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Post-diagnostic smoking cessation and heart-disease mortality among adults smoking at
cardiopulmonary disease diagnosis: An NHANES linked-mortality analysis

Supplementary methods

Cross-cycle data harmonization

Within each NHANES cycle, demographic, medical-conditions, smoking, body-measures, blood-pressure, and diabetes files were merged by
participant identifier (SEQN) before linkage to the cycle-specific 2019 public-use mortality file. Variable names and labelled values were
standardized across cycles. Cycle-level audits evaluated sample size, smoking-variable recoding, survey weights, harmonized variables,
mortality-linkage eligibility, and cause-of-death availability.

Reconstruction of diagnosis and smoking timelines

Age at first cardiopulmonary diagnosis was the minimum valid age reported for congestive heart failure, coronary heart disease, angina,
myocardial infarction, emphysema, or chronic bronchitis. Regular-smoking initiation age was required to be no later than diagnosis age. The
NHANES variable SMDO055 records the self-reported age at which a former smoker completely stopped smoking cigarettes and was used
directly when available. Otherwise, cessation age was derived from interview age and reported duration since quitting. The code 66666 in
SMQO050Q, indicating at least 50 years since quitting, was not used to derive an exact cessation age.

Combined survey weights and design variables

For the 20-year pooled analysis, the 1999-2002 four-year interview weight was divided by five and each later two-year interview weight by
ten. For the 1999-2016 sensitivity analysis, the four-year weight was multiplied by 2/9 and later weights were divided by nine. For 1999-2014
analyses, the four-year weight was divided by four and later weights by eight. Survey strata and primary sampling unit identifiers were nested
within survey start year. Original NHANES weights were not recalibrated for mortality-linkage eligibility.

Mortality outcome availability

Heart-disease mortality (public-use category 001) and cancer mortality (002) were available across NHANES 1999-2018. Cerebrovascular
disease (005) and chronic lower respiratory disease (003) were not separately identifiable for 2015-2018; therefore, cardiovascular composite
and chronic lower respiratory disease analyses were limited to NHANES 1999-2014.

Overlap weighting and covariate balance

A propensity score for post-diagnostic quitting was estimated from the prespecified core demographic and disease-history covariates. Overlap
weights were defined as 1 minus the propensity score for quitters and as the propensity score for persistent smokers, and were multiplied by
NHANES interview weights. Covariate balance was summarized using absolute standardized mean differences. Poverty-income ratio was not
included in the core propensity-score model and is not displayed in the final Figure 4A balance panel.

Landmark and exposure-reconstruction analyses

Landmark analyses excluded participants whose follow-up ended within 12, 24, or 36 months and reset analysis time after the landmark.
Quit-age analyses excluded quitters whose directly reported and derived cessation ages differed by more than 1, 2, or 5 years. A stricter
analysis retained persistent smokers and only quitters with a directly reported SMDO055 cessation age.

Multicollinearity diagnostics

Multicollinearity was assessed from the fully adjusted covariate design matrix. Conventional VIF values of 5-10 were interpreted as moderate
and values above 10 as potentially serious. For multi-degree-of-freedom factors, raw generalized VIFs and GVIF(1/[2 x df]) were reported.
Leave-one-covariate-out survey-weighted Cox models separately omitted years since diagnosis and pre-diagnosis smoking duration.
Proportional hazards diagnostics

The proportional hazards assumption was assessed using scaled Schoenfeld residuals. Term-level tests retained the degrees of freedom of
multilevel categorical variables. Exposure-specific and global tests were reported separately for the fully adjusted all-cause, heart-disease,
and cancer mortality models.

Model quality control

Each fitted model was audited for model status, sample size, event count, representation of both exposure groups, finite estimates,
confidence-interval width, and extreme P values. The residual Other/uncategorized disease subgroup contained one participant, no quitter,
and no heart-disease death and was not estimated as a subgroup-specific model.

Supplementary results
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The fully adjusted core variables were complete in the analytic sample. Poverty-income ratio was missing for 8.93%, body mass index for
8.11%, pack-years for 3.45%, and cigarettes per day for 3.41% of participants (Table S4).

Among 975 post-diagnostic quitters, 772 had both direct and derived cessation ages. The median absolute discrepancy was 0 years
(interquartile range 0-1); 120 differed by more than 1 year, 83 by more than 2 years, and 40 by more than 5 years (Tables S7-S9).

The largest conventional VIF values were 7.08 for pre-diagnosis smoking duration and 6.03 for years since diagnosis; no VIF exceeded 10.
Leave-one-covariate-out estimates were materially unchanged, with heart-disease HRs ranging from 0.584 to 0.586 (Table S5).

The exposure-specific proportional hazards tests were nonsignificant for all-cause, heart-disease, and cancer mortality (P=0.065, 0.569, and
0.264). The global test was significant for all-cause mortality (P=0.027) but not for heart-disease or cancer mortality (P=0.174 and 0.635)
(Table S13).

Among variables included in the propensity-score model, the maximum absolute standardized mean difference decreased from 0.720 under
survey weights alone to 0.003 after survey-by-overlap weighting (Table S11).

Table S1. Construction of the diagnosis-anchored analytic sample from pooled NHANES 1999-2018 linked-mortality data,
United States

Step Retained n Excluded from previous step
All NHANES participants, 1999-2018 101316
Age >40 years 36252 65064
Any prespecified cardiopulmonary disease 7100 29152
Valid age at first cardiopulmonary diagnosis 6964 136
Ever smoker who started by diagnosis 3972 2992
Classified as smoking at diagnosis 2388 1584

Exposure classifiable: post-diagnostic quitter or

persistent smoker 2388 0
Eligible for mortality linkage with positive interview 2357 -
follow-up

Valid 20-year interview weight and survey design 2319 28
variables

Final primary analytic domain 2319 0

Counts are unweighted. The final analytic sample included 975 post-diagnostic quitters and 1344 persistent smokers.

Table S2. Continuous baseline variables in the analytic sample, pooled NHANES 1999-2018 linked-mortality data, United
States (n=2319)

Variable Group Nonmissing n Survey-weighted mean (SD) Unweighted median (IQR)
Age, years Persistent smoker 1344 57.19+10.26 59.00 (51.00-67.00)
Age, years Post-diagnostic quitter 975 64.41£11.01 68.00 (61.00-76.00)
NHANES survey midyear Persistent smoker 1344 2008.95 + 5.81 2009.50 (2003.50-2013.50)
NHANES survey midyear Post-diagnostic quitter 975 2009.08 +5.93 2007.50 (2003.50-2013.50)
Yearssince first =~ Persistent smoker 1344 12.22£10.50 10.00 (4.00-19.00)
cardiopulmonary diagnosis
Years since first . Lo
cardiopulmonary diagnosis Post-diagnostic quitter 975 20.80 +13.19 17.00 (10.00-30.00)
C’f.eg”'arismo"'”g duration hefore Persistent smoker 1344 27.90 % 13.52 30.00 (20.00-40.00)
iagnosis, years
Regular-smoking duration before | - pogt giagnostic quitter 975 26.58 + 14.84 30.00 (18.00-41.00)
iagnosis, years
Family poverty-to-income ratio Persistent smoker 1215 2.18 £ 1.51 1.29 (0.82-2.42)
Family poverty-to-income ratio Post-diagnostic quitter 897 2.68 £1.56 1.76 (1.09-3.22)
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Variable Group Nonmissing n Survey-weighted mean (SD) Unweighted median (IQR)
Cigarettes per day proxy Persistent smoker 1335 17.88 £13.35 15.00 (7.00-20.00)
Cigarettes per day proxy Post-diagnostic quitter 905 25.87+18.02 20.00 (10.00-40.00)
Pack-years proxy Persistent smoker 1334 35.47+27.45 28.50 (13.31-46.25)
Pack-years proxy Post-diagnostic quitter 905 46.42 £37.25 39.00 (18.50-65.00)
Body mass index, kg/m2 Persistent smoker 1255 28.44+7.01 27.42 (23.30-32.81)
Body mass index, kg/m2 Post-diagnostic quitter 876 30.77+7.10 29.51 (25.62-33.99)

SD, standard deviation; IQR, interquartile range.

Table S3. Categorical baseline variables in the analytic sample, pooled NHANES 1999-2018 linked-mortality data, United

States (n=2319)

Variable Level Group Unweighted n (survey-weighted %)

Sex Male Persistent smoker 690 (44.7%)
Sex Male Post-diagnostic quitter 600 (54.5%)
Sex Female Persistent smoker 654 (55.3%)
Sex Female Post-diagnostic quitter 375 (45.5%)
Race and ethnicity Non-Hispanic White Persistent smoker 775 (75.9%)
Race and ethnicity Non-Hispanic White Post-diagnostic quitter 620 (83.3%)
Race and ethnicity Hispanic Persistent smoker 159 (4.8%)
Race and ethnicity Hispanic Post-diagnostic quitter 136 (4.8%)
Race and ethnicity Non-Hispanic Black Persistent smoker 321 (11.8%)
Race and ethnicity Non-Hispanic Black Post-diagnostic quitter 170 (7.6%)
Race and ethnicity Other/Multiracial Persistent smoker 89 (7.5%)

Race and ethnicity Other/Multiracial Post-diagnostic quitter 49 (4.3%)

Education High school or less Persistent smoker 907 (63.7%)
Education High school or less Post-diagnostic quitter 609 (57.3%)
Education Some college or above Persistent smoker 436 (36.3%)
Education Some college or above Post-diagnostic quitter 364 (42.5%)
Education Unknown Persistent smoker 1 (0.0%)

Education Unknown Post-diagnostic quitter 2 (0.1%)

Cardiopulmonary disease phenotype Cardiovascular disease only Persistent smoker 534 (34.6%)
Cardiopulmonary disease phenotype Cardiovascular disease only Post-diagnostic quitter 429 (38.1%)
Cardiopulmonary disease phenotype Chronic lung disease only Persistent smoker 595 (50.0%)

Cardiopulmonary disease phenotype

Chronic lung disease only

Post-diagnostic quitter

352 (41.7%)

Cardiopulmonary disease phenotype

Both cardiovascular and lung disease

Persistent smoker

214 (15.4%)

Cardiopulmonary disease phenotype Both cardiovascular and lung disease Post-diagnostic quitter 194 (20.2%)
Cardiopulmonary disease phenotype Other Persistent smoker 1 (0.0%)
Cardiopulmonary disease phenotype Other Post-diagnostic quitter 0 (0.0%)
Diabetes No Persistent smoker 1011 (80.4%)
Diabetes No Post-diagnostic quitter 642 (69.0%)
Diabetes Yes Persistent smoker 295 (17.5%)
Diabetes Yes Post-diagnostic quitter 302 (28.2%)
Diabetes Unknown Persistent smoker 38 (2.1%)
Diabetes Unknown Post-diagnostic quitter 31 (2.9%)
Hypertension No Persistent smoker 527 (45.5%)
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Variable Level Group Unweighted n (survey-weighted %)

Hypertension No Post-diagnostic quitter 346 (40.7%)
Hypertension Yes Persistent smoker 816 (54.4%)
Hypertension Yes Post-diagnostic quitter 627 (59.1%)
Hypertension Unknown Persistent smoker 1(0.1%)

Hypertension Unknown Post-diagnostic quitter 2 (0.2%)

Age group 40-64 years Persistent smoker 909 (75.5%)
Age group 40-64 years Post-diagnostic quitter 381 (49.4%)
Age group >65 years Persistent smoker 435 (24.5%)
Age group >65 years Post-diagnostic quitter 594 (50.6%)

Percentages incorporate the pooled NHANES interview weights.

Table S4. Missingness in the primary analytic sample, pooled NHANES 1999-2018 linked-mortality data, United States
(n=2319)

Variable Total n Missing n Missing (%0)
Family poverty-to-income ratio 2319 207 8.93
Body mass index 2319 188 8.11
Pack-years proxy 2319 80 3.45
Cigarettes per day proxy 2319 79 341
Age 2319 0 0.00
survey_midyear 2319 0 0.00
Years since diagnosis 2319 0 0.00
Pre-diagnosis smoking duration 2319 0 0.00
Sex 2319 0 0.00
Race and ethnicity 2319 0 0.00
Education 2319 0 0.00
Disease phenotype 2319 0 0.00
diabetes_f 2319 0 0.00
hypertension_f 2319 0 0.00
age_group_f 2319 0 0.00
Follow-up time 2319 0 0.00
All-cause death 2319 0 0.00
Heart-disease death 2319 0 0.00
Cancer death 2319 0 0.00
wt_int_20y 2319 0 0.00
sdmvpsu 2319 0 0.00
sdmvstra 2319 0 0.00

Complete-case analysis was used within each model. Variables in the fully adjusted core model had no missing observations.

Table S5. Multicollinearity diagnostics and leave-one-covariate-out sensitivity analyses for the fully adjusted core models
Part A. VIF/GVIF diagnostics

Term Raw GVIF df GVIFA(1/[2 x df]) Equivalent VIF (1 df) Interpretation

Page 4




Term Raw GVIF df GVIFAN1/[2 x df]) Equivalent VIF (1 df) Interpretation

Post-diagnostic quitting 1.216 1 1.103 1.216 23|?§§“:Qg;l:ilty

Age, per 10 years 4.781 1 2186 4.781 r’:lqﬂlwceg”:gg;l:ulty
No meaningful

Sex 1.14 1 1.068 114 multicollinearity

Race and ethnicity 1.102 3 1.016 No mean!ngfu_l
multicollinearity

Education 1.038 2 1.009 ml?i]cegmgg:rjilty

. No meaningful

Disease phenotype 1.189 3 1.029 multicollinearity

;ee;rss since diagnosis, per 5 6.029 1 2.455 6.029 Moderate multicollinearity

Pre-diagnosis smoking 7.077 1 2.66 7.077 Moderate multicollinearity

duration, per 10 years

Centered 2-year survey No meaningful

o 1.036 1 1.018 1.036 multicollinearity

VIF values of 5-10 were considered moderate and values above 10 potentially serious. Equivalent standard VIF is shown only for one-degree-of-freedom

terms.

Part B. Leave-one-covariate-out models

Qutcome Model n Deaths HR (95% CI) P value Absolllgtci‘e(lc_'h:;ge n Material change
All-cause mortality | Full Model 2 2319 999 0.90 (0.74-1.09) 0.276 0.000 No
. Model 2 without
All-cause mortality years since diagnosis 2319 999 0.90 (0.74-1.10) 0.298 0.005 No
Model 2 without pre-
All-cause mortality | diagnosis smoking 2319 999 0.89 (0.73-1.09) 0.249 0.007 No
duration
Heart-disease Full Model 2 2319 272 0.59 (0.42-0.82) 0.001 0.000 No
mortality
Heart-disease Model 2 without 2319 272 0.58 (0.42-0.81) 0.001 0.004 No
mortality years since diagnosis
Heart-disease Model 2 without pre-
: diagnosis smoking 2319 272 0.59 (0.42-0.82) 0.002 0.001 No
mortality durati
uration
Cancer mortality Full Model 2 2319 244 0.72 (0.49-1.06) 0.1 0.000 No
Cancer mortality Model 2without 2319 244 0.74 (0.51-1.09) 0.133 0.030 No
years since diagnosis
Model 2 without pre-
Cancer mortality diagnosis smoking 2319 244 0.71 (0.48-1.04) 0.081 0.018 No
duration

Hazard ratios compare post-diagnostic quitters with persistent smokers. A material change flag was prespecified in the analysis code; none was observed.

Table S6. Mortality outcome counts and NHANES-cycle availability

Outcome NHANES cycles Deaths Analytic n
All-cause mortality 1999-2018 999 2319
Heart-disease mortality (001) 1999-2018 272 2319
Cancer mortality (002) 1999-2018 244 2319
Cardiovascular composite mortality
(001+005) 1999-2014 283 1765
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Outcome NHANES cycles Deaths Analytic n

Chronic lower respiratory disease

mortality (003) 1999-2014 152 1765

Cause-of-death category codes are from the National Center for Health Statistics 2019 public-use Linked Mortality Files.

Table S7. Distribution of absolute discrepancies between directly reported and derived cessation ages among post-diagnostic
quitters

Measure Value
Quitters with both direct and derived cessation ages 772
Mean absolute discrepancy, years 1.00
Standard deviation, years 2,91
Median absolute discrepancy, years 0
25th percentile, years 0
75th percentile, years 1
90th percentile, years 3
Maximum discrepancy, years 30.17
Discrepancy >1 year, n 120
Discrepancy >2 years, n 83
Discrepancy >5 years, n 40

The discrepancy was calculated only for quitters with both cessation-age sources.

Table S8. Analytic sample counts for quit-age reconstruction sensitivity analyses.

. . . . . . Heart-di
Analysis Excluded quitters Retained n Retained quitters | Persistent smokers | All-cause deaths ea dzatilhssease Cancer deaths

Exclude direct-
derived quit-age 120 2199 855 1344 917 249 232
discrepancy >1 years

Exclude direct-
derived quit-age 83 2236 892 1344 941 252 239
discrepancy >2 years

Exclude direct-
derived quit-age 40 2279 935 1344 967 261 240
discrepancy >5 years

Quitters restricted to
directly reported 2117 773 1344 936 258 233
SMDO055 quit age

Participants with only one usable cessation-age source were retained in discrepancy-threshold analyses unless excluded by the specified rule.

Table S9. Quit-age source availability and direct-derived discrepancies by NHANES cycle

Cycle Quitters Direct age Derived age Both sources >1 year >2 years >5 years dis'\cllf:pizzcy
1999-2000 77 67 77 67 4 1 0 0
2001-2002 107 95 107 95 6 5 2 0
2003-2004 109 101 109 101 14 11 3 0
2005-2006 90 84 90 84 5 2 2 0
2007-2008 106 100 106 100 22 13 6 0
2009-2010 95 81 95 81 12 10 3 0
2011-2012 64 50 64 50 12 6 5 0
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. . . Median
Cycle tters Direct age Derived age Both sources >1 year >2 years >5 years .

4 Qui : g lved ag ! y y Y discrepancy
2013-2014 96 88 95 87 21 16 8 0
2015-2016 116 107 116 107 24 19 11 0
2017-2018 115 0 115 0 0 0 0

Counts are unweighted.
Table S10. Complete survey-weighted Cox model results and quality-control flags
Analysis Outcome n Deaths HR (95% CI) P value Status Narrow-ClI flag Extreme-P flag
Primary 1999-2018 / .
MO_unadjusted All-cause mortality 2319 999 1.53 (1.27-1.85) <0.001 ok 0 0
Primary 19992018/ | Ayj_cause mortality 2319 999 0.82 (0.68-0.99) 0.043 ok 0 0
M1_demographic
Primary 1999-2018/ | Ajj_cause mortality 2319 999 0.90 (0.74-1.09) 0.276 ok 0 0
M2_core
Primary 1999-2018 / . .
MO,_unadjusted Heart-disease mortality 2319 272 1.14 (0.84-1.56) 0.398 ok 0 0
Primary 1999-2018 / . .
M1_demographic Heart-disease mortality 2319 272 0.55 (0.39-0.76) <0.001 ok 0 0
Primary 1999-2018 /| 1ot disease mortality 2319 272 0.59 (0.42-0.82) 0.001 ok 0 0
M2_core
Primary 1999-2018 / .
MO_unadjusted Cancer mortality 2319 244 1.21 (0.85-1.72) 0.301 ok 0 0
Primary 1999-2018 / .
M1_demographic Cancer mortality 2319 244 0.72 (0.50-1.04) 0.084 ok 0 0
Primary 1999-2018 /| . cer mortality 2319 244 0.72 (0.49-1.06) 0.100 ok 0 0
M2_core
. Cardiovascular
Secondary restricted . .
1999-2014/ composite mortality 1765 283 1.17 (0.86-1.61) 0.319 ok 0 0
. (heart +

MO_unadjusted

cerebrovascular)
Secondary restricted ccgr::jlg)sliizc;lgrrtal it
1999-2014 / (heal?t 4 Y 1765 283 0.56 (0.40-0.78) <0.001 ok 0 0
M?1._demographic cerebrovascular)

Cardiovascular
Secondary restricted composite mortality
1999-2014 / M2_core (heart + 1765 283 0.59 (0.42-0.83) 0.003 ok 0 0

cerebrovascular)
Secondary restricted Chronic lower
1999-2014 / respiratory disease 1765 152 1.60 (1.09-2.35) 0.016 ok 0 0
MO_unadjusted mortality
Secondary restricted Chronic lower
1999-2014 / respiratory disease 1765 152 0.79 (0.53-1.16) 0.229 ok 0 0
M1_demographic mortality
Secondary restricted gzr(i)gtcolrov‘é?;ease 1765 152 1.18 (0.76-1.84) 0.461 ok 0 0
1999-2014 / M2_core piratory -8 (0.76=L. -

mortality
Primary 1999-2018
without calendar-cycle | All-cause mortality 2319 999 0.90 (0.74-1.09) 0.280 ok 0 0
adjustment
Primary 1999-2018
without calendar-cycle | Heart-disease mortality 2319 272 0.60 (0.42-0.83) 0.003 ok 0 0
adjustment
Restricted 1999-2016
with 18-year combined | All-cause mortality 2048 971 0.90 (0.74-1.10) 0.310 ok 0 0
interview weights
Restricted 1999-2016
with 18-year combined | Heart-disease mortality 2048 264 0.58 (0.41-0.81) 0.001 ok 0 0
interview weights
Strict exposure: QUIt | 1\ oo e mortality 2093 877 0.99 (0.79-1.24) 0.945 ok 0 0
age > diagnosis age
Strict exposure: QUit | . disease mortality 2093 235 0.59 (0.41-0.85) 0.005 ok 0 0

age > diagnosis age
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Analysis

Outcome

Deaths

HR (95% CI)

P value

Status

Narrow-ClI flag

Extreme-P flag

MEC-weighted
extended complete-case
model

All-cause mortality

1943

801

0.95 (0.77-1.18)

0.645

ok

MEC-weighted
extended complete-case
model

Heart-disease mortality

1943

212

0.53 (0.36-0.79)

0.002

ok

Smoking-burden proxy
complete-case
sensitivity

All-cause mortality

2239

951

0.87 (0.70-1.07)

0.184

ok

Smoking-burden proxy
complete-case
sensitivity

Heart-disease mortality

2239

260

0.56 (0.40-0.80)

0.001

ok

Restricted to
participants with
cardiovascular disease

All-cause mortality

1371

658

0.83 (0.66-1.05)

0.122

ok

Restricted to
participants with
chronic lung disease

All-cause mortality

1356

570

1.03 (0.81-1.33)

0.790

ok

Restricted to
participants with
cardiovascular disease

Heart-disease mortality

1371

213

0.60 (0.42-0.86)

0.005

ok

Restricted to
participants with
chronic lung disease

Heart-disease mortality

1356

136

0.62 (0.40-0.96)

0.033

ok

Landmark at 12 months
1 M2_core

All-cause mortality

2196

876

0.86 (0.70-1.07)

0.174

ok

Landmark at 12 months
/ M2_core

Heart-disease mortality

2196

233

0.57 (0.39-0.82)

0.003

ok

Landmark at 24 months
/ M2_core

All-cause mortality

1958

768

0.85 (0.68-1.06)

0.149

ok

Landmark at 24 months
1 M2_core

Heart-disease mortality

1958

205

0.62 (0.42-0.93)

0.020

ok

Landmark at 36 months
/ M2_core

All-cause mortality

1742

662

0.80 (0.64-1.01)

0.064

ok

Landmark at 36 months
1 M2_core

Heart-disease mortality

1742

175

0.60 (0.40-0.92)

0.019

ok

Survey x overlap-
weighted supportive
analysis

All-cause mortality

2319

999

0.95 (0.78-1.16)

0.633

ok

Survey X overlap-
weighted supportive
analysis

Heart-disease mortality

2319

272

0.63 (0.45-0.86)

0.004

ok

Survey x overlap-
weighted doubly
adjusted sensitivity

All-cause mortality

2319

999

0.90 (0.74-1.09)

0.270

ok

Survey X overlap-
weighted doubly
adjusted sensitivity

Heart-disease mortality

2319

272

0.58 (0.42-0.81)

0.001

ok

Subgroup: Age group =
40-64 years: Age group
- 40-64 years

Heart-disease mortality

1290

94

0.34 (0.17-0.66)

0.001

ok

Subgroup: Age group =
>65 years: Age group -
>65 years

Heart-disease mortality

1029

178

0.76 (0.52-1.11)

0.156

ok

Subgroup: Sex = Male:
Sex - Male

Heart-disease mortality

1290

171

0.48 (0.33-0.71)

<0.001

ok

Subgroup: Sex =
Female: Sex - Female

Heart-disease mortality

1029

101

0.77 (0.49-1.22)

0.266

ok

Subgroup: Disease
phenotype =
Cardiovascular disease
only: Disease
phenotype -
Cardiovascular disease
only

Heart-disease mortality

963

136

0.50 (0.33-0.76)

0.001

ok

Subgroup: Disease
phenotype = Chronic
lung disease only:
Disease phenotype -
Chronic lung disease
only

Heart-disease mortality

947

59

0.36 (0.18-0.73)

0.004

ok
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Analysis

Outcome

Deaths

HR (95% CI)

P value

Status

Narrow-ClI flag

Extreme-P flag

Subgroup: Disease
phenotype = Both
cardiovascular and lung
disease: Disease
phenotype - Both
cardiovascular and lung
disease

Heart-disease mortality

408

7

1.01 (0.55-1.86)

0.973

ok

Subgroup: Disease
phenotype = Other:
Disease phenotype -
Other

Heart-disease mortality

Not estimable

not_run

Quit-age discrepancy
exclusion >1 years

All-cause mortality

2199

917

0.84 (0.68-1.04)

0.110

ok

Quit-age discrepancy
exclusion >1 years

Heart-disease mortality

2199

249

052 (0.37-0.73)

<0.001

ok

Quit-age discrepancy
exclusion >1 years

Cancer mortality

2199

232

0.73 (0.49-1.07)

0.106

ok

Quit-age discrepancy
exclusion >2 years

All-cause mortality

2236

941

0.85 (0.69-1.05)

0.124

ok

Quit-age discrepancy
exclusion >2 years

Heart-disease mortality

2236

252

0.53 (0.38-0.74)

<0.001

ok

Quit-age discrepancy
exclusion >2 years

Cancer mortality

2236

239

0.74 (0.50-1.09)

0.130

ok

Quit-age discrepancy
exclusion >5 years

All-cause mortality

2279

0.87 (0.72-1.07)

0.193

ok

Quit-age discrepancy
exclusion >5 years

Heart-disease mortality

2279

261

0.56 (0.40-0.78)

<0.001

ok

Quit-age discrepancy
exclusion >5 years

Cancer mortality

2279

240

0.72 (0.49-1.07)

0.103

ok

Quitters restricted to
directly reported
SMDO055 quit age

All-cause mortality

2117

936

0.87 (0.70-1.08)

0.203

ok

Quitters restricted to
directly reported
SMDO055 quit age

Heart-disease mortality

2117

258

0.58 (0.41-0.81)

0.002

ok

Quitters restricted to
directly reported
SMDO055 quit age

Cancer mortality

2117

233

0.72 (0.48-1.09)

0.124

ok

Hazard ratios compare post-diagnostic quitters with persistent smokers. The residual Other/uncategorized disease subgroup was not estimable because it

contained one participant, no quitter, and no event.

Table S11. Covariate balance before and after multiplication of survey and overlap weights

Covariate Survey weight only: absolute ASD Survey x overlap weight: absolute ASD
Years since first diagnosis 0.720 0.000
Age, years 0.679 0.000
Sex: Male 0.196 0.000
Sex: Female 0.196 0.000
Race/ethnicity: Non-Hispanic White 0.184 0.000
((i:ie;re(ig(;pg;rlr;onary disease phenotype: Chronic lung 0.165 0.000
Race/ethnicity: Non-Hispanic Black 0.143 0.000
Race/ethnicity: Other/Multiracial 0.135 0.000
Educational attainment: High school or less 0.130 0.000
Educational attainment: Some college or above 0.128 0.000
Pre-diagnosis smoking duration, years 0.093 0.000
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Covariate Survey weight only: absolute ASD Survey x overlap weight: absolute ASD
(Cjia;;c{i:;pg:}r;;onary disease phenotype: Cardiovascular 0072 0.000
Educational attainment: Unknown 0.040 0.000
Survey calendar year 0.023 0.000
Cardiopulmonary disease phenotype: Other 0.020 0.003
Race/ethnicity: Hispanic 0.001 0.000

Only variables included in the propensity-score model are shown. An absolute ASD below 0.10 indicated acceptable balance. ASD, absolute standardized

difference.

Table S12. Design-based interaction tests for exploratory heart-disease mortality subgroup analyses

Subgroup variable n Heart-disease deaths P for interaction Status
Age group 2319 272 0.101 ok
Sex 2319 272 0.024 ok
Disease phenotype 2318 272 0.129 ok

The Bonferroni threshold for the three interaction tests was P<0.0167.

