer_in + icd10")
models = {
    "severe_struct ~ base": f"severe_struct ~ {base}",
    "icu_any ~ base": f"icu_any ~ {base}",
    "icu_any ~ base + severity": f"icu_any ~ {base} + severe_struct",
    "icu_direct6h ~ base + severity": f"icu_direct6h ~ {base} + severe_struct",
    "hospital_expire_flag ~ base": f"hospital_expire_flag ~ {base}",
    "hospital_expire_flag ~ base + severity": f"hospital_expire_flag ~ {base} + severe_struct",
}
out = []
for name, f in models.items():
    d = df.dropna(subset=["arrival_period", "charlson_comorbidity_index", "age_at_admit"])
    try:
        m = smf.logit(f, data=d).fit(disp=0, maxiter=300)
        ci = np.exp(m.conf_int()); orr = np.exp(m.params)
        for term in m.params.index:
            if term.startswith("C(era)") or term.startswith("C(arrival_period)") or term == "severe_struct":
                out.append(dict(model=name, term=term, aOR=orr[term], lo=ci.loc[term, 0], hi=ci.loc[term, 1], p=m.pvalues[term], n=int(m.nobs)))
    except Exception as e:
        out.append(dict(model=name, term="FAILED", aOR=np.nan, lo=np.nan, hi=np.nan, p=np.nan, n=len(d), note=str(e)[:80]))
pd.DataFrame(out).to_csv(f"{OUT}/A4_icu_models.csv", index=False)

# Era x type interaction (STEMI and NSTEMI only; type 2 exists only in late eras), likelihood ratio test on ICU use
d = df.dropna(subset=["arrival_period", "charlson_comorbidity_index", "age_at_admit"])
d2 = d[d.mi_type.isin(["STEMI", "NSTEMI"])].copy()
d2["stemi"] = (d2.mi_type == "STEMI").astype(int)
base2 = base.replace("C(mi_type_c)", "stemi")
try:
    m0 = smf.logit(f"icu_any ~ {base2} + severe_struct", data=d2).fit(disp=0, maxiter=300)
    m1 = smf.logit(f"icu_any ~ {base2} + severe_struct + C(era):stemi", data=d2).fit(disp=0, maxiter=300)
    lr = 2 * (m1.llf - m0.llf); dfree = m1.df_model - m0.df_model
    with open(f"{OUT}/A4_interaction_era_type.txt", "w") as fh:
        fh.write(f"LR chi2 = {lr:.2f}, df = {dfree}, p = {stats.chi2.sf(lr, dfree):.4f} (STEMI vs NSTEMI, n = {int(m1.nobs)})\n")
except Exception as e:
    with open(f"{OUT}/A4_interaction_era_type.txt", "w") as fh:
        fh.write(f"interaction model failed: {str(e)[:120]}\n")

# ---------------------------------------------------------------- A5 arrival hour
h = df.dropna(subset=["ed_hour"]).copy()
h["ed_hour"] = h["ed_hour"].astype(int)
a5 = h.groupby("ed_hour").agg(n_all=("hadm_id", "size"), n_severe=("severe_struct", "sum"),
                              n_stemi=("is_STEMI", "sum"), deaths=("hospital_expire_flag", "sum")).reset_index()
# harmonic regression of counts on hour
a5["s1"] = np.sin(2 * np.pi * a5["ed_hour"] / 24); a5["c1"] = np.cos(2 * np.pi * a5["ed_hour"] / 24)
a5["s2"] = np.sin(4 * np.pi * a5["ed_hour"] / 24); a5["c2"] = np.cos(4 * np.pi * a5["ed_hour"] / 24)
pm = sm.GLM(a5["n_all"], sm.add_constant(a5[["s1", "c1", "s2", "c2"]]), family=sm.families.Poisson()).fit()
a5["fitted_all"] = pm.fittedvalues
a5.to_csv(f"{OUT}/A5_arrival_hour.csv", index=False)

# ED registration to first PCI (days, from chartdate; hours are not available for procedures_icd)
p = df.dropna(subset=["pci_date", "ed_reg"]).copy()
p["days_to_pci"] = (pd.to_datetime(p["pci_date"]) - p["ed_reg"].dt.normalize()).dt.days
p.groupby(["mi_type", "arrival_period"], observed=True)["days_to_pci"].describe().to_csv(f"{OUT}/A5_days_to_pci.csv")


# ================================================================ PRIMARY AXIS: off-hours ED arrival
if "offhours" not in df.columns:
    df["offhours"] = np.where(df["ed_hour"].isna(), np.nan, ((df["ed_hour"] >= 19) | (df["ed_hour"] <= 6)).astype(float))
oh = df.dropna(subset=["offhours"]).copy()
oh["offhours"] = oh["offhours"].astype(int)
oh["icu_los_days"] = pd.to_numeric(oh["icu_los_days"], errors="coerce")
outcomes = [("icu_any", "Any ICU stay"), ("icu_direct6h", "ICU admission within 6 h of ED registration"), ("icu_6_24h", "ICU admission 6 to 24 h"), ("icu_delayed24h", "ICU admission after 24 h"),
            ("direct_ed_icu", "Direct ED to ICU transfer (first unit after the ED is an ICU)"),
            ("severe6", "Severity within 6 h (vasopressor, ventilation, lactate; MCS, CPR)"),
            ("severe_struct", "Presentation severity (structured composite)"), ("vaso24", "Vasopressor or inotrope 24 h"), ("vent24", "Invasive ventilation 24 h"),
            ("px_mcs", "Mechanical circulatory support"), ("px_cpr", "CPR"), ("lactate4", "Lactate 4 mmol/L or more 24 h"),
            ("code_severe", "Code severe composite"), ("dx_shock", "Cardiogenic shock code"), ("dx_arrest", "Cardiac arrest code"),
            ("dx_vtvf", "VT or VF"), ("dx_cavb", "Complete AV block"), ("dx_mech", "Mechanical complication"), ("dx_hf", "Heart failure or edema"),
            ("aki_creat", "AKI (creatinine)"), ("dx_stroke", "Ischemic stroke"), ("major_bleed", "Major bleeding"), ("rrt_any", "RRT"),
            ("px_pci", "PCI during admission"), ("hospital_expire_flag", "In hospital death"), ("death30", "Death 30 d"), ("death90", "Death 90 d")]
rows = []
for col, lab in outcomes:
    oh[col] = oh[col].fillna(0).astype(int)
    on, off = oh[oh.offhours == 0][col], oh[oh.offhours == 1][col]
    tab = pd.crosstab(oh.offhours, oh[col])
    p = stats.chi2_contingency(tab)[1] if tab.shape == (2, 2) else np.nan
    a, b = int(off.sum()), int(len(off) - off.sum()); c, d = int(on.sum()), int(len(on) - on.sum())
    cor = (a * d) / (b * c) if b * c > 0 else np.nan
    rows.append(dict(outcome=lab, on_hours=n_pct(on), off_hours=n_pct(off), crude_OR=cor, p=p))

# Table 1 by arrival period (on-hours vs off-hours)
def t1_block(g):
    return pd.Series({
        "Admissions": len(g), "Age": med_iqr(g["age_at_admit"]), "Women": n_pct(g["female"]),
        "STEMI": n_pct(g["mi_type"] == "STEMI"), "NSTEMI": n_pct(g["mi_type"] == "NSTEMI"), "Unspecified or type 2": n_pct(g["mi_type"].isin(["UNSPEC", "TYPE2"])),
        "Transfer in": n_pct(g["transfer_in"]), "Ambulance": n_pct(g["arrival_transport"].astype(str).str.upper().str.contains("AMBULANCE|HELICOPTER")),
        "Charlson": med_iqr(g["charlson_comorbidity_index"].dropna()), "Diabetes": n_pct(g["dx_diabetes"]), "CKD": n_pct(g["dx_ckd"]), "AF": n_pct(g["dx_af"]),
        "Era 1/2/3/4/5 %": "/".join(f"{100*(g['era']==e).mean():.0f}" for e in era_order), "ICD-10": n_pct(g["icd10"]), "PCI": n_pct(g["px_pci"]),
    })
t1oh = pd.concat({"on_hours": t1_block(oh[oh.offhours == 0]), "off_hours": t1_block(oh[oh.offhours == 1])}, axis=1)
amb = oh[oh["arrival_transport"].notna() & (oh["arrival_transport"].astype(str).str.upper() != "NAN")]
for lab, g in [("on_hours", amb[amb.offhours == 0]), ("off_hours", amb[amb.offhours == 1])]:
    k = g["arrival_transport"].astype(str).str.upper().str.contains("AMBULANCE|HELICOPTER").sum()
    t1oh.loc["Ambulance, available case n/N (%)", lab] = f"{int(k)}/{len(g)} ({100*k/len(g):.1f})" if len(g) else "n.a."
cat = oh["icu_direct6h"] + 2*oh["icu_6_24h"] + 3*oh["icu_delayed24h"]          # 0 none, 1, 2, 3
t1oh.loc["ICU timing 4 categories incl. none, chi-square P", "on_hours"] = f"{stats.chi2_contingency(pd.crosstab(oh.offhours, cat))[1]:.3g}"
icu_only = oh[oh.icu_any == 1]
t1oh.loc["ICU timing 3 categories among ICU patients, chi-square P", "on_hours"] = f"{stats.chi2_contingency(pd.crosstab(icu_only.offhours, cat[oh.icu_any == 1]))[1]:.3g}"
t1oh.loc["Any ICU stay chi-square P", "on_hours"] = f"{stats.chi2_contingency(pd.crosstab(oh.offhours, oh.icu_any))[1]:.3g}"
t1oh.loc["Timing categories sum equals any ICU", "on_hours"] = str(bool(((oh[["icu_direct6h","icu_6_24h","icu_delayed24h"]].sum(axis=1)) == oh.icu_any).all()))
t1oh.to_csv(f"{OUT}/A7b_table1_by_offhours.csv")