Table S13. Corrected term-level proportional hazards tests for the fully adjusted mortality models

Outcome n Deaths Term Chi-square df P value
All-cause mortality 2319 999 Post-diagnostic quitting 3.404 1 0.065
All-cause mortality 2319 999 Age, per 10 years 2.455 1 0.117
All-cause mortality 2319 999 Sex 1.734 1 0.188
All-cause mortality 2319 999 Race and ethnicity 7.505 3 0.057
All-cause mortality 2319 999 Education 0.215 2 0.898
All-cause mortality 2319 999 Disease phenotype 4.174 3 0.243

. Years since diagnosis,
All-cause mortality 2319 999 per 5 years 0.087 1 0.768
. Pre-diagnosis smoking
All-cause mortality 2319 999 duration, per 10 years 0.703 1 0.402
All-cause mortality 2319 999 é:;é}t:red 2-year survey 1.779 1 0.182
All-cause mortality 2319 999 GLOBAL 25.897 14 0.027
Heart-disease mortality 2319 272 Post-diagnostic quitting 0.324 1 0.569
Heart-disease mortality 2319 272 Age, per 10 years 7.682 1 0.006
Heart-disease mortality 2319 272 Sex 0.167 1 0.683
Heart-disease mortality 2319 272 Race and ethnicity 4.300 3 0.231
Heart-disease mortality 2319 272 Education 0.003 2 0.999
Heart-disease mortality 2319 272 Disease phenotype 0.646 3 0.886

. . Years since diagnosis,

Heart-disease mortality 2319 272 per 5 years 2.189 1 0.139
i - Pre-diagnosis smoking

Heart-disease mortality 2319 272 duration, per 10 years 0.123 1 0.726

Heart-disease mortality 2319 272 E;C”Ifred 2-year survey 5.966 1 0.015

Heart-disease mortality 2319 272 GLOBAL 18.779 14 0.174

Cancer mortality 2319 244 Post-diagnostic quitting 1.247 1 0.264
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Outcome n Deaths Term Chi-square df P value

Cancer mortality 2319 244 Age, per 10 years 0.799 1 0.371
Cancer mortality 2319 244 Sex 0.889 1 0.346
Cancer mortality 2319 244 Race and ethnicity 1.350 3 0.717
Cancer mortality 2319 244 Education 0.986 2 0.611
Cancer mortality 2319 244 Disease phenotype 5.620 3 0.132
Cancer mortality 2319 244 ::rags ;Efgfse diagnosis, 0.071 1 0.79
Cancer mortality 2319 244 Pre-diagnosis smoking 0.094 1 0.76
duration, per 10 years
Cancer mortality 2319 244 f;cnlfred 2-year survey 0.032 1 0.859
Cancer mortality 2319 244 GLOBAL 11.647 14 0.635

P values were obtained from scaled Schoenfeld residual tests. A P value below 0.05 indicates statistical evidence against proportional hazards. Term-level
tests preserved the degrees of freedom of multilevel categorical variables.
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Figure source data

Post-diagnostic smoking cessation and heart-disease mortality among adults smoking at cardiopulmonary
disease diagnosis: an NHANES linked-mortality analysis

This document provides the numerical data underlying Figures 1-4. Values are reproduced from the final analysis outputs used to generate the
submitted TIFF files. Internal programming and model-object fields not displayed in the figures are omitted for readability.

Figure 1A source data. Participant-flow nodes

Order Flowchart node Retained n
1 All NHANES participants, 1999-2018 101316
2 Age >40 years 36252
3 Any prespecified cardiopulmonary disease 7100
4 Valid age at first cardiopulmonary diagnosis 6964
5 Ever smoker who started by diagnosis 3972
6 Classified as smoking at diagnosis 2388

Exposure classifiable: post-diagnostic quitter or

! persistent smoker 2388
Eligible for mortality linkage with positive interview
8 2357
follow-up
Valid 20-year interview weight and survey design
9 . 2319
variables
Figure 1A source data. Displayed exclusions
Reason Excluded n Displayed label
Excluded: 65,064
Age <40 years 65064 Age <40 years
Excluded: 29,152
No selected cardiopulmonary disease 29152 No selected cardiopulmonary

disease

Excluded: 136
Missing/invalid first diagnosis age 136 Missing/invalid first
diagnosis age

Excluded: 2,992
Never smoker or smoking began after diagnosis 2992 Never smoker or smoking began
after diagnosis

Excluded: 1,584

Not classifiable as smoking at diagnosis 1584 Not classifiable as smoking
at diagnosis
Excluded: 31

Mortality-linkage ineligible or no positive follow-up 31 Mortality-linkage ineligible
or no positive follow-up
Excluded: 38

Invalid combined interview weight/design variables 38 Invalid combined interview

weight/design variables

Zero-count exclusion annotations were not displayed in the final flowchart.
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Figure 1B source data. Survey-cycle composition by exposure group

NHANES cycle Exposure group Unweighted n
1999-2000 Post-diagnostic quitter 77
1999-2000 Persistent smoker 108
2001-2002 Post-diagnostic quitter 107
2001-2002 Persistent smoker 105
2003-2004 Post-diagnostic quitter 109
2003-2004 Persistent smoker 124
2005-2006 Post-diagnostic quitter 90
2005-2006 Persistent smoker 126
2007-2008 Post-diagnostic quitter 106
2007-2008 Persistent smoker 162
2009-2010 Post-diagnostic quitter 95
2009-2010 Persistent smoker 145
2011-2012 Post-diagnostic quitter 64
2011-2012 Persistent smoker 121
2013-2014 Post-diagnostic quitter 96
2013-2014 Persistent smoker 130
2015-2016 Post-diagnostic quitter 116
2015-2016 Persistent smoker 167
2017-2018 Post-diagnostic quitter 115
2017-2018 Persistent smoker 156

Figure 2A source data. Group counts for the survey-weighted unadjusted descriptive Kaplan-Meier curves for heart-disease-
free survival

Exposure group

Unweighted n

Persistent smoker

1344

Post-diagnostic quitter

975

Figure 2A source data. Survey-weighted unadjusted descriptive Kaplan-Meier coordinates for heart-disease-free survival

Exposure group Follow-up time, years Heart-disease-free survival probability
Persistent smoker 0.000000 1.00000000
Persistent smoker 0.083333 0.99937975
Persistent smoker 0.166667 0.99862702
Persistent smoker 0.250000 0.99833436
Persistent smoker 0.333333 0.99808864
Persistent smoker 0.416667 0.99727772
Persistent smoker 0.500000 0.99686595
Persistent smoker 0.583333 0.99545196
Persistent smoker 0.666667 0.99425418
Persistent smoker 0.750000 0.99425418
Persistent smoker 0.833333 0.99292557
Persistent smoker 0.916667 0.99239966
Persistent smoker 1.000000 0.98891348
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Persistent smoker 1.083333 0.98891348
Persistent smoker 1.166667 0.98793396
Persistent smoker 1.250000 0.98793396
Persistent smoker 1.333333 0.98793396
Persistent smoker 1.416667 0.98793396
Persistent smoker 1.500000 0.98456647
Persistent smoker 1.583333 0.98344395
Persistent smoker 1.666667 0.98146489
Persistent smoker 1.750000 0.98111557
Persistent smoker 1.833333 0.98044457
Persistent smoker 1.916667 0.97778119
Persistent smoker 2.000000 0.97526227
Persistent smoker 2.083333 0.97521280
Persistent smoker 2.166667 0.97521280
Persistent smoker 2.250000 0.97497668
Persistent smoker 2.333333 0.97497668
Persistent smoker 2.416667 0.97461214
Persistent smoker 2.500000 0.97058146
Persistent smoker 2.583333 0.96967857
Persistent smoker 2.666667 0.96933465
Persistent smoker 2.750000 0.96768840
Persistent smoker 2.833333 0.96720039
Persistent smoker 2.916667 0.96598628
Persistent smoker 3.000000 0.96598628
Persistent smoker 3.083333 0.96565962
Persistent smoker 3.166667 0.96505767
Persistent smoker 3.250000 0.96245049
Persistent smoker 3.333333 0.96129712
Persistent smoker 3.416667 0.96056036
Persistent smoker 3.500000 0.95733041
Persistent smoker 3.583333 0.95733041
Persistent smoker 3.666667 0.95119434
Persistent smoker 3.750000 0.94999565
Persistent smoker 3.833333 0.94938914
Persistent smoker 3.916667 0.94784355
Persistent smoker 4.000000 0.94712849
Persistent smoker 4.083333 0.94712849
Persistent smoker 4.166667 0.94712849
Persistent smoker 4.250000 0.94712849
Persistent smoker 4.333333 0.94649117
Persistent smoker 4.416667 0.94596349
Persistent smoker 4.500000 0.94472203
Persistent smoker 4.583333 0.94407406
Persistent smoker 4.666667 0.94348923
Persistent smoker 4.750000 0.94333199
Persistent smoker 4.833333 0.94333199
Persistent smoker 4.916667 0.93799768
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Persistent smoker 5.000000 0.93480012
Persistent smoker 5.083333 0.93425250
Persistent smoker 5.166667 0.93415608
Persistent smoker 5.250000 0.93084887
Persistent smoker 5.333333 0.93043503
Persistent smoker 5.416667 0.93043503
Persistent smoker 5.500000 0.93043503
Persistent smoker 5.583333 0.93043503
Persistent smoker 5.666667 0.93043503
Persistent smoker 5.750000 0.93043503
Persistent smoker 5.833333 0.92953860
Persistent smoker 5.916667 0.92953860
Persistent smoker 6.000000 0.92953860
Persistent smoker 6.083333 0.92953860
Persistent smoker 6.166667 0.92953860
Persistent smoker 6.250000 0.92953860
Persistent smoker 6.333333 0.92945085
Persistent smoker 6.500000 0.92643656
Persistent smoker 6.583333 0.92419715
Persistent smoker 6.666667 0.92395439
Persistent smoker 6.750000 0.92395439
Persistent smoker 6.833333 0.92395439
Persistent smoker 6.916667 0.92395439
Persistent smoker 7.000000 0.92292833
Persistent smoker 7.083333 0.91978499
Persistent smoker 7.166667 0.91978499
Persistent smoker 7.250000 0.91942213
Persistent smoker 7.333333 0.91823715
Persistent smoker 7.416667 0.91823715
Persistent smoker 7.500000 0.91823715
Persistent smoker 7.583333 0.91823715
Persistent smoker 7.666667 0.91809526
Persistent smoker 7.750000 0.91738927
Persistent smoker 7.833333 0.91326770
Persistent smoker 7.916667 0.91281948
Persistent smoker 8.000000 0.91281948
Persistent smoker 8.083333 0.91187256
Persistent smoker 8.166667 0.91187256
Persistent smoker 8.333333 0.91056137
Persistent smoker 8.416667 0.91014230
Persistent smoker 8.500000 0.91014230
Persistent smoker 8.583333 0.91014230
Persistent smoker 8.666667 0.90746628
Persistent smoker 8.750000 0.90675037
Persistent smoker 8.833333 0.90675037
Persistent smoker 8.916667 0.90675037
Persistent smoker 9.000000 0.90645521
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Persistent smoker 9.083333 0.90617073
Persistent smoker 9.166667 0.90617073
Persistent smoker 9.250000 0.90441560
Persistent smoker 9.333333 0.90428743
Persistent smoker 9.416667 0.90298545
Persistent smoker 9.500000 0.90141203
Persistent smoker 9.583333 0.90141203
Persistent smoker 9.666667 0.89991112
Persistent smoker 9.750000 0.89921570
Persistent smoker 9.833333 0.89891065
Persistent smoker 9.916667 0.89891065
Persistent smoker 10.000000 0.89618262
Persistent smoker 10.083333 0.89596236
Persistent smoker 10.166667 0.89415839
Persistent smoker 10.250000 0.89415839
Persistent smoker 10.333333 0.89415839
Persistent smoker 10.416667 0.89415839
Persistent smoker 10.500000 0.89415839
Persistent smoker 10.583333 0.89415839
Persistent smoker 10.666667 0.89272042
Persistent smoker 10.750000 0.89272042
Persistent smoker 10.833333 0.89272042
Persistent smoker 10.916667 0.89272042
Persistent smoker 11.000000 0.89272042
Persistent smoker 11.083333 0.89272042
Persistent smoker 11.166667 0.89272042
Persistent smoker 11.250000 0.89272042
Persistent smoker 11.333333 0.88983727
Persistent smoker 11.416667 0.88983727
Persistent smoker 11.500000 0.88731428
Persistent smoker 11.583333 0.88731428
Persistent smoker 11.666667 0.88731428
Persistent smoker 11.750000 0.88731428
Persistent smoker 11.833333 0.88731428
Persistent smoker 11.916667 0.88731428
Persistent smoker 12.083333 0.88037357
Persistent smoker 12.166667 0.88037357
Persistent smoker 12.250000 0.87814556
Persistent smoker 12.333333 0.87814556
Persistent smoker 12.416667 0.87814556
Persistent smoker 12.500000 0.87553029
Persistent smoker 12.583333 0.87553029
Persistent smoker 12.666667 0.87553029
Persistent smoker 12.750000 0.87553029
Persistent smoker 12.833333 0.87553029
Persistent smoker 12.916667 0.87525297
Persistent smoker 13.000000 0.87525297
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Persistent smoker 13.083333 0.87525297
Persistent smoker 13.166667 0.87326021
Persistent smoker 13.250000 0.87326021
Persistent smoker 13.333333 0.87326021
Persistent smoker 13.416667 0.87326021
Persistent smoker 13.500000 0.87326021
Persistent smoker 13.583333 0.87326021
Persistent smoker 13.750000 0.87326021
Persistent smoker 13.833333 0.87326021
Persistent smoker 13.916667 0.87326021
Persistent smoker 14.000000 0.87326021
Persistent smoker 14.083333 0.87326021
Persistent smoker 14.166667 0.87326021
Persistent smoker 14.250000 0.87326021
Persistent smoker 14.333333 0.87326021
Persistent smoker 14.416667 0.87326021
Persistent smoker 14.500000 0.87326021
Persistent smoker 14.583333 0.86724738
Persistent smoker 14.666667 0.86724738
Persistent smoker 14.750000 0.86724738
Persistent smoker 14.833333 0.86377878
Persistent smoker 14.916667 0.86377878
Persistent smoker 15.000000 0.86377878
Persistent smoker 15.083333 0.84979267
Persistent smoker 15.166667 0.83934761
Persistent smoker 15.250000 0.83934761
Persistent smoker 15.333333 0.83934761
Persistent smoker 15.416667 0.83934761
Persistent smoker 15.500000 0.83934761
Persistent smoker 15.583333 0.83934761
Persistent smoker 15.666667 0.83934761
Persistent smoker 15.750000 0.83934761
Persistent smoker 15.833333 0.83934761
Persistent smoker 15.916667 0.83934761
Persistent smoker 16.083333 0.83934761
Persistent smoker 16.166667 0.83934761
Persistent smoker 16.250000 0.83934761
Persistent smoker 16.333333 0.83934761
Persistent smoker 16.416667 0.83934761
Persistent smoker 16.500000 0.83934761
Persistent smoker 16.583333 0.83934761
Persistent smoker 16.666667 0.83934761
Persistent smoker 16.750000 0.83934761
Persistent smoker 16.916667 0.83694930
Persistent smoker 17.000000 0.83694930
Persistent smoker 17.083333 0.83694930
Persistent smoker 17.166667 0.83694930
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Persistent smoker 17.250000 0.83694930
Persistent smoker 17.500000 0.82083586
Persistent smoker 17.583333 0.82083586
Persistent smoker 17.666667 0.82083586
Persistent smoker 17.750000 0.80667749
Persistent smoker 17.833333 0.80667749
Persistent smoker 18.000000 0.80667749
Persistent smoker 18.083333 0.80667749
Persistent smoker 18.166667 0.80667749
Persistent smoker 18.250000 0.80667749
Persistent smoker 18.333333 0.80667749
Persistent smoker 18.500000 0.80667749
Persistent smoker 18.583333 0.80667749
Persistent smoker 18.666667 0.80667749
Persistent smoker 18.750000 0.80667749
Persistent smoker 19.083333 0.80667749
Persistent smoker 19.166667 0.80667749
Persistent smoker 19.250000 0.80667749
Persistent smoker 19.333333 0.79044550
Persistent smoker 19.416667 0.79044550
Persistent smoker 19.583333 0.79044550
Persistent smoker 19.666667 0.79044550
Persistent smoker 19.750000 0.79044550
Persistent smoker 19.833333 0.79044550
Persistent smoker 19.916667 0.79044550
Persistent smoker 20.000000 0.79044550
Persistent smoker 20.083333 0.79044550
Persistent smoker 20.166667 0.79044550
Persistent smoker 20.250000 0.79044550
Persistent smoker 20.416667 0.79044550
Persistent smoker 20.500000 0.79044550
Persistent smoker 20.583333 0.79044550
Post-diagnostic quitter 0.000000 1.00000000
Post-diagnostic quitter 0.083333 0.99877803
Post-diagnostic quitter 0.166667 0.99877803
Post-diagnostic quitter 0.250000 0.99828947
Post-diagnostic quitter 0.333333 0.99783497
Post-diagnostic quitter 0.416667 0.99456728
Post-diagnostic quitter 0.500000 0.99410622
Post-diagnostic quitter 0.583333 0.99410622
Post-diagnostic quitter 0.666667 0.99351987
Post-diagnostic quitter 0.750000 0.99229778
Post-diagnostic quitter 0.833333 0.99134102
Post-diagnostic quitter 0.916667 0.98971144
Post-diagnostic quitter 1.000000 0.98914485
Post-diagnostic quitter 1.083333 0.98914485
Post-diagnostic quitter 1.166667 0.98660452
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Post-diagnostic quitter 1.250000 0.98660452
Post-diagnostic quitter 1.333333 0.98654201
Post-diagnostic quitter 1.416667 0.98654201
Post-diagnostic quitter 1.500000 0.98542757
Post-diagnostic quitter 1.583333 0.98311157
Post-diagnostic quitter 1.666667 0.98195431
Post-diagnostic quitter 1.750000 0.98195431
Post-diagnostic quitter 1.833333 0.98195431
Post-diagnostic quitter 1.916667 0.98195431
Post-diagnostic quitter 2.000000 0.98121883
Post-diagnostic quitter 2.083333 0.97995327
Post-diagnostic quitter 2.166667 0.97828065
Post-diagnostic quitter 2.250000 0.97799079
Post-diagnostic quitter 2.333333 0.97728168
Post-diagnostic quitter 2.416667 0.97593159
Post-diagnostic quitter 2.500000 0.97325930
Post-diagnostic quitter 2.583333 0.97325930
Post-diagnostic quitter 2.666667 0.97166207
Post-diagnostic quitter 2.750000 0.97051999
Post-diagnostic quitter 2.833333 0.97051999
Post-diagnostic quitter 2.916667 0.97051999
Post-diagnostic quitter 3.000000 0.96971496
Post-diagnostic quitter 3.083333 0.96936098
Post-diagnostic quitter 3.166667 0.96891949
Post-diagnostic quitter 3.250000 0.96891949
Post-diagnostic quitter 3.333333 0.96690818
Post-diagnostic quitter 3.416667 0.96690818
Post-diagnostic quitter 3.500000 0.96524952
Post-diagnostic quitter 3.583333 0.96524952
Post-diagnostic quitter 3.666667 0.96524952
Post-diagnostic quitter 3.750000 0.96294482
Post-diagnostic quitter 3.833333 0.96294482
Post-diagnostic quitter 3.916667 0.95908418
Post-diagnostic quitter 4.000000 0.95593840
Post-diagnostic quitter 4.083333 0.95314325
Post-diagnostic quitter 4.166667 0.95285043
Post-diagnostic quitter 4.250000 0.95285043
Post-diagnostic quitter 4.333333 0.95257611
Post-diagnostic quitter 4.416667 0.95257611
Post-diagnostic quitter 4.500000 0.94895955
Post-diagnostic quitter 4.583333 0.94828864
Post-diagnostic quitter 4.666667 0.94828864
Post-diagnostic quitter 4.750000 0.94828864
Post-diagnostic quitter 4.833333 0.94828864
Post-diagnostic quitter 4.916667 0.94812999
Post-diagnostic quitter 5.000000 0.94656738
Post-diagnostic quitter 5.083333 0.94514405
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Post-diagnostic quitter 5.166667 0.94304090
Post-diagnostic quitter 5.250000 0.94174375
Post-diagnostic quitter 5.333333 0.93930050
Post-diagnostic quitter 5.416667 0.93930050
Post-diagnostic quitter 5.500000 0.93930050
Post-diagnostic quitter 5.583333 0.93706927
Post-diagnostic quitter 5.666667 0.93625153
Post-diagnostic quitter 5.750000 0.93625153
Post-diagnostic quitter 5.833333 0.93531150
Post-diagnostic quitter 5.916667 0.93516203
Post-diagnostic quitter 6.000000 0.93141075
Post-diagnostic quitter 6.083333 0.92603875
Post-diagnostic quitter 6.166667 0.92603875
Post-diagnostic quitter 6.250000 0.92603875
Post-diagnostic quitter 6.333333 0.92487072
Post-diagnostic quitter 6.500000 0.92435849
Post-diagnostic quitter 6.583333 0.92435849
Post-diagnostic quitter 6.666667 0.92173283
Post-diagnostic quitter 6.750000 0.92173283
Post-diagnostic quitter 6.833333 0.91928348
Post-diagnostic quitter 6.916667 0.91928348
Post-diagnostic quitter 7.000000 0.91928348
Post-diagnostic quitter 7.083333 0.91928348
Post-diagnostic quitter 7.166667 0.91822353
Post-diagnostic quitter 7.250000 0.91478077
Post-diagnostic quitter 7.333333 0.91269700
Post-diagnostic quitter 7.416667 0.91231110
Post-diagnostic quitter 7.500000 0.91231110
Post-diagnostic quitter 7.583333 0.90984645
Post-diagnostic quitter 7.666667 0.90984645
Post-diagnostic quitter 7.833333 0.90895993
Post-diagnostic quitter 7.916667 0.90895993
Post-diagnostic quitter 8.000000 0.90895993
Post-diagnostic quitter 8.083333 0.90895993
Post-diagnostic quitter 8.166667 0.90895993
Post-diagnostic quitter 8.333333 0.90870397
Post-diagnostic quitter 8.416667 0.90668362
Post-diagnostic quitter 8.500000 0.90668362
Post-diagnostic quitter 8.583333 0.90515900
Post-diagnostic quitter 8.666667 0.90515900
Post-diagnostic quitter 8.750000 0.90446325
Post-diagnostic quitter 8.833333 0.90254897
Post-diagnostic quitter 8.916667 0.90254897
Post-diagnostic quitter 9.000000 0.90254897
Post-diagnostic quitter 9.083333 0.89585920
Post-diagnostic quitter 9.166667 0.89364278
Post-diagnostic quitter 9.250000 0.89136281
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Post-diagnostic quitter 9.333333 0.88898765
Post-diagnostic quitter 9.416667 0.88898765
Post-diagnostic quitter 9.500000 0.88749010
Post-diagnostic quitter 9.583333 0.88749010
Post-diagnostic quitter 9.666667 0.88749010
Post-diagnostic quitter 9.750000 0.88643025
Post-diagnostic quitter 9.833333 0.88643025
Post-diagnostic quitter 9.916667 0.88005238
Post-diagnostic quitter 10.000000 0.87854740
Post-diagnostic quitter 10.083333 0.87411023
Post-diagnostic quitter 10.166667 0.87411023
Post-diagnostic quitter 10.250000 0.87058315
Post-diagnostic quitter 10.333333 0.86699628
Post-diagnostic quitter 10.416667 0.86699628
Post-diagnostic quitter 10.500000 0.86699628
Post-diagnostic quitter 10.583333 0.86699628
Post-diagnostic quitter 10.666667 0.86699628
Post-diagnostic quitter 10.750000 0.86699628
Post-diagnostic quitter 10.833333 0.86699628
Post-diagnostic quitter 10.916667 0.86699628
Post-diagnostic quitter 11.000000 0.86699628
Post-diagnostic quitter 11.083333 0.86488325
Post-diagnostic quitter 11.166667 0.86367301
Post-diagnostic quitter 11.250000 0.86367301
Post-diagnostic quitter 11.333333 0.86367301
Post-diagnostic quitter 11.416667 0.86367301
Post-diagnostic quitter 11.500000 0.86367301
Post-diagnostic quitter 11.583333 0.86367301
Post-diagnostic quitter 11.666667 0.86367301
Post-diagnostic quitter 11.750000 0.85876480
Post-diagnostic quitter 11.833333 0.85242124
Post-diagnostic quitter 11.916667 0.85242124
Post-diagnostic quitter 12.000000 0.85242124
Post-diagnostic quitter 12.083333 0.85242124
Post-diagnostic quitter 12.166667 0.85242124
Post-diagnostic quitter 12.250000 0.85242124
Post-diagnostic quitter 12.333333 0.85242124
Post-diagnostic quitter 12.416667 0.85242124
Post-diagnostic quitter 12.500000 0.85242124
Post-diagnostic quitter 12.583333 0.85010885
Post-diagnostic quitter 12.666667 0.84292587
Post-diagnostic quitter 12.750000 0.83823319
Post-diagnostic quitter 12.833333 0.83823319
Post-diagnostic quitter 12.916667 0.83823319
Post-diagnostic quitter 13.000000 0.83823319
Post-diagnostic quitter 13.250000 0.83823319
Post-diagnostic quitter 13.333333 0.83823319
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Post-diagnostic quitter 13.416667 0.83823319
Post-diagnostic quitter 13.500000 0.83823319
Post-diagnostic quitter 13.583333 0.83823319
Post-diagnostic quitter 13.750000 0.83823319
Post-diagnostic quitter 13.833333 0.83621281
Post-diagnostic quitter 13.916667 0.83621281
Post-diagnostic quitter 14.000000 0.83621281
Post-diagnostic quitter 14.083333 0.82774899
Post-diagnostic quitter 14.166667 0.82774899
Post-diagnostic quitter 14.250000 0.82774899
Post-diagnostic quitter 14.333333 0.82774899
Post-diagnostic quitter 14.416667 0.82774899
Post-diagnostic quitter 14.583333 0.82442403
Post-diagnostic quitter 14.666667 0.82442403
Post-diagnostic quitter 14.750000 0.82442403
Post-diagnostic quitter 14.833333 0.82442403
Post-diagnostic quitter 14.916667 0.82442403
Post-diagnostic quitter 15.083333 0.81544513
Post-diagnostic quitter 15.166667 0.81544513
Post-diagnostic quitter 15.333333 0.81544513
Post-diagnostic quitter 15.416667 0.81544513
Post-diagnostic quitter 15.666667 0.81544513
Post-diagnostic quitter 15.750000 0.81544513
Post-diagnostic quitter 15.833333 0.81249852
Post-diagnostic quitter 15.916667 0.81249852
Post-diagnostic quitter 16.000000 0.81249852
Post-diagnostic quitter 16.083333 0.81249852
Post-diagnostic quitter 16.166667 0.81249852
Post-diagnostic quitter 16.250000 0.81249852
Post-diagnostic quitter 16.333333 0.80253650
Post-diagnostic quitter 16.583333 0.80253650
Post-diagnostic quitter 16.666667 0.80253650
Post-diagnostic quitter 16.750000 0.80253650
Post-diagnostic quitter 16.833333 0.80253650
Post-diagnostic quitter 16.916667 0.80253650
Post-diagnostic quitter 17.083333 0.78545761
Post-diagnostic quitter 17.166667 0.78545761
Post-diagnostic quitter 17.250000 0.78545761
Post-diagnostic quitter 17.333333 0.78545761
Post-diagnostic quitter 17.416667 0.78545761
Post-diagnostic quitter 17.583333 0.78545761
Post-diagnostic quitter 17.666667 0.78545761
Post-diagnostic quitter 17.750000 0.78545761
Post-diagnostic quitter 17.833333 0.78545761
Post-diagnostic quitter 18.000000 0.78545761
Post-diagnostic quitter 18.083333 0.78545761
Post-diagnostic quitter 18.166667 0.78545761
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Exposure group

Follow-up time, years

Heart-disease-free survival probability

Post-diagnostic quitter 18.250000 0.78545761
Post-diagnostic quitter 18.333333 0.78545761
Post-diagnostic quitter 18.416667 0.78545761
Post-diagnostic quitter 18.500000 0.78545761
Post-diagnostic quitter 18.666667 0.78545761
Post-diagnostic quitter 18.833333 0.78545761
Post-diagnostic quitter 18.916667 0.74041877
Post-diagnostic quitter 19.083333 0.74041877
Post-diagnostic quitter 19.166667 0.74041877
Post-diagnostic quitter 19.250000 0.74041877
Post-diagnostic quitter 19.416667 0.74041877
Post-diagnostic quitter 19.583333 0.74041877
Post-diagnostic quitter 19.750000 0.74041877
Post-diagnostic quitter 20.083333 0.74041877
Post-diagnostic quitter 20.250000 0.74041877
Post-diagnostic quitter 20.416667 0.74041877
Post-diagnostic quitter 20.500000 0.74041877
Post-diagnostic quitter 20.583333 0.74041877
Post-diagnostic quitter 20.666667 0.74041877

These Kaplan-Meier curves are unadjusted and descriptive. They should not be interpreted as covariate-adjusted survival estimates.