A7 = pd.DataFrame(rows)
A7.loc[len(A7)] = dict(outcome="ICU length of stay, days, median (IQR)", on_hours=med_iqr(oh[oh.offhours == 0]["icu_los_days"].dropna()),
                       off_hours=med_iqr(oh[oh.offhours == 1]["icu_los_days"].dropna()), crude_OR=np.nan,
                       p=stats.mannwhitneyu(oh[oh.offhours == 0]["icu_los_days"].dropna(), oh[oh.offhours == 1]["icu_los_days"].dropna()).pvalue)
A7.to_csv(f"{OUT}/A7_offhours_outcomes.csv", index=False)

base_oh = ("offhours + C(era) + bs(age_at_admit, df=3) + female + charlson_comorbidity_index + C(mi_type_c) + transfer_in + icd10")
oh["mi_type_c"] = pd.Categorical(oh["mi_type"], categories=["NSTEMI", "STEMI", "UNSPEC", "TYPE2"])
def fit_or(formula, data, term="offhours"):
    d = data.dropna(subset=["charlson_comorbidity_index", "age_at_admit"])
    # drop covariates that are constant in this subset (they make the design matrix singular)
    for cov in ["transfer_in", "icd10", "female", "severe_struct"]:
        if cov != term and f" + {cov}" in formula and d[cov].nunique() < 2:
            formula = formula.replace(f" + {cov}", "")
    if " + C(era)" in formula and d["era"].nunique() < 2:
        formula = formula.replace(" + C(era)", "")
    d = d.copy()   # categorical levels absent from the subset would create all-zero columns
    d["mi_type_c"] = pd.Categorical(d["mi_type"], categories=[c for c in ["NSTEMI", "STEMI", "UNSPEC", "TYPE2"] if (d["mi_type"] == c).any()])
    d["era"] = pd.Categorical(d["era"].astype(str), categories=[e for e in era_order if (d["era"].astype(str) == e).any()])
    m = smf.logit(formula, data=d).fit(disp=0, maxiter=300)
    ci = np.exp(m.conf_int().loc[term]); return float(np.exp(m.params[term])), float(ci[0]), float(ci[1]), float(m.pvalues[term]), int(m.nobs)
def evalue_rr(rr):
    rr = rr if rr >= 1 else 1 / rr
    return float(rr + np.sqrt(rr * (rr - 1)))
ev = np.nan
models = []
for col, lab in [("icu_any", "Any ICU stay"), ("icu_direct6h", "Direct ICU 6 h"), ("icu_6_24h", "ICU 6 to 24 h"), ("icu_delayed24h", "ICU after 24 h"),
                 ("direct_ed_icu", "Direct ED to ICU (transfers)"),
                 ("severe_struct", "Presentation severity"), ("severe6", "Severity within 6 h"),
                 ("code_severe", "Code severe composite"), ("hospital_expire_flag", "In hospital death"), ("death30", "Death 30 d")]:
    for subset_name, sub in [("all", oh), ("STEMI", oh[oh.mi_type == "STEMI"]), ("NSTEMI", oh[oh.mi_type == "NSTEMI"])]:
        f = f"{col} ~ {base_oh}" if subset_name == "all" else f"{col} ~ {base_oh.replace(' + C(mi_type_c)', '')}"
        try:
            o, lo, hi, p, n = fit_or(f, sub)
            models.append(dict(outcome=lab, subset=subset_name, model="adjusted", aOR=o, lo=lo, hi=hi, p=p, n=n))
        except Exception as e:
            models.append(dict(outcome=lab, subset=subset_name, model="adjusted", aOR=np.nan, lo=np.nan, hi=np.nan, p=np.nan, n=len(sub), note=str(e)[:80]))
        if col in ("icu_any", "icu_direct6h", "icu_6_24h", "icu_delayed24h", "direct_ed_icu", "hospital_expire_flag", "death30"):
            try:
                o, lo, hi, p, n = fit_or(f + " + severe_struct", sub)
                models.append(dict(outcome=lab, subset=subset_name, model="adjusted + severity", aOR=o, lo=lo, hi=hi, p=p, n=n))
            except Exception as e:
                models.append(dict(outcome=lab, subset=subset_name, model="adjusted + severity", aOR=np.nan, lo=np.nan, hi=np.nan, p=np.nan, n=len(sub), note=str(e)[:80]))
A8 = pd.DataFrame(models)
A8.to_csv(f"{OUT}/A8_offhours_models.csv", index=False)

# ---- off-hours x MI type interaction (STEMI vs NSTEMI), likelihood ratio tests
d2 = oh[oh.mi_type.isin(["STEMI", "NSTEMI"])].dropna(subset=["charlson_comorbidity_index", "age_at_admit"]).copy()
d2["stemi"] = (d2.mi_type == "STEMI").astype(int)
base2 = base_oh.replace("C(mi_type_c)", "stemi")
inter = []
for col, lab in [("icu_any", "Any ICU stay"), ("icu_direct6h", "Direct ICU 6 h"), ("direct_ed_icu", "Direct ED to ICU (transfers)"), ("severe_struct", "Presentation severity"), ("hospital_expire_flag", "In hospital death")]:
    try:
        m0 = smf.logit(f"{col} ~ {base2}", data=d2).fit(disp=0, maxiter=300)
        m1 = smf.logit(f"{col} ~ {base2} + offhours:stemi", data=d2).fit(disp=0, maxiter=300)
        lr = 2 * (m1.llf - m0.llf); inter.append(dict(outcome=lab, LR_chi2=lr, df=1, p=float(stats.chi2.sf(lr, 1)), n=int(m1.nobs)))
    except Exception as e:
        inter.append(dict(outcome=lab, note=str(e)[:80]))
pd.DataFrame(inter).to_csv(f"{OUT}/A8c_offhours_by_type_interaction.csv", index=False)

# ---- marginal standardization: adjusted risk ratio and risk difference (bootstrap percentile CI)
def marginal(col, data, nboot=500, seed=1):
    rng = np.random.default_rng(seed)
    d = data.dropna(subset=["charlson_comorbidity_index", "age_at_admit"]).copy()
    def est(dd):
        m = smf.logit(f"{col} ~ {base_oh}", data=dd).fit(disp=0, maxiter=300)
        d1 = dd.copy(); d1["offhours"] = 1; d0 = dd.copy(); d0["offhours"] = 0
        r1 = m.predict(d1).mean(); r0 = m.predict(d0).mean()
        return r1, r0, r1 / r0, r1 - r0
    r1, r0, rr, rd = est(d)
    bs = []
    for b in range(nboot):
        idx = rng.integers(0, len(d), len(d))
        try: bs.append(est(d.iloc[idx])[2:])
        except Exception: pass
    bs = np.array(bs)
    return dict(outcome=col, risk_offhours=r1, risk_onhours=r0, RR=rr, RR_lo=np.percentile(bs[:, 0], 2.5), RR_hi=np.percentile(bs[:, 0], 97.5),
                RD=rd, RD_lo=np.percentile(bs[:, 1], 2.5), RD_hi=np.percentile(bs[:, 1], 97.5), n=len(d), boot=len(bs))
marg = []
for col in ["icu_any", "icu_direct6h", "direct_ed_icu", "severe_struct", "hospital_expire_flag"]:
    try: marg.append(marginal(col, oh))
    except Exception as e: marg.append(dict(outcome=col, note=str(e)[:80]))
pd.DataFrame(marg).to_csv(f"{OUT}/A8d_marginal_RR_RD.csv", index=False)
mrow = [m for m in marg if m.get("outcome") == "icu_any" and "RR" in m]
if mrow:
    ev = evalue_rr(mrow[0]["RR"]); ev_lo = evalue_rr(mrow[0]["RR_lo"]) if mrow[0]["RR_lo"] > 1 else 1.0   # CI crossing 1 gives E = 1
    with open(f"{OUT}/A8e_evalue.txt", "w") as fh:
        fh.write(f"E-value from marginal RR {mrow[0]['RR']:.3f} (95% CI {mrow[0]['RR_lo']:.3f} to {mrow[0]['RR_hi']:.3f}): E = {ev:.2f}, lower limit E = {ev_lo:.2f}\n")

# ---- ED cohort era table (denominator = admissions with an ED registration time)
rows_e = []
for era_lab in era_order:
    g = oh[oh.era == era_lab]
    rows_e.append(dict(era=era_lab, n=len(g), offhours=n_pct(g.offhours), icu_any=n_pct(g.icu_any), icu_0_6h=n_pct(g.icu_direct6h),
                       icu_6_24h=n_pct(g.icu_6_24h), icu_after_24h=n_pct(g.icu_delayed24h), severe_struct=n_pct(g.severe_struct),
                       severe6=n_pct(g.severe6), death=n_pct(g.hospital_expire_flag), transfer_in=n_pct(g.transfer_in),
                       direct_ed_icu=n_pct(g.direct_ed_icu.fillna(0).astype(int))))
pd.DataFrame(rows_e).to_csv(f"{OUT}/A3b_era_ED_cohort.csv", index=False)
for c in ["icu_direct6h", "icu_6_24h", "icu_delayed24h", "severe6", "direct_ed_icu"]:
    df[c] = df[c].fillna(0).astype(int)
oh["direct_ed_icu"] = oh["direct_ed_icu"].fillna(0).astype(int)

# era x off-hours interaction on the primary outcome (guarded), plus off-hours aOR within each era
d = oh.dropna(subset=["charlson_comorbidity_index", "age_at_admit"])
try:
    m0 = smf.logit(f"icu_any ~ {base_oh} + severe_struct", data=d).fit(disp=0, maxiter=300)
    m1 = smf.logit(f"icu_any ~ {base_oh} + severe_struct + offhours:C(era)", data=d).fit(disp=0, maxiter=300)
    lr = 2 * (m1.llf - m0.llf); dfree = m1.df_model - m0.df_model; p_int = float(stats.chi2.sf(lr, dfree))
except Exception as e:
    p_int = np.nan
by_era = []
for era_lab in era_order:
    sub = oh[oh.era == era_lab]
    try:
        o, lo, hi, p, n = fit_or(f"icu_any ~ {base_oh.replace(' + C(era)', '')}", sub)
        by_era.append(dict(era=era_lab, aOR=o, lo=lo, hi=hi, p=p, n=n))
    except Exception as e:
        by_era.append(dict(era=era_lab, aOR=np.nan, lo=np.nan, hi=np.nan, p=np.nan, n=len(sub), note=str(e)[:80]))
pd.DataFrame(by_era).to_csv(f"{OUT}/A8b_offhours_by_era.csv", index=False)

# E-value for the primary adjusted OR (common outcome, OR -> RR by square root)
prim = A8[(A8.outcome == "Any ICU stay") & (A8.subset == "all") & (A8.model == "adjusted")].iloc[0]
ev = ev if "ev" in dir() else np.nan