Figure 2B source data. Full-period mortality models, NHANES 1999-2018

Outcome Model n Deaths HR 95% CI lower 95% CI upper P value
All-cause MO: Unadjusted 2319 999 1533 1272 1.846 <0.001
mortality
All-cause M1: Demographic- 2319 999 0.823 0.682 0.994 0.043
mortality adjusted
All-cause M2: Fully adjusted 2319 999 0.896 0.735 1.002 0.276
mortality core model
Heart-disease MO: Unadijusted 2319 272 1.144 0.838 1561 0.398
mortality
Heart-disease M1: Demographic- 2319 212 0545 0.392 0.758 <0.001
mortality adjusted
Heart—(_ilsease M2: Fully adjusted 2319 279 0586 0422 0815 0.001
mortality core model
Cancer MO: Unadijusted 2319 244 1.207 0.845 1.722 0.301
mortality
Cancer M1: Demographic- 2319 244 0.722 0.499 1.045 0.084
mortality adjusted
Cancer M2: Fully adjusted 2319 244 0.723 0.492 1.064 0.100
mortality core model
Figure 2C source data. Restricted-period mortality models, NHANES 1999-2014

Outcome Model n Deaths HR 95% CI lower 95% CI upper P value
Cardiovascular MO: Unadijusted 1765 283 1.175 0.856 1613 0.319
composite mortality
Cardiovascular M1: Demographic-
composite mortality adjusted 1765 283 0.398 0.781 <0.001
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Outcome Model n Deaths HR 95% CI lower 95% CI upper P value
Cardlov_ascular ) M2: Fully adjusted 1765 283 0589 0417 0832 0.003
composite mortality core model
Chronic lower
respiratory MO: Unadjusted 1765 152 1.600 1.090 2.349 0.016
disease mortality
Chronic lower . .
respiratory M1 Demographic- 1765 152 0.786 0531 1163 0.229

. . adjusted
disease mortality
Chronic lower . .
respiratory M2: Fully adjusted 1765 152 1182 0.758 1.845 0.461

: . core model
disease mortality
Hazard ratios compare post-diagnostic quitters with persistent smokers.
Figure 3A source data. Landmark analyses

Outcome Analysis Landmark, months n Deaths HR 95% CI lower 95% CI upper P value

All-cause mortality | Baseline 0 2319 999 0.896 0.735 1.092 0.276
Heart-disease Baseline 0 2319 272 0.586 0.422 0.815 0.001
mortality ’ ' ' '
All-cause mortality | 12-month landmark 12 2196 876 0.863 0.698 1.067 0.174
Heart-disease 12-month landmark 12 2196 233 0.567 0.389 0.825 0.003
mortality
All-cause mortality | 24-month landmark 24 1958 768 0.849 0.680 1.060 0.149
Heart-disease 24-month landmark 24 1958 205 0.622 0.418 0.927 0.020
mortality
All-cause mortality | 36-month landmark 36 1742 662 0.803 0.637 1.013 0.064
Heart-disease 36-month landmark 36 1742 175 0.605 0.396 0.922 0.019
mortality
Figure 3B source data. Heart-disease mortality sensitivity analyses

Analysis n Deaths HR 95% CI lower 95% CI upper P value Status
Primary fully adjusted 2319 272 0.586 0.422 0.815 0.001 ok
model
No calendar-cycle 2319 272 0.595 0.424 0.834 0.003 ok
adjustment
Restricted to NHANES
1999-2016 2048 264 0.577 0.414 0.805 0.001 ok
Strict quit-age definition 2093 235 0.592 0.411 0.853 0.005 ok
MEC-weighted
extended model 1943 212 0.534 0.361 0.791 0.002 ok
Additional smoking- 2239 260 0.563 0.397 0.800 0.001 ok
burden adjustment
Restricted to 13711 213 0.603 0.422 0.860 0.005 ok
cardiovascular disease
Restricted to chronic 1356 136 0.620 0.400 0.962 0.033 ok
lung disease
Survey x overlap 2319 272 0.626 0.453 0.864 0.004 ok
weighting
Overlap weighting plus 2319 272 0.579 0.416 0.807 0.001 ok
outcome adjustment
Exclude quit-age
discrepancy >1 year 2199 249 0.520 0.370 0.733 <0.001 ok
5.“'“"9 quit-age 2236 252 0.529 0.376 0.744 <0.001 ok

iscrepancy >2 years

Page 13




Analysis n Deaths HR 95% CI lower 95% CI upper P value Status
Exclude quit-age 2279 261 0.556 0.395 0.782 <0.001 ok
discrepancy >5 years
Directly reported quit 2117 258 0.577 0.410 0813 0.002 ok
age only
Omit years since 2319 272 0.584 0.421 0.811 0.001 ok
diagnosis
Omit pre-diagnosis 2319 272 0.586 0.421 0.816 0.002 ok
smoking duration

Hazard ratios compare post-diagnostic quitters with persistent smokers. Leave-one-covariate-out models are included in the final panel.

Figure 4A source data. Covariate balance before and after overlap weighting

Covariate Survey weight only: absolute ASD Survey x overlap weight: absolute ASD

Years since first diagnosis 0.719684 0.000001
Age, years 0.679367 0.000002
Sex: Male 0.195958 0.000005
Sex: Female 0.195958 0.000005
Race/ethnicity: Non-Hispanic White 0.183944 0.000012
OCr?Ir;llopulmonary disease phenotype: Chronic lung disease 0.165488 0.000005
Race/ethnicity: Non-Hispanic Black 0.143277 0.000019
Race/ethnicity: Other/Multiracial 0.135130 0.000001
Educational attainment: High school or less 0.130243 0.000005
Educational attainment: Some college or above 0.128327 0.000005
Cardlopulmonary disease phenotype: Both cardiovascular 0.125296 0.000003
and lung disease

Pre-diagnosis smoking duration, years 0.092930 0.000000
0Crr:ilr)(li|0pu|m0nary disease phenotype: Cardiovascular disease 0.072198 0.000005
Educational attainment: Unknown 0.039784 0.000030
Survey calendar year 0.023429 0.000007
Cardiopulmonary disease phenotype: Other 0.019740 0.003462
Race/ethnicity: Hispanic 0.000882 0.000001

Poverty-income ratio was not included in the core propensity-score model and was not displayed in the final Figure 4A.

Figure 4B source data. Prespecified exploratory subgroup estimates for heart-disease mortality

Subgroup Level n Deaths HR 95% CI lower 95% CI upper P value
Age group 40-64 years 1290 94 0.339 0.174 0.660 0.001
Age group >65 years 1029 178 0.760 0.520 1.110 0.156
Sex Male 1290 171 0.482 0.329 0.705 <0.001
Sex Female 1029 101 0.771 0.489 1.218 0.266
Disease phenotype gﬁlr)‘,"‘)"ascu'ar disease 963 136 0502 0.332 0.761 0.001

Chronic lung disease

947 59 0.365 0.183 0.728 0.004
only

Disease phenotype

Disease phenotype | BOth cardiovascular 408 77 1.010 0.549 1.860 0.973
and lung disease

Hazard ratios compare post-diagnostic quitters with persistent smokers and were adjusted for the core-model covariates other than the stratifying variable.
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STROBE checklist for observational studies

Post-diagnostic smoking cessation and heart-disease mortality among adults smoking at
cardiopulmonary disease diagnosis: An NHANES linked-mortality analysis

The study is a secondary observational analysis of pooled cross-sectional NHANES cycles linked to prospective mortality follow-up. The
checklist below uses the STROBE reporting domains and points to the revised clean manuscript and supplementary material.

Item Section STROBE recommendation Reported in revised manuscript
Indicate the study design with a commonly . . " }
1 Title and abstract used term in the title or abstract; provide an T'tl.e‘ page 1, lines 2-4; Abstract, pages 1
. . 2, lines 12-39.
informative and balanced summary.
2 Background/rationale Ex_p lain the scientific background and Introduction, pages 2-3, lines 43-65.
rationale.
3 Objectives State sp_e(_:lflc objectives, including Introduction, page 3, lines 66-73.
prespecified hypotheses.
. . Abstract Methods, page 1, lines 18-25;
4 Study design Present key elements of study design early. Methods, page 3, lines 75-81.
. . . Methods, pages 3-5, lines 75-116;
5 Setting (Ij)escnbe setting, locations, and relevant mortality follow-up through 31 December
ates.
2019.
. R - Methods - Study population, pages 3-4,
6 Participants ill\éit?gr?lblmy criteria and methods of lines 82-93; Figure 1A; Supplementary
' Table S1.
Clearly define outcomes, exposures, Exposure, pages j émlgs 94iég7i16'
7 Variables predictors, confounders, and effect outcomes, pages 4-5, lines 108-116;
modifiers ' ' covariates, page 5, lines 117-128;
' subgroup variables, page 6, lines 166-170.
. . Methods, pages 3-6, lines 75-173;
8 Data sources/measurement For each variable, give sources and methods Supplementary methods and Tables S2-
of assessment.
S4, S6-S9.
Statistical analysis, pages 6, lines 150-
9 Bias Describe efforts to address potential sources | 170; sensitivity analyses, page 8, lines
of bias. 204-231; Discussion limitations, pages 9-
10, lines 247-284.
All eligible NHANES participants were
10 Study size Explain how study size was arrived at. screened; Methods, pages 3-4, lines 82-
93; Figure 1A; Supplementary Table S1.
Explain how quantitative variables were Covariates and scaling, page 5, lines 117-
11 Quantitative variables P d 128; model specifications, page 6, lines
handled.
144-149.
Describe confounding control, Statistical analysis, pages 5-6, lines 129-
12 Statistical methods subgroup/interaction methods, missing data, | 173; Tables 2-5; Supplementary Tables
sampling strategy, sensitivity analyses. S4-S13.
13 Participants Report numl_)e_rs a_t each stage and reasons Results, page 7, lines 181-188; Figure 1A;
for non-participation. Supplementary Table S1.
. Give participant characteristics and missing | Results, page 7, lines 181-188; Table 1;
14 Descriptive data data. Supplementary Tables S2-S4.
15 Outcome data Report numbers of outcome events. Results, pages 7-8, lines 191-202; Table
2; Supplementary Table S6.
. . . . . Results, pages 7-8, lines 191-202; Table 2
16 Main results GrlggeiSl:gﬁqtﬁztl'??ya:gjn?gﬁ%s;ziestlmates with and Figure 2; model covariates described
P ' ' at page 6, lines 144-149.
Results, pages 8-9, lines 204-238; Tables
17 Other analyses Report subgroup and sensitivity analyses. 3-5; Figures 3-4; Supplementary Tables
S5, S7-S13.
18 Key results Summarize key results with reference to Discussion, page 9, lines 241-246.

objectives.
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Item Section STROBE recommendation Reported in revised manuscript
19 Limitations D'SCU.SS limitations, .d”e(.:tlon’ and Discussion, pages 9-10, lines 247-284.
magnitude of potential bias.
Give cautious overall interpretation in light . . .
20 Interpretation of objectives, limitations, multiplicity, and Dlscussmn and Conclusions, pages 9-11,
- lines 241-294.
other evidence.
- . - Discussion, pages 9-10, lines 253-288;
21 Generalisability Discuss external validity. Conclusions, page 11, lines 289-294.
22 Funding Give source and role of funders. Declarations - Funding, page 11, line 301;

revised Title Page.

Page and line numbers refer to 01_TID-02054-2026-01_Revised_Manuscript_Clean.docx. Supplementary-table references refer to the revised

Supplementary Material.
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Supplementary Code

Manuscript title:

Post-diagnostic smoking cessation and heart-disease mortality among
adults

smoking at cardiopulmonary disease diagnosis: an NHANES linked-mortality
analysis

Manuscript ID: TID-02054-2026-01

Contents
1. Supplementary Code 1 Complete Analysis.R

Complete integrated analysis workflow, including data harmonization,
survey-weighted

mortality models, sensitivity analyses, multicollinearity diagnostics,
proportional

hazards diagnostics, tables, figures, and source-data outputs.

2. Supplementary Code 2 Final Figure Patch.R

Final figure-only patch. It does not refit statistical models. It
removes the zero-count

exclusion annotation from Figure 1A and excludes poverty-income ratio
from Figure 4A,

while retaining the final Figure 2 and Figure 3 files unchanged.

Execution notes
- The complete analysis script was run under R 4.6.0 on Windows.
- Before execution, edit PROJECT PARENT near the beginning of the
complete analysis script

to point to the local project directory.
- The script expects the locked NHANES cycle files and mortality files in
the documented

00 raw data directory structure.
- The figure-only patch expects the final figure package created by the
complete workflow.
- Numerical data underlying Figures 1-4 are supplied separately in the
Figure Source Data file.
- No confidential participant-level data are included in this archive.



S
# WH: DERRZE R RIES KHIZE TS XS —NHANES 1999-2018fx A B E 0T
%yﬁ?Mﬁi%Jﬂmeﬁﬁﬁ_miﬁé%Iﬁﬁiﬂ@ﬁﬁyﬁﬁéﬁs%Eﬁghﬁggﬁﬁ
# BRAS:TID MAJOR_REVISION FINAL_ALL_IN ONE_COMPLETE_RUN vl 2026-07-17

#

# {FEAVIEA:

# 1) NEMBRLRIB ., BIARER LR E 00 _raw_data, FTETID_MAJOR_REVISION_ 2026
EREFHE,

# 2) KREIARRLERS{Ee0 raw_datad AINHANES E HARDSFIFETEDAT, T LRI FZEHUE,

# th R {&Ekeo raw data,

# 3) BMAXEHTR - &F. LEA. § LM E., THEE RELE

# landmark, ¥ BT =, WEAIE, EEMx, VA, XEEH.

# TR 05 S — B BR B 70 M7 B EE 4B IXURGHARR 13646 73

#4) EERBEGUERER, BPATTIDKEFIE S HAIREEM:

# VIF/GVIF. AEMmEFrIZk. 1999-2014= E&R!  RIEKFNTable 1-2FE#4,

#5) FTAEXEFEEFERsurvey: : svycoxph; T B8 3 ML XU R %5

# survival: :cox.zphiZH#f,
S

rm(list = 1s())

# RRARARES:
1) TEFRRPEERETEVN,;
2) B ERE, RELB. landmark, EEMR, WA REE B BRED T ;
3) TIDKIEFTEMIZE. MEFrZ. [RE N £iMe/M1/M2FIRIGE;
4) VIF/GVIF, leave-one-covariate-out#EIE R LLAI X2 B ;
5) Figure 1-42ERYiEIR600 dpi TIFF. SEEEHFE. X NCSVIREIE;
6) THEMAEMZIPEA R,
#

# IR AMERTRBARHE, FERBER00_raw_data,
G G G G B G G e e e s e i e o

H oHEFEHHEH

PROJECT_PARENT <- "C:/Users/33652/Desktop/Q"

# BIEMERDIE : RELERE P00 _raw_dataflBLER, FMEBIZ M,
SOURCE_PROJECT_NAME <- "CARDIOPULMONARY_SMOKING_REANALYSIS_FINAL_1999_2018"
SOURCE_PROJECT_ROOT <- file.path(PROJECT_PARENT, SOURCE_PROJECT_NAME)

# RRKEMIHBTE  £BEHH/NERSALLL,
PROJECT_NAME  <- "TID MAJOR_REVISION FINAL_ALL_IN ONE"
PROJECT_ROOT  <- file.path(PROJECT_PARENT, PROJECT_NAME)

# AER ERPEEITE THIAXHREARRLSR, BMNEEAHAE ST Bx,
# I&fHFRSOURCE_PROJECT ROOTE({E{A[0@ raw_data,
CLEAN_OUTPUT_BEFORE_RUN <- TRUE



if (CLEAN_OUTPUT BEFORE_RUN && dir.exists(PROJECT_ROOT)) {
unlink (PROJECT_ROOT, recursive = TRUE, force = TRUE)

}

RAW_ROOT <- file.path(SOURCE_PROJECT_ROOT, "@0 raw_data")

# REMMSLERE XL

# A. Q/CARDIOPULMONARY SMOKING REANALYSIS_ FINAL 1999 2018/00 raw_data

# B. Q/00_raw_data

if (!dir.exists(RAW_ROOT) && dir.exists(file.path(PROJECT_PARENT, "00_raw_data"))) {
RAW_ROOT <- file.path(PROJECT PARENT, "0 raw_data")

}

RAW_NHANES <- file.path(RAW_ROOT, "NHANES")
RAW_MORT  <- file.path(RAW_ROOT, "NHANES mortality")

MIN_AGE <- 40

LANDMARK_MONTHS <- c(12, 24, 36)
MIN_EVENTS_MODEL <- 10
MIN_EVENTS_SUBGROUP <- 15
WRITE_TIFF <- TRUE

WRITE_PDF <- TRUE

DPI <- 600

BASE_FAMILY <- "Times New Roman"
MORTALITY_VINTAGE <- "2019"
AUTO_INSTALL_PACKAGES <- TRUE

if (!dir.exists(RAW_NHANES) || !dir.exists(RAW_MORT)) {
stop(
"%k#kZF100_raw_datafBINHANESENHANES mortality3 {43, N {ZF:\n",
RAW_NHANES, "\n", RAW_MORT

)
}
e ———
# 1. REHIHLARE
e ———

required_packages <- c(
"haven", "readr", "dplyr", "tidyr", "purrr", "stringr", "tibble",
"survey", "survival", "ggplot2", "patchwork", "scales", "fs"

)

optional packages <- c("EValue")

installed now <- rownames(installed.packages())
if (AUTO_INSTALL_PACKAGES) {
for (pkg in c(required _packages, optional packages)) {
if (!pkg %in% installed_now) {
try(install.packages(pkg, repos = "https://cloud.r-project.org"”, dependencies
= TRUE), silent = TRUE)



}

}
}
missing_required <- required_packages[!vapply(required_packages, requireNamespace,
logical(1l), quietly = TRUE)]
if (length(missing_required) > 0) {

stop("#RADWNFERE ", paste(missing required, collapse = ", "))
}

suppressPackageStartupMessages ({
library(haven); library(readr); library(dplyr); library(tidyr); library(purrr)
library(stringr); library(tibble); library(survey); library(survival)
library(ggplot2); library(patchwork); library(scales); library(fs)

})

HAS_EVALUE <- requireNamespace("EValue", quietly = TRUE)

options(stringsAsFactors = FALSE)

options(timeout = 1200)

options(survey.lonely.psu = "adjust")

options(warn = 1)

NHANES_CYCLES <- tibble::tribble(

~cycle, ~suffix, ~begin_year,
"1999-2000", "", 1999,
"2001-2002", " _B", 2001,
"2003-2004", " C", 2003,
"2005-2006", " D", 2005,
"2007-2008", " E", 2007,
"2009-2010", "_F", 2009,
"2011-2012", " G", 2011,
"2013-2014", "_H", 2013,
"2015-2016", " I", 2015,
"2017-2018", "_J", 2017

) %>% mutate(cycle index = row_number(), survey midyear = begin_year + 0.5)

MODULE_PLAN <- tibble::tribble(
~module, ~required, ~purpose,
"DEMO", TRUE, " AO%.®wERMFEXIT",
"MCQ", TRUE, "iLffiEmECEIER",
"SMQ", TRUE, "WRHRIRZS. AR FmE",
"BMX", FALSE, "BMIBURMHHT",
"BPQ", FALSE, "Sm/Ey EBTE",
"DIQ", FALSE, "#ERFET BLE"

)

DIRS <- list(
raw_nhanes = RAW_NHANES,



raw_mort = RAW_MORT,
code = file.path(PROJECT_ROOT, "@1 code"),
processed = file.path(PROJECT_ROOT, "©2 processed_data"),
audit = file.path(PROJECT_ROOT, "@3_audit"),
results = file.path(PROJECT_ROOT, "@4 results"),
figures = file.path(PROJECT_ROOT, "@5 figures"),
source_data = file.path(PROJECT_ROOT, "@5 figures", "source data"),
tables = file.path(PROJECT_ROOT, "@6_tables"),
supp_tables = file.path(PROJECT_ROOT, "@7 supplementary tables"),
reports = file.path(PROJECT_ROOT, "@8 reports"),
logs = file.path(PROJECT_ROOT, "@9 logs")
)
invisible(lapply(DIRS[names(DIRS) != "raw_nhanes" & names(DIRS) != "raw_mort"],
fs::dir_create))

run_stamp <- format(Sys.time(), "%Y%mkd_%H%M%S")
log file <- file.path(DIRS$logs, paste@("final integrated reanalysis log ",
run_stamp, ".txt"))
sink(log file, split = TRUE)
on.exit({
while (sink.number() > @) sink()
}, add = TRUE)

cat("NHANES 1999-2018 final integrated reanalysis from 00_raw_data\n")
cat("Started: ", format(Sys.time()), "\n", sep = "")

cat("Project root: ", PROJECT_ROOT, "\n", sep = "")

cat("Data download: DISABLED\n")

“%||% <- function(x, y) if (is.null(x) || length(x) == @) y else x

strip_labels <- function(x) {
if (inherits(x, "haven_labelled")) x <- haven::zap_labels(x)
if (is.factor(x)) x <- as.character(x)
X

}

normalize df <- function(df) {
df <- as.data.frame(df)
names(df) <- toupper(names(df))
df[] <- lapply(df, strip_labels)
df

}

normalize_text <- function(x) {



X <- strip labels(x)

out <- toupper(trimws(as.character(x)))

out[out %in% c("", "NA", "N/A", ".", "<NA>")] <- NA_character_
out <- gsub("[[:punct:]]+", " ", out)

out <- gsub("\\s+", " ", trimws(out))

out

}

safe_numeric <- function(x) {
X <- strip_labels(x)
if (is.numeric(x) || is.integer(x)) return(as.numeric(x))
suppressWarnings(as.numeric(trimws(as.character(x))))

}

clean_yes no <- function(x) {
ch <- normalize_text(x)
num <- suppressWarnings(as.numeric(ch))
out <- rep(NA_integer_, length(ch))
out[num == 1 | ch %in% c("YES", "Y")] <- 1L
out[num == 2 | ch %in% c("NO", "N")] <- oL
out[num %in% c(7, 9, 77, 99, 777, 999) |
grepl("REFUSED|DON T KNOW|DONT KNOW|UNKNOWN", ch %||% "")] <- NA_integer_
out

}

clean_smg@40 <- function(x) {
ch <- normalize text(x)
num <- suppressWarnings(as.numeric(ch))
out <- rep(NA _integer , length(ch))

out[num == 1 | grepl("~EVERY DAY", ch %||% "")] <- 1L

out[num == 2 | grepl("~SOME DAY", ch %||% "")] <- 2L

out[num == 3 | grepl("~NOT AT ALL|~NONE$", ch %||% "")] <- 3L

out[num %in% c(7, 9) | grepl("REFUSED|DON T KNOW|DONT KNOW", ch %||% "")] <-
NA_integer_

out

}

clean_time_unit <- function(x) {
ch <- normalize text(x)
num <- suppressWarnings(as.numeric(ch))
out <- rep(NA _integer , length(ch))
out[num == 1 | grepl("~DAY", ch %||% "")] <- 1L
out[num == 2 | grepl("~WEEK", ch %||% "")] <- 2L
out[num == 3 | grepl("~MONTH", ch %||% "")] <- 3L
out[num == 4 | grepl("~YEAR", ch %||% "")] <- 4L
out[num %in% c(7, 9) | grepl("REFUSED|DON T KNOW|DONT KNOW", ch %]||% "")] <-
NA integer_
out

}



clean_sex_label <- function(x) {
ch <- normalize_text(x); num <- suppressWarnings(as.numeric(ch))
dplyr::case_when(
num == 1 | grepl("~MALE$", ch %||% "") ~ "Male",
num == 2 | grepl("~FEMALE$", ch %||% "") ~ "Female",
TRUE ~ "Unknown"
)
}

clean_race_label <- function(x) {
ch <- normalize text(x); num <- suppressWarnings(as.numeric(ch))
dplyr::case_when(
num %in% c(1, 2) | grepl("MEXICAN AMERICAN|OTHER HISPANIC", ch %||% "") ~
"Hispanic",
num == 3 | grepl("NON HISPANIC WHITE", ch %||% "") ~ "Non-Hispanic White",
num == 4 | grepl("NON HISPANIC BLACK", ch %||% "") ~ "Non-Hispanic Black",
num %in% c(5, 6, 7) | grepl("ASIAN|OTHER RACE|MULTI RACIAL|MULTIRACIAL", ch %]||%
"") ~ "Other/Multiracial”,
TRUE ~ "Unknown"

)
}

clean_education_label <- function(x) {
ch <- normalize_text(x); num <- suppressWarnings(as.numeric(ch))
dplyr::case_when(
num %in% c(1, 2, 3) |
grepl("LESS THAN 9|9 11TH|HIGH SCHOOL |GED", ch %||% "") ~ "High school or
less",
num %in% c(4, 5) |
grepl("SOME COLLEGE|AA DEGREE|COLLEGE GRADUATE|ABOVE", ch %||% "") ~ "Some
college or above",
TRUE ~ "Unknown"

)
}

clean_age <- function(x, max_age = 120, zero_is_missing = FALSE) {

X <- safe numeric(x)

if (zero_is_missing) x[x == @] <- NA_real_

x[lis.finite(x) | x < @ | x > max_age | x %in% c(777, 999, 7777, 9999)] <-
NA_real_

X

}

clean_positive <- function(x, upper = Inf, zero_allowed = TRUE) {

X <- safe numeric(x)

if (!zero_allowed) x[x == @] <- NA _real_

x[lis.finite(x) | x < @ | x > upper | x %in% c(77, 99, 777, 999, 7777, 9999,
77777, 99999)] <- NA_real_

X

}



get_first <- function(df, candidates, default = NA_real ) {
hit <- toupper(candidates)
hit <- hit[hit %in% names(df)]
if (length(hit) == @) return(rep(default, nrow(df)))
df[[hit[1]]]

}

get num_coalesce <- function(df, candidates, default = NA_real ) {
hit <- toupper(candidates); hit <- hit[hit %in% names(df)]
if (length(hit) == @) return(rep(default, nrow(df)))
vals <- lapply(hit, function(v) safe_numeric(df[[v]]))
Reduce(function(x, y) dplyr::coalesce(x, y), vals)

}

get_yes_coalesce <- function(df, candidates) {
hit <- toupper(candidates); hit <- hit[hit %in% names(df)]
if (length(hit) == @) return(rep(NA_integer_, nrow(df)))
vals <- lapply(hit, function(v) clean_yes no(df[[v]]))
Reduce(function(x, y) dplyr::coalesce(x, y), vals)

}

get age coalesce <- function(df, candidates, max_age = 120, zero_is missing = FALSE)
{
clean_age(get_num_coalesce(df, candidates), max_age = max_age, zero_is missing =
zero_is_missing)
}
get_num <- function(df, candidates) get_num_coalesce(df, candidates)
get yes <- function(df, candidates) get yes coalesce(df, candidates)
get_age <- function(df, candidates) get_age_coalesce(df, candidates)

row_any_yes <- function(...) {

mat <- do.call(cbind, list(...))

any_yes <- rowSums(mat == 1, na.rm = TRUE) > ©

all missing <- rowSums(!is.na(mat)) == ©

as.integer(ifelse(any_yes, 1L, ifelse(all_missing, NA_integer_, 0OL)))
}

row_min_na <- function(...) {
mat <- do.call(cbind, list(...))
apply(mat, 1, function(z) {
z <- z[is.finite(z)]
if (length(z) == @) NA real_ else min(z)
)
}

safe_quantile <- function(x, prob) {
X <- safe_numeric(x); x <- x[is.finite(x)]
if (length(x) == @) return(NA real )
as.numeric(stats::quantile(x, probs = prob, names = FALSE, na.rm = TRUE))



}

safe_max <- function(x) {
X <- safe_numeric(x); x <- x[is.finite(x)]
if (length(x) == @) NA real_ else max(x)

}

weighted_mean_safe <- function(x, w) {
X <- safe numeric(x); w <- safe numeric(w)
ok <- is.finite(x) & is.finite(w) & w > ©
if (lany(ok)) return(NA _real )
sum(x[ok] * w[ok]) / sum(w[ok])

}

weighted_var_safe <- function(x, w) {
X <- safe numeric(x); w <- safe numeric(w)
ok <- is.finite(x) & is.finite(w) & w > ©
if (sum(ok) < 2) return(NA _real )
mu <- weighted_mean_safe(x[ok], w[ok])
sum(w[ok] * (x[ok] - mu)*2) / sum(w[ok])

}

weighted sd safe <- function(x, w) sqgrt(weighted var_safe(x, w))
weighted_prop_safe <- function(x, w, level) {

W <- safe _numeric(w); ok <- lis.na(x) & is.finite(w) & w > ©

if (lany(ok)) return(NA_real )

sum(w[ok] * as.numeric(x[ok] == level)) / sum(w[ok])
}
smd_continuous <- function(x, treat, w) {

treat <- as.integer(treat)

ml <- weighted mean_safe(x[treat == 1], w[treat == 1]); mo <-
weighted_mean_safe(x[treat == 0], w[treat == 90])

vl <- weighted var safe(x[treat == 1], w[treat == 1]); vO <-
weighted_var_safe(x[treat == 0], w[treat == 9])

den <- sqrt((vl + vo) / 2)

if (!is.finite(den) || den == @) return(NA_real )

(ml1 - m@) / den
}

smd_binary level <- function(x, treat, w, level) {

treat <- as.integer(treat)

pl <- weighted prop_safe(x[treat == 1], w[treat == 1], level); po <-
weighted_prop_safe(x[treat == 0], w[treat == 0], level)

pbar <- (pl + po@) / 2; den <- sqrt(pbar * (1 - pbar))

if (!is.finite(den) || den == @) return(NA_real )