# sensitivity analyses
sens = []
try:
    o, lo, hi, p, n = fit_or(f"icu_any ~ {base_oh}", oh[oh.transfer_in == 0]); sens.append(dict(analysis="Excluding transfers", aOR=o, lo=lo, hi=hi, p=p, n=n))
except Exception as e: sens.append(dict(analysis="Excluding transfers", note=str(e)[:80]))
oh["night_0_8"] = (oh["ed_hour"] <= 7).astype(int)
try:
    o, lo, hi, p, n = fit_or(f"icu_any ~ {base_oh.replace('offhours', 'night_0_8')}", oh, term="night_0_8"); sens.append(dict(analysis="Night 00:00-07:59 vs rest", aOR=o, lo=lo, hi=hi, p=p, n=n))
except Exception as e: sens.append(dict(analysis="Night 00:00-07:59 vs rest", note=str(e)[:80]))
for era_lab, mask in [("ICD-9 era", oh.icd10 == 0), ("ICD-10 era", oh.icd10 == 1)]:
    try:
        o, lo, hi, p, n = fit_or(f"icu_any ~ {base_oh.replace(' + icd10', '')}", oh[mask]); sens.append(dict(analysis=era_lab, aOR=o, lo=lo, hi=hi, p=p, n=n))
    except Exception as e: sens.append(dict(analysis=era_lab, note=str(e)[:80]))
try:
    o, lo, hi, p, n = fit_or(f"icu_any ~ {base_oh}", oh[oh.age_at_admit >= 65]); sens.append(dict(analysis="Age 65 or more", aOR=o, lo=lo, hi=hi, p=p, n=n))
except Exception as e: sens.append(dict(analysis="Age 65 or more", note=str(e)[:80]))
for col, lab in [("icu_any", "Any ICU stay + severity within 6 h"), ("icu_direct6h", "Direct ICU 6 h + severity within 6 h")]:
    try:
        o, lo, hi, p, n = fit_or(f"{col} ~ {base_oh} + severe6", oh); sens.append(dict(analysis=lab, aOR=o, lo=lo, hi=hi, p=p, n=n))
    except Exception as e: sens.append(dict(analysis=lab, note=str(e)[:80]))
pd.DataFrame(sens).to_csv(f"{OUT}/A9_sensitivity.csv", index=False)

results = {
    "n_cohort": int(len(df)), "n_with_ed_time": int(len(oh)), "offhours_n": int(oh.offhours.sum()), "offhours_pct": float(100 * oh.offhours.mean()),
    "type_counts": df["mi_type"].value_counts().to_dict(),
    "icu_any_pct": float(100 * df["icu_any"].mean()), "severe_struct_pct": float(100 * df["severe_struct"].mean()),
    "primary_aOR_icu_any": {k: (float(prim[k]) if pd.notna(prim[k]) else None) for k in ("aOR", "lo", "hi", "p", "n")},
    "primary_evalue": ev, "era_x_offhours_interaction_p": p_int,
    "validation_icd10_composite": {k: float(sel[k]) for k in ("sens", "spec", "ppv", "npv")},
}
with open(f"{OUT}/results.json", "w") as fh:
    json.dump(results, fh, indent=2, default=str)
print("Off-hours primary aOR (any ICU):", prim[["aOR", "lo", "hi", "p"]].round(3).to_dict(), " E-value:", round(ev, 2) if pd.notna(ev) else None)

print("Cohort A complete. n =", len(df))
print(val[["phenotype", "sens", "spec", "ppv", "npv"]].head(8).to_string(index=False))
03e_local_fast.py
"""
03e_local_fast.py   (Mac version of 03d; needs FTP to work on this network)
Setup once:    .venv/bin/pip install datasus-dbc pyarrow pandas numpy
Run:           .venv/bin/python 03e_local_fast.py   (or ./run_all.sh b3)
Scope is set below. SCOPE = "fast" gives six large states from 2024-01 (about 30 to 40 minutes);
SCOPE = "full" gives all 27 states from 2023-01. Downloads are cached, so you can run "fast"
first, start the Mac steps, and later rerun with "full" to extend without redownloading.
Output: data/cohortB_mi.parquet
"""
import os, time
from concurrent.futures import ThreadPoolExecutor
from ftplib import FTP, error_perm
from datetime import date
import numpy as np, pandas as pd
from datasus_dbc import decompress

# Optional SOCKS5 tunnel for networks that block FTP: run  ssh -N -D 1080 user@server  in another
# terminal and start this script with  SOCKS_PROXY=127.0.0.1:1080  (needs: pip install pysocks)
if os.environ.get("SOCKS_PROXY"):
    import socket, socks
    _h, _p = os.environ["SOCKS_PROXY"].split(":")
    socks.set_default_proxy(socks.SOCKS5, _h, int(_p), rdns=True)
    socket.socket = socks.socksocket

SCOPE = "fast"                                   # "fast" or "full"
OUT_DIR = "data"                                 # pipeline/data on the Mac
UFS_FAST, START_FAST = ["SP", "MG", "RJ", "RS", "BA", "PE"], "2024-01"
UFS_FULL, START_FULL = ["AC","AL","AP","AM","BA","CE","DF","ES","GO","MA","MT","MS","MG","PA","PB","PR",
                        "PE","PI","RJ","RN","RS","RO","RR","SC","SP","SE","TO"], "2023-01"
UFS, START = (UFS_FAST, START_FAST) if SCOPE == "fast" else (UFS_FULL, START_FULL)
N_THREADS = 4
CACHE = os.path.join(OUT_DIR, "sih_dbc"); os.makedirs(CACHE, exist_ok=True)
FTP_HOST, FTP_DIR = "ftp.datasus.gov.br", "/dissemin/publicos/SIHSUS/200801_/Dados/"
VARS = ["N_AIH","IDENT","UF_ZI","ANO_CMPT","MES_CMPT","MUNIC_RES","MUNIC_MOV","CNES",
        "SEXO","IDADE","COD_IDADE","NASC","RACA_COR","DT_INTER","DT_SAIDA","DIAS_PERM",
        "DIAG_PRINC","DIAG_SECUN","CID_ASSO","CID_MORTE","PROC_SOLIC","PROC_REA",
        "UTI_MES_TO","MARCA_UTI","VAL_UTI","MORTE","CAR_INT","COMPLEX","ESPEC",
        "DIAGSEC1","DIAGSEC2","DIAGSEC3","DIAGSEC4","DIAGSEC5","DIAGSEC6","DIAGSEC7","DIAGSEC8","DIAGSEC9"]
today = date.today()
months = list(pd.period_range(START, f"{today.year}-{today.month:02d}", freq="M"))

# ---------------- fast DBF reader (numpy), keeps only records whose DIAG_PRINC starts with I21
def read_dbf_filtered(path, keep, filter_field="DIAG_PRINC", filter_prefix="I21", encoding="latin-1"):
    with open(path, "rb") as f:
        head = f.read(32)
        n_rec = int.from_bytes(head[4:8], "little"); hdr_len = int.from_bytes(head[8:10], "little")
        rec_len = int.from_bytes(head[10:12], "little")
        fields = []
        f.seek(32)
        while True:
            fd = f.read(32)
            if not fd or fd[0] == 0x0D: break
            fields.append((fd[:11].split(b"\x00")[0].decode("ascii", "ignore"), fd[16]))
        f.seek(hdr_len); buf = f.read(n_rec * rec_len)
    n = len(buf) // rec_len
    if n == 0: return pd.DataFrame()
    arr = np.frombuffer(buf[: n * rec_len], dtype=np.uint8).reshape(n, rec_len)
    offsets, o = {}, 1
    for name, flen in fields: offsets[name] = (o, flen); o += flen
    mask = arr[:, 0] != ord("*")
    s, l = offsets[filter_field]; pre = np.frombuffer(filter_prefix.encode(encoding), dtype=np.uint8)
    mask &= (arr[:, s:s + len(pre)] == pre).all(axis=1)
    sel = arr[mask]
    out = {}
    for c in keep:
        if c in offsets:
            s, l = offsets[c]
            out[c] = [bytes(r).decode(encoding, "replace").strip() for r in sel[:, s:s + l]]
    return pd.DataFrame(out)

# ---------------- FTP download with per-thread connection and cache
def fetch(job):
    uf, ym = job
    fname = f"RD{uf}{ym.strftime('%y%m')}.dbc"; dest = os.path.join(CACHE, fname)
    if os.path.exists(dest) and os.path.getsize(dest) > 1000: return (uf, ym, dest)
    if os.environ.get("NO_FTP"): return (uf, ym, None)          # offline mode: use only files already in the cache folder
    for attempt in range(4):
        try:
            ftp = FTP(FTP_HOST, timeout=180); ftp.login(); ftp.set_pasv(True); ftp.cwd(FTP_DIR)
            with open(dest, "wb") as f: ftp.retrbinary("RETR " + fname, f.write, blocksize=1 << 20)
            ftp.quit()
            if os.path.getsize(dest) > 1000: return (uf, ym, dest)
            os.remove(dest); return (uf, ym, None)
        except error_perm as e:
            if os.path.exists(dest): os.remove(dest)
            if str(e).startswith("550"): return (uf, ym, None)          # not published yet
        except Exception:
            if os.path.exists(dest): os.remove(dest)
            time.sleep(5 * (attempt + 1))
    return (uf, ym, None)

jobs = [(uf, ym) for ym in months for uf in UFS]
pieces, missing, t0 = [], [], time.time()
with ThreadPoolExecutor(N_THREADS) as ex:
    for uf, ym, dest in ex.map(fetch, jobs):
        if dest is None: missing.append(f"{uf} {ym}"); continue
        dbf = dest[:-4] + ".dbf"
        if not os.path.exists(dbf): decompress(dest, dbf)
        d = read_dbf_filtered(dbf, VARS); os.remove(dbf)
        if len(d):
            d["uf"] = uf; d["competencia"] = ym.strftime("%Y%m"); pieces.append(d)
        print(f"{uf} {ym}  I21 rows {len(d):6d}   {time.time()-t0:6.0f}s", flush=True)
raw = pd.concat(pieces, ignore_index=True)
print("raw MI rows:", len(raw), " missing files:", len(missing))
pd.Series(missing).to_csv(os.path.join(OUT_DIR, "sih_missing_files.txt"), index=False, header=False)