(pl - p@) / den
}

format_hr <- function(hr, lo, hi) ifelse(is.na(hr), NA_character_, sprintf("%.2f
(%.2f-%.2f)", hr, lo, hi))

format_p <- function(p) ifelse(is.na(p), NA_character_, ifelse(p < 0.001, "<0.001",
sprintf("%.3f", p)))

save_tiff <- function(plot, filename, width, height) {



if ('WRITE_TIFF) return(invisible(NULL))
ggplot2::ggsave(filename, plot, width = width, height = height, units = "in", dpi
= DPI,
device = "tiff", compression = "lzw", limitsize = FALSE)

}

save_pub_figure <- function(plot, stem, width, height) {
if (WRITE_TIFF) {
ggplot2::ggsave(
filename = file.path(DIRS$figures, paste@(stem, ".tiff")),
plot = plot,
width = width,
height = height,
units = "in",
dpi = DPI,
device = "tiff",
compression = "lzw",
limitsize = FALSE
)
}
if (WRITE_PDF) {
ggplot2::ggsave(
filename = file.path(DIRS$figures, paste@(stem, ".pdf")),
plot = plot,
width = width,
height = height,
units = "in",
device = grDevices::cairo_pdf,
limitsize = FALSE
)
}
}

pub_theme <- function(base_size = 10) {
ggplot2::theme_bw(base_size = base_size, base_family = BASE_FAMILY) +
ggplot2::theme(plot.title = element_text(face = "bold", hjust = @),
plot.subtitle = element_text(hjust = @), legend.position =
"bottom",
legend.title = element_blank(), panel.grid.minor =
element_blank(),
strip.background = element_rect(fill = "grey95"), strip.text
element_text(face = "bold"))
}

safe_write _csv <- function(x, path) readr::write _csv(as.data.frame(x), path, na

")

complete_design <- function(design, vars) {
vars <- unique(vars); vars <- vars[vars %in% names(design$variables)]
ok <- stats::complete.cases(design$variables[, vars, drop = FALSE])
design$variables$.complete model internal <- ok
out <- base::subset(design, .complete_model internal)



out$variables <- droplevels(out$variables)
out

}

bind_rows_harmonized <- function(lst) {
1st <- lapply(lst, normalize_df)
all names <- Reduce(union, lapply(lst, names))
class_map <- lapply(all _names, function(v) unique(na.omit(vapply(lst, function(d)
if (v %in% names(d)) class(d[[v]])[1] else NA character_ , character(1)))))
names(class_map) <- all names
mixed <- names(class _map)[vapply(class map, length, integer(1l)) > 1]
1st2 <- lapply(lst, function(d) {
for (v in setdiff(all names, names(d))) d[[v]] <- NA
d <- d[, all_names, drop = FALSE]
if (length(mixed) > ©) d[mixed] <- lapply(d[mixed], as.character)

d
})
dplyr::bind_rows(1lst2)
}
extract_svycox_term <- function(fit, term = "exposure_quit") {

b <- stats::coef(fit); V <- stats::vcov(fit)
if (!'term %in% names(b)) return(tibble(term = term, logHR = NA real , SE =
NA real , HR = NA_real , CI_low = NA_real_ , CI_high = NA_real_, p = NA real_ ))
se <- sqrt(V[term, term]); z <- b[term] / se
tibble(term = term, logHR = unname(b[term]), SE = unname(se), HR =
exp(unname(b[term])),
CI_low = exp(unname(b[term]) - gnorm(©.975) * se), CI_high =
exp(unname(b[term]) + gnorm(@©.975) * se),
p =2 * pnorm(abs(z), lower.tail = FALSE))
}

run_svycox <- function(design, time_var, event_var, rhs, analysis label,
outcome_label,
term = "exposure quit", min_events = MIN_EVENTS_MODEL) {
needed <- unique(c(time_var, event_var, all.vars(as.formula(paste@("~", rhs)))))
des <- complete design(design, needed)

n_model <- nrow(des$variables); n_events <- sum(des$variables[[event_var]] == 1,
na.rm = TRUE)

n_quit <- sum(des$variables$exposure_quit == 1, na.rm = TRUE); n_persist <-
sum(des$variables$exposure quit == @, na.rm = TRUE)

base <- tibble(analysis = analysis_label, outcome = outcome_label, time_variable =
time_var,
event_variable = event_var, formula_rhs = rhs, model_type =
"survey: :svycoxph",
n = n_model, events = n_events, n_quit = n_quit, n_persistent =
n_persist,
design_df = tryCatch(survey::degf(des), error = function(e)
NA real ))
if (n_model == @ || n_events < min_events || n_quit == @ || n_persist == @) {



return(bind_cols(base, tibble(term = term, logHR = NA real , SE = NA real , HR =
NA real , CI_low = NA real , CI_high = NA_real_, p = NA_real_, status = "not_run",
error = "FER, BHHHRBHATE")))

}

fml <- as.formula(paste@("survival::Surv(", time_var, ", ", event_var, ") ~ ",
rhs))

tryCatch({

fit <- suppressWarnings(survey::svycoxph(fml, design = des))
est <- extract svycox_term(fit, term)
bind_cols(base, est) %>% mutate(status = if_else(is.finite(HR), "ok", "failed"),
error = NA character_ )
}, error = function(e) bind_cols(base, tibble(term = term, logHR = NA _real , SE =
NA real , HR = NA real , CI low = NA real , CI high = NA real , p = NA real , status
= "failed", error = conditionMessage(e))))

}

wald interaction_p <- function(fit, subgroup var) {
b <- coef(fit); V <- vcov(fit); nms <- names(b)
idx <- grep(paste@("(”~exposure quit:.*", subgroup var, ")|(.*", subgroup_var,
:exposure_quit$)"), nms)
if (length(idx) == @) return(NA real )
stat <- tryCatch(as.numeric(t(b[idx]) %*% solve(V[idx, idx, drop = FALSE],
b[idx])), error = function(e) NA real )

if (!is.finite(stat)) return(NA_real )

pchisq(stat, df = length(idx), lower.tail = FALSE)
¥
manual_evalue <- function(hr, lo, hi) {

if (!is.finite(hr) || hr <= @) return(tibble(E_value_point = NA real , E_value CI
= NA real ))

rr <- if (hr < 1) 1 / hr else hr; point <- rr + sqgrt(rr * (rr - 1)); ci_val «<-
NA real

if (hr < 1 && is.finite(hi) & & hi < 1) { rr_ci <- 1 / hi; ci_val <- rr_ci +
sqrt(rr_ci * (rr_ci - 1)) }

if (hr > 1 && is.finite(lo) & & lo > 1) { rr_ci <- lo; ci_val <- rr_ci + sqrt(rr_ci
* (rr_ci - 1)) }

tibble(E_value_point = point, E_value CI = ci_val)

module code <- function(module, suffix) paste@(module, suffix)
local_nhanes_path <- function(cycle, code) file.path(RAW_NHANES, paste@(cycle, " ",
code, ".rds"))

read_local nhanes <- function(cycle, code, required = TRUE) {
path <- local _nhanes_path(cycle, code)
if (!file.exists(path)) {
# REXMHBRINEER



hits <- list.files(RAW_NHANES, full.names = TRUE)
target <- toupper(basename(path))
hits <- hits[toupper(basename(hits)) == target]
if (length(hits) > @) path <- hits[1]
}
if (!file.exists(path)) {
if (required) stop("fRADARMIZDLEE:", cycle, " / ", code, ", KHIALRETH,")
return(list(ok = FALSE, data = NULL, path = NA_character_))
}
list(ok = TRUE, data = normalize_df(readRDS(path)), path = path)
}

read_mortality fwf <- function(path) {
lines <- readlLines(path, warn = FALSE)
out <- tibble(
SEQN = suppressWarnings(as.numeric(trimws(substr(lines, 1, 6)))),
ELIGSTAT = suppressWarnings(as.integer(trimws(substr(lines, 15, 15)))),
MORTSTAT = suppressWarnings(as.integer(trimws(substr(lines, 16, 16)))),
UCOD_LEADING = trimws(substr(lines, 17, 19)),
DIABETES_MCOD = suppressWarnings(as.integer(trimws(substr(lines, 20, 20)))),
HYPERTEN_MCOD = suppressWarnings(as.integer(trimws(substr(lines, 21, 21)))),
PERMTH_INT = suppressWarnings(as.numeric(trimws(substr(lines, 43, 45)))),
PERMTH_EXM = suppressWarnings(as.numeric(trimws(substr(lines, 46, 48))))
) %>% mutate(UCOD_LEADING = na_if(UCOD_LEADING, ""))
if (nrow(out) == @ || sum(out$ELIGSTAT == 1, na.rm = TRUE) < 1000) stop("ET-X#
fRITSHE ", path)
out
}

mortality path <- function(cycle) file.path(RAW_MORT, paste@("NHANES_", gsub("-",
" " cycle), " MORT_", MORTALITY_VINTAGE, " PUBLIC.dat"))

cat("[1/14] Mee_raw_dataiZBER3F & FH10MEH...\n")
cache_log <- list(); cycle_list <- list()
for (i in seq_len(nrow(NHANES CYCLES))) {
cyc <- NHANES_CYCLES$cycle[i]; suf <- NHANES_ CYCLES$suffix[i]; byear <-
NHANES CYCLES$begin year[i]
cat(" JEH#I:", cyc, "\n", sep = "")
module data <- list()
for (j in seq_len(nrow(MODULE_PLAN))) {
mod <- MODULE_PLAN$module[j]; code <- module code(mod, suf)
res <- read_local_nhanes(cyc, code, MODULE_PLAN$required[j])
cache_log[[length(cache _log) + 1]] <- tibble(cycle = cyc, begin_year = byear,
module = mod,
table code = code, required = MODULE_PLAN$required[j], success = res$ok,
source_path = res$path, n = if (res$ok) nrow(res$data) else NA_integer_, p =
if (res$ok) ncol(res$data) else NA integer )
if (res$ok) module_data[[mod]] <- res$data

}
mpath <- mortality path(cyc)



if (!file.exists(mpath)) stop("fRADAMIET=SCHE:", mpath)
mort <- read_mortality fwf(mpath)
cache_log[[length(cache log) + 1]] <- tibble(cycle = cyc, begin_year = byear,
module = "MORTALITY",
table code = basename(mpath), required = TRUE, success = TRUE, source_path =
mpath, n = nrow(mort), p = ncol(mort))

merged <- module_data$DEMO %>% arrange(SEQN) %>% distinct(SEQN, .keep_all = TRUE)
for (mod in setdiff(names(module data), "DEMO")) {
tmp <- module_data[[mod]] %>% arrange(SEQN) %>% distinct(SEQN, .keep_all = TRUE)
dup <- intersect(setdiff(names(tmp), "SEQN"), names(merged))
if (length(dup) > @) tmp <- tmp %>% select(-all_of(dup))
merged <- left join(merged, tmp, by = "SEQN")
¥
old mort cols <- intersect(c("ELIGSTAT", "MORTSTAT", "UCOD_LEADING",
"DIABETES_MCOD", "HYPERTEN_MCOD", "PERMTH_INT", "PERMTH_EXM"), names(merged))
if (length(old_mort _cols) > ©) merged <- merged %>% select(-all of(old mort cols))
merged <- merged %>% left_join(mort, by = "SEQN") %>% mutate(CYCLE = cyc,
BEGIN_YEAR = byear)
cycle_list[[cyc]] <- merged
cat(" ", nrow(merged), "A,

, hcol(merged), "Fl\n", sep = "")

}

all raw <- bind rows harmonized(cycle list)

safe_write_csv(bind_rows(cache_log), file.path(DIRS$audit,

"91 local raw_cache read log.csv"))

saveRDS(all_raw, file.path(DIRS$processed, "01 merged raw_1999 2018 rebuilt.rds"),
compress = "xz"

required_cols <- c("SEQN", "CYCLE", "BEGIN_YEAR", "RIDAGEYR", "RIAGENDR",
"RIDRETH1", "WTINT2YR", "WTMEC2YR", "SDMVPSU", "SDMVSTRA", "MCQ1l6eB", "MCQl60C",
"MCQ160D", "MCQ160E", "MCQ160G", "MCQ1l60K", "SMQ@20", "SMDe3e", "SMQe4e",
"ELIGSTAT", "MORTSTAT", "UCOD_LEADING", "PERMTH_INT", "PERMTH_EXM")

miss <- setdiff(required cols, names(all raw))

if (length(miss) > @) stop("&FHEEHRIDLE ", paste(miss, collapse = ", "))

if (anyDuplicated(paste(all raw$CYCLE, get num coalesce(all raw, "SEQN"), sep =
" ")) > 0) stop("EHARNFEEKSEQN, ")

cycle preflight <- tibble(cycle = as.character(all_raw$CYCLE), begin_year =
safe_numeric(all raw$BEGIN YEAR)) %>% count(cycle, begin_year, name = "n") %>%
arrange(begin_year)

safe_write _csv(cycle preflight, file.path(DIRS$audit,

"00_preflight_cycle counts.csv"))

if (!all(NHANES_CYCLES$cycle %in% cycle preflight$cycle)) stop("FHIEL£E101MEHIHE
¥ ")
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age <- clean_age(get_first(all_raw, "RIDAGEYR"), 120)

sex_label <- clean_sex label(get first(all raw, "RIAGENDR"))

race_label <- clean_race_label(get_first(all_raw, "RIDRETH1"))
education_label <- clean_education_label(get first(all raw, "DMDEDUC2"))
pir <- clean_positive(get_first(all_raw, "INDFMPIR"), 5)

wtint2yr <- clean_positive(get_first(all_raw, "WTINT2YR")); wtintdyr <-
clean positive(get first(all raw, "WTINT4YR"))

wtmec2yr <- clean_positive(get_first(all_raw, "WTMEC2YR")); wtmecdyr <-
clean positive(get first(all raw, "WTMEC4YR"))

sdmvpsu <- clean_positive(get_first(all_raw, "SDMVPSU")); sdmvstra <-
clean positive(get first(all raw, "SDMVSTRA"))

hf flag <- get_yes coalesce(all raw, "MCQ160B"); hf age <- ifelse(hf flag ==
get_age coalesce(all_raw, c("MCQ180B", "MCD180B")), NA_real )

chd flag <- get_yes coalesce(all raw, "MCQ160C"); chd _age <- ifelse(chd flag == 1,
get_age coalesce(all_raw, c("MCQ1l80C", "MCD180C")), NA_real )

angina_flag <- get _yes coalesce(all raw, "MCQ1l6@D"); angina_age <-
ifelse(angina_flag == 1, get_age_coalesce(all_raw, c("MCQ180D", "MCD18eD")),

NA real )

mi_flag <- get_yes _coalesce(all raw, "MCQl60E"); mi_age <- ifelse(mi_flag == 1,
get age coalesce(all raw, c("MCQ1l80E", "MCD18QE")), NA real )

emphy_flag <- get_yes_coalesce(all_raw, "MCQ1l60G"); emphy_age <- ifelse(emphy_flag
== 1, get age coalesce(all raw, c("MCQ180G", "MCD180G")), NA real )

bronch_flag <- get_yes_coalesce(all_raw, "MCQ160K"); bronch_age <-
ifelse(bronch_flag == 1, get age coalesce(all raw, c("MCQ180K", "MCD180K")),

NA real )

cvd_any <- row_any yes(hf_flag, chd flag, angina_flag, mi_flag); lung_any <-
row_any_yes(emphy_flag, bronch_flag); cardiopulmonary_any <- row_any_yes(cvd_any,
lung_any)

cp_dx_age_raw <- row_min_na(hf_age, chd_age, angina_age, mi_age, emphy_age,
bronch_age)

cp_dx_age <- ifelse(is.finite(cp_dx_age_raw) & is.finite(age) & cp_dx_age raw <=
age, cp_dx_age raw, NA real )

=
-

smge20 <- clean_yes no(get first(all raw, "SMQ@20"))

smge4e <- clean_smqo40(get_first(all_raw, "SMQO40"))

smoking start_age <- get age coalesce(all raw, "SMD@30", zero_is missing = TRUE)
smoking_start_age[!is.finite(age) | smoking_start_age > age] <- NA_real

quit_age direct <- get_age coalesce(all_raw, "SMDO55", zero_is_missing = TRUE)
quit_age direct[!is.finite(age) | quit_age _direct > age] <- NA real_
quit_time_qg_raw <- clean_positive(get_first(all_raw, "SMQO50Q"), upper = 66666)

quit _time unit <- clean_time_unit(get first(all raw, "SMQO50U"))
quit_duration_years <- dplyr::case_when(

quit_time g _raw == 66666 ~ NA real ,

quit_time_qg_raw >= 0@ & quit_time_g_raw < 10000 & quit_time_unit == 1 ~
quit_time gq_raw / 365.25,

quit_time_qg_raw >= 0 & quit_time_g_raw < 10000 & quit_time_unit == 2 ~



quit_time gq_raw / 52.1775,
quit_time_qg_raw >= 0 & quit_time_qg_raw < 10000 & quit_time_unit == 3 ~
quit_time_q_raw / 12,
quit_time_qg_raw >= 0 & quit_time_qg_raw < 10000 & quit_time_unit == 4 ~
quit_time_qg_raw,
TRUE ~ NA_real_
)
quit_age derived <- ifelse(is.finite(age) & is.finite(quit_duration_years), age -
quit_duration_years, NA real )
quit_age_derived[!is.finite(quit_age_derived) | quit_age_derived < 0 |
quit_age derived > age] <- NA_real_
quit_age <- dplyr::coalesce(quit_age_direct, quit_age_derived)
quit_age source <- dplyr::case_when(
is.finite(quit_age_direct) ~ "Direct SMD@55",
lis.finite(quit_age direct) & is.finite(quit _age derived) ~ "Derived SMQ@50Q/U",
quit_time_q_raw == 66666 ~ "Right-censored >=50 years; unclassified",
TRUE ~ "Missing/unusable™
)
quit_age_discrepancy_years <- ifelse(is.finite(quit_age_direct) &
is.finite(quit_age_derived), abs(quit_age_direct - quit_age_derived), NA_real )

cig day_at_quit <- clean_positive(get_first(all_raw, "SMDO57"), upper = 95,
zero_allowed = FALSE)

cig day_current <- clean_positive(get_num_coalesce(all_raw, c("SMDO70", "SMD@90",
"SMD650")), upper = 95, zero_allowed = FALSE)

current_smoker_baseline <- dplyr::case_when(smg@20 == 1 & smq@40 %in% c(1, 2) ~ 1L,
smge20 == 1 & smqe40 == 3 ~ 0L, TRUE ~ NA_integer )
former_smoker baseline <- dplyr::case when(smg020 == 1 & smge40 == 3 ~ 1L, smg020 ==
1 & smg@40 %in% c(1, 2) ~ OL, TRUE ~ NA_integer_ )
smoking started by dx <- ifelse(smg020 == 1 & is.finite(smoking start age) &
is.finite(cp_dx_age), as.integer(smoking start_age <= cp_dx_age), NA _integer )
smoking at diagnosis <- dplyr::case_when(

smoking started_by dx == 0 ~ 0L,

smoking started by dx == 1 & current_smoker_baseline == 1 ~ 1L,

smoking_started_by_dx == 1 & former_smoker_baseline == 1 & is.finite(quit_age) &
quit_age >= cp_dx_age ~ 1L,

smoking_started_by_dx == 1 & former_smoker_baseline == 1 & is.finite(quit_age) &

quit_age < cp_dx_age ~ OL,
TRUE ~ NA_integer_

)

postdiagnostic_quitter <- as.integer(smoking at_diagnosis == 1 &

former_smoker baseline == 1 & is.finite(quit_age) & quit_age >= cp_dx_age)
persistent_smoker <- as.integer(smoking at_diagnosis == 1 & current_smoker_baseline
exposure_classifiable <- as.integer(postdiagnostic_quitter == | persistent_smoker
exposure_quit <- dplyr::case_when(postdiagnostic_quitter == 1 ~ 1L,

persistent _smoker == 1 ~ 0L, TRUE ~ NA integer )



years _since_dx <- age - cp_dx_age; years from dx_to quit <- quit_age - cp_dx_age;
years_since_quit <- age - quit_age

pre_dx_smoking years <- cp_dx_age - smoking start age

pre_dx_smoking years[!is.finite(pre_dx_smoking_years) | pre_dx_smoking years < 0 |
pre_dx_smoking years > 90] <- NA real

smoking_end_age <- ifelse(exposure_quit == 1, quit_age, age)

smoking duration_proxy <- smoking end age - smoking start_age
smoking_duration_proxy[!is.finite(smoking_duration_proxy) | smoking_duration_proxy <
0 | smoking duration_proxy > 90] <- NA real_

cig per_day_proxy <- ifelse(exposure_quit == 1, cig_day_at_quit, cig day_current)
pack_years_proxy <- (cig _per_day proxy / 20) * smoking duration_proxy
pack_years_proxy[!is.finite(pack_years_proxy) | pack_years_proxy < 0 |

pack_years proxy > 300] <- NA real_

bmi <- clean_positive(get first(all raw, "BMXBMI"), 1090)

diabetes_q <- clean_yes no(get_first(all_raw, "DIQO10")); hypertension_q <-
clean_yes no(get first(all raw, "BPQ©20"))

eligstat <- safe_numeric(get_first(all_raw, "ELIGSTAT")); mortstat <-
safe_numeric(get first(all raw, "MORTSTAT"))

ucod_leading <- trimws(as.character(get_first(all_raw, "UCOD_LEADING",

NA character_)))

ucod_leading[ucod_leading %in% c("", "NA", ".")] <- NA_character_

ucod_num <- suppressWarnings(as.integer(ucod_leading));
ucod_leading[is.finite(ucod_num)] <- sprintf("%03d", ucod_num[is.finite(ucod_num)])
permth_int <- clean_positive(get first(all raw, "PERMTH_INT"), 500); permth_exm <-
clean_positive(get_first(all_raw, "PERMTH_EXM"), 500)

event_allcause <- ifelse(mortstat == 1, 1L, ifelse(mortstat == @, OL, NA integer ))
event_heart <- ifelse(event_allcause == 1 & ucod_leading == "ee1", 1L,
ifelse(event_allcause %in% c(0, 1), OL, NA integer ))

event_cancer <- ifelse(event_allcause == 1 & ucod_leading == "@02", 1L,
ifelse(event_allcause %in% c(0, 1), OL, NA integer ))

event_clrd_raw <- ifelse(event_allcause == 1 & ucod_leading == "@e3", 1L,
ifelse(event_allcause %in% c(0, 1), OL, NA integer ))

event_cerebro_raw <- ifelse(event_allcause == 1 & ucod_leading == "@05", 1L,
ifelse(event_allcause %in% c(®, 1), OL, NA integer ))

event_cvd_composite_raw <- ifelse(event_allcause == 1 & ucod_leading %in% c("ee1",
"005"), 1L, ifelse(event allcause %in% c(©, 1), OL, NA integer ))

begin_year <- safe_numeric(all raw$BEGIN_YEAR); cycle <- as.character(all raw$CYCLE)
wt_int_20y <- case_when(begin_year %in% c(1999, 2001) ~ wtint4yr / 5, begin_year
%in% c(2003, 2005, 2007, 2009, 2011, 2013, 2015, 2017) ~ wtint2yr / 10, TRUE ~

NA real )

wt_mec_20y <- case when(begin_year %in% c(1999, 2001) ~ wtmec4yr / 5, begin_year
%in% c(2003, 2005, 2007, 2009, 2011, 2013, 2015, 2017) ~ wtmec2yr / 10, TRUE ~

NA real )

wt_int_18y sens <- case_when(begin_year %in% c(1999, 2001) ~ wtintd4yr * 2/9,
begin_year %in% c(2003, 2005, 2007, 2009, 2011, 2013, 2015) ~ wtint2yr / 9, TRUE ~
NA real )

wt_int 16y <- case when(begin_year %in% c(1999, 2001) ~ wtint4yr / 4, begin_year
%in% c(2003, 2005, 2007, 2009, 2011, 2013) ~ wtint2yr / 8, TRUE ~ NA_real )



cycle index <- match(begin_year, NHANES CYCLES$begin_ year); survey_midyear <-
begin_year + 0.5; survey_cycle 2y centered <- (survey_midyear - 2008.5)/2
survey_strata_uid <- interaction(begin_year, sdmvstra, drop = TRUE, lex.order =
TRUE)

survey psu_uid <- interaction(begin_year, sdmvstra, sdmvpsu, drop = TRUE, lex.order
= TRUE)

analysis_all <- tibble(

SEQN = get num_coalesce(all raw, "SEQN"), cycle, begin year, cycle index,
survey_midyear, survey cycle 2y centered,

age, sex_label, race label, education_label, pir, sdmvpsu, sdmvstra,
survey_strata_uid, survey_psu_uid,

wtint2yr, wtintdyr, wtmec2yr, wtmecdyr, wt_int 20y, wt _mec 20y, wt _int 18y sens,
wt_int_16y,

hf flag, chd flag, angina flag, mi flag, emphy flag, bronch flag, cvd any,
lung_any, cardiopulmonary_any,

cp_dx_age, years_since_dx, smoking start _age, smg020, smge@40, quit time q_raw,
quit_time_unit, quit_duration_years,

quit_age direct, quit_age derived, quit_age, quit_age source,
quit_age_discrepancy_years,

current_smoker_baseline, former_smoker baseline, smoking started by dx,
smoking_at_diagnosis,

postdiagnostic_quitter, persistent_smoker, exposure classifiable, exposure_quit,

years_from_dx_to_quit, years_since_quit, pre_dx_smoking years, cig day_at_quit,
cig day_current,

cig per_day_proxy, smoking duration_proxy, pack_years_proxy, bmi, diabetes_q,
hypertension_gq,

eligstat, mortstat, ucod_leading, permth_int, permth_exm, time_int_years =
permth_int/12, time_exm_years = permth_exm/12,

event_allcause, event_heart, event_cancer, event_cerebro_raw, event_clrd_raw,
event_cvd composite raw
) %>% mutate(

sex_f = factor(sex_label, levels = c("Male", "Female", "Unknown")),

race_f = factor(race_label, levels = c("Non-Hispanic White", "Hispanic",
“"Non-Hispanic Black", "Other/Multiracial”, "Unknown")),

education_f = factor(education_label, levels = c("High school or less", "Some
college or above", "Unknown")),

disease_f = factor(case_when(cvd_any == 1 & lung_any == @ ~ "Cardiovascular
disease only", cvd any == @ & lung _any == 1 ~ "Chronic lung disease only", cvd_any
== 1 & lung_any == 1 ~ "Both cardiovascular and lung disease", TRUE ~ "Other"),

levels = c("Cardiovascular disease only", "Chronic lung disease

only", "Both cardiovascular and lung disease", "Other")),

diabetes f = factor(case when(diabetes q == 1 ~ "Yes", diabetes q == 0 ~ "No",
TRUE ~ "Unknown"), levels = c("No", "Yes", "Unknown")),

hypertension f = factor(case_when(hypertension q == 1 ~ "Yes", hypertension q == ©
~ "No", TRUE ~ "Unknown"), levels = c("No", "Yes", "Unknown")),

exposure_f = factor(ifelse(exposure_quit == 1, "Post-diagnostic quitter",
"Persistent smoker"), levels = c("Persistent smoker", "Post-diagnostic quitter")),

age _group_f = factor(ifelse(age >= 65, "265 years", "40-64 years"), levels =
c("40-64 years", "265 years")),



ageld = age/10, years_since dx5 = years_since dx/5, pre_dx_smoking yearsle

pre_dx_smoking_years/10,
bmi5 = bmi/5, pack yearsl® = pack _years proxy/10,

strict_quit_definition = as.integer(exposure_quit == @ | (exposure_quit == 1 &

is.finite(years_from dx_to quit) & years from dx to quit > 9)),

domain_primary = as.integer(coalesce(age >= MIN_AGE, FALSE) &
coalesce(cardiopulmonary any == 1, FALSE) & is.finite(cp_dx age) &
coalesce(smoking_at_diagnosis == 1, FALSE) & coalesce(exposure_classifiable ==
FALSE) & coalesce(eligstat == 1, FALSE) & is.finite(permth_int) & permth_int >
is.finite(wt_int_20y) & wt_int_20y > @ & !is.na(survey_psu_uid) &

lis.na(survey strata_uid)),

domain_mec_extended = as.integer(domain_primary == 1 & is.finite(permth_exm)
permth_exm > @ & is.finite(wt _mec_20y) & wt mec 20y > @ & is.finite(bmi)),
domain_18y sens = as.integer(domain_primary == 1 & begin_year <= 2015 &

is.finite(wt_int 18y sens) & wt_int 18y sens > 0),

domain_16y = as.integer(domain_primary == 1 & begin_year <= 2013 &

is.finite(wt_int_16y) & wt_int 16y > @),

event_cvd_composite_16y = ifelse(begin_year <= 2013, event_cvd_composite_raw,

NA integer_ ),

event_clrd_16y = ifelse(begin_year <= 2013, event_clrd_raw, NA_integer_),
gc_dx_after baseline = as.integer(is.finite(cp_dx_age) & cp_dx_age > age),

gc_quit_before_start = as.integer(is.finite(quit_age) &
is.finite(smoking start_age) & quit_age < smoking start_age),

gc_both_exposure_groups = as.integer(postdiagnostic_quitter == 1 &

persistent_smoker == 1)

)
# RIS S EENEEHE T ATFHIA\FRBEEIISMQesoE TRk,

raw_label audit <- bind_rows(
tibble(variable "SMQO20_raw", value
"SMQe20"))),
tibble(variable = "SMQO40_raw", value
"SMQe40"))),

tibble(variable = "SMQO50U_raw", value = as.character(get_first(all_raw,

"SMQO5eU"))),

tibble(variable = "RIAGENDR_raw", value = as.character(get_first(all_raw,

"RIAGENDR"))),
tibble(variable = "RIDRETH1_raw", value
"RIDRETH1"))),

tibble(variable = "DMDEDUC2_raw", value = as.character(get_first(all_raw,

"DMDEDUC2")))

) %>% count(variable, value, name = "n", sort = TRUE)
safe_write csv(raw_label audit, file.path(DIRS$audit,
"@2a_raw_label frequency_audit.csv"))

recode_audit <- analysis_all %>% group_by(cycle, begin_year) %>% summarise(

as.character(get_first(all_raw,

as.character(get_first(all_raw,

as.character(get_first(all_raw,

n =n(), n_smge20 valid = sum(smge@20 %in% c(©,1), na.rm = TRUE), n_smqe40 valid

sum(smge4e %in% c(1,2,3), na.rm = TRUE),

n_valid start_age = sum(is.finite(smoking start_age)), n_current_smoker

sum(current_smoker_baseline == 1, na.rm = TRUE),



n_former_smoker = sum(former_smoker baseline == 1, na.rm = TRUE),

n_smoking at_diagnosis = sum(smoking at_diagnosis == 1, na.rm = TRUE),
n_postdiagnostic_quitter = sum(exposure_quit == 1, na.rm = TRUE),
n_persistent_smoker = sum(exposure_quit == @, na.rm = TRUE), .groups = "drop")

safe_write _csv(recode_audit, file.path(DIRS$audit,
"@2b_smoking_recode_audit_by cycle.csv"))

build_flow_diagnostic <- function(dat) tibble(
step = c("All records", paste@("Age >=", MIN_AGE), "Any cardiopulmonary disease",
"Valid diagnosis age",
"Ever smoker with valid regular-smoking start age by diagnosis", "Smoking
at diagnosis", "Exposure classifiable”,
"Mortality linkage eligible and positive follow-up", "Valid weight/design
variables", "Final primary domain"),
n = c(nrow(dat), sum(dat$age >= MIN_AGE, na.rm=TRUE),

sum(dat$age >= MIN_AGE & dat$cardiopulmonary_any == 1, na.rm=TRUE),

sum(dat$age >= MIN AGE & dat$cardiopulmonary any == 1 &
is.finite(dat$cp_dx_age), na.rm=TRUE),

sum(dat$age >= MIN AGE & dat$cardiopulmonary any == 1 &
is.finite(dat$cp_dx_age) & dat$smoking started by dx == 1, na.rm=TRUE),

sum(dat$age >= MIN AGE & dat$cardiopulmonary any == 1 &
is.finite(dat$cp_dx_age) & dat$smoking at diagnosis == 1, na.rm=TRUE),

sum(dat$age >= MIN AGE & dat$cardiopulmonary any == 1 &
is.finite(dat$cp_dx_age) & dat$smoking at_diagnosis == 1 & dat$exposure_classifiable
== 1, na.rm=TRUE),

sum(dat$age >= MIN_AGE & dat$cardiopulmonary any == 1 &
is.finite(dat$cp_dx_age) & dat$smoking at diagnosis == 1 & dat$exposure classifiable
== 1 & dat$eligstat == 1 & is.finite(dat$permth_int) & dat$permth_int > O,
na.rm=TRUE),

sum(dat$age >= MIN_AGE & dat$cardiopulmonary any == 1 &
is.finite(dat$cp_dx_age) & dat$smoking at diagnosis == 1 & dat$exposure classifiable
== 1 & dat$eligstat == 1 & is.finite(dat$permth_int) & dat$permth_int > 0 &
is.finite(dat$wt_int 20y) & dat$wt int 20y > @ & !is.na(dat$survey psu_uid) &
lis.na(dat$survey strata_uid), na.rm=TRUE),

sum(dat$domain_primary == 1, na.rm=TRUE))
)
flow_check <- build_flow_diagnostic(analysis_all)
safe_write_csv(flow_check, file.path(DIRS$audit, "@2c_reconstruction_flow.csv"))

primary_n_check <- sum(analysis_all$domain_primary == 1, na.rm = TRUE)

cat(" EREE/MEFFAZ:", primary_n_check, "\n", sep = "")

if (sum(analysis_all$smqe4@ %in% c(1,2,3), na.rm = TRUE) < 1000) stop("SMQ@40 & Jhl
EAMAYBRED, EKRiE02a/020F 113X, ")

if (primary_n_check < 500) stop("ERMFARMFEELD (n=", primary_n_check, "), 1HKE
02a. 02b, @2cHi 13X, RNEILLIET, ")

saveRDS(analysis_all, file.path(DIRS$processed, "02 analysis all derived.rds"),
compress = "xz"

safe_write csv(head(analysis_all, 5000), file.path(DIRS$audit,
"@2_analysis_preview_first5000.csv"))



cat("[3/14] #HATHE. ETRMEFBAIRIEH it .....

weight_audit <- analysis_all %>%
group_by(cycle, begin _year) %>%

summarise(
n = n(),
n_wtint4 = sum(is.finite(wtintd4yr) & wtintdyr > 0),
n_wtint2 = sum(is.finite(wtint2yr) & wtint2yr > @),
n_wtmec4 = sum(is.finite(wtmecdyr) & wtmecdyr > 0),
n_wtmec2 = sum(is.finite(wtmec2yr) & wtmec2yr > 0),

n_wt_int_20y = sum(is.finite(wt_int_20y) & wt_int_20y > 0),

sum_wt_int 20y = sum(wt_int 20y, na.rm = TRUE),

n_wt_int_18y sens = sum(is.finite(wt_int_18y sens) & wt_int_18y sens > 0),
sum_wt_int 18y sens = sum(wt_int 18y sens, na.rm = TRUE),

n_wt_int_16y = sum(is.finite(wt_int_16y) & wt_int_1l6y > 0),

sum_wt_int 16y = sum(wt_int 16y, na.rm = TRUE),

.groups = "drop"

)

safe_write_csv(weight

mortality code_audit

_audit, file.path(DIRS$audit, "©3_weight_audit by cycle.csv"))

<- analysis_all %>%

filter(eligstat == 1) %>%
count(cycle, begin_year, mortstat, ucod_leading, name = "n") %>%
arrange(begin_year, desc(n))
safe_write_csv(mortality_code_audit, file.path(DIRS$audit,
"04 _mortality code audit by cycle.csv"))
variable harmonization_audit <- analysis all %>%
group_by(cycle, begin_year) %>%
summarise(
n =n(),
n_any_cardiopulmonary = sum(cardiopulmonary_any == 1, na.rm = TRUE),
n_valid_diagnosis_age = sum(is.finite(cp_dx_age)),
n_postdiagnostic_quitters = sum(exposure_quit == 1, na.rm = TRUE),
n_quit_age_direct = sum(quit_age_source == "Direct SMDO55", na.rm = TRUE),
n_quit_age derived = sum(quit_age source == "Derived SMQO50Q/U", na.rm = TRUE),
n_quit_duration_right_censored_50plus = sum(quit_time_q_raw == 66666, na.rm
TRUE),
median_direct_derived_abs_difference = median(quit_age_discrepancy_years, na.rm
= TRUE),
n_current_cigarettes_per_day = sum(is.finite(cig_day_current)),
.groups = "drop"
) %>%
mutate(

median_direct_derived_abs_difference = ifelse(



is.nan(median_direct_derived_abs_difference), NA real ,
median_direct_derived_abs_difference

)
)

safe_write _csv(variable _harmonization_audit,
file.path(DIRS$audit, "@4b_variable_harmonization_by cycle.csv"))

linkage_audit <- analysis_all %>%
group_by(cycle, begin _year) %>%
summarise(
n = n(),
n_linkage_eligible = sum(eligstat == 1, na.rm = TRUE),
linkage eligible percent = 100 * mean(eligstat == 1, na.rm = TRUE),

n_positive_interview_followup = sum(eligstat == 1 & is.finite(permth_int) &
permth_int > @, na.rm = TRUE),
.groups = "drop"

)
safe_write_csv(linkage_audit, file.path(DIRS$audit,
"04c_mortality linkage eligibility by cycle.csv"))

analytic_cycle audit <- analysis_all %>%
filter(domain_primary == 1) %>%
group_by(cycle, begin _year) %>%

summarise(
n_primary = n(),
n_postdiagnostic_quitters = sum(exposure_quit == 1, na.rm = TRUE),
n_persistent_smokers = sum(exposure_quit == @, na.rm = TRUE),
all cause_deaths = sum(event_allcause == 1, na.rm = TRUE),
heart_disease_deaths = sum(event_heart == 1, na.rm = TRUE),

median_followup_years = median(time_int_years, na.rm = TRUE),
max_followup years = safe max(time_int_years),
.groups = "drop"
)
safe_write_csv(analytic_cycle_audit,
file.path(DIRS$audit,
"04d_primary_analytic_sample_and_events_by cycle.csv"))

cause_availability note <- tibble(
outcome = c(
"All-cause mortality",
"Heart-disease mortality (UCOD LEADING=001)",
"Cancer mortality (UCOD_LEADING=002)",
"Cardiovascular composite mortality (©01+005)",
"Chronic lower respiratory disease mortality (©e3)"
)>
cycles_used = c(
"1999-2018", "1999-2018", "1999-2018", "1999-2014", "1999-2014"
)>
reason = c(
"MORTSTAT available in all included cycles",



"001 is
"002 is
"005 is
"003 is

)
)

separately available for 2015-2018 NHANES in the public LMF",
separately available for 2015-2018 NHANES in the public LMF",
not separately available for 2015-2018 NHANES in the public LMF",
not separately available for 2015-2018 NHANES in the public LMF"

safe_write_csv(cause_availability note, file.path(DIRS$audit,
"@5_cause_of_death_availability and_naming.csv"))

cohort_flow <- tibble(

step = c(

"All NHANES participants, 1999-2018",

paste@("Age 2", MIN_AGE, " years"),

"Any prespecified cardiopulmonary disease",

"Valid age at first cardiopulmonary diagnosis",

"Ever smoker who started by diagnosis"”,

"Classified as smoking at diagnosis"”,

"Exposure classifiable: post-diagnostic quitter or persistent smoker",
"Eligible for mortality linkage with positive interview follow-up",
"Valid 20-year interview weight and survey design variables"”,

"Final primary analytic domain™

n = c(

nrow(analysis_all),
sum(analysis_all$age >= MIN _AGE, na.rm = TRUE),

sum(analysis_all$age >= MIN_AGE & analysis_all$cardiopulmonary_any == 1, na.

TRUE),

sum(analysis_all$age >= MIN_AGE & analysis_all$cardiopulmonary_any == 1 &
is.finite(analysis_all$cp_dx_age), na.rm = TRUE),

sum(analysis_all$age >= MIN_AGE & analysis_all$cardiopulmonary_any =

18&

rm

is.finite(analysis_all$cp _dx_age) & analysis all$smoking started by dx == 1, na.rm

TRUE),

sum(analysis_all$age >= MIN AGE & analysis all$cardiopulmonary any == 1 &
is.finite(analysis_all$cp_dx_age) & analysis_all$smoking_at_diagnosis == 1, na.rm
TRUE),

sum(analysis_all$age >= MIN_AGE & analysis_all$cardiopulmonary_any == 1 &
is.finite(analysis_all$cp _dx_age) & analysis all$smoking at diagnosis == 1 &
analysis_all$exposure_classifiable == 1, na.rm = TRUE),

sum(analysis_all$age >= MIN _AGE & analysis all$cardiopulmonary any == 1 &
is.finite(analysis_all$cp_dx_age) & analysis_all$smoking at diagnosis == 1 &
analysis all$exposure_classifiable == 1 & analysis all$eligstat == 1 &
analysis_all$permth_int > @, na.rm = TRUE),

sum(analysis_all$domain_primary == 1, na.rm = TRUE),
sum(analysis_all$domain_primary == 1, na.rm = TRUE)
)
) %>%

mutate(excluded from_previous = c(NA_integer_, head(n, -1) - tail(n, -1)))
safe_write_csv(cohort_flow, file.path(DIRS$supp_tables, "Table S1_cohort_flow.csv"))

gc_summary <- tibble(



check = c(
"Diagnosis age after baseline age",
"Quit age before smoking-start age",
"Simultaneously classified as quitter and persistent smoker",
"Missing 4-year interview weight in 1999-2002 among interviewed adults"”,
"Missing 4-year MEC weight in 1999-2002 among examined adults"”,
"Direct and derived quit ages differ by >2 years where both exist",
"Former smokers with right-censored quit duration >=50 years"

)>

n = c(
sum(analysis_all$qc_dx_after baseline == 1, na.rm = TRUE),
sum(analysis_all$qc_quit_before_start == 1, na.rm = TRUE),
sum(analysis_all$qc_both_exposure groups == 1, na.rm = TRUE),

sum(analysis_all$begin_year %in% c(1999, 2001) & analysis_all$age >= 18 &
lis.finite(analysis_all$wtint4yr), na.rm = TRUE),

sum(analysis_all$begin_year %in% c(1999, 2001) & analysis_all$age >= 18 &
lis.finite(analysis_all$wtmec4yr), na.rm = TRUE),

sum(analysis_all$quit_age_discrepancy_years > 2, na.rm = TRUE),

sum(analysis_all$quit time g _raw == 66666, na.rm = TRUE)

)
)
safe_write_csv(qc_summary, file.path(DIRS$audit, "@6_core_qc_summary.csv"))
# Mttt
# 8. HEI R BIINR
# Mttt

cat("[4/14] EIINHANES & 24 FF BT XS K. ...\n")
# REMABEAAMREMRETHEMARAPEILU, BRsubsetT® XHIRF 24K,

base _int 20 <- analysis all %>%
filter(
age >= 18,
eligstat == 1,
is.finite(permth_int), permth_int > 0,
is.finite(wt_int_20y), wt_int_20y > 0,
is.finite(sdmvpsu), is.finite(sdmvstra)

)

design_int_20 full <- survey::svydesign(
ids = ~survey psu_uid,
strata = ~survey_strata_uid,
weights = ~wt_int_ 20y,

nest = TRUE,
data = base_int_20
)
design primary <- base::subset(design int 20 full, domain_primary == 1)

design_primary$variables <- droplevels(design_primary$variables)

base_mec_20 <- analysis_all %>%



filter(
age >= 18,
eligstat == 1,
is.finite(permth_exm), permth_exm > 0,
is.finite(wt_mec_20y), wt _mec_20y > 0,
is.finite(sdmvpsu), is.finite(sdmvstra)

)

design mec 20 full <- survey::svydesign(
ids = ~survey_psu_uid,
strata = ~survey_strata uid,
weights = ~wt_mec_20y,

nest = TRUE,
data = base_mec_20
)
design_mec_extended <- base::subset(design_mec_20 full, domain_mec_extended == 1)

design mec_extended$variables <- droplevels(design mec_extended$variables)

base _int 18 sens <- analysis all %>%

filter(
begin_year <= 2015,
age >= 18,

eligstat == 1,

is.finite(permth_int), permth_int > 0,
is.finite(wt_int_ 18y sens), wt_int 18y sens > @,
is.finite(sdmvpsu), is.finite(sdmvstra)

)

design int 18 sens_full <- survey::svydesign(
ids = ~survey_psu_uid,
strata = ~survey_strata uid,
weights = ~wt_int_18y_sens,

nest = TRUE,
data = base_int_18_sens
)
design_18 sens <- base::subset(design_int_18 sens_full, domain_18y sens == 1)

design 18 sens$variables <- droplevels(design 18 sens$variables)

base int 16 <- analysis all %>%

filter(
begin_year <= 2013,
age >= 18,

eligstat == 1,

is.finite(permth_int), permth_int > 0,
is.finite(wt_int_16y), wt_int 16y > 0,
is.finite(sdmvpsu), is.finite(sdmvstra)

)

design int 16 full <- survey::svydesign(
ids = ~survey_psu_uid,



strata = ~survey_strata uid,

weights = ~wt_int_16y,

nest = TRUE,

data = base_int_16
)
design_16 <- base::subset(design_int_16_full, domain_16y == 1)
design 16$variables <- droplevels(design 16$variables)

primary df <- design_primary$variables %>% droplevels()
saveRDS(primary_df, file.path(DIRS$processed, "@3_primary_analysis_dataset.rds"),

compress = "xz")

analysis summary <- tibble(
item = c(
"Primary analysis n",
"Post-diagnostic quitters”,
"Persistent smokers",
"All-cause deaths",
"Heart-disease deaths (001)",
"Cancer deaths (002)",
"1999-2016 sensitivity-analysis n",
"1999-2014 cardiovascular composite deaths (001+005)",
"1999-2014 chronic lower respiratory deaths (003)",
"Median interview follow-up, years",
"Survey design degrees of freedom, primary domain"
)>
value = c(
nrow(primary_df),

sum(primary_df$exposure_quit == 1),

sum(primary_df$exposure_quit == @),

sum(primary_df$event_allcause == 1),

sum(primary_df$event_heart == 1),

sum(primary_df$event_ cancer == 1),

nrow(design_18_sens$variables),
sum(design_16%$variables$event cvd composite 16y == 1, na.rm = TRUE),

sum(design_16$variables$event _clrd_16y == 1, na.rm = TRUE),
median(primary_df$time_int years, na.rm = TRUE),
survey: :degf(design_primary)
)
)

safe_write _csv(analysis_summary, file.path(DIRS$results, "00 analysis summary.csv"))

cat("[5/14] HHiELRHE, BRARFFHHIRL....\n")

continuous_vars <- c(
"age", "survey_midyear", "years_since_dx", "pre_dx_smoking_years", "pir",



"cig per_day_ proxy", "pack years proxy", "bmi"

)

baseline_cont <- map_dfr(continuous_vars, function(v) {
map_dfr(c(@, 1), function(g) {
sub <- primary_df %>% filter(exposure_quit == g)

tibble(
variable = v,
group = ifelse(g == 1, "Post-diagnostic quitter", "Persistent smoker"),

n_nonmissing = sum(is.finite(safe_numeric(sub[[v]]))),
mean_weighted = weighted mean_safe(sub[[v]], sub$wt_int 2e@y),
sd_weighted = weighted_sd_safe(sub[[v]], sub$wt_int 20y),
median_unweighted = safe_quantile(sub[[v]], ©.50),
gl_unweighted = safe_quantile(sub[[v]], ©.25),

g3_unweighted = safe quantile(sub[[v]], ©.75)

)
})
}) %>%
mutate(
weighted_mean_sd = sprintf("%.2f £
unweighted median_iqr = sprintf("%.
gl_unweighted, g3_unweighted)
)
safe_write_csv(baseline_cont, file.path(DIRS$supp_tables,
"Table S2 baseline continuous_source.csv"))

%.2f", mean_weighted, sd_weighted),
2f (%.2f-%.2f)", median_unweighted,

categorical vars <- c(
"sex_f", "race_f", "education_f", "disease_f",
"diabetes_f", "hypertension_ f", "age group f"

)

baseline_cat <- map_dfr(categorical_vars, function(v) {
levs <- levels(factor(primary df[[v]]))
map_dfr(levs, function(lv) {
map_dfr(c(@, 1), function(g) {
sub <- primary_df %>% filter(exposure_quit == g)

n_raw <- sum(sub[[v]] == 1lv, na.rm = TRUE)
p_w <- weighted prop_safe(sub[[v]], sub$wt_int 20y, 1lv)
tibble(

variable = v,
level = lv,
group = ifelse(g == 1, "Post-diagnostic quitter", "Persistent smoker"),
n = n_raw,
weighted_percent = 100 * p_w,
n_weighted percent = sprintf("%d (%.1f%%)", n_raw, 100 * p w)
)
1)
})
)

safe_write_csv(baseline_cat, file.path(DIRS$supp_tables,



"Table S3 baseline categorical source.csv"))

missingness <- tibble(
variable = c(
continuous_vars, categorical vars,
"time_int_years", "event_allcause", "event_heart", "event_cancer",
"wt_int_2@y", "sdmvpsu", "sdmvstra"
)
) %>%
mutate(
n_total = nrow(primary_df),
n_missing = map_int(variable, ~ sum(is.na(primary_df[[.x]]))),
missing percent = 100 * n_missing / n_total
) %>%
arrange(desc(missing percent))
safe_write_csv(missingness, file.path(DIRS$audit,
"@7_missingness primary dataset.csv"))

outcome _counts <- tibble(

outcome = c(
"All-cause mortality",
"Heart-disease mortality (@01)",
“"Cancer mortality (©02)"

)5

cycles = "1999-2018",

events = c(

sum(primary_df$event_allcause == 1),
sum(primary_df$event_heart == 1),
sum(primary_df$event cancer == 1)
)5
n = nrow(primary_df)
) %>%

bind rows(tibble(
outcome = c(
"Cardiovascular composite mortality (©01+005)",
"Chronic lower respiratory disease mortality (©@e3)"

)>

cycles = "1999-2014",

events = c(
sum(design_16$variables$event_cvd_composite 16y == 1, na.rm = TRUE),
sum(design_16%$variables$event clrd 16y == 1, na.rm = TRUE)

)>

n = nrow(design_16%$variables)
)
safe_write_csv(outcome counts, file.path(DIRS$supp tables,
"Table_S4 outcome_counts_and_cycles.csv"))



cat("[6/14] BIT & HHFFCox EREL..\n")

RHS_MODELS <- list(
M@ unadjusted = "exposure_quit",
M1_demographic = "exposure_quit + agel® + sex_f + race_f + education_f",
M2 core = paste(
"exposure_quit + agel® + sex_f + race_f + education_f +",
"disease f + years_since_dx5 + pre_dx smoking yearsle +
survey cycle 2y centered"
)>
M2_core_no_calendar = paste(
"exposure_quit + agel® + sex f + race_f + education_ f +",
"disease_f + years_since_dx5 + pre_dx_smoking yearslo"

)
)

main_outcomes <- tibble::tribble(
~event_var, ~outcome_label,
"event_allcause", "All-cause mortality",
"event_heart"”, "Heart-disease mortality",
"event_cancer", "Cancer mortality"

)

main_models <- list()
for (k in seq_len(nrow(main_outcomes))) {
ev <- main_outcomes$event var[k]
ol <- main_outcomes$outcome_label[k]
for (nm in c("M@ unadjusted"”, "M1 demographic", "M2 core")) {
main_models[[length(main_models) + 1]] <- run_svycox(
design = design primary,
time_var = "time_int_years",
event_var = ev,
rhs = RHS_MODELS[[nm]],
analysis label = paste@("Primary 1999-2018 / ", nm),
outcome_label = ol

)
}
}

main_models_df <- bind_rows(main_models) %>%

mutate(HR_95CI = format_hr(HR, CI low, CI high), p_formatted = format _p(p))
safe_write_csv(main_models_df, file.path(DIRS$results,
"MODEL_primary survey weighted cox_models.csv"))

# 1999-2014F[HFIHILNE § & 5IBM THFRERT,
secondary_16_models <- bind_rows(
run_svycox(
design_16, "time_int_years", "event_cvd_composite 16y", RHS_MODELS$M2 core,
"Secondary restricted 1999-2014 / M2 core",
"Cardiovascular composite mortality (heart + cerebrovascular)"



)>
run_svycox(
design 16, "time_int_years", "event_clrd 16y", RHS_MODELS$M2 core,
"Secondary restricted 1999-2014 / M2_core",
“"Chronic lower respiratory disease mortality"
)
) %>%
mutate(HR_95CI = format_hr(HR, CI_low, CI_high), p_formatted = format_p(p))
safe_write_csv(secondary 16 models, file.path(DIRS$results,
"MODEL_secondary_1999 2014 cause_specific_models.csv"))

# E-value REMNT E 45 BM2_core (BEBREMT)
evalue_results <- main_models df %>%
filter(grepl("M2_core$", analysis), outcome %in% c("All-cause mortality",
"Heart-disease mortality")) %>%
rowwise() %>%
mutate(evalue tmp = list(manual evalue(HR, CI low, CI high))) %>%
unnest_wider(evalue_tmp) %>%
ungroup()
safe_write_csv(evalue_results, file.path(DIRS$results,
"91 _E_values primary M2.csv"))

cat("[7/14] BfTlandmark B HhBUEHE 5 47....\n")
sensitivity results <- list()

# 11.0a FHBHERL, &7 B i 5T 45 RAE0E,
for (ev in c("event_allcause"”, "event_heart")) {
sensitivity results[[length(sensitivity results) + 1]] <- run_svycox(
design_primary, "time_int_years", ev, RHS_MODELS$M2_ core_no_calendar,
"Primary 1999-2018 without calendar-cycle adjustment”,
ifelse(ev == "event_allcause", "All-cause mortality", "Heart-disease mortality")

)
}

# 11.0b $#EFR2017-2018: RBREHESMDOSS L MIMERRKRIE A, F P HIE MU RIS
for (ev in c("event_allcause"”, "event _heart")) {
sensitivity_results[[length(sensitivity results) + 1]] <- run_svycox(
design 18 sens, "time_int years", ev, RHS_MODELS$M2 core,
"Restricted 1999-2016 with 18-year combined interview weights",
ifelse(ev == "event_allcause", "All-cause mortality", "Heart-disease mortality")

)
}

# 11.1 ERRE O HRIEER VAR T Z2EHER, MAZRY

design_strict <- base::subset(design_primary, strict_quit_definition == 1)



for (ev in c("event_allcause"”, "event _heart")) {
sensitivity_results[[length(sensitivity results) + 1]] <- run_svycox(
design strict, "time_int_years", ev, RHS_MODELS$M2 core,
"Strict exposure: quit age > diagnosis age",
ifelse(ev == "event_allcause", "All-cause mortality", "Heart-disease mortality")
)
}

# 11.2 Landmark: @ ZikgEVi#8id1andmark, FMlandmark g E it
landmark_results <- list()
for (m in LANDMARK_MONTHS) {
time_name <- paste@("time_after_landmark_", m, "m")
design 1m <- design_primary
design_1lm$variables[[time_name]] <- (design_lm$variables$permth_int - m) / 12
design 1m$variables$eligible landmark _internal <- design lm$variables$permth_int >

design 1m <- base::subset(design 1lm, eligible landmark_internal)
design_1lm$variables <- droplevels(design_lm$variables)

for (ev in c("event_allcause"”, "event_heart")) {
landmark_results[[length(landmark_results) + 1]] <- run_svycox(
design_1m,
time_name,
ev,
RHS_MODELS$M2_core,
paste@("Landmark at ", m, " months / M2_core"),
ifelse(ev == "event_allcause", "All-cause mortality", "Heart-disease
mortality")
) %>% mutate(landmark_months = m)
}
}
landmark_results_df <- bind_rows(landmark_results) %>%
mutate(HR_95CI = format_hr(HR, CI_low, CI_high), p_formatted = format_p(p))
safe_write_csv(landmark_results_df, file.path(DIRS$results,
"MODEL_landmark_analyses corrected.csv"))

# 11.3 MEC/BMIY BARE! : X} b {f FAMEC/R EFNMMEC B HAEHE BIBE VT B [F] o
rhs_mec_extended <- paste(
RHS_MODELS$M2 core,
"+ bmi5 + pir + diabetes_f + hypertension_f"
)
for (ev in c("event_allcause"”, "event_heart")) {
sensitivity results[[length(sensitivity results) + 1]] <- run_svycox(
design_mec_extended,
"time_exm_years",
ev,
rhs_mec_extended,
"MEC-weighted extended complete-case model",
ifelse(ev == "event_allcause", "All-cause mortality", "Heart-disease mortality")