# ---------------- processing identical to 03b_datasus_direct.R
raw = raw[raw["IDENT"] == "1"].copy()
raw = raw.sort_values(["N_AIH", "competencia"], ascending=[True, False]).drop_duplicates("N_AIH")
raw["admit_date"] = pd.to_datetime(raw["DT_INTER"], format="%Y%m%d", errors="coerce")
raw["disch_date"] = pd.to_datetime(raw["DT_SAIDA"], format="%Y%m%d", errors="coerce")
raw["age"] = pd.to_numeric(raw["IDADE"], errors="coerce")
raw.loc[raw["COD_IDADE"] != "4", "age"] = np.nan
raw["female"] = (raw["SEXO"] == "3").astype(int)
raw["mi_type"] = np.select([raw["DIAG_PRINC"].isin(["I210","I211","I212","I213"]), raw["DIAG_PRINC"] == "I214",
                            raw["DIAG_PRINC"] == "I219"], ["STEMI", "NSTEMI", "UNSPEC"], "OTHER")
raw = raw[(raw["age"] >= 18) & raw["mi_type"].isin(["STEMI","NSTEMI","UNSPEC"])].copy()
def sev(s):
    s = s.fillna("")
    return (s.str.startswith("R570") | s.str.startswith("I46") | s.str.startswith("I472") | s.str.startswith("I490")
            | s.str.startswith("I23") | s.str.startswith("I50") | s.str.startswith("J81"))
# secondary diagnoses: legacy DIAG_SECUN plus DIAGSEC1-9 (newer RD files carry them here), CID_ASSO and CID_MORTE
SEC_COLS = [c for c in ["DIAG_SECUN", "CID_ASSO", "CID_MORTE"] + [f"DIAGSEC{i}" for i in range(1, 10)] if c in raw.columns]
raw["code_severe"] = pd.concat([sev(raw[c].astype(str)) for c in SEC_COLS], axis=1).any(axis=1).astype(int)
sc = lambda s, p: s.fillna("").astype(str).str.startswith(p)
raw["code_shock"] = pd.concat([sc(raw[c], "R570") for c in SEC_COLS], axis=1).any(axis=1).astype(int)
raw["code_arrest"] = pd.concat([sc(raw[c], "I46") for c in SEC_COLS], axis=1).any(axis=1).astype(int)
raw["n_secondary_dx"] = pd.concat([(raw[c].astype(str).str.strip().replace({"0000": "", "nan": "", "None": ""}) != "") for c in SEC_COLS], axis=1).sum(axis=1)
raw["icu_days"] = pd.to_numeric(raw["UTI_MES_TO"], errors="coerce")
raw["icu_any"] = (raw["icu_days"].fillna(0) > 0).astype(int)
raw["death"] = (raw["MORTE"] == "1").astype(int)
raw["los"] = pd.to_numeric(raw["DIAS_PERM"], errors="coerce")
PCI_CODES = None                                  # fill with SIGTAP coronary angioplasty codes before the final run
raw["pci"] = (raw["PROC_REA"].str.startswith("040603") if PCI_CODES is None else raw["PROC_REA"].isin(PCI_CODES)).astype(int)
raw["munic6"] = raw["MUNIC_RES"].str[:6]
raw = raw[raw["admit_date"].notna()].copy()
raw["year"] = raw["admit_date"].dt.year
raw["admit_date"] = raw["admit_date"].dt.date
raw["disch_date"] = raw["disch_date"].dt.date
out = os.path.join(OUT_DIR, "cohortB_mi.parquet")
raw.to_parquet(out, index=False)
print("Cohort B admissions:", len(raw), "period", raw["admit_date"].min(), "to", raw["admit_date"].max())
print(raw.groupby(["year", "mi_type"]).size())
print(raw.groupby("mi_type")[["icu_any", "death", "code_severe", "pci"]].mean().round(3)); print("secondary dx fields with any code:", (raw["n_secondary_dx"] > 0).mean().round(3))
print("written:", out, f"({time.time()-t0:.0f}s)")
03d_colab_fast.py
"""
03d_colab_fast.py   (replaces 03c; much faster)
Colab cell 1:  !pip -q install datasus-dbc pyarrow pandas numpy
Colab cell 2:  paste this file and run.
Scope is set below. SCOPE = "fast" gives six large states from 2024-01 (about 30 to 40 minutes);
SCOPE = "full" gives all 27 states from 2023-01. Downloads are cached, so you can run "fast"
first, start the Mac steps, and later rerun with "full" to extend without redownloading.
Output: cohortB_mi.parquet (copy to pipeline/data/ on the Mac)
"""
import os, time
from concurrent.futures import ThreadPoolExecutor
from ftplib import FTP, error_perm
from datetime import date
import numpy as np, pandas as pd
from datasus_dbc import decompress

# Optional SOCKS5 tunnel for networks that block FTP: run  ssh -N -D 1080 user@server  in another
# terminal and start this script with  SOCKS_PROXY=127.0.0.1:1080  (needs: pip install pysocks)
if os.environ.get("SOCKS_PROXY"):
    import socket, socks
    _h, _p = os.environ["SOCKS_PROXY"].split(":")
    socks.set_default_proxy(socks.SOCKS5, _h, int(_p), rdns=True)
    socket.socket = socks.socksocket

SCOPE = "fast"                                   # "fast" or "full"
OUT_DIR = "."                                    # e.g. "/content/drive/MyDrive/mi_hava"
UFS_FAST, START_FAST = ["SP", "MG", "RJ", "RS", "BA", "PE"], "2024-01"
UFS_FULL, START_FULL = ["AC","AL","AP","AM","BA","CE","DF","ES","GO","MA","MT","MS","MG","PA","PB","PR",
                        "PE","PI","RJ","RN","RS","RO","RR","SC","SP","SE","TO"], "2023-01"
UFS, START = (UFS_FAST, START_FAST) if SCOPE == "fast" else (UFS_FULL, START_FULL)
N_THREADS = 4
CACHE = os.path.join(OUT_DIR, "sih_dbc"); os.makedirs(CACHE, exist_ok=True)
FTP_HOST, FTP_DIR = "ftp.datasus.gov.br", "/dissemin/publicos/SIHSUS/200801_/Dados/"
VARS = ["N_AIH","IDENT","UF_ZI","ANO_CMPT","MES_CMPT","MUNIC_RES","MUNIC_MOV","CNES",
        "SEXO","IDADE","COD_IDADE","NASC","RACA_COR","DT_INTER","DT_SAIDA","DIAS_PERM",
        "DIAG_PRINC","DIAG_SECUN","CID_ASSO","CID_MORTE","PROC_SOLIC","PROC_REA",
        "UTI_MES_TO","MARCA_UTI","VAL_UTI","MORTE","CAR_INT","COMPLEX","ESPEC",
        "DIAGSEC1","DIAGSEC2","DIAGSEC3","DIAGSEC4","DIAGSEC5","DIAGSEC6","DIAGSEC7","DIAGSEC8","DIAGSEC9"]
today = date.today()
months = list(pd.period_range(START, f"{today.year}-{today.month:02d}", freq="M"))

# ---------------- fast DBF reader (numpy), keeps only records whose DIAG_PRINC starts with I21
def read_dbf_filtered(path, keep, filter_field="DIAG_PRINC", filter_prefix="I21", encoding="latin-1"):
    with open(path, "rb") as f:
        head = f.read(32)
        n_rec = int.from_bytes(head[4:8], "little"); hdr_len = int.from_bytes(head[8:10], "little")
        rec_len = int.from_bytes(head[10:12], "little")
        fields = []
        f.seek(32)
        while True:
            fd = f.read(32)
            if not fd or fd[0] == 0x0D: break
            fields.append((fd[:11].split(b"\x00")[0].decode("ascii", "ignore"), fd[16]))
        f.seek(hdr_len); buf = f.read(n_rec * rec_len)
    n = len(buf) // rec_len
    if n == 0: return pd.DataFrame()
    arr = np.frombuffer(buf[: n * rec_len], dtype=np.uint8).reshape(n, rec_len)
    offsets, o = {}, 1
    for name, flen in fields: offsets[name] = (o, flen); o += flen
    mask = arr[:, 0] != ord("*")
    s, l = offsets[filter_field]; pre = np.frombuffer(filter_prefix.encode(encoding), dtype=np.uint8)
    mask &= (arr[:, s:s + len(pre)] == pre).all(axis=1)
    sel = arr[mask]
    out = {}
    for c in keep:
        if c in offsets:
            s, l = offsets[c]
            out[c] = [bytes(r).decode(encoding, "replace").strip() for r in sel[:, s:s + l]]
    return pd.DataFrame(out)

# ---------------- FTP download with per-thread connection and cache
def fetch(job):
    uf, ym = job
    fname = f"RD{uf}{ym.strftime('%y%m')}.dbc"; dest = os.path.join(CACHE, fname)
    if os.path.exists(dest) and os.path.getsize(dest) > 1000: return (uf, ym, dest)
    if os.environ.get("NO_FTP"): return (uf, ym, None)          # offline mode: use only files already in the cache folder
    for attempt in range(4):
        try:
            ftp = FTP(FTP_HOST, timeout=180); ftp.login(); ftp.set_pasv(True); ftp.cwd(FTP_DIR)
            with open(dest, "wb") as f: ftp.retrbinary("RETR " + fname, f.write, blocksize=1 << 20)
            ftp.quit()
            if os.path.getsize(dest) > 1000: return (uf, ym, dest)
            os.remove(dest); return (uf, ym, None)
        except error_perm as e:
            if os.path.exists(dest): os.remove(dest)
            if str(e).startswith("550"): return (uf, ym, None)          # not published yet
        except Exception:
            if os.path.exists(dest): os.remove(dest)
            time.sleep(5 * (attempt + 1))
    return (uf, ym, None)

jobs = [(uf, ym) for ym in months for uf in UFS]
pieces, missing, t0 = [], [], time.time()
with ThreadPoolExecutor(N_THREADS) as ex:
    for uf, ym, dest in ex.map(fetch, jobs):
        if dest is None: missing.append(f"{uf} {ym}"); continue
        dbf = dest[:-4] + ".dbf"
        if not os.path.exists(dbf): decompress(dest, dbf)
        d = read_dbf_filtered(dbf, VARS); os.remove(dbf)
        if len(d):
            d["uf"] = uf; d["competencia"] = ym.strftime("%Y%m"); pieces.append(d)
        print(f"{uf} {ym}  I21 rows {len(d):6d}   {time.time()-t0:6.0f}s", flush=True)
raw = pd.concat(pieces, ignore_index=True)
print("raw MI rows:", len(raw), " missing files:", len(missing))
pd.Series(missing).to_csv(os.path.join(OUT_DIR, "sih_missing_files.txt"), index=False, header=False)

# ---------------- processing identical to 03b_datasus_direct.R
raw = raw[raw["IDENT"] == "1"].copy()
raw = raw.sort_values(["N_AIH", "competencia"], ascending=[True, False]).drop_duplicates("N_AIH")
raw["admit_date"] = pd.to_datetime(raw["DT_INTER"], format="%Y%m%d", errors="coerce")
raw["disch_date"] = pd.to_datetime(raw["DT_SAIDA"], format="%Y%m%d", errors="coerce")
raw["age"] = pd.to_numeric(raw["IDADE"], errors="coerce")
raw.loc[raw["COD_IDADE"] != "4", "age"] = np.nan
raw["female"] = (raw["SEXO"] == "3").astype(int)
raw["mi_type"] = np.select([raw["DIAG_PRINC"].isin(["I210","I211","I212","I213"]), raw["DIAG_PRINC"] == "I214",
                            raw["DIAG_PRINC"] == "I219"], ["STEMI", "NSTEMI", "UNSPEC"], "OTHER")
raw = raw[(raw["age"] >= 18) & raw["mi_type"].isin(["STEMI","NSTEMI","UNSPEC"])].copy()
def sev(s):
    s = s.fillna("")
    return (s.str.startswith("R570") | s.str.startswith("I46") | s.str.startswith("I472") | s.str.startswith("I490")
            | s.str.startswith("I23") | s.str.startswith("I50") | s.str.startswith("J81"))
# secondary diagnoses: legacy DIAG_SECUN plus DIAGSEC1-9 (newer RD files carry them here), CID_ASSO and CID_MORTE
SEC_COLS = [c for c in ["DIAG_SECUN", "CID_ASSO", "CID_MORTE"] + [f"DIAGSEC{i}" for i in range(1, 10)] if c in raw.columns]
raw["code_severe"] = pd.concat([sev(raw[c].astype(str)) for c in SEC_COLS], axis=1).any(axis=1).astype(int)
sc = lambda s, p: s.fillna("").astype(str).str.startswith(p)
raw["code_shock"] = pd.concat([sc(raw[c], "R570") for c in SEC_COLS], axis=1).any(axis=1).astype(int)
raw["code_arrest"] = pd.concat([sc(raw[c], "I46") for c in SEC_COLS], axis=1).any(axis=1).astype(int)
raw["n_secondary_dx"] = pd.concat([(raw[c].astype(str).str.strip().replace({"0000": "", "nan": "", "None": ""}) != "") for c in SEC_COLS], axis=1).sum(axis=1)
raw["icu_days"] = pd.to_numeric(raw["UTI_MES_TO"], errors="coerce")
raw["icu_any"] = (raw["icu_days"].fillna(0) > 0).astype(int)
raw["death"] = (raw["MORTE"] == "1").astype(int)
raw["los"] = pd.to_numeric(raw["DIAS_PERM"], errors="coerce")
PCI_CODES = None                                  # fill with SIGTAP coronary angioplasty codes before the final run
raw["pci"] = (raw["PROC_REA"].str.startswith("040603") if PCI_CODES is None else raw["PROC_REA"].isin(PCI_CODES)).astype(int)
raw["munic6"] = raw["MUNIC_RES"].str[:6]
raw = raw[raw["admit_date"].notna()].copy()
raw["year"] = raw["admit_date"].dt.year
raw["admit_date"] = raw["admit_date"].dt.date
raw["disch_date"] = raw["disch_date"].dt.date
out = os.path.join(OUT_DIR, "cohortB_mi.parquet")
raw.to_parquet(out, index=False)
print("Cohort B admissions:", len(raw), "period", raw["admit_date"].min(), "to", raw["admit_date"].max())
print(raw.groupby(["year", "mi_type"]).size())
print(raw.groupby("mi_type")[["icu_any", "death", "code_severe", "pci"]].mean().round(3)); print("secondary dx fields with any code:", (raw["n_secondary_dx"] > 0).mean().round(3))
print("written:", out, f"({time.time()-t0:.0f}s)")
04_nasa_power_grid_link.R
# =====================================================================
# 04_nasa_power_grid_link.R
# Maps each municipality of residence in Cohort B to the MERRA-2 grid cell
# (0.5 deg lat x 0.625 deg lon) used by NASA POWER and downloads daily
# T2M, T2M_MAX, T2M_MIN, RH2M, PS, PRECTOTCORR for every cell with cases.
# Packages: geobr, sf, dplyr, data.table, httr, arrow
# Output: data/munic_cell.parquet, data/power_daily.parquet
# =====================================================================
suppressPackageStartupMessages({
  library(geobr); library(sf); library(dplyr); library(data.table); library(httr); library(arrow)
})
cohortB <- as.data.table(read_parquet("data/cohortB_mi.parquet"))
cohortB[, admit_date := as.Date(admit_date)]
START <- as.Date("2022-12-01")   # covers lags before the first admissions
END   <- max(cohortB$admit_date)

# ---- municipality centroids (point on surface, WGS84)
mun <- read_municipality(year = 2022, showProgress = FALSE) |> st_transform(4326)
pts <- st_point_on_surface(st_geometry(mun))
xy  <- st_coordinates(pts)
munic <- data.table(code_muni7 = as.character(mun$code_muni), munic6 = substr(as.character(mun$code_muni), 1, 6),
                    name_muni = mun$name_muni, uf = mun$abbrev_state, lon = xy[, 1], lat = xy[, 2])

# ---- MERRA-2 cell centers (POWER returns the cell that contains the requested point)
munic[, cell_lat := round(lat / 0.5) * 0.5]
munic[, cell_lon := -180 + round((lon + 180) / 0.625) * 0.625]
munic[, cell_id := sprintf("%.2f_%.3f", cell_lat, cell_lon)]
write_parquet(munic, "data/munic_cell.parquet")

cells <- unique(munic[munic6 %in% unique(cohortB$munic6), .(cell_id, cell_lat, cell_lon)])
message("cells to download: ", nrow(cells))

# ---- NASA POWER daily point API with disk cache
dir.create("data/power", showWarnings = FALSE, recursive = TRUE)
PARAMS <- "T2M,T2M_MAX,T2M_MIN,RH2M,PS,PRECTOTCORR"
get_cell <- function(lat, lon, cell_id) {
  f <- file.path("data/power", paste0(cell_id, ".csv"))
  if (file.exists(f)) return(fread(f))
  url <- "https://power.larc.nasa.gov/api/temporal/daily/point"
  for (attempt in 1:5) {
    r <- tryCatch(GET(url, query = list(parameters = PARAMS, community = "RE", longitude = lon, latitude = lat,
                                        start = format(START, "%Y%m%d"), end = format(END, "%Y%m%d"),
                                        format = "CSV"), timeout(120)), error = function(e) NULL)
    if (!is.null(r) && status_code(r) == 200) {
      txt <- content(r, as = "text", encoding = "UTF-8")
      body <- sub(".*-END HEADER-\\r?\\n", "", txt)
      d <- fread(text = body)
      d[d == -999] <- NA
      d[, cell_id := cell_id]
      fwrite(d, f)
      Sys.sleep(0.6)
      return(d)
    }
    Sys.sleep(5 * attempt)
  }
  warning("failed cell ", cell_id); NULL
}
pieces <- vector("list", nrow(cells))
for (i in seq_len(nrow(cells))) {
  pieces[[i]] <- get_cell(cells$cell_lat[i], cells$cell_lon[i], cells$cell_id[i])
  if (i %% 25 == 0) message(i, " / ", nrow(cells))
}
power <- rbindlist(pieces, fill = TRUE)
power[, date := as.Date(sprintf("%04d-%02d-%02d", YEAR, MO, DY))]
power <- power[, .(cell_id, date, T2M, T2M_MAX, T2M_MIN, RH2M, PS, PRECTOTCORR)]
setorder(power, cell_id, date)

# ---- relative temperature (cell specific percentile over the study period) and extreme day flags
power[, tpct := 100 * frank(T2M, ties.method = "average") / .N, by = cell_id]
power[, p90 := quantile(T2M_MAX, 0.90, na.rm = TRUE), by = cell_id]
power[, p10 := quantile(T2M_MIN, 0.10, na.rm = TRUE), by = cell_id]
runflag <- function(x, k = 3) { r <- rle(x); r$values <- r$values & r$lengths >= k; inverse.rle(r) }
power[, hot_day := T2M_MAX > p90]
power[, cold_day := T2M_MIN < p10]
power[, heatwave := runflag(hot_day), by = cell_id]
power[, coldspell := runflag(cold_day), by = cell_id]
power[, ps_drop := c(NA, diff(PS)) <= -1.0, by = cell_id]
write_parquet(power, "data/power_daily.parquet")
message("power rows: ", nrow(power), " cells: ", uniqueN(power$cell_id))
05_case_crossover_dlnm.R
# =====================================================================
# 05_case_crossover_dlnm.R
# Cohort B analysis.
#  (1) Time stratified case-crossover as conditional Poisson (Armstrong, Gasparrini,
#      Tobias 2014): strata = grid cell x year x month x day of week, quasi-Poisson,
#      distributed lag non-linear model of relative temperature (cell percentile), lag 0-7.
#  (2) Case-case models: among MI admissions, odds of severe / ICU / death by temperature.
#  (3) Quantitative bias analysis using sensitivity and specificity of the code severe
#      composite estimated in Cohort A (out_mimic/A6_qba_inputs.json).
# Packages: data.table, arrow, dlnm, gnm, splines, fixest, jsonlite, timeDate
# Outputs: out_datasus/B1_descriptives.csv, B2_RR_conditional_poisson.csv,
#          B2_lag_specific.rds, B3_case_case_OR.csv, B4_QBA.csv
# =====================================================================
suppressPackageStartupMessages({
  library(data.table); library(arrow); library(dlnm); library(gnm); library(splines)
  library(fixest); library(jsonlite); library(timeDate)
})
dir.create("out_datasus", showWarnings = FALSE)
cohortB <- as.data.table(read_parquet("data/cohortB_mi.parquet"))
cohortB[, admit_date := as.Date(admit_date)]
munic   <- as.data.table(read_parquet("data/munic_cell.parquet"))
power   <- as.data.table(read_parquet("data/power_daily.parquet"))
START <- as.Date("2023-01-01")
# admissions of a month keep arriving in later competencia files; the month before the last competencia is treated as complete
last_comp <- max(as.character(cohortB$competencia))
END <- as.Date(paste0(substr(last_comp, 1, 4), "-", substr(last_comp, 5, 6), "-01")) - 1
cohortB <- cohortB[admit_date >= START & admit_date <= END]
message("analysis window ", START, " to ", END, "  admissions ", nrow(cohortB))

cohortB <- merge(cohortB, unique(munic[, .(munic6, cell_id)]), by = "munic6", all.x = TRUE)
cohortB <- cohortB[!is.na(cell_id)]
cohortB[, date := admit_date]
cohortB[, non_severe := 1L - code_severe]