}

# 11.4 RRaEARETTRERGISRYE ARF2ERE,
rhs_smoking burden <- paste(RHS_MODELS$M2 core, "+ pack_yearslo")
for (ev in c("event_allcause"”, "event _heart")) {
sensitivity_results[[length(sensitivity results) + 1]] <- run_svycox(
design primary,
"time_int_years",
ev,
rhs_smoking_burden,
"Smoking-burden proxy complete-case sensitivity"”,

ifelse(ev == "event_allcause”, "All-cause mortality", "Heart-disease mortality")
)
}
# 11.5 RO ME RSB AR,
design cvd only <- base::subset(design primary, cvd any == 1)
design_lung_only <- base::subset(design_primary, lung_any == 1)

for (ev in c("event_allcause"”, "event _heart")) {
sensitivity_results[[length(sensitivity results) + 1]] <- run_svycox(
design cvd only, "time_int years", ev,
"exposure_quit + agel® + sex_f + race_f + education_f + years_since_dx5 +
pre_dx_smoking years1® + survey cycle 2y centered",
"Restricted to participants with cardiovascular disease",
ifelse(ev == "event_allcause", "All-cause mortality", "Heart-disease mortality")
)
sensitivity results[[length(sensitivity results) + 1]] <- run_svycox(
design_lung only, "time_int_years", ev,
"exposure _quit + agel® + sex f + race_f + education f + years since_dx5 +
pre_dx_smoking yearsl® + survey cycle 2y centered",
"Restricted to participants with chronic lung disease",
ifelse(ev == "event_allcause”, "All-cause mortality", "Heart-disease mortality")
)
}

sensitivity_results_df <- bind_rows(sensitivity_results, landmark_results_df) %>%
mutate(HR_95CI = format_hr(HR, CI low, CI high), p_formatted = format _p(p))

safe_write_csv(sensitivity results_df, file.path(DIRS$results,

"MODEL_sensitivity analyses.csv"))

cat("[8/14] SEATXIFMMIMAITS EEMMIHF...\n")

ps_formula <- exposure quit ~ agel@® + sex f + race f + education f +
disease_f + years_since_dx5 + pre_dx_smoking yearsl® + survey cycle_ 2y centered

ps_needed <- unique(c("exposure_quit", all.vars(ps_formula)))



ps_design <- complete_design(design primary, ps_needed)

ps_fit <- tryCatch(
survey: :svyglm(
ps_formula,
design = ps_design,
family = quasibinomial(),
control = glm.control(maxit = 100)
)>

error = function(e) NULL

)

if (is.null(ps_fit)) {
overlap _results <- tibble(
analysis = "Survey x overlap-weighted supportive analysis”,
outcome = c("All-cause mortality", "Heart-disease mortality"),
status = "failed",
error = "Survey-weighted propensity-score model failed"
)
balance_results <- tibble(note = "Propensity-score model failed; balance not
calculated.")
primary ps <- ps_design$variables

} else {
primary ps <- ps_design$variables %>%
mutate(
ps_quit = pmin(pmax(as.numeric(stats::predict(ps_fit, type = "response")),
0.01), 0.99),
overlap_factor = ifelse(exposure_quit == 1, 1 - ps_quit, ps_quit),
weight overlap combined = wt_int 20y * overlap_ factor
)

overlap_design <- survey::svydesign(
ids = ~survey psu_uid,
strata = ~survey_strata_uid,
weights = ~weight overlap combined,
nest = TRUE,
data = primary_ps

)

overlap_results <- bind_rows(

run_svycox(
overlap_design, "time_int_years", "event_allcause", "exposure_quit",
"Survey x overlap-weighted supportive analysis”,
"All-cause mortality"

)>

run_svycox(
overlap design, "time_int years", "event_heart", "exposure_ quit",
"Survey x overlap-weighted supportive analysis",
"Heart-disease mortality"

)>



run_svycox(
overlap_design, "time_int_years", "event_allcause", RHS_MODELS$M2 core,
"Survey x overlap-weighted doubly adjusted sensitivity”,
"All-cause mortality"

)

run_svycox(
overlap design, "time_int_years", "event_heart", RHS_MODELS$M2 core,
"Survey x overlap-weighted doubly adjusted sensitivity”,
"Heart-disease mortality"

)

) %>%
mutate(HR_95CI = format_hr(HR, CI_low, CI_high), p_formatted = format_p(p))

balance_cont_vars <- c("age", "survey_midyear", "years_since_dx",
"pre_dx_smoking years", "pir")
balance_cat_vars <- c("sex_f", "race_f", "education_f", "disease_f")

balance_cont <- map_dfr(balance_cont_vars, function(v) {
tibble(

variable = v,

level = NA character_,

type = "continuous”,

smd_survey = smd_continuous(primary ps[[v]], primary_ ps$exposure quit,
primary_ps$wt_int_20y),

smd_overlap = smd_continuous(primary ps[[v]], primary_ ps$exposure quit,
primary_ps$weight_overlap_combined)

})

balance_cat <- map_dfr(balance_cat_vars, function(v) {
map_dfr(levels(factor(primary ps[[v]])), function(lv) {
tibble(

variable = v,

level = lv,

type = "categorical level”,

smd_survey = smd_binary_level(primary ps[[v]], primary_ps$exposure_quit,
primary ps$wt_int 20y, 1lv),

smd_overlap = smd_binary_level(primary_ps[[v]], primary_ps$exposure_quit,
primary ps$weight overlap_ combined, 1v)

)
)
)
balance_results <- bind_rows(balance_cont, balance_cat) %>%
mutate(
label = ifelse(is.na(level), variable, paste@(variable, ": ", level)),

abs_smd_survey = abs(smd_survey),
abs_smd_overlap = abs(smd_overlap)
) %>%
arrange(desc(abs_smd_survey))



}

safe_write_csv(overlap results, file.path(DIRS$results,
"MODEL_overlap_weighted_supportive_models.csv"))
safe_write_csv(balance results, file.path(DIRS$results,
"@2_covariate_balance_before_after_overlap.csv"))
saveRDS(primary ps, file.path(DIRS$processed,
"04_primary_dataset_with_propensity_scores.rds"), compress = "xz")

cat("[9/14] BTN IWHESREERSHT....\n")

subgroup_specs <- list(
age _group f = list(
display = "Age group",
strat_rhs = "exposure quit + agel® + sex f + race_f + education f + disease f +
years_since_dx5 + pre_dx_smoking_yearsl® + survey_cycle_2y centered",
interaction_rhs = "exposure_quit * age group f + agel® + sex f + race_f +
education_f + disease_f + years_since_dx5 + pre_dx_smoking_yearsle +
survey cycle 2y centered"
)s
sex_f = list(
display = "Sex",
strat_rhs = "exposure quit + agel® + race_f + education f + disease f +
years_since_dx5 + pre_dx_smoking_yearsl® + survey_cycle_2y centered",
interaction_rhs = "exposure_quit * sex_ f + agel® + race f + education f +
disease_f + years_since_dx5 + pre_dx_smoking_yearsl® + survey_ cycle_ 2y centered”
)
disease_f = list(
display = "Disease phenotype”,
strat_rhs = "exposure_quit + agel® + sex_f + race_f + education_f +
years_since_dx5 + pre_dx_smoking yearsl® + survey cycle 2y centered",
interaction_rhs = "exposure_quit * disease_f + agel® + sex_f + race_f +
education f + years _since_dx5 + pre_dx _smoking yearsl® + survey cycle 2y centered”

)
)

subgroup_results <- list()
interaction_results <- list()

for (sg in names(subgroup_specs)) {
spec <- subgroup specs[[sg]]
levels_sg <- levels(factor(design_primary$variables[[sg]]))

for (lv in levels_sg) {
des_sub <- design primary
des_sub$variables$.sg _internal <- des_sub$variables[[sg]] == 1lv



des_sub <- base::subset(des sub, .sg internal)
des_sub$variables <- droplevels(des_sub$variables)

n_sub <- nrow(des_sub$variables)

events _sub <- sum(des_sub$variables$event heart == 1, na.rm = TRUE)
n_q <- sum(des_sub$variables$exposure_quit == 1, na.rm = TRUE)
n_p <- sum(des_sub$variables$exposure_quit == 0, na.rm = TRUE)

if (events_sub >= MIN_EVENTS SUBGROUP && n_q >= 20 && n_p >= 20) {
one <- run_svycox(
des sub, "time_int years", "event_heart", spec$strat_rhs,
paste@("Subgroup: ", spec$display, " =", 1lv),
"Heart-disease mortality"

)
} else {

one <- tibble(
analysis = paste@("Subgroup: ", spec$display, " =", 1lv),
outcome = "Heart-disease mortality",
time_variable = "time_int years",
event_variable = "event_heart”,
formula_rhs = spec$strat_rhs,
model_type = "survey::svycoxph",
n = n_sub,

events = events_sub,
n_quit = n_q,
n_persistent = n_p,
design df = tryCatch(survey::degf(des sub), error = function(e) NA real ),
term = "exposure_quit",
logHR = NA real , SE = NA real , HR = NA real , CI low = NA real , CI _high =
NA real , p = NA_real_,
status = "not_run", error = "WHEHHBERALEEATE"
)
}

one$subgroup_variable <- sg

one$subgroup label <- spec$display

one$subgroup_level <- lv
subgroup_results[[length(subgroup results) + 1]] <- one

}

# ERAREAERKRRK . RAREXBEERBRMH B X EH4M0therKF,
# BREEERKTEFHERENTF,

des_int_source <- design_primary

if (sg == "disease_f") {
des_int_source$variables$.interaction_keep_internal <-
des_int source$variables$disease f != "Other"

des_int_source <- base::subset(
des_int_source,
.interaction_keep_internal

)

des_int_source$variables <- droplevels(des_int_source$variables)



}

needed_int <- unique(c("time_int_years", "event_heart",
all.vars(as.formula(paste@("~", spec$interaction_rhs)))))

des_int <- complete_design(des_int_source, needed_int)

fml_int <- as.formula(paste@("Surv(time_int_years, event_heart) ~ ",
spec$interaction_rhs))

int_row <- tryCatch({
fit int <- suppressWarnings(survey::svycoxph(fml int, design = des_int))
tibble(
subgroup_variable = sg,
subgroup_label = spec$display,
interaction_p = wald_interaction_ p(fit_int, sg),
n = nrow(des_int$variables),

events = sum(des_int$variables$event heart == 1, na.rm = TRUE),
status = "ok",
error = NA_character_
)
}, error = function(e) {
tibble(

subgroup_variable = sg,
subgroup_label = spec$display,
interaction p = NA real ,
n = nrow(des_int$variables),
events = sum(des_int$variables$event heart == 1, na.rm = TRUE),
status = "failed",
error = conditionMessage(e)
)
})

interaction_results[[length(interaction_results) + 1]] <- int_row

}

subgroup_results_df <- bind_rows(subgroup results) %>%
mutate(HR_95CI = format_hr(HR, CI_low, CI_high), p_formatted = format_p(p))
interaction_results_df <- bind rows(interaction_results) %>%
mutate(interaction_p_ formatted = format_p(interaction_p))

safe_write_csv(subgroup_results_df, file.path(DIRS$results,
"MODEL_prespecified subgroup estimates.csv"))
safe_write_csv(interaction_results_df, file.path(DIRS$results,
"MODEL_interaction_ tests.csv"))

# —===========——==—=————==—————======———======——======—=====——==================
# 14. FRE R —EIEBURME DT 5 LB KSR i
# —===========——==—=————==—————======———======——======—=====——==================



# 14.1 BIRERERESHE PEO—B

design_primary$variables <- design_primary$variables %>%

mutate(
both_quit_ages_available =
exposure_quit == 1 &

is.finite(quit_age_direct) &

is.finite(quit_age_derived),
discordant_gtl =

both_quit_ages available & quit_age discrepancy years > 1,
discordant_gt2 =

both_quit_ages available & quit_age discrepancy years > 2,
discordant_gt5 =

both_quit_ages available & quit_age discrepancy years > 5,
keep_discrepancy_1 = !dplyr::coalesce(discordant_gtl, FALSE),
keep_discrepancy 2 = !dplyr::coalesce(discordant_gt2, FALSE),
keep_discrepancy_5 = !dplyr::coalesce(discordant_gt5, FALSE),
keep direct quit_age only =

exposure_quit == 0 |

(exposure _quit == 1 & quit_age source == "Direct SMDO55")

)

design_primary$variables <- droplevels(design_primary$variables)
primary df <- design_primary$variables

quit_age discrepancy distribution <- primary df %>%
filter(both_quit_ages_available) %>%
summarise(
n_with_both_sources = n(),
mean_difference years = mean(quit_age discrepancy_years, na.rm = TRUE),
sd_difference_years = sd(quit_age_discrepancy_years, na.rm = TRUE),
median_difference_years = median(quit_age discrepancy_years, na.rm = TRUE),
p25_difference_years = quantile(quit_age_discrepancy_years, 0.25, na.rm = TRUE,
names = FALSE),

p75_difference_years = quantile(quit_age_discrepancy_years, 0.75, na.rm = TRUE,
names = FALSE),
p90_difference_years = quantile(quit_age_discrepancy_years, 0.90, na.rm = TRUE,

names = FALSE),
max_difference_years = max(quit_age_discrepancy_years, na.rm = TRUE),
n_gtl = sum(discordant_gtl, na.rm = TRUE),
n_gt2 = sum(discordant_gt2, na.rm = TRUE),
n_gt5 = sum(discordant_gt5, na.rm = TRUE)

)

safe_write_csv(

quit_age discrepancy distribution,

file.path(DIRS$supp_tables, "Table S5 quit_age_discrepancy_distribution.csv")
)



quit _age count_list <- list()
quit_age model list <- list()

for (threshold in c(1, 2, 5)) {
keep_var <- paste@("keep_ discrepancy ", threshold)
discord_var <- paste@("discordant_gt", threshold)

des_threshold <- design_primary

des_threshold$variables$.keep internal <-
des_threshold$variables[[keep_var]]

des_threshold <- base::subset(des threshold, .keep internal)

des_threshold$variables <- droplevels(des_threshold$variables)

quit_age count_list[[as.character(threshold)]] <- tibble(
analysis = paste@("Exclude direct-derived quit-age discrepancy >", threshold,
years"),
threshold _years = threshold,
original _n = nrow(primary_df),

original quitters = sum(primary_df$exposure_quit == 1),
quitters_with_both_sources = sum(primary_df$both_quit_ages available, na.rm =
TRUE),

discordant_quitters_excluded = sum(primary_df[[discord_var]], na.rm = TRUE),
retained_n = nrow(des_threshold$variables),

retained_quitters = sum(des_threshold$variables$exposure_quit == 1),
retained_persistent_smokers = sum(des_threshold$variables$exposure quit == 9),
allcause_deaths = sum(des_threshold$variables$event_allcause == 1),
heart_deaths = sum(des_threshold$variables$event heart == 1),

cancer_deaths = sum(des_threshold$variables$event_cancer == 1)

)

for (k in seq_len(nrow(main_outcomes))) {
quit_age model list[[length(quit_age _model list) + 1]] <- run_svycox(
design = des_threshold,
time_var = "time_int_years",
event _var = main_outcomes$event var[k],
rhs = RHS_MODELS$M2 core,
analysis label = paste@("Quit-age discrepancy exclusion >", threshold,

years"),
outcome label = main_outcomes$outcome label[k]
) %>%
mutate(
sensitivity_type = "Quit-age discrepancy exclusion”,
threshold _years = threshold
)
}
}

# RIBRIRIRS AT FFRIRE £ 8RR AURE MR B E B SMDes SR I .
design direct _quit_age <- design primary
design_direct_quit_age$variables$.keep_direct_internal <-



design direct quit_age$variables$keep direct quit_age only
design_direct_quit_age <- base::subset(

design direct _quit_age,

.keep_direct_internal

)

design_direct_quit_age$variables <- droplevels(design_direct_quit_age$variables)

quit_age direct_count <- tibble(
analysis = "Quitters restricted to directly reported SMDO55 quit age",
original_n = nrow(primary_df),

original quitters = sum(primary_df$exposure_quit == 1),
retained_n = nrow(design_direct_quit_age$variables),
retained_quitters = sum(design_direct quit_age$variables$exposure quit == 1),

retained_persistent_smokers = sum(design_direct_quit_age$variables$exposure_quit
i e),
excluded_quitters_without_direct_age =

sum(primary_df$exposure_quit == 1) -
sum(design_direct_quit_age$variables$exposure_quit == 1),
allcause_deaths = sum(design direct quit_age$variables$event allcause == 1),
heart_deaths = sum(design_direct_quit_age$variables$event_heart == 1),
cancer_deaths = sum(design_direct _quit_age$variables$event cancer == 1)

)

for (k in seq_len(nrow(main_outcomes))) {
quit _age model list[[length(quit_age model list) + 1]] <- run_svycox(

design = design_direct_quit_age,
time_var = "time_int_years",
event_var = main_outcomes$event_var[k],
rhs = RHS_MODELS$M2 core,
analysis_label = "Quitters restricted to directly reported SMDO55 quit age",
outcome label = main_outcomes$outcome label[k]

) %>%
mutate(
sensitivity_type = "Direct quit-age source only",
threshold years = NA real
)

}

quit age counts _df <- bind _rows(
bind_rows(quit_age_count_list),
quit_age direct count

)
quit _age sensitivity models <- bind rows(quit_age model list) %>%
mutate(
HR_95CI = format_hr(HR, CI _low, CI high),
p_formatted = format_p(p)
)

safe_write_csv(
quit_age_counts_df,



file.path(DIRS$supp tables, "Table S6 quit age sensitivity sample counts.csv"

)

safe_write_csv(
quit_age_sensitivity models,

file.path(DIRS$results, "MODEL quit age sensitivity models.csv")

)

quit_age by cycle <- primary_df %>%

filter(exposure quit == 1) %>%

group_by(cycle, begin_year) %>%

summarise(
n_quitters = n(),
n_direct_age = sum(is.finite(quit_age_direct)),
n_derived_age = sum(is.finite(quit_age_derived)),
n_both_sources = sum(both quit_ages available),
n_discrepancy_gtl = sum(discordant_gtl),
n_discrepancy _gt2 = sum(discordant_gt2),
n_discrepancy_gt5 = sum(discordant_gt5),
median_discrepancy_years = ifelse(

sum(both_quit_ages_available) > 0,

median(quit_age discrepancy_years[both quit_ages available], na.rm

NA_real
)>
.groups = "drop"
)
safe_write_csv(
quit_age by cycle,

file.path(DIRS$supp_tables, "Table S7_quit_age_discrepancy_by cycle.csv")

extract_zph table <- function(zph, outcome_label, n_model, events) {

tb <- as.data.frame(zph$table)
tbg$term <- rownames(tb)
rownames(tb) <- NULL
tibble(

outcome = outcome_label,

n = n_model,

events = events,

term = tb$term,

chisq = if ("chisq" %in% names(tb)) tb$chisq else NA real ,

df = if ("df" %in% names(tb)) tb$df else NA_real ,
p =if ("p" %in% names(tb)) tb$p else NA_real_,
status = "ok",

error = NA_character_

TRUE),



ph_full list <- list()

for (k in seq_len(nrow(main_outcomes))) {
ev <- main_outcomes$event var[k]
ol <- main_outcomes$outcome_label[k]
needed <- unique(c(
"time_int_years",
ev,
all.vars(as.formula(paste@("~", RHS_MODELS$M2 core)))
))
des_ph <- complete_design(design_primary, needed)
fml_ph <- as.formula(
pasted("survival::Surv(time_int_years, ", ev, ") ~ ", RHS_MODELS$M2 core)
)

fit ph <- tryCatch(
suppressWarnings(
survey: :svycoxph(
fml_ph,
design = des_ph,
x = TRUE,
y = TRUE,
model = TRUE
)

)>

error = function(e) e

)

if (inherits(fit_ph, "error")) {
ph_full list[[length(ph_full list) + 1]] <- tibble(
outcome = ol,
n = nrow(des_ph$variables),
events = sum(des_ph$variables[[ev]] == 1),
term = NA_character_,
chisq = NA_real_,
df = NA real_,
p = NA_real_,

status = "failed",
error = conditionMessage(fit_ph)
)
} else {

zph <- tryCatch(

survival: :cox.zph(
fit_ph,
transform = "km",
terms = TRUE,
singledf = TRUE,
global = TRUE

)>



error = function(e) e

)

if (inherits(zph, "error")) {
ph_full list[[length(ph_full list) + 1]] <- tibble(

outcome = ol,
n = nrow(des_ph$variables),
events = sum(des_ph$variables[[ev]] == 1),
term = NA_character_,
chisq = NA_real_,
df = NA real ,
p = NA_real_,

status = "failed",
error = conditionMessage(zph)

)

} else {

ph_full list[[length(ph_full list) + 1]] <- extract_zph_table(
zph,
ol,
nrow(des_ph$variables),
sum(des_ph$variables[[ev]] == 1)

)

}
}
}

ph_full results <- bind_rows(ph_full 1list) %>%
mutate(p_formatted = format_p(p))

ph_summary <- map_dfr(main_outcomes$outcome_label, function(ol) {

tmp <- ph_full results %>% filter(outcome == ol, status == "ok")
exposure_row <- tmp %>% filter(term == "exposure_quit")
global row <- tmp %>% filter(toupper(term) == "GLOBAL")

exposure_p <- if (nrow(exposure_row) > @) exposure_row$p[l] else NA_real_
global p <- if (nrow(global row) > @) global row$p[l] else NA real
tibble(
outcome = ol,
n = if (nrow(tmp) > @) tmp$n[1l] else NA_integer_,
events = if (nrow(tmp) > @) tmp$events[1l] else NA_integer_,
exposure_ph_p = exposure_p,
global ph p = global p,
exposure_conclusion = case_when(
lis.finite(exposure p) ~ "Assessment unavailable",
exposure_p < 0.05 ~ "Evidence of non-proportionality for smoking cessation"”,
TRUE ~ "No statistical evidence of non-proportionality for smoking cessation”
)>
global_conclusion = case_when(
lis.finite(global_p) ~ "Assessment unavailable",
global p < ©0.05 ~ "Global model test indicates at least one time-varying
coefficient”,



TRUE ~ "No statistical evidence of global non-proportionality"”

)
)
})

safe_write_csv(

ph_full results,

file.path(DIRS$supp_tables, "Table S8 full proportional_hazards_tests.csv")
)
safe_write_csv(

ph_summary,

file.path(DIRS$results, "MODEL_proportional_hazards_summary.csv")

)
S —
# 15. R EEH  FEFEERX N, RE KNG EA
S —

cat("[11/14] HITEE LR EFEH...\n")

all model results <- bind rows(
main_models_df,
secondary_16_models,
sensitivity_results_df,
overlap results,
subgroup_results_df,
quit_age sensitivity models
) %>%
mutate(
log ci_width = ifelse(is.finite(CI_low) & is.finite(CI_high) & CI_low > O,
log(CI_high) - log(CI_low), NA real ),
gc_suspiciously narrow_ci = as.integer(
is.finite(log ci width) & log ci width < ©0.10 & events < 500
)>
gc_extreme_p = as.integer(is.finite(p) & p < 1le-20),
HR_95CI = format_hr(HR, CI_low, CI_high)
)

safe_write _csv(all model results, file.path(DIRS$results,
"03_all _model _results_with_QC_flags.csv"))

model _gc_summary <- all model_results %>%
summarise(
total_rows = n(),

successful _models = sum(status == "ok", na.rm = TRUE),

failed_or_not_run = sum(status != "ok", na.rm = TRUE),

suspiciously narrow_CI = sum(qc_suspiciously narrow_ci == 1, na.rm = TRUE),
extreme_p_values = sum(qc_extreme_p == 1, na.rm = TRUE)

)

safe_write_csv(model_qc_summary, file.path(DIRS$audit, "©8 model QC_summary.csv"))



B o o m o o m o o e
# Main Table 1:EZ4HIE, EL T EMH 2T EEF N—KEK
B o o m o o m o o e

continuous_labels <- c(
age = "Age, years",
survey_midyear = "NHANES survey midyear",
years_since_dx = "Years from first cardiopulmonary diagnosis to NHANES",
pre_dx_smoking_years = "Regular-smoking duration before diagnosis, years",
pir = "Family poverty-to-income ratio",
cig per_day_proxy = "Cigarettes per day proxy",
pack years proxy = "Pack-years proxy",
bmi = "Body mass index, kg/m2"

)

main_tablel cont <- map_dfr(names(continuous labels), function(v) {
persist <- primary_df %>% filter(exposure_quit == 0)
quit <- primary _df %>% filter(exposure_quit == 1)
tibble(
characteristic = continuous_labels[[Vv]],
level = "",
persistent_smokers = sprintf(
"%.2f £ %.2fF",
weighted mean_safe(persist[[v]], persist$wt int 20y),
weighted_sd_safe(persist[[v]], persist$wt_int_20y)
)>
postdiagnostic_quitters = sprintf(
"%.2F + %.2F",
weighted _mean_safe(quit[[v]], quit$wt_int_20y),
weighted sd safe(quit[[v]], quit$wt _int 20y)
)>
absolute_standardized_difference = abs(
smd_continuous(primary_df[[v]], primary_df$exposure_quit,
primary_df$wt_int_20y)
)
)
)

categorical_ labels <- c(
sex_f = "Sex",
race_f = "Race and ethnicity",
education f = "Education",
disease_f = "Cardiopulmonary disease phenotype",



diabetes f = "Diabetes",
hypertension_f = "Hypertension",
age group f = "Age group"

)

main_tablel cat <- map_dfr(names(categorical_ labels), function(v) {
map_dfr(levels(droplevels(primary df[[v]])), function(lv) {

persist <- primary_df %>% filter(exposure_quit == 0)
quit <- primary df %>% filter(exposure_quit == 1)
tibble(

characteristic = categorical labels[[Vv]],
level = lv,
persistent_smokers = sprintf(
"%d (%.1Ff%%)",
sum(persist[[v]] == 1lv, na.rm = TRUE),
100 * weighted prop_safe(persist[[v]], persist$wt_int 20y, 1lv)
)
postdiagnostic_quitters = sprintf(
"%d (%.1f%%)",
sum(quit[[v]] == lv, na.rm = TRUE),
100 * weighted prop_safe(quit[[v]], quit$wt_ int 20y, 1lv)
)s
absolute_standardized difference = abs(
smd_binary_level(primary_df[[v]], primary_df$exposure_quit,
primary df$wt_int 20y, 1lv)
)
)
)
)

main_tablel <- bind rows(main_tablel cont, main_tablel cat) %>%

mutate(
absolute_standardized difference = round(absolute_standardized difference, 3)

)

safe_write_csv(
main_tablel,
file.path(DIRS$tables, "Tablel baseline_ characteristics.csv")

B mm e oo e e e e e e e e e mmmmo o
# Main Table 2:F#&%!1%1999-2014REFE A
B mm e oo e e e e e e e e e mmmmo o

main_table2 <- bind_rows(
main_models_df %>%
mutate(
analysis_window = "NHANES 1999-2018",
model = case_when(
grepl("M@_unadjusted$", analysis) ~ "Unadjusted",



grepl("M1_demographic$", analysis) ~ "Demographic-adjusted"”,
grepl("M2_core$", analysis) ~ "Fully adjusted core model",
TRUE ~ analysis

)
)s

secondary_16_models %>%
mutate(
analysis_window = "NHANES 1999-2014",
model = "Fully adjusted core model"
)
) %>%
select(
analysis window,
outcome,
model,
n,
events,
n_quit,
n_persistent,
HR,
CI low,
CI_high,
p,
HR_95CI,
p_formatted,
status

)

safe_write_csv(
main_table2,
file.path(DIRS$tables, "Table2 primary and secondary mortality models.csv"

B oo o o o oo o oo o e e e e e e e mmmemmmeoo
# Main Table 3:landmark. & MBURME. S MNF0 AR E 0 B8R
B oo o o o oo o oo o e e e e e e e mmmemmmeoo

main_table3 <- bind_rows(
sensitivity results df %>%
mutate(analysis_family = "Conventional and landmark sensitivity"),
overlap results %>%
mutate(analysis_family = "Overlap-weighted supportive analysis"),
quit_age sensitivity models %>%
mutate(analysis_family = "Quit-age reconstruction sensitivity")
) %>%
filter(status == "ok") %>%
select(
analysis_family,
analysis,
outcome,



n,

events,
n_quit,
n_persistent,
HR,

CI_low,

CI high,

P,

HR_95(CT,
p_formatted

)

safe_write_csv(
main_table3,
file.path(DIRS$tables, "Table3 sensitivity and landmark _analyses.csv")

B o o m o o m o o e
# Main Table 4: WALt 5XE/ER
B o o m o o m o o e

main_tabled4 <- subgroup_results_df %>%
left_join(
interaction_results_df %>%
select(subgroup_variable, interaction_p, interaction_ p formatted,
status_interaction = status, error_interaction = error),
by = "subgroup variable"
) %>%
select(
subgroup_label,
subgroup_level,
n,
events,
n_quit,
n_persistent,
HR,
CI low,
CI_high,
p,
HR_95CI,
p_formatted,
interaction_p,
interaction_p formatted,
status,
error,
status_interaction,
error_interaction

)

safe_write_csv(



main_table4,

file.path(DIRS$tables, "Table4 subgroup_and_interaction_analyses.csv")

main_table5 <- ph_summary %>%
mutate(

exposure _ph p formatted = format_p(exposure_ph p),
global ph_p formatted = format_p(global ph_p)

)

safe_write_csv(
main_table5,

file.path(DIRS$tables, "Table5 proportional hazards assessment.csv")

)

# HRNEH I MEBRELRENITER, RiFASKER,

safe_write_csv(
missingness,
file.path(DIRS$supp tables,

)

safe_write_csv(
balance_results,
file.path(DIRS$supp tables,

)

safe_write_csv(
all model results,
file.path(DIRS$supp tables,

)

safe_write_csv(
interaction_results_df,
file.path(DIRS$supp tables,

"Table S9 missingness primary dataset.csv")

"Table S10 overlap weighting covariate balance.csv")

"Table S11 all model results with QC flags.csv")

"Table S12 interaction_test details.csv")

cat("[13/14] A mk4lE £ & X KFREE...\n")

PERSIST_COLOR <- "#6B7280"

QUIT COLOR <- "#C56A11"

MODEL_COLORS <- c(
"Unadjusted" = "#9CA3AF",

"Demographic-adjusted" = "#6B7280",

"Fully adjusted core model" =

)