# ---------------- daily counts on a complete cell x date grid
cnt_vars <- c("n_all","n_stemi","n_nstemi","n_unspec","n_severe","n_nonsevere","n_icu","n_noicu","n_death","n_pci")
daily <- cohortB[, .(n_all = .N, n_stemi = sum(mi_type == "STEMI"), n_nstemi = sum(mi_type == "NSTEMI"), n_unspec = sum(mi_type == "UNSPEC"),
                     n_severe = sum(code_severe), n_nonsevere = sum(non_severe), n_icu = sum(icu_any), n_noicu = sum(1L - icu_any),
                     n_death = sum(death), n_pci = sum(pci)), by = .(cell_id, date)]
grid <- CJ(cell_id = unique(cohortB$cell_id), date = seq(START, END, by = "day"))
d <- merge(grid, daily, by = c("cell_id", "date"), all.x = TRUE)
for (v in cnt_vars) d[is.na(get(v)), (v) := 0L]
d <- merge(d, power, by = c("cell_id", "date"), all.x = TRUE)
setorder(d, cell_id, date)
d[, `:=`(year = year(date), month = month(date), dow = wday(date))]
d[, stratum := paste(cell_id, year, month, dow, sep = "_")]

# ---------------- Brazilian national holidays
easter <- function(y) as.Date(timeDate::Easter(y))
hol <- unlist(lapply(unique(d$year), function(y) c(
  as.Date(sprintf("%d-%s", y, c("01-01","04-21","05-01","09-07","10-12","11-02","11-15","12-25"))),
  if (y >= 2024) as.Date(sprintf("%d-11-20", y)) else as.Date(character(0)),
  easter(y) - 48, easter(y) - 47, easter(y) - 2, easter(y) + 60)))
d[, holiday := as.integer(date %in% as.Date(hol, origin = "1970-01-01"))]

# ---------------- cross-basis of relative temperature (percentile within cell), lag 0-7
d <- d[!is.na(tpct) & !is.na(RH2M)]
cb <- crossbasis(d$tpct, lag = 7, argvar = list(fun = "ns", knots = c(10, 75, 90), Boundary.knots = c(0, 100)),
                 arglag = list(fun = "ns", knots = logknots(7, 2)), group = d$cell_id)
d[, tot_all := sum(n_all), by = stratum]
keep <- d$tot_all > 0            # strata without any case are uninformative in the conditional model

fit_cp <- function(outcome) {
  # strata with no event of THIS outcome carry no information and drive the eliminated intercept to -Inf
  tot <- d[, .(tot = sum(get(outcome), na.rm = TRUE)), by = stratum]
  ok <- d$stratum %in% tot[tot > 0, stratum]
  message("  ", outcome, ": ", sum(ok), " rows in ", uniqueN(d$stratum[ok]), " informative strata")
  gnm(as.formula(paste(outcome, "~ cb + ns(RH2M, 3) + holiday")), eliminate = factor(stratum),
      family = quasipoisson, data = d, subset = ok, na.action = na.exclude)
}
find_cen <- function(model) {
  p <- crosspred(cb, model, at = 1:99, cen = 50)
  which.min(p$allRRfit)                 # percentile of minimum risk
}
summarise_pred <- function(model, outcome, cen) {
  at <- c(1, 2.5, 5, 10, 90, 95, 97.5, 99)
  p <- crosspred(cb, model, at = at, cen = cen, cumul = TRUE)
  data.table(outcome = outcome, cen_pct = cen, temp_pct = at,
             RR = p$allRRfit, lo = p$allRRlow, hi = p$allRRhigh)
}
res <- list(); lagres <- list(); curves <- list()
full_curve <- function(model, outcome, cen) {
  p <- crosspred(cb, model, at = 1:99, cen = cen, cumul = TRUE)
  data.table(outcome = outcome, cen_pct = cen, temp_pct = 1:99, RR = p$allRRfit, lo = p$allRRlow, hi = p$allRRhigh)
}
lag_table <- function(pred, outcome) {
  rbindlist(lapply(seq_along(pred$predvar), function(i) data.table(outcome = outcome, temp_pct = pred$predvar[i], lag = 0:7,
    RR = pred$matRRfit[i, ], lo = pred$matRRlow[i, ], hi = pred$matRRhigh[i, ])))
}
for (oc in c("n_all", "n_stemi", "n_nstemi", "n_unspec", "n_severe", "n_nonsevere", "n_icu", "n_noicu", "n_death", "n_pci")) {
  if (sum(d[[oc]], na.rm = TRUE) < 50) { message(oc, " skipped, fewer than 50 events (secondary diagnosis fields may be empty)"); next }
  m <- tryCatch(fit_cp(oc), error = function(e) { message(oc, " failed: ", conditionMessage(e)); NULL })
  if (is.null(m)) next
  cen <- find_cen(m)
  res[[oc]] <- summarise_pred(m, oc, cen)
  lagres[[oc]] <- crosspred(cb, m, at = c(1, 5, 95, 99), cen = cen)
  curves[[oc]] <- full_curve(m, oc, cen)
  message(oc, " done, centre percentile ", cen)
}
fwrite(rbindlist(curves), "out_datasus/B2_curve_all_percentiles.csv")

# ---- prespecified lag windows and contrasts, all relative to the 50th percentile (common reference)
ref50 <- list(); cumlag <- list(); contrast <- list()
for (oc in names(res)) {
  m <- tryCatch(fit_cp(oc), error = function(e) NULL); if (is.null(m)) next
  at <- c(1, 2.5, 5, 10, 90, 95, 97.5, 99)
  p50 <- crosspred(cb, m, at = at, cen = 50, cumul = TRUE)
  ref50[[oc]] <- data.table(outcome = oc, temp_pct = at, RR = p50$allRRfit, lo = p50$allRRlow, hi = p50$allRRhigh)
  # cumulative RR over lags 0-3 (heat window) and 0-7 (cold window), from the same model
  cumlag[[oc]] <- rbindlist(lapply(seq_along(at), function(i) data.table(outcome = oc, temp_pct = at[i], lag_window = paste0("0-", 0:7),
                    RR = p50$cumRRfit[i, ], lo = p50$cumRRlow[i, ], hi = p50$cumRRhigh[i, ])))
  # heat (99th vs 50th) versus cold (1st vs 50th) contrast, cumulative over lags 0-7, from the full model coefficients
  bvar <- function(x) as.numeric(do.call(onebasis, c(list(x = x), attr(cb, "argvar"))))
  blag <- colSums(do.call(onebasis, c(list(x = 0:7), attr(cb, "arglag"))))
  cvec <- function(x) as.vector(t(outer(bvar(x) - bvar(50), blag)))       # crossbasis column order v1.l1, v1.l2, ...
  cbn <- grep("^cb", names(coef(m)))
  cf <- coef(m)[cbn]; V <- vcov(m)[cbn, cbn]
  cdiff <- cvec(99) - cvec(1)
  d_hc <- as.numeric(cdiff %*% cf); se_hc <- sqrt(as.numeric(t(cdiff) %*% V %*% cdiff))
  contrast[[oc]] <- data.table(outcome = oc, contrast = "heat 99th vs cold 1st, both relative to 50th",
                               ratio_RR = exp(d_hc), lo = exp(d_hc - 1.96 * se_hc), hi = exp(d_hc + 1.96 * se_hc), p = 2 * pnorm(-abs(d_hc / se_hc)))
}
fwrite(rbindlist(ref50), "out_datasus/B2b_RR_ref50.csv")
fwrite(rbindlist(cumlag), "out_datasus/B2c_cumulative_by_lag_ref50.csv")
ct <- rbindlist(contrast)
# STEMI versus NSTEMI at the 1st percentile (independent count models, delta method)
if (all(c("n_stemi", "n_nstemi") %in% names(ref50))) {
  gs <- function(oc, pct) { r <- ref50[[oc]][temp_pct == pct]; list(l = log(r$RR), se = (log(r$hi) - log(r$lo)) / (2 * 1.96)) }
  for (pct in c(1, 99)) {
    a <- gs("n_stemi", pct); b <- gs("n_nstemi", pct); d <- a$l - b$l; se <- sqrt(a$se^2 + b$se^2)
    ct <- rbind(ct, data.table(outcome = "n_stemi vs n_nstemi", contrast = paste0("ratio of RR at ", pct, "th percentile (ref 50th)"),
                               ratio_RR = exp(d), lo = exp(d - 1.96 * se), hi = exp(d + 1.96 * se), p = 2 * pnorm(-abs(d / se))))
  }
}
fwrite(ct, "out_datasus/B2d_contrasts.csv")
print(ct)
fwrite(rbindlist(lapply(names(lagres), function(oc) lag_table(lagres[[oc]], oc))), "out_datasus/B2_lag_specific.csv")
B2 <- rbindlist(res)
fwrite(B2, "out_datasus/B2_RR_conditional_poisson.csv")
saveRDS(lagres, "out_datasus/B2_lag_specific.rds")

# Ratio of RRs (delta method on the log scale): severe vs non severe, ICU vs no ICU
rr_ratio_fun <- function(a, b, name) {
  if (is.null(res[[a]]) || is.null(res[[b]])) return(NULL)
  x <- merge(res[[a]][, .(temp_pct, RR_s = RR, lo_s = lo, hi_s = hi)], res[[b]][, .(temp_pct, RR_n = RR, lo_n = lo, hi_n = hi)], by = "temp_pct")
  x[, se_s := (log(hi_s) - log(lo_s)) / (2 * 1.96)]; x[, se_n := (log(hi_n) - log(lo_n)) / (2 * 1.96)]
  x[, `:=`(contrast = name, RRR = RR_s / RR_n, RRR_lo = exp(log(RR_s / RR_n) - 1.96 * sqrt(se_s^2 + se_n^2)), RRR_hi = exp(log(RR_s / RR_n) + 1.96 * sqrt(se_s^2 + se_n^2)))]
  x
}
rr_ratio <- rbindlist(list(rr_ratio_fun("n_severe", "n_nonsevere", "severe vs non severe"), rr_ratio_fun("n_icu", "n_noicu", "ICU vs no ICU")), fill = TRUE)
fwrite(rr_ratio, "out_datasus/B2_RR_ratio_severe_vs_nonsevere.csv")