"#C56A11"



figla_data <- cohort_flow %>%
mutate(step = factor(step, levels = rev(step)))

figlb data <- analytic_cycle audit %>%
select(cycle, begin_year, n_postdiagnostic_quitters, n_persistent_smokers) %>%
pivot_longer(
cols = c(n_postdiagnostic_quitters, n_persistent_smokers),

names_to = "exposure_group",
values_to = "n"

) %>%

mutate(

exposure_group = dplyr::recode(
exposure_group,

n_postdiagnostic_quitters = "Post-diagnostic quitter",
n_persistent_smokers = "Persistent smoker"

)>

cycle = factor(cycle, levels = analytic_cycle audit$cycle)

)

safe_write _csv(figla data, file.path(DIRS$source data, "FigurelA cohort flow.csv"))
safe_write_csv(figlb_data, file.path(DIRS$source_data,
"FigurelB cycle composition.csv"))

pla <- ggplot(figla data, aes(x = n, y = step)) +

geom_col(width = ©0.65, fill = QUIT_COLOR) +

geom_text(aes(label = scales::comma(n)), hjust = -0.08, size = 3.0, family =
BASE_FAMILY) +

scale_x_continuous(labels = scales::comma, expand = expansion(mult = c(9, 0.20)))
+

labs(x = "Unweighted participants", y = NULL) +

pub_theme(9) +

theme(legend.position = "none"

plb <- ggplot(figlb data, aes(x = cycle, y = n, fill = exposure_group)) +
geom_col(width = 90.72) +
scale fill manual(values = c(
"Persistent smoker" = PERSIST_COLOR,
"Post-diagnostic quitter" = QUIT_COLOR
)) +
scale_y continuous(labels = scales::comma) +
labs(x = "NHANES cycle", y = "Participants”, fill = NULL) +
pub_theme(9) +
theme(axis.text.x = element_text(angle = 45, hjust = 1))

figurel <- pla + plb +



patchwork: :plot_layout(widths = c(1.35, 1)) +
patchwork: :plot_annotation(tag_levels = "A")

save_pub_figure(figurel, "Figurel _cohort_and_cycle composition"”, 13.0, 6.8)

-
# Figure 2:A ZZHBFEE B T2 HBRFESRELR
-

fig2a_data <- main_models_df %>%
filter(status == "ok") %>%
mutate(
model = case_when(
grepl("M@_unadjusted$", analysis) ~ "Unadjusted",
grepl("M1_demographic$"”, analysis) ~ "Demographic-adjusted"”,
grepl("M2_core$", analysis) ~ "Fully adjusted core model",
TRUE ~ analysis
)>
model = factor(model, levels = c("Unadjusted", "Demographic-adjusted", "Fully
adjusted core model")),
outcome = factor(outcome, levels = c("Cancer mortality", "Heart-disease
mortality"”, "All-cause mortality"))
)

fig2b data <- bind_rows(
main_models_df %>%

filter(grepl("M2_core$", analysis), status == "ok"),
secondary_16_models %>%
filter(status == "ok")
) %>%

mutate(outcome plot = factor(outcome, levels = rev(unique(outcome))))

safe_write_csv(fig2a_data, file.path(DIRS$source_data,
"Figure2A primary_models.csv"))
safe_write_csv(fig2b_data, file.path(DIRS$source_data,
"Figure2B_fully adjusted_outcomes.csv"))

p2a <- ggplot(fig2a_data, aes(x = HR, y = model, color = model)) +
geom_vline(xintercept = 1, linetype = "dashed", linewidth = ©0.45) +
geom_segment(aes(x = CI_low, xend = CI_high, yend = model), linewidth = ©0.75) +
geom_point(size = 2.4) +
facet_wrap(~outcome, ncol
scale x_logle() +
scale_color_manual(values = MODEL_COLORS) +
labs(x = "Hazard ratio (log scale)", y = NULL, color = NULL) +
pub_theme(9) +
theme(legend.position = "none"

1) +

p2b <- ggplot(fig2b _data, aes(x = HR, y = outcome_plot)) +
geom_vline(xintercept = 1, linetype = "dashed", linewidth = 0.45) +



geom_segment(aes(x = CI low, xend = CI _high, yend = outcome_plot), linewidth =
.75, color = QUIT_COLOR) +

geom_point(size = 2.5, color = QUIT_COLOR) +

scale_x_logle() +

labs(x = "Fully adjusted hazard ratio (log scale)", y = NULL) +

pub_theme(9) +

theme(legend.position = "none"

figure2 <- p2a + p2b +

patchwork: :plot_layout(widths = c(1.15, 1)) +
patchwork: :plot_annotation(tag levels = "A")

save_pub_figure(figure2, "Figure2 primary_and secondary mortality models", 12.5,
8.4)

fig3a_data <- bind_rows(

main_models df %>%
filter(
grepl("M2_core$", analysis),
outcome %in% c("All-cause mortality", "Heart-disease mortality")
) %>%

transmute(
analysis = "Baseline",
landmark_months = 0,
outcome,
HR, CI_low, CI_high, p, n, events, status
)
landmark_results_df %>%
transmute(

analysis = paste@(landmark_months, "-month landmark"),
landmark_months,

outcome,
HR, CI _low, CI high, p, n, events, status
)
) %>%
filter(status == "ok") %>%
mutate(
analysis = factor(
analysis,
levels = c("Baseline", "12-month landmark", "24-month landmark", "36-month
landmark™)
)
)

fig3b data <- bind_rows(

main_models_df %>%



filter(grepl("M2_core$", analysis), outcome == "Heart-disease mortality") %>%
mutate(analysis_display = "Primary fully adjusted model"),
sensitivity results df %>%
filter(outcome == "Heart-disease mortality") %>%
mutate(analysis display = analysis),
overlap_results %>%
filter(outcome == "Heart-disease mortality") %>%
mutate(analysis_display = analysis),
quit_age sensitivity models %>%

filter(outcome == "Heart-disease mortality") %>%
mutate(analysis display = analysis)
) %>%
filter(status == "ok", !grepl("Landmark", analysis display)) %>%
distinct(analysis_display, .keep_all = TRUE) %>%
mutate(

analysis_display = factor(analysis_display, levels =
rev(unique(analysis_display)))

)

safe_write_csv(fig3a_data, file.path(DIRS$source_data,
"Figure3A landmark_analyses.csv"))
safe_write_csv(fig3b_data, file.path(DIRS$source_data,
"Figure3B_heart mortality sensitivity.csv"))

p3a <- ggplot(fig3a data, aes(x = HR, y = analysis)) +
geom_vline(xintercept = 1, linetype = "dashed", linewidth = 0.45) +
geom_segment(aes(x = CI_low, xend = CI_high, yend = analysis), linewidth = 0.72,
color = QUIT_COLOR) +
geom_point(size = 2.3, color =
facet_wrap(~outcome, ncol = 1)
scale x_logle() +
labs(x = "Hazard ratio (log scale)", y = NULL) +
pub_theme(9) +
theme(legend.position = "none"

QUIT_COLOR) +
+

p3b <- ggplot(fig3b_data, aes(x = HR, y = analysis_display)) +
geom_vline(xintercept = 1, linetype = "dashed", linewidth = 0.45) +
geom_segment(aes(x = CI_low, xend = CI_high, yend = analysis_display), linewidth =
0.70, color = QUIT_COLOR) +
geom_point(size = 2.2, color = QUIT_COLOR) +
scale x_logle() +
labs(x = "Hazard ratio for heart-disease mortality (log scale)", y = NULL) +
pub_theme(8.5) +
theme(legend.position = "none"

figure3 <- p3a + p3b +
patchwork: :plot_layout(widths = c(0.95, 1.45)) +
patchwork: :plot_annotation(tag_levels = "A")

save_pub_figure(figure3, "Figure3_landmark_and_sensitivity analyses", 14.0, 9.90)



if ("label"™ %in% names(balance_results) && nrow(balance_results) > 0) {
figda data <- balance_results %>%
filter(is.finite(abs_smd_survey) | is.finite(abs_smd_overlap)) %>%
select(label, abs_smd_survey, abs smd_overlap) %>%
pivot_longer(
cols = c(abs_smd_survey, abs_smd_overlap),

names_to = "weighting",
values to = "absolute smd"
) %>%
mutate(
weighting = dplyr::recode(
weighting,
abs_smd_survey = "Survey weight only",
abs_smd_overlap = "Survey x overlap weight"
)
) %>%

group_by(label) %>%
mutate(max_smd = max(absolute smd, na.rm = TRUE)) %>%
ungroup() %>%
arrange(max_smd) %>%
mutate(label = factor(label, levels = unique(label)))
} else {
figda_data <- tibble(
label = factor("Balance unavailable"),
weighting = "Survey weight only",
absolute_smd = NA real

)

}

figdb data <- subgroup results df %>%
filter(status == "ok", is.finite(HR), is.finite(CI_low), is.finite(CI_high)) %>%
mutate(

subgroup_display = paste@(subgroup_label, , subgroup_level),
subgroup_display = factor(subgroup display, levels =
rev(unique(subgroup_display)))
)

safe_write_csv(figda_data, file.path(DIRS$source_data,
"Figure4A overlap_balance.csv"))
safe_write_csv(figdb_data, file.path(DIRS$source_data,
"Figure4B_subgroup_estimates.csv"))

pda <- ggplot(figda_data, aes(x = absolute_smd, y = label, shape = weighting)) +
geom_vline(xintercept = 0.10, linetype = "dashed", linewidth = ©0.45) +
geom_point(size = 2.09) +



labs(x = "Absolute standardized mean difference", y = NULL, shape = NULL) +
pub_theme(8.5)

pdb <- ggplot(figdb_data, aes(x = HR, y = subgroup_display)) +
geom_vline(xintercept = 1, linetype = "dashed", linewidth = 0.45) +
geom_segment(aes(x = CI_low, xend = CI_high, yend = subgroup_display), linewidth =
0.70, color = QUIT_COLOR) +
geom_point(size = 2.2, color = QUIT_COLOR) +
scale x_logle() +
labs(x = "Hazard ratio for heart-disease mortality (log scale)", y = NULL) +
pub_theme(8.5) +
theme(legend.position = "none"

figured <- pda + pdb +
patchwork: :plot_layout(widths = c(1.15, 1)) +
patchwork: :plot_annotation(tag_levels = "A")

save_pub_figure(figured4, "Figured overlap_balance_and_subgroups"”, 13.5, 8.9)

figure_captions <- c(

"Figure 1. Construction and composition of the diagnosis-anchored linked mortality
cohort. Panel A shows sequential cohort selection. Panel B shows the unweighted
distribution of persistent smokers and post-diagnostic quitters across NHANES
cycles.",

"Figure 2. Associations between post-diagnostic smoking cessation and mortality.
Panel A presents unadjusted, demographic-adjusted, and fully adjusted
survey-weighted Cox estimates for the three 1999-2018 outcomes. Panel B presents
fully adjusted estimates for the main outcomes and the two cause-specific outcomes
restricted to 1999-2014. Persistent smoking is the reference category.",

"Figure 3. Landmark and sensitivity analyses. Panel A presents baseline and 12-,
24-, and 36-month landmark analyses with the time origin reset at each landmark.
Panel B summarizes sensitivity analyses for heart-disease mortality, including
calendar-cycle, period-restriction, exposure-definition, MEC-weighted,
smoking-burden, disease-restriction, overlap-weighted, and quit-age reconstruction
analyses.",

"Figure 4. Supportive weighting and subgroup analyses. Panel A shows absolute
standardized mean differences before and after combining NHANES interview weights
with overlap weights. Panel B shows prespecified subgroup estimates for
heart-disease mortality. Subgroup estimates are exploratory.”

)
writelLines(

figure_captions,

file.path(DIRS$reports, "FIGURE_CAPTIONS.txt"),

useBytes = TRUE



cat("[14/14] BT ES (FERELER)...\n")

main_m2_summary <- main_models df %>%

filter(grepl("M2_core$", analysis)) %>%

select(outcome, n, events, HR, CI _low, CI high, p, HR_95CI, status, error)
safe_write_csv(

main_m2_summary,

file.path(DIRS$results, "FINAL_main_M2_results_for_manuscript_update.csv")

)

manuscript update text <- c(
"REQUIRED MANUSCRIPT UPDATES AFTER THE FINAL INTEGRATED REANALYSIS",

nn
J

"1. Replace all numerical results from the old manuscript with this run.",

"2. Describe the study as a diagnosis-anchored observational linked mortality
cohort analysis, not a target-trial emulation.”,

"3. Use heart-disease mortality for UCOD_LEADING=001; do not call it broad
cardiovascular mortality.",

"4. Report cardiovascular composite mortality (©01+005) and chronic lower
respiratory disease mortality (003) only for NHANES 1999-2014.",

"5. State that the primary analysis used combined interview weights and
interview-date follow-up; the BMI-expanded analysis used MEC weights and
examination-date follow-up.",

"6. State the combined-weight formula: 1999-2002 four-year weight x1/5 and each
2003-2018 two-year weight +10.",

"7. Describe formal models as survey-weighted Cox proportional hazards models
fitted with survey::svycoxph.",

"8. State that MCD186* aliases were used for 2017-2018 diagnosis ages and quit age
was derived from SMQO50Q/U when direct SMDO55 was unavailable; the >=50-year
category was not treated as an exact value.",

"9. Report the quit-age discrepancy exclusion and direct-quit-age-only analyses as
sensitivity analyses.”,

"10. Report the exposure-specific and global cox.zph tests. Do not claim that
P>=0.05 proves proportional hazards.",

"11. Landmark analyses require follow-up beyond each landmark and reset time zero
to the landmark.",

"12. Overlap-weighted models are supportive and do not replace the primary
complex-survey regression.",

"13. The submission candidate contains exactly five main tables and four main
figures; no supplementary figures are generated.",

"14. All remaining detailed audits and full model outputs are supplementary tables
or internal QC files."

)
writelLines(

manuscript_update_text,

file.path(DIRS$reports, "MANUSCRIPT_UPDATE_REQUIRED.txt"),

useBytes = TRUE

)

main_table_files <- list.files(DIRS$tables, pattern = "~Table[1-5] .*\\.csv$",



full.names = TRUE)

main_figure_tiff files <- list.files(DIRS$figures, pattern =

"AFigure[1-4] .*\\.tiff$", full.names = TRUE)

main_figure_pdf files <- list.files(DIRS$figures, pattern =

"AFigure[1-4] .*\\.pdf$", full.names = TRUE)

supp_figure_files <- list.files(DIRS$figures, pattern = "FigureS|supp", ignore.case
= TRUE, full.names = TRUE)

submission_structure_audit <- tibble(
item = c(
"Main table CSV files",
"Main figure TIFF files",
"Main figure PDF files",
"Supplementary figure files",
"TID table limit respected”,
"TID figure limit respected”
)>
value = c(
length(main_table files),
length(main_figure_tiff_files),
length(main_figure_ pdf files),
length(supp_figure_files),
length(main_table files) <= 5,
length(main_figure_tiff files) <= 4
)
)

safe_write_csv(
submission_structure_audit,
file.path(DIRS$reports, "TID SUBMISSION_STRUCTURE_AUDIT.csv")

)

if (length(main_table_files) != 5) {
warning("ERZAERBEARZ55K:", length(main_table files))
}
if (WRITE_TIFF && length(main_figure tiff files) != 4) {
warning("ERATIFFEKIHEARZ4ME:", length(main_figure_ tiff files))
}
if (length(supp_figure_files) > @) {
stop (" Fr I EIKMFE I ST R AR VT N R E RN TE R )
}

capture.output(
sessionInfo(),
file = file.path(DIRS$logs, paste@("sessionInfo_ ", run_stamp, ".txt"))

)

final summary <- tibble(
item = c(
"Run completed",
"Data access mode",



"Project root",
"Primary sample size",
"Post-diagnostic quitters”,
"Persistent smokers",
"Primary heart-disease deaths",
"Primary all-cause deaths"”,
"Successful model rows",
"Failed/not-run model rows",
"Suspiciously narrow CI flags",
"Main tables",
"Main figures",
"Supplementary figures",
"Raw-data directory modified"
)5
value = c(
format(Sys.time()),
"Local 00 _raw_data only; no download",
PROJECT_ROOT,
nrow(primary_df),

sum(primary_df$exposure_quit == 1),
sum(primary_df$exposure_quit == 0),
sum(primary_df$event_heart == 1),

sum(primary_df$event_allcause == 1),

model_gc_summary$successful_models,
model qc_summary$failed or_not_run,
model_qgc_summary$suspiciously narrow_CI,
length(main_table files),
length(main_figure_tiff_files),
length(supp_figure files),
"No; read only"
)
)

safe_write_csv(
final_summary,
file.path(DIRS$reports, "FINAL RUN_SUMMARY.csv")

)

current_source <- tryCatch(
normalizePath(sys.frame(1)$ofile, winslash = "/", mustWork = FALSE),
error = function(e) NA_character_
)
if (
is.character(current_source) &&
length(current_source) == 1 &&
lis.na(current_source) &&
file.exists(current_source)
) {
file.copy(
current_source,
file.path(DIRS$code, "TID MAJOR_REVISION_FINAL_ALL_IN ONE_COMPLETE_RUN_v1.R"),



overwrite = TRUE

)
}

# AP ER ARABARTERLZIPEAE,
zip_generation_status <- "DISABLED"

Cat("\n============================================================\n")
cat("RABEEHRHWTH ", format(Sys.time()), "\n", sep = "")
cat("EDHEEARE ", nrow(primary_df), "\n", sep = "")
cat("ZEERIEE ", sum(primary_df$exposure_quit == 1), "\n", sep = "")
cat ("HLIRMAEE ", sum(primary_df$exposure_quit == @), "\n", sep = "")
cat("IDIERIRIETEEH ", sum(primary_df$event_heart == 1), "\n", sep = "")
cat("ERHME:", length(main_table_files), "\n", sep = "")
cat("EEI#E ", length(main_figure_tiff files), "\n", sep = "")
cat("#FEREE ", length(supp_figure_files), "\n", sep = "")

cat("ZIP/E4i L RER GRAFER)\n")
cat("EMLARAREFEVE M B3P \n")

sink()
HHHHHEHH
18. TID-02054-2026-01 MAJOR REVISION * F#&EH:

V2 X BEIE :

- IEMMcar®@, MRFR AR FERdplyr: :recode;

- FiErecodell A ERXE Ndplyr: :recode;

- RBVIEHR 4.6.0%UPREITRILENMTERFEETE., B2,
VIF/GVIF, 1999-2014¥ BIEE! Mt FHLIRIEERE S .

;s%lii]wf_t75“5‘6%1%&é‘%ﬁ%Eﬁffﬂiﬁﬁﬁ%”ﬁkmiﬁﬁ%}nﬁc
ﬁ'a ?éq"i

1) BIDFEARFBE T ESLRMENE E DK

2) ELHBZDMER AT ERVIF/GVIFIZHE;

3) 1999-2014RE N HAF 445 BAIMe ., M1, M2FR R ;

4) 1FRFE TS BINHANES 18 25 i A TR R 4% ;

5) Figure 1frERFER RFigure 2IRIEEE S,

6) Table 1FTable 23R{EARCSV/XLSX;

7) IFEREFREEUREH;

8) AIEEATEREEEMNIEERBE,;

9) RIELR—HMMEFH T FEREHE,
S

HFHEFHFHAFHFHHFEHHFEHHFEHTEHIEH

while (sink.number() > ©) sink()

REVISION_STAMP <- format(Sys.time(), "%Y%mk%d_J%H%M%S")
REVISION_ROOT <- file.path(PROJECT ROOT, "10 TID MAJOR _REVISION_ FINAL")

REV_DIRS <- list(
root = REVISION_ROOT,



code = file.path(REVISION ROOT, "@1 code"),
audit = file.path(REVISION_ROOT, "@2_audit"),
results = file.path(REVISION ROOT, "@3 results"),
tables = file.path(REVISION_ROOT, "04_ tables"),
figures = file.path(REVISION ROOT, "©5 figures"),
source_data = file.path(REVISION_ROOT, "@5_ figures", "source_data"),
supplementary = file.path(REVISION ROOT, "@6 supplementary tables RENUMBERED"),
response = file.path(REVISION_ROOT, "@7_response_ready"),
logs = file.path(REVISION ROOT, "@8 logs")
)
invisible(lapply(REV_DIRS, fs::dir_create))

revision log file <- file.path(
REV_DIRS$logs,
paste@("TID major_revision log ", REVISION STAMP, ".txt")

)
sink(revision_log file, split = TRUE)

Ca.t("\ﬂ============================================================\nn)
cat("TID-02054-2026-01 MAJOR REVISION MODULE\n")

cat("Started: ", format(Sys.time()), "\n", sep = "")

cat("Locked source project: ", SOURCE_PROJECT_ROOT, "\n", sep = "")
cat("Revision output root: ", REVISION_ROOT, "\n", sep = "")

cat("Research-data download: DISABLED\n")
cat("============================================================\n\n")

B oo o o o o o o o o e o e e e e e e m oo
# 18.1 IRISTEILHIMRE

B oo o o o o o o o o e o e e e e e e m oo

revision_required_packages <- c("car", "openxlsx")

installed _revision <- rownames(installed.packages())
if (AUTO_INSTALL_PACKAGES) {
for (pkg in revision_required packages) {
if (!pkg %in% installed_revision) {
try(
install.packages(
pkg,
repos = "https://cloud.r-project.org",
dependencies = TRUE
)>
silent = TRUE
)
}
}
}

missing revision packages <- revision_required_packages|[
Ivapply(



revision_required_packages,
requireNamespace,
logical(1l),
quietly = TRUE
)
]

if (length(missing_revision_packages) > 0) {
stop(
"IRER R DLHFERE ",
paste(missing revision_packages, collapse = ", "),
"\niEREFEFEIT. "
)
}

# T carzopenx1sxfNEIRIEE R EREZE,

# BR: carBPHIRIREMEFERIplyr: :recode; KBIA S —E A B dh 4 22 A,
# MIBER EERBEEPZE,

invisible(NULL)

write lines utf8 <- function(x, path) {
con <- file(path, open = "wt", encoding = "UTF-8")
on.exit(close(con), add = TRUE)
writelLines(x, con = con, useBytes = TRUE)

}

copy_if exists <- function(from, to) {
if (file.exists(from)) {
fs::dir_create(dirname(to))
return(file.copy(from, to, overwrite = TRUE))

}
warning("fl 8 ®IXERFE ", from)
FALSE

}

model label from_analysis <- function(x) {
dplyr::case_when(
grepl("M@_unadjusted$", x) ~ "M@: Unadjusted",
grepl("M1_demographic$"”, x) ~ "M1l: Demographic-adjusted",
grepl("M2_core$", x) ~ "M2: Fully adjusted core model",
TRUE ~ x
)
}

extract_svykm_curve <- function(curve_object, group _name) {
if (is.null(curve_object$time) || is.null(curve_object$surv)) {



stop("svykmXf R kD timeHsurvik i, TTIERBUREIE, ")
}

tt <- as.numeric(curve_object$time)
ss <- as.numeric(curve_object$surv)
n_keep <- min(length(tt), length(ss))
tt <- tt[seq_len(n_keep)]

ss <- ss[seq_len(n_keep)]

tibble(
exposure_group = group_name,
time_years = c(0, tt),
survival probability = c(1, ss)
) %>%
distinct(exposure group, time years, .keep all
arrange(time_years)

TRUE) %>%

}

make column_vif <- function(model matrix) {
mm <- as.matrix(model matrix)
if ("(Intercept)" %in% colnames(mm)) {
mm <- mm[, colnames(mm) != "(Intercept)"”, drop = FALSE]

}

finite cols <- vapply(
seq_len(ncol(mm)),
function(j) {
x <- mm[, j]
all(is.finite(x)) && stats::sd(x) > ©
}s
logical(1)
)

mm <- mm[, finite cols, drop = FALSE]

if (ncol(mm) < 2) {
return(tibble(
model matrix_column = colnames(mm),
VIF = NA_real_,
tolerance = NA real
))
}

out <- lapply(seq len(ncol(mm)), function(j) {

y <- mm[) j]
X <- mm[, -j, drop = FALSE]

fit <- tryCatch(
stats::1m.fit(
x = cbind("(Intercept)"” = 1, x),
y=yYy



)s

error = function(e) e

)
if (inherits(fit, "error")) {
return(tibble(
model_matrix_column = colnames(mm)[j],
VIF = NA_real_,
tolerance = NA real
))
}

rss <- sum(fit$residuals”2)

tss <- sum((y - mean(y))”"2)

r2 <- ifelse(tss > @, 1 - rss/tss, NA real )
r2 <- min(max(r2, 0), 0.999999999)

vif value <- 1/(1-r2)

tibble(
model _matrix_column = colnames(mm)[j],
VIF = vif value,
tolerance = 1/vif_value
)
})

bind_rows(out) %>%
arrange(desc(VIF))
}

save_revision_figure <- function(plot_object, stem, width, height) {
if (WRITE_TIFF) {
ggplot2::ggsave(
filename = file.path(REV_DIRS$figures, paste@(stem, ".tiff")),
plot = plot_object,
width = width,
height = height,

units = "in",

dpi = DPI,

device = "tiff",
compression = "lzw",

bg = "white",
limitsize = FALSE
)
¥

if (WRITE_PDF) {
ggplot2::ggsave(
filename = file.path(REV_DIRS$figures, paste@(stem, ".pdf")),
plot = plot object,
width = width,



height = height,

units = "in",

device = grDevices::cairo_pdf,
bg = "white",

limitsize = FALSE

)
}
}
B o o oo oo o o o e e e e e e e e e e e eemm -
# 18.3 BDHMBEMERLREME EIRE
B o o oo oo o o o e e e e e e e e e e e eemm -

cat("[REV 1/10] BEBDFHAR, FHHMEZLNAG...\n")

heart_m2_check <- main_models_df %>%

filter(
outcome == "Heart-disease mortality",
grepl("M2_core$", analysis),
status == "ok"

) %>%

slice(1)

if (nrow(heart_m2_check) != 1) {
stop ("TiEME—iH511999-2018 1 IFRIE T-M2BLMERY , ™)
¥

expected_check <- tibble(
metric = c(
"Primary analysis n",
"Post-diagnostic quitters”,
"Persistent smokers",
"All-cause deaths",
"Heart-disease deaths",
"Cancer deaths",
"Heart-disease M2 HR",
"Heart-disease M2 CI lower",
"Heart-disease M2 CI upper"
)>
expected = c(
2319,
975,
1344,
999,
272,
244,
0.586,
0.422,
0.815

)s



actual = c(
nrow(primary_df),

sum(primary_df$exposure_quit == 1),
sum(primary_df$exposure_quit == @),
sum(primary_df$event_allcause == 1),
sum(primary_df$event_heart == 1),
sum(primary_df$event_ cancer == 1),

heart_m2_check$HR,
heart_m2_check$CI low,
heart_m2_check$CI_high

)>

tolerance = c(
0, 9, 0, 0, 9, 0,
0.010, 0.015, 0.015

)

) %>%

mutate(
absolute_difference = abs(actual - expected),
pass = absolute_difference <= tolerance

)

safe_write_csv(
expected check,
file.path(REV_DIRS$audit, "REVISION_CORE_REPRODUCIBILITY_ CHECK.csv")

)

if ('all(expected check$pass)) {
failed_metrics <- expected_check %>%
filter(!pass) %>%

pull(metric)
stop(
"RIDERRENL & MR,
paste(failed metrics, collapse = "; "),

"o AR IERIEFIB AT
)
}

# 5 ERUELERXEZEITHE (ANIBERXHEE) .
old main_model path <- file.path(
SOURCE_PROJECT_ROOT,
"04 results”,
"MODEL_primary_survey_weighted_cox_models.csv"

)

if (file.exists(old _main_model path)) {
old_main_models <- readr::read_csv(
old_main_model path,
show_col_types = FALSE,
progress = FALSE

)



revision_vs_old <- main_models_df %>%
select(outcome, analysis, HR _new = HR, CI _low new = CI_low,
CI_high new = CI_high, p_new = p) %>%
left_join(
old_main_models %>%
select(outcome, analysis, HR old = HR, CI low old = CI 1low,
CI_high_old = CI_high, p_old = p),
by = c("outcome", "analysis")
) %>%
mutate(
abs_diff_HR = abs(HR_new - HR_old),
abs diff CI low = abs(CI_low new - CI_low_old),
abs_diff_CI_high = abs(CI_high new - CI_high old),
abs diff p = abs(p_new - p_old),
exact_within_le_8 =
abs_diff HR < le-8 &
abs_diff_CI_low < le-8 &
abs_diff CI high < 1le-8 &
abs_diff_p < 1le-8
)

safe_write_ csv(
revision_vs_old,
file.path(REV_DIRS$audit, "REVISION_VS_LOCKED PRIMARY_ MODELS.csv")

}

B m e e e e e e e e e e e m e mmmm
# 18.4 VIF/GVIFZEH LM 12H

B m e e e e e e e e e e e m e mmmm

VIF_THRESHOLD <- 5

vif variables <- c(
"time_int_years",
"exposure_quit",

"agelo",

"sex_ f",

"race_f",

"education_f",
"disease_f",
"years_since_dx5",
"pre_dx_smoking_yearsile",
"survey cycle 2y centered”

)

vif_data <- primary_df %>%



select(all of(vif _variables)) %>%
filter(stats::complete.cases(.)) %>%
droplevels()

vif 1m_formula <- stats::as.formula(
pasted(
“"time_int years ~ ",
RHS_MODELS$M2_core
)
)