# ---------------- case-case models (individual level, fixed effects cell x year-month)
cbm <- as.matrix(cb); colnames(cbm) <- paste0("cb", seq_len(ncol(cbm)))
keys <- cbind(d[, .(cell_id, date, RH2M, holiday, tpct)], as.data.table(cbm))
ind <- merge(cohortB[, .(cell_id, date, code_severe, icu_any, death, pci, mi_type, age, female)], keys,
             by = c("cell_id", "date"))
ind[, ym := paste(year(date), month(date), sep = "_")]
cbnames <- colnames(cbm)
rhs <- paste(c(cbnames, "ns(RH2M, 3)", "holiday", "ns(age, 3)", "female"), collapse = " + ")
cen_all <- res$n_all$cen_pct[1]
cc <- list()
for (oc in c("code_severe", "icu_any", "death", "pci")) {
  if (sum(ind[[oc]], na.rm = TRUE) < 50) { message("case-case ", oc, " skipped, fewer than 50 events"); next }
  m <- feglm(as.formula(paste(oc, "~", rhs, "| cell_id^ym")), family = binomial(), data = ind)
  cf <- coef(m)[cbnames]; V <- vcov(m)[cbnames, cbnames]
  p <- crosspred(cb, coef = cf, vcov = V, model.link = "logit", at = c(1, 2.5, 5, 10, 90, 95, 97.5, 99), cen = cen_all)
  cc[[oc]] <- data.table(outcome = oc, cen_pct = cen_all, temp_pct = c(1, 2.5, 5, 10, 90, 95, 97.5, 99),
                         OR = p$allRRfit, lo = p$allRRlow, hi = p$allRRhigh)
  pf <- crosspred(cb, coef = cf, vcov = V, model.link = "logit", at = 1:99, cen = cen_all)
  cc[[paste0(oc, "_curve")]] <- data.table(outcome = paste0(oc, "_curve"), cen_pct = cen_all, temp_pct = 1:99, OR = pf$allRRfit, lo = pf$allRRlow, hi = pf$allRRhigh)
}
B3 <- rbindlist(cc)
fwrite(B3, "out_datasus/B3_case_case_OR.csv")

# ---------------- quantitative bias analysis for the code severe composite
qba <- fromJSON("out_mimic/A6_qba_inputs.json")
ind[, exposure := fcase(tpct >= 95, "heat", tpct <= 5, "cold", tpct >= 25 & tpct <= 75, "reference", default = NA_character_)]
qba_one <- function(expo, nsim = 10000, seed = 1) {
  set.seed(seed)
  e <- ind[exposure == expo]; r <- ind[exposure == "reference"]
  a <- sum(e$code_severe); b <- nrow(e) - a; cc0 <- sum(r$code_severe); d0 <- nrow(r) - cc0
  se <- rbeta(nsim, qba$sens_alpha, qba$sens_beta); sp <- rbeta(nsim, qba$spec_alpha, qba$spec_beta)
  pe <- rbinom(nsim, a + b, a / (a + b)) / (a + b); pr <- rbinom(nsim, cc0 + d0, cc0 / (cc0 + d0)) / (cc0 + d0)
  te <- (pe + sp - 1) / (se + sp - 1); tr <- (pr + sp - 1) / (se + sp - 1)   # Rogan-Gladen correction
  ok <- te > 0 & te < 1 & tr > 0 & tr < 1
  orc <- (te / (1 - te)) / (tr / (1 - tr))
  data.table(exposure = expo, n_exposed = a + b, n_reference = cc0 + d0,
             OR_observed = (a / b) / (cc0 / d0),
             OR_corrected_median = median(orc[ok]), OR_corrected_lo = quantile(orc[ok], 0.025),
             OR_corrected_hi = quantile(orc[ok], 0.975), sims_valid = mean(ok))
}
if (sum(ind$code_severe, na.rm = TRUE) >= 50) {
  B4 <- rbind(qba_one("heat"), qba_one("cold")); fwrite(B4, "out_datasus/B4_QBA.csv")
} else { message("QBA skipped: code severe composite has fewer than 50 events"); B4 <- data.table(note = "QBA skipped, code severe composite too sparse") }

# ---------------- descriptives
B1 <- rbind(
  cohortB[, .(item = "admissions", value = .N)],
  cohortB[, .(item = paste0("type_", mi_type), value = .N), by = mi_type][, .(item, value)],
  cohortB[, .(item = paste0("year_", year), value = .N), by = year][, .(item, value)],
  data.table(item = c("severe_code", "icu_any", "death", "pci"),
             value = c(sum(cohortB$code_severe), sum(cohortB$icu_any), sum(cohortB$death), sum(cohortB$pci))),
  data.table(item = c("cells", "heatwave_days_per_cell_year", "coldspell_days_per_cell_year"),
             value = c(uniqueN(d$cell_id),
                       d[, sum(heatwave, na.rm = TRUE) / (as.numeric(END - START + 1) / 365.25), by = cell_id][, mean(V1)],
                       d[, sum(coldspell, na.rm = TRUE) / (as.numeric(END - START + 1) / 365.25), by = cell_id][, mean(V1)])))
fwrite(B1, "out_datasus/B1_descriptives.csv")
print(B2[temp_pct %in% c(1, 99)]); if (exists("B3")) print(B3[temp_pct %in% c(1, 99)]); print(B4)
run_all.sh
#!/usr/bin/env bash
# =====================================================================
# run_all.sh  (macOS zsh/bash uyumlu)
# Kullanim:
#   chmod +x run_all.sh
#   ./run_all.sh setup        # bir kez, Python ve R paketleri
#   ./run_all.sh a            # Kohort A (MIMIC-IV): SQL + Python
#   ./run_all.sh b            # Kohort B (DATASUS): cekim + NASA + analiz
#   ./run_all.sh all          # hepsi sirayla
#   ./run_all.sh b3 | b4 | b5 # tek adim
# Ortam degiskenleri (gerekirse degistir):
#   Varsayilan MIMIC_BACKEND=duckdb: csv.gz dosyalarindan dogrudan okur
#     MIMIC_DIR=$HOME/mimiciv_3.1 (hosp/ ve icu/ altinda csv.gz), ED_DIR=$HOME/mimiciv_ed/ed (edstays.csv.gz)
#   MIMIC_BACKEND=pg  PGDATABASE=mimiciv PGHOST=localhost PGUSER=$USER   -> yerel PostgreSQL
#   MIMIC_BACKEND=bq  GCP_PROJECT=my-project                             -> BigQuery (bq CLI kurulu olmali)
#   Kohort B DBC dosyalarini tarayicidan indirdiysen data/sih_dbc/ icine koy ve NO_FTP=1 ./run_all.sh b3
# Uzun adimlari tmux veya caffeinate ile calistir:  caffeinate -i ./run_all.sh b
# =====================================================================
set -euo pipefail
cd "$(dirname "$0")"
mkdir -p logs data out_mimic out_datasus
STEP="${1:-all}"
: "${PGDATABASE:=mimiciv}"; : "${PGHOST:=localhost}"; : "${PGUSER:=$USER}"
: "${MIMIC_BACKEND:=duckdb}"; : "${GCP_PROJECT:=}"
: "${MIMIC_DIR:=$HOME/mimiciv_3.1}"; : "${ED_DIR:=$HOME/mimiciv_ed/ed}"
log() { printf '\n[%s] %s\n' "$(date '+%H:%M:%S')" "$*"; }

setup() {
  log "Python ortami"
  python3 -m venv .venv
  # shellcheck disable=SC1091
  source .venv/bin/activate
  pip install -q --upgrade pip
  pip install -q pandas numpy scipy statsmodels pyarrow datasus-dbc pysocks duckdb
  log "R paketleri (R kurulu degilse: brew install --cask r  veya  brew install r)"
  Rscript -e 'pk <- c("dplyr","data.table","arrow","geobr","sf","httr","dlnm","gnm","fixest","jsonlite","timeDate","remotes");
              new <- pk[!pk %in% rownames(installed.packages())];
              if (length(new)) install.packages(new, repos = "https://cloud.r-project.org");
              if (!requireNamespace("microdatasus", quietly = TRUE)) remotes::install_github("rfsaldanha/microdatasus");
              cat("R paketleri hazir\n")'
  log "setup tamam"
}

step_a1() {
  log "Kohort A, cikarim ($MIMIC_BACKEND)"
  if [ "$MIMIC_BACKEND" = "duckdb" ]; then
    # shellcheck disable=SC1091
    source .venv/bin/activate
    python -c "import duckdb" 2>/dev/null || pip install -q duckdb
    MIMIC_DIR="$MIMIC_DIR" ED_DIR="$ED_DIR" python 01b_mimic_duckdb_cikar.py 2>&1 | tee logs/01_duckdb.log
  elif [ "$MIMIC_BACKEND" = "pg" ]; then
    psql -h "$PGHOST" -U "$PGUSER" -d "$PGDATABASE" -v ON_ERROR_STOP=1 -f 01_mimic_cohort.sql | tee logs/01_sql.log
    psql -h "$PGHOST" -U "$PGUSER" -d "$PGDATABASE" -c "\copy mi_cohort TO 'mi_cohort.csv' CSV HEADER"
  else
    # BigQuery: sema on eklerini degistirip gecici tabloya yaz, sonra CSV indir
    sed -e 's/mimiciv_hosp\./`physionet-data.mimiciv_3_1_hosp`./g' \
        -e 's/mimiciv_icu\./`physionet-data.mimiciv_3_1_icu`./g' \
        -e 's/mimiciv_ed\./`physionet-data.mimiciv_ed`./g' \
        -e 's/mimiciv_derived\./`physionet-data.mimiciv_3_1_derived`./g' \
        -e 's/DROP TABLE IF EXISTS mi_cohort;//' \
        -e "s/CREATE TABLE mi_cohort AS/CREATE OR REPLACE TABLE \`$GCP_PROJECT.scratch.mi_cohort\` AS/" \
        -e '/CREATE INDEX/d' 01_mimic_cohort.sql > logs/01_bq.sql
    bq query --project_id="$GCP_PROJECT" --use_legacy_sql=false < logs/01_bq.sql
    bq extract --project_id="$GCP_PROJECT" --destination_format=CSV "$GCP_PROJECT:scratch.mi_cohort" "gs://$GCP_PROJECT-scratch/mi_cohort.csv"
    gsutil cp "gs://$GCP_PROJECT-scratch/mi_cohort.csv" mi_cohort.csv
  fi
  log "mi_cohort.csv satir sayisi: $(wc -l < mi_cohort.csv)"
}

step_a2() {
  log "Kohort A, Python analiz"
  # shellcheck disable=SC1091
  source .venv/bin/activate
  python 02_mimic_validation_analysis.py 2>&1 | tee logs/02_python.log
  ls -1 out_mimic
}

step_b3() {
  log "Kohort B, DATASUS cekimi (Python, paralel FTP, hizli DBF okuyucu)"
  # shellcheck disable=SC1091
  source .venv/bin/activate
  python -c "import datasus_dbc, socks" 2>/dev/null || pip install -q datasus-dbc pysocks
  python 03e_local_fast.py 2>&1 | tee logs/03_datasus.log
  [ -f data/cohortB_mi.parquet ] || { echo "cohortB_mi.parquet olusmadi. FTP bu agda kapaliysa hotspot/VPN dene ya da 03d_colab_fast.py ile Colab'da uret"; exit 1; }
}
step_b4() { log "Kohort B, NASA POWER eslestirme ve indirme"; Rscript 04_nasa_power_grid_link.R 2>&1 | tee logs/04_nasa.log; }
step_b5() {
  log "Kohort B, case-crossover, DLNM, vaka-vaka, QBA"
  [ -f out_mimic/A6_qba_inputs.json ] || { echo "out_mimic/A6_qba_inputs.json yok, once Kohort A'yi calistir"; exit 1; }
  Rscript 05_case_crossover_dlnm.R 2>&1 | tee logs/05_analysis.log
  ls -1 out_datasus
}

package() {
  log "Ciktilari paketle"
  zip -qr "results_$(date '+%Y%m%d').zip" out_mimic out_datasus logs -x 'logs/01_bq.sql'
  echo "results_$(date '+%Y%m%d').zip written"
}

case "$STEP" in
  setup) setup ;;
  a) step_a1; step_a2 ;;
  a1) step_a1 ;;
  a2) step_a2 ;;
  b) step_b3; step_b4; step_b5 ;;
  b3) step_b3 ;;
  b4) step_b4 ;;
  b5) step_b5 ;;
  all) step_a1; step_a2; step_b3; step_b4; step_b5; package ;;
  package) package ;;
  *) echo "bilinmeyen adim: $STEP"; exit 1 ;;
esac
log "bitti ($STEP)"
00_sentetik_mimic.py
"""
00_sentetik_mimic.py
Writes a small synthetic MIMIC-IV-like folder (csv.gz) for smoke tests of 01b and 02.
Usage: python 00_sentetik_mimic.py /tmp/mimic_syn   then   MIMIC_DIR=/tmp/mimic_syn ED_DIR=/tmp/mimic_syn/ed python 01b_mimic_duckdb_cikar.py
Numbers are random and mean nothing.
"""
import os, sys, gzip
import numpy as np, pandas as pd
root = sys.argv[1] if len(sys.argv) > 1 else "/tmp/mimic_syn"
for sub in ("hosp", "icu", "ed"): os.makedirs(os.path.join(root, sub), exist_ok=True)
rng = np.random.default_rng(7)
N = 3000
groups = ["2008 - 2010", "2011 - 2013", "2014 - 2016", "2017 - 2019", "2020 - 2022"]
subject = np.arange(10000, 10000 + N); hadm = np.arange(20000, 20000 + N)
anchor_year = rng.integers(2110, 2200, N)
patients = pd.DataFrame(dict(subject_id=subject, gender=rng.choice(["M", "F"], N, p=[.62, .38]), anchor_age=rng.integers(19, 91, N),
                             anchor_year=anchor_year, anchor_year_group=rng.choice(groups, N)))
admit = pd.to_datetime(anchor_year.astype(str) + "-01-01") + pd.to_timedelta(rng.integers(0, 365, N), "D") + pd.to_timedelta(rng.integers(0, 24 * 60, N), "m")
los = rng.gamma(2, 2, N).clip(0.3, 30)
disch = admit + pd.to_timedelta(los, "D")
died = rng.random(N) < 0.08
patients["dod"] = np.where(died, (disch + pd.to_timedelta(rng.integers(0, 3, N), "D")).strftime("%Y-%m-%d"), None)
edreg = admit - pd.to_timedelta(rng.integers(30, 600, N), "m")
has_ed = rng.random(N) < 0.85
admissions = pd.DataFrame(dict(subject_id=subject, hadm_id=hadm, admittime=admit, dischtime=disch,
                               deathtime=np.where(died, disch, pd.NaT), edregtime=np.where(has_ed, edreg, pd.NaT),
                               edouttime=np.where(has_ed, admit, pd.NaT), admission_type=rng.choice(["EW EMER.", "URGENT", "DIRECT EMER."], N),
                               admission_location=rng.choice(["EMERGENCY ROOM", "TRANSFER FROM HOSPITAL", "PHYSICIAN REFERRAL"], N, p=[.7, .2, .1]),
                               discharge_location="HOME", insurance="Medicare", race="WHITE", hospital_expire_flag=died.astype(int)))
icd10 = admit.year >= 2150
codes9 = rng.choice(["41011", "41041", "41071", "41071", "41071", "41091", "41072"], N, p=[.15, .1, .3, .2, .15, .07, .03])
codes10 = rng.choice(["I2109", "I2119", "I214", "I214", "I214", "I219", "I21A1", "I22"], N, p=[.12, .1, .3, .2, .13, .07, .05, .03])
dx = pd.DataFrame(dict(subject_id=subject, hadm_id=hadm, seq_num=1, icd_code=np.where(icd10, codes10, codes9), icd_version=np.where(icd10, 10, 9)))
extra = []
for h, v in zip(hadm, np.where(icd10, 10, 9)):
    pool10 = ["R570", "I469", "I4901", "I500", "N179", "E119", "N189", "I4891", "I2310", "I639", "Z9581"]
    pool9 = ["78551", "4275", "42741", "4280", "5849", "25000", "5859", "42731", "42971", "43411", "V4582"]
    for c in rng.choice(pool10 if v == 10 else pool9, rng.integers(0, 4), replace=False):
        extra.append((h, v, c))
dx2 = pd.DataFrame(extra, columns=["hadm_id", "icd_version", "icd_code"]); dx2["subject_id"] = dx2.hadm_id - 10000; dx2["seq_num"] = 2
dx = pd.concat([dx, dx2[dx.columns]], ignore_index=True)
px = []
for h, v, a in zip(hadm, np.where(icd10, 10, 9), admit):
    r = rng.random()
    if r < 0.55: px.append((h, v, "0270346" if v == 10 else "0066", (a + pd.Timedelta(hours=rng.integers(1, 48))).date()))
    if rng.random() < 0.06: px.append((h, v, "5A02210" if v == 10 else "3761", a.date()))
    if rng.random() < 0.04: px.append((h, v, "5A12012" if v == 10 else "9960", a.date()))
procedures = pd.DataFrame(px, columns=["hadm_id", "icd_version", "icd_code", "chartdate"]); procedures["subject_id"] = procedures.hadm_id - 10000; procedures["seq_num"] = 1
icu_mask = rng.random(N) < 0.6
icustays = pd.DataFrame(dict(subject_id=subject[icu_mask], hadm_id=hadm[icu_mask], stay_id=hadm[icu_mask] + 50000,
                             first_careunit=rng.choice(["Coronary Care Unit (CCU)", "Cardiac Vascular Intensive Care Unit (CVICU)", "Medical Intensive Care Unit (MICU)"], icu_mask.sum()),
                             intime=admit[icu_mask] + pd.to_timedelta(rng.integers(0, 40, icu_mask.sum()), "h"), los=rng.gamma(2, 1.2, icu_mask.sum())))
inp = []
for h, a in zip(hadm[icu_mask], admit[icu_mask]):
    if rng.random() < 0.18: inp.append((h, rng.choice([221906, 221289, 221662, 221653]), a + pd.Timedelta(hours=rng.integers(0, 30))))
    if rng.random() < 0.08: inp.append((h, 225168, a + pd.Timedelta(hours=rng.integers(0, 100))))
inputevents = pd.DataFrame(inp, columns=["hadm_id", "itemid", "starttime"])
pe = []
for h, a in zip(hadm[icu_mask], admit[icu_mask]):
    if rng.random() < 0.12: pe.append((h, 225792, a + pd.Timedelta(hours=rng.integers(0, 30))))
    if rng.random() < 0.03: pe.append((h, 225802, a + pd.Timedelta(days=rng.integers(1, 5))))
procedureevents = pd.DataFrame(pe, columns=["hadm_id", "itemid", "starttime"])
labs = []
for h, a, d in zip(hadm, admit, disch):
    for k in range(rng.integers(1, 4)):
        t = a + pd.Timedelta(hours=rng.integers(0, 48))
        labs += [(h, 51003, t, float(rng.gamma(1.5, 1.0))), (h, 50813, t, float(rng.gamma(2, 1.0))),
                 (h, 50912, t, float(rng.gamma(4, .3))), (h, 51222, t, float(rng.normal(12, 2)))]
labevents = pd.DataFrame(labs, columns=["hadm_id", "itemid", "charttime", "valuenum"]); labevents["subject_id"] = labevents.hadm_id - 10000
d_labitems = pd.DataFrame(dict(itemid=[51003, 50813, 50912, 51222, 52642], label=["Troponin T", "Lactate", "Creatinine", "Hemoglobin", "Troponin T, high sensitivity"], fluid="Blood", category="Chemistry"))
edstays = pd.DataFrame(dict(subject_id=subject[has_ed], hadm_id=hadm[has_ed], stay_id=hadm[has_ed] + 90000, intime=edreg[has_ed],
                            arrival_transport=rng.choice(["AMBULANCE", "WALK IN", "UNKNOWN"], has_ed.sum())))
tr = []
for h, a, ok, e in zip(hadm, admit, icu_mask, has_ed):
    t0 = a - pd.Timedelta(hours=3)
    if e: tr.append((h, "ED", "Emergency Department", t0))
    first_icu = ok and rng.random() < 0.5
    tr.append((h, "admit", "Coronary Care Unit (CCU)" if first_icu else "Medicine", a))
    if ok and not first_icu: tr.append((h, "transfer", "Medical Intensive Care Unit (MICU)", a + pd.Timedelta(hours=rng.integers(2, 40))))
    tr.append((h, "discharge", None, a + pd.Timedelta(days=3)))
transfers = pd.DataFrame(tr, columns=["hadm_id", "eventtype", "careunit", "intime"]); transfers["subject_id"] = transfers.hadm_id - 10000
def w(df, sub, name):
    df.to_csv(os.path.join(root, sub, name), index=False, compression="gzip")
w(patients, "hosp", "patients.csv.gz"); w(admissions, "hosp", "admissions.csv.gz"); w(dx, "hosp", "diagnoses_icd.csv.gz")
w(procedures, "hosp", "procedures_icd.csv.gz"); w(labevents, "hosp", "labevents.csv.gz"); w(d_labitems, "hosp", "d_labitems.csv.gz")
w(icustays, "icu", "icustays.csv.gz"); w(inputevents, "icu", "inputevents.csv.gz"); w(procedureevents, "icu", "procedureevents.csv.gz")
w(edstays, "ed", "edstays.csv.gz"); w(transfers, "hosp", "transfers.csv.gz")
print("synthetic MIMIC written to", root)
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