# VIFR BT R— R EW I MR 20,
# TEMNHEHEBESsurvey: :svycoxph,
vif_1Im_fit <- stats::1m(

formula = vif_1lm formula,

data = vif_data,

na.action = na.fail

)
vif_raw <- car::vif(vif_1lm_fit)

if (is.matrix(vif_raw)) {
vif term_table <- as.data.frame(vif_raw) %>%
tibble: :rownames_to_column("term")

adjusted_col <- grep(
"GVIF\\"",
names(vif_term_table),
value = TRUE

)

if (length(adjusted_col) == 0) {
adjusted col <- grep(
"GVIF",
names(vif_term_table),
value = TRUE

)
adjusted_col <- adjusted_col[length(adjusted_col)]

}

vif _term_table <- vif term_table %>%
mutate(
adjusted GVIF = .data[[adjusted col[1]]],
threshold = VIF_THRESHOLD,
meaningful collinearity = adjusted GVIF >= threshold
)
} else {
vif_term_table <- tibble(
term = names(vif _raw),
VIF = as.numeric(vif_raw),



adjusted GVIF = as.numeric(vif_raw),
threshold = VIF_THRESHOLD,
meaningful collinearity = adjusted GVIF >= threshold

)
}

vif model matrix <- stats::model.matrix(
stats::as.formula(paste@("~", RHS_MODELS$M2 core)),
data = vif data

)

vif_column_table <- make_column_vif(vif_model matrix) %>%
mutate(
threshold = VIF_THRESHOLD,
meaningful collinearity = VIF >= threshold

)

vif_summary <- tibble(

diagnostic = c(
"Complete cases used",
"Maximum adjusted term-level GVIF",
"Maximum model-matrix column VIF",
"Prespecified threshold",
"Any term-level value at or above threshold”,
"Any column-level value at or above threshold"

)>

value = c(
nrow(vif_data),
max(vif_term_table$adjusted_GVIF, na.rm = TRUE),
max(vif_column_table$VIF, na.rm = TRUE),
VIF_THRESHOLD,
any(vif_term_table$meaningful_collinearity, na.rm = TRUE),
any(vif_column_table$meaningful collinearity, na.rm = TRUE)

)
)

safe_write_csv(

vif_term_table,

file.path(REV_DIRS$results, "REVISION_VIF_GVIF_TERM LEVEL.csv")
)
safe_write_csv(

vif_column_table,

file.path(REV_DIRS$results, "REVISION VIF MODEL MATRIX_ COLUMNS.csv")
)
safe_write_csv(

vif_summary,

file.path(REV_DIRS$results, "REVISION VIF_ SUMMARY.csv")



# 18.5 1999-2014RE K} H#A : ¥~ 5FMe . M1FIM2

cat("[REV 3/10] #M11999-2014FRE I} #AiMo, M1FIM2AEE! . \n")

secondary_16_outcomes <- tibble::tribble(

~event_var, ~outcome_label,

"event_cvd_composite_16y", "Cardiovascular composite mortality (heart +
cerebrovascular)",

"event_clrd_16y", "Chronic lower respiratory disease mortality"

)

secondary_16_all list <- list()

for (k in seq_len(nrow(secondary 16 outcomes))) {
ev <- secondary_16_ outcomes$event_var[k]
ol <- secondary 16 outcomes$outcome label[k]

for (nm in c("M@ _unadjusted"”, "M1 demographic", "M2 core")) {
secondary_16_all list[[length(secondary_16_all 1list) + 1]] <- run_svycox(

design = design 16,
time_var = "time_int_years",
event_var = ev,
rhs = RHS_MODELS[[nm]],
analysis label = paste@("Secondary restricted 1999-2014 / ", nm),
outcome_label = ol

)
}
}

secondary_16_all models <- bind_rows(secondary 16 all list) %>%
mutate(
model = model label from_analysis(analysis),
HR_95CI = format_hr(HR, CI_low, CI high),
p_formatted = format_p(p)
)

safe_write_csv(
secondary 16 _all models,
file.path(
REV_DIRS$results,
"REVISION_MODEL_secondary_1999 2014 M@_M1 _M2.csv"

)
)
B oo m o o oo o o oo o oo e e e e e e e oo
# 18.6 IDIFIRIET AT MM TFRIZ
B oo m o o oo o o oo o oo e e e e e e e oo

cat("[REV 4/10] AL T EMEFIL...\n")



# EAFR I Esvykmiz A iR, Ll fse=TRUEEBH R LN £l mRNEFNE,

# HIAERMEKaplan-MeierBi kR g, FRERBIE W .
KM_COMPUTE_SE <- FALSE

km_design <- complete_design(
design primary,
c(
“"time_int years",
"event_heart",
"exposure_ f"
)
)

km_fit <- survey::svykm(

survival::Surv(time_int_years, event_heart) ~ exposure_f,

design = km_design,
se = KM_COMPUTE_SE
)

saveRDS(
km_fit,

file.path(REV_DIRS$results, "REVISION weighted heart_disease_ svykm object.rds")

)

if (inherits(km_fit, "svykmlist") || (is.list(km_fit) && length(km_fit) > 1)) {

km_names <- names(km_fit)
if (is.null(km_names)) km_names <- paste@("Group

, seq_along(km_fit))

km_source_data <- purrr::map_dfr(seq_along(km_fit), function(i) {

group_name <- km_names[i]
group_name <- sub("”exposure_f=",
group_name <- sub("”exposure f",
group_name <- trimws(group_name)
extract _svykm_curve(km_fit[[i]], group_name)

)

} else {

km_source_data <- extract_svykm_curve(
km fit,
"All participants”

)

, group_name)
, group_name)

}

km_source_data <- km_source_data %>%
mutate(
exposure_group = dplyr::case_when(
grepl("Persistent”, exposure_group, ignore.case

grepl("Post", exposure_group, ignore.case = TRUE

grepl("quitter", exposure_group, ignore.case
quitter”,

)

TRUE) ~ "Persistent smoker",
|

TRUE) ~ "Post-diagnostic



TRUE ~ exposure_group
)s
exposure_group = factor(
exposure_group,
levels = c(
"Persistent smoker",
"Post-diagnostic quitter”
)
)
) %>%
arrange(exposure_group, time_years)

safe_write_csv(
km_source_data,
file.path(
REV_DIRS$source_data,
"Figure2A weighted heart _disease_survival source_data.csv"

)
)
km_group_counts <- km_design$variables %>%
count(exposure_f, name = "unweighted_n") %>%
mutate(
exposure_group = as.character(exposure_f)
) %>%

select(exposure_group, unweighted_n)

safe_write_csv(
km_group_counts,
file.path(
REV_DIRS$source_data,
"Figure2A weighted_survival_group_counts.csv"

)
)
-3
# 18.7 Table L:R{ERR:3E X ASD. R{EFIR] -5 A T
-3

cat("[REV 5/10] E#jTable 1FATable 2...\n")

tablel_revision <- main_tablel %>%
mutate(
section = case_when(
characteristic %in% c(
"Age, years",
"NHANES survey midyear",
"Years from first cardiopulmonary diagnosis to NHANES",
"Regular-smoking duration before diagnosis, years",
"Sex",



"Race and ethnicity",

"Education",

"Cardiopulmonary disease phenotype”
) ~ "Core model variables",

characteristic %in% c(
"Cigarettes per day proxy",
"Pack-years proxy"

) ~ "Smoking-burden variables",

TRUE ~ "Additional descriptive/sensitivity variables”
)>
ASD_threshold = 0.10,
meaningful_imbalance =

absolute_standardized_difference >= ASD threshold,
ASD_display = ifelse(

meaningful imbalance,

pasted(
sprintf("%.3f", absolute_standardized difference),
n * n

)s

sprintf("%.3f", absolute_standardized_difference)

)

) %>%

select(
section,
characteristic,
level,
persistent_smokers,
postdiagnostic_quitters,
absolute_standardized difference,
ASD_display,
meaningful imbalance

)

safe_write_csv(
tablel revision,
file.path(REV_DIRS$tables, "Tablel REVISED baseline_characteristics.csv")

)

# Table 2:Panel AFPanel BIJi&E[MBERMO, M1, M2,
primary_table2_long <- main_models_df %>%
filter(status == "ok") %>%
mutate(
panel = "Panel A: NHANES 1999-2018",
model = model label from_analysis(analysis),
HR_95CI = format_hr(HR, CI _low, CI high),
p_formatted = format_p(p)



secondary_table2 long <- secondary_ 16 all models %>%

filter(status == "ok") %>%
mutate(

panel = "Panel B: NHANES 1999-2014"
)

table2 long revision <- bind_rows(
primary_table2_long,
secondary_table2 long
) %>%
select(
panel,
outcome,
model,
n,
events,
n_quit,
n_persistent,
HR,
CI_low,
CI high,
P,
HR_95(CT,
p_formatted

)

table2 wide_revision <- table2 long revision %>%
select(
panel,
outcome,
n,
events,
model,
HR_95CI,
p_formatted
) %>%
tidyr::pivot_wider(
names_from = model,
values from = c(HR_95CI, p_ formatted),
names_glue = "{model} | {.value}"
) %>%
arrange(panel, outcome)

safe_write_csv(
table2 long revision,
file.path(REV_DIRS$tables, "Table2 REVISED long model results.csv")
)
safe_write_csv(
table2 wide_ revision,
file.path(REV_DIRS$tables, "Table2 REVISED wide_ primary_and_restricted.csv")



)

# Excel THEE {ETFwordBErRFIH #8501 & #% %1,

revision_workbook <- openxlsx::createWorkbook()

openxlsx:
openxlsx:

openxlsx:
openxlsx:

openxlsx:
openxlsx:

openxlsx:
openxlsx:

:addWorksheet(revision_workbook, "Tablel")
:writeData(revision_workbook, "Tablel", tablel revision)

:addWorksheet(revision_workbook, "Table2 Wide")
:writeData(revision_workbook, "Table2 Wide", table2_wide_revision)

:addWorksheet(revision_workbook, "Table2_ Long")
:writeData(revision_workbook, "Table2 Long", table2 long revision)

:addWorksheet(revision_workbook, "VIF_GVIF")
:writeData(revision_workbook, "VIF_GVIF", vif_term_table)

header_style <- openxlsx::createStyle(

textDecoration = "bold",
halign = "center",
valign = "center",
border = "Bottom"

)

for (sheet name in c("Tablel"”, "Table2 Wide", "Table2 Long", "VIF_GVIF")) {
sheet_data <- switch(
sheet _name,
Tablel = tablel_revision,
Table2 Wide = table2 wide revision,
Table2_Long = table2_long revision,
VIF _GVIF = vif term_table

)

openxlsx: :addStyle(
revision_workbook,

sheet = sheet_name,

style = header_style,

rows = 1,

cols = seq_len(ncol(sheet _data)),

gridExpand = TRUE

)

openxlsx::setColWidths(
revision_workbook,

sheet

= sheet_name,

cols = seq_len(ncol(sheet_data)),
widths = "auto”

)

openxlsx: :freezePane(



revision_workbook,
sheet = sheet_name,
firstRow = TRUE

)
}

# Table 1FIASD>0.10HJASDH. &N,
tablel bold _rows <- which(tablel revision$meaningful imbalance) + 1
if (length(tablel bold rows) > 0) {
asd_col <- which(names(tablel _revision) == "ASD_display")
openxlsx::addStyle(
revision_workbook,
sheet = "Tablel",
style = openxlsx::createStyle(textDecoration = "bold"),
rows = tablel bold rows,
cols = asd_col,
gridExpand = TRUE,
stack = TRUE
)
}

openxlsx: :savelWorkbook(
revision_workbook,
file.path(REV_DIRS$tables, "TID_MAJOR_REVISION_TABLES.x1lsx"),
overwrite = TRUE

cat("[REV 6/10] A RiFigure lirARTEEIFIFigure 21RIEE &K..\n")

# RE—1TEEMFinal domain” i M AE I TR,
# BN MEEENRATTHR, FIMARAANK,
flow_data <- cohort_flow %>%
slice(1:9) %>%
mutate(
display order = row_number(),
y = rev(seg_len(n())),
label = paste0(
stringr::str_wrap(step, width = 37),
"\n",
o=t
scales::comma(n)
)
)

flow data$label[nrow(flow data)] <- pasteo(
"Final primary analytic sample",



"\n",
"n = ", scales::comma(nrow(primary_df)),
"\n",

"Post-diagnostic quitters: ",
scales::comma(sum(primary_ df$exposure_quit == 1)),

; persistent smokers: ",
scales::comma(sum(primary_ df$exposure quit == 0))

)

exclusion_reasons <- c(
"Age <40 years",
"No selected cardiopulmonary disease”,
"Missing/invalid first diagnosis age",
"Never smoker or smoking began after diagnosis",
"Not classifiable as smoking at diagnosis"”,
"Exposure group not classifiable",
"Mortality-linkage ineligible or no positive follow-up",
"Invalid combined interview weight/design variables"

)

exclusion _data <- tibble(
y = (flow_datag$y[-nrow(flow_data)] +
flow_data$y[-1]) / 2,
excluded_n = flow_data$excluded_from_previous[-1],
reason = exclusion_reasons,
label = paste@(
"Excluded: ",
scales::comma(excluded_n),
"\n",
stringr::str_wrap(reason, width = 29)
)
)

arrow_data <- tibble(
X = 0.38,
xend = 0.38,
y = flow_data$y[-nrow(flow data)] - 0.35,
yend = flow_datag$y[-1] + ©.35
)

p_revision flow <- ggplot() +
geom_rect(
data = flow_data,

aes(
xmin = 0.04,
Xmax = 0.72,
ymin =y - 0.35,
ymax =y + 0.35
)>

fill = "white",



color = "black",
linewidth = 0.75
) +
geom_text(
data = flow_data,
aes(
X = 0.38,
y=yY,
label = label
)s
family = BASE_FAMILY,
size = 3.25,
lineheight = 0.95
) +
geom_segment(
data = arrow_data,
aes(
X = X,
xend = xend,
y=yY,
yend = yend
)s
arrow = grid::arrow(
length = grid::unit(0.12, "inches"),
type = "closed"
)s
linewidth = 0.65
) +
geom_text(
data = exclusion_data,
aes(
X = 0.78,
y =Y,
label = label
)
hjust = 0,
family = BASE_FAMILY,
size = 2.85,
lineheight = 0.95
) +
coord_cartesian(
xlim = c(@, 1.27),

ylim = c(0.45, max(flow_data$y) + 0.50),
clip = "off"
) +

theme_void(base_family = BASE_FAMILY) +
theme(
plot.margin = margin(
t =8,
r = 35,



1=28
)
)

figlb_revision_data <- analytic_cycle_audit %>%
select(
cycle,
begin_year,
n_postdiagnostic_quitters,
n_persistent_smokers

) %>%
pivot_longer(
cols = ¢(

n_postdiagnostic_quitters,
n_persistent_smokers

)>
names_to = "exposure_group",
values to = "n"

) %>%

mutate(

exposure_group = dplyr::recode(
exposure_group,
n_postdiagnostic_quitters = "Post-diagnostic quitter",
n_persistent _smokers = "Persistent smoker"

)>

cycle = factor(
cycle,
levels = analytic_cycle_audit$cycle

)

)

p_revision cycle <- ggplot(
figlb_revision_data,

aes(
x = cycle,
y =n,
fill = exposure_group
)
) +

geom_col(width = 0.72) +
scale_fill manual(
values = c(
"Persistent smoker" = PERSIST_COLOR,
"Post-diagnostic quitter" = QUIT_COLOR
)
) +
scale_y_continuous(
labels scales: :comma,
expand = expansion(mult = c(9, 0.06))



) +
labs(
x = "NHANES cycle",
y = "Unweighted participants"”,
fill = NULL
) +
pub_theme(11.5) +
theme(
axis.text.x = element_ text(
angle = 42,
hjust = 1
)>
legend.position = "top"

)

figurel_revision <- p_revision_flow + p_revision_cycle +
patchwork: :plot_layout(widths = c(1.30, 1.00)) +
patchwork: :plot_annotation(

tag levels = "A",
theme = theme(
plot.tag = element text(
family = BASE_FAMILY,
size = 16
)
)
)

safe_write_csv(

flow_data,

file.path(REV_DIRS$source_data, "FigurelA flowchart_nodes.csv")
)
safe_write_csv(

exclusion_data,

file.path(REV_DIRS$source_data, "FigurelA flowchart_exclusions.csv")
)
safe_write_csv(

figlb revision_data,

file.path(REV_DIRS$source_data, "FigurelB_cycle_ composition.csv")
)

save_revision_figure(
figurel_revision,
"Figurel REVISED participant flow and cycle composition”,
width = 13.0,
height = 10.0



p_revision_km <- ggplot(
km_source_data,
aes(
x = time_years,
y = survival probability,
color = exposure_group,

group = exposure_group
)

) +
geom_step(linewidth = 1.05, direction = "hv") +

scale_color_manual(
values = c(
"Persistent smoker" = PERSIST_COLOR,
"Post-diagnostic quitter" = QUIT_COLOR
)>
drop = FALSE
) +
scale_y continuous(
limits = c(0, 1),

labels = scales::label percent(accuracy = 1),
expand = expansion(mult = c(9, 0.02))
) +

scale_x_continuous(
breaks = scales::breaks pretty(n = 7),
expand = expansion(mult = c(9, 0.02))
) +

labs(
X = "Years since NHANES interview",
y = "Heart-disease-free survival",
color = NULL

) +

pub_theme(11.5) +

theme(
legend.position = "top",
panel.grid.minor = element_blank()

)

primary_ forest data <- main_models df %>%
filter(status == "ok") %>%
mutate(

model = factor(
model label from_analysis(analysis),
levels = rev(c(
"M@: Unadjusted”,
"M1: Demographic-adjusted”,
"M2: Fully adjusted core model”
))
)>

outcome = factor(



outcome,

levels = c(
"All-cause mortality",
"Heart-disease mortality",
"Cancer mortality"

)
)
)

p_revision_primary <- ggplot(
primary forest_data,

aes(
X = HR,
y = model
)
) +

geom_vline(
xintercept = 1,
linetype = "dashed",
linewidth = 0.75

) +
geom_errorbarh(
aes(
xmin = CI_low,
xmax = CI_high,
color = model
)>
height = 0o,
linewidth = 0.95
) +

geom_point(
aes(color = model),
size = 3.0

) +

facet grid(. ~ outcome) +

scale_color_manual(
values = c(

"MO: Unadjusted" = "#9CA3AF",
"M1: Demographic-adjusted" = "#6B7280",
"M2: Fully adjusted core model" = QUIT_COLOR
)>
guide = "none"
) +

scale_x_logle(

breaks = c(0.3, 0.5, 0.7, 1, 1.5, 2),

labels = scales::label_number(accuracy = 0.1)
) +
coord_cartesian(

xlim = c(0.35, 1.80),

clip = "off"



labs(
x = "Hazard ratio (log scale)",
y = NULL

) +

pub_theme(10.5) +

theme(

strip.text = element_text(size = 10.5),
axis.text.y = element_text(size = 9.5),
panel.spacing.x = grid::unit(0.20, "in"

)

secondary_forest_data <- secondary_ 16 all models %>%
filter(status == "ok") %>%
mutate(
model = factor(
model,
levels = rev(c(
"M@: Unadjusted”,
"M1: Demographic-adjusted”,
"M2: Fully adjusted core model™
))
)>

outcome_short = dplyr::recode(
outcome,
"Cardiovascular composite mortality (heart + cerebrovascular)
"Cardiovascular composite”,
"Chronic lower respiratory disease mortality" =
"Chronic lower respiratory disease”

)>

outcome_short = factor(
outcome_short,
levels = c(
"Cardiovascular composite",
"Chronic lower respiratory disease”

)
)
)

p_revision_secondary <- ggplot(
secondary_forest_data,

aes(
X = HR,
y = model
)
) +

geom_vline(
xintercept = 1,
linetype = "dashed",
linewidth = 0.75



) +
geom_errorbarh(
aes(
xmin = CI_low,
xmax = CI_high,
color = model
)s
height = 0,
linewidth = 0.95
) +
geom_point(
aes(color = model),
size = 3.0
) +
facet grid(. ~ outcome_short) +
scale_color_manual(
values = c(

"MO: Unadjusted" = "#9CA3AF",
"M1: Demographic-adjusted" = "#6B7280",
"M2: Fully adjusted core model" = QUIT_COLOR
)>
guide = "none"
) +

scale_x_logle(
breaks = c(0.3, 0.5, 0.7, 1, 1.5, 2, 3),
labels = scales::label_number(accuracy = 0.1)
) +
coord_cartesian(
xlim = c(0.30, 2.30),
clip = "off"
) +
labs(
x = "Hazard ratio (log scale)",
y = NULL
) +
pub_theme(10.5) +
theme(
strip.text = element_text(size = 10.3),
axis.text.y = element_text(size = 9.5),
panel.spacing.x = grid::unit(0.20, "in"

)

figure2 revision <- p_revision km /
(p_revision_primary + p_revision_secondary) +
patchwork: :plot_layout(
heights = c(1.00, 1.25)
) +
patchwork: :plot_annotation(
tag levels = "A",
theme = theme(



plot.tag = element text(
family = BASE_FAMILY,
size = 16

)

)
)

safe_write_csv(
primary forest_data,
file.path(REV_DIRS$source_data, "Figure2B_primary_models.csv")
)
safe_write_csv(
secondary_forest_data,
file.path(REV_DIRS$source_data, "Figure2C restricted _models.csv")

)

save_revision_figure(
figure2_revision,
"Figure2 REVISED weighted survival and_mortality models",
width = 13.0,
height = 10.2
)

# JFBEAFigure 3FFigure 4§ #IERIEZRAK B ®,
for (stem in c(
"Figure3_landmark_and_sensitivity_analyses",
"Figure4 overlap balance_and_subgroups™
) A
for (ext in c("tiff", "pdf")) {
copy_if_exists(
file.path(DIRS$figures, pasted(stem, ".", ext)),
file.path(REV_DIRS$figures, paste@(stem, " REVISED.", ext))

}
}
b m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmm
# 18.10 BIFERBEHLR (TR ESFE ZERLEHF
b m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmm

cat("[REV 7/10] BHEBRELRMIFERSS...\n")

all model results revision <- bind_ rows(
main_models_df,
secondary 16 _all models,
sensitivity_results_df,
overlap results,
subgroup_results_df,
quit_age sensitivity models

) %>%



mutate(
log ci_width = ifelse(
is.finite(CI_low) &
is.finite(CI_high) &
CI_low > O,
log(CI_high) - log(CI_low),
NA real
)s
gc_suspiciously narrow ci = as.integer(
is.finite(log_ci_width) &
log ci width < 0.10 &
events < 500
)
gc_extreme_p = as.integer(
is.finite(p) &
p < le-20
)
HR_95CI = format_hr(HR, CI_low, CI high),
p_formatted = format_p(p)
)

safe_write_csv(
all model results revision,
file.path(
REV_DIRS$results,
"REVISION_ALL_MODEL_RESULTS_WITH_QC_FLAGS.csv"

)
)

# HEERAFTERIHS
# S17EStudy population®&E 5| ;S2-S5AFMethods;
# S6LUE AT Results, BHEBRHINS11ETFS8HIIENR
supplement_mapping <- tibble::tribble(
~o0ld_file, ~new_file, ~content,
"Table S1 cohort flow.csv",
"Table_S1_cohort_construction.csv",
"Cohort construction”,

"Table S2 baseline_continuous_source.csv",
"Table_S2_continuous_baseline_variables.csv",
"Continuous baseline variables",

"Table S3 baseline categorical source.csv",
"Table_S3 categorical_baseline_variables.csv",
"Categorical baseline variables",

"Table S9 missingness_primary dataset.csv",
"Table_S4 missingness_primary_dataset.csv",
"Missingness",



"REVISION VIF_GVIF_TERM_LEVEL.csv",
"Table_S5 multicollinearity_diagnostics.csv",
"VIF/GVIF diagnostics",

"Table S4 outcome counts and cycles.csv",
"Table_S6_outcome_counts_and_cycles.csv",
"Outcome counts and cycle availability",

"Table S5 quit _age discrepancy_distribution.csv",
"Table_S7_quit_age discrepancy_distribution.csv",
"Quit-age discrepancy distribution”,

"Table S6 quit _age sensitivity sample counts.csv",
"Table_S8 quit_age sensitivity_sample_counts.csv",
"Quit-age sensitivity sample counts”,

"Table S7 quit_age discrepancy_ by cycle.csv",
"Table_S9 quit_age_discrepancy_by cycle.csv",
"Quit-age discrepancy by cycle",

"REVISION ALL_MODEL_RESULTS WITH_QC_FLAGS.csv",
"Table_S10_all model_results_with_QC_flags.csv",
"Complete model results",

"Table S10 overlap weighting covariate balance.csv",
"Table_S11 overlap_weighting covariate_balance.csv",
"Overlap-weighting balance",

"Table S12 interaction_test details.csv",
"Table_S12_interaction_test_details.csv",
"Interaction tests",

"Table S8 full proportional hazards tests.csv",
"Table_S13 full proportional_hazards_tests.csv",
"Proportional hazards diagnostics"”

)

for (i in seq_len(nrow(supplement_mapping))) {
old name <- supplement mapping$old file[i]
new_name <- supplement_mapping$new_file[i]

if (grepl("~REVISION_VIF", old_name)) {

from_path <- file.path(REV_DIRS$results, old name)
} else if (grepl("~REVISION_ALL_MODEL", old_name)) {

from_path <- file.path(REV_DIRS$results, old name)
} else {

from_path <- file.path(DIRS$supp tables, old name)

}

to_path <- file.path(REV_DIRS$supplementary, new_name)



copy_if exists(from_path, to_path)
}

safe_write_csv(
supplement_mapping,
file.path(
REV_DIRS$supplementary,
"Supplementary_Table_Renumbering Map.csv"

)
)
B oo oo oo oo o o e e o e e e e e e e e e e e e e
# 18.11 ABERAATFERE EEMNA T XA
B oo oo oo oo o o e e o e e e e e e e e e e e e e

cat("[REV 8/10] £ HTEE & MAMN S IHEE. ..\n")

max_term_gvif <- max(
vif term_table$adjusted GVIF,
na.rm = TRUE
)
max_column_vif <- max(
vif column_table$VIF,
na.rm = TRUE

)

vif interpretation <- if (
is.finite(max_term_gvif) &&
max_term_gvif < VIF_THRESHOLD

) 1
pasted(
"No meaningful multicollinearity was identified. ",
"The maximum adjusted GVIF was ",
sprintf("%.2f", max_term_gvif),
", below the prespecified threshold of ",
VIF_THRESHOLD,
)
} else {
pasted(
"At least one adjusted GVIF reached the prespecified threshold of ",
VIF_THRESHOLD,
". The affected terms should be reviewed before finalizing the response.”
)
}
secondary_response_rows <- secondary 16 all models %>%
filter(
status == "ok",

model == "M2: Fully adjusted core model™



) %>%

mutate(
response_line = paste@(
outcome,
": HR ",
sprintf("%.2f", HR),
" (95% CI ",

sprintf("%.2f", CI_low),
sprintf("%.2f", CI_high),
L
format_p(p),
II).II
)
)

response_ready lines <- c(
"TID-02054-2026-01 — STATISTICAL RESPONSE-READY SUMMARY",
pasted("Generated: ", format(Sys.time())),

nn
J

"1. Multicollinearity",
pasted(
"We assessed multicollinearity using variance inflation factors based on the
same covariate design matrix used in the fully adjusted core model. ",
vif_interpretation
)>
paste0(
"The maximum individual model-matrix column VIF was ",

sprintf("%.2f", max_column_vif),

?..’..

"2. Survey-weighted survival curve",

pasted(
"A survey-weighted heart-disease-free survival curve was generated for ",

scales::comma(nrow(km_design$variables)),
" participants (",

scales::comma(sum(km_design$variables$exposure_quit == 1)),
" post-diagnostic quitters and ",
scales::comma(sum(km_design$variables$exposure_quit == 0)),

" persistent smokers). The curve is descriptive; the adjusted association
remains based on survey-weighted Cox regression.”

)5

nn
J

"3. Restricted-period models (NHANES 1999-2014)",
secondary_response_rows$response_line,

J
"4. Core result reproduced”,

pasted(
"The fully adjusted association with heart-disease mortality was reproduced:

HR



sprintf("%.2f", heart_m2_check$HR),

" (95% CI ",

sprintf("%.2f", heart_m2_check$CI_low),
sprintf("%.2f", heart_m2_check$CI_high),

L

format_p(heart_m2_check$p),

"), with persistent smokers as the reference group."

)>

nn
J

"5. Interpretation boundary”,

"All Kaplan-Meier and Cox results are observational associations. They do not
establish a causal effect of smoking cessation because diagnosis and smoking
histories were reconstructed among survivors to NHANES enrollment."

)

write_lines_utf8(
response_ready lines,
file.path(
REV_DIRS$response,
"STATISTICAL_RESPONSE_READY_TEXT.txt"
)
)

figure_table_heading_templates <- c(
"RECOMMENDED STAND-ALONE HEADINGS",
" "J
pasted(

"Figure 1. Participant selection and survey-cycle composition in a secondary
observational analysis of US NHANES 1999-2018 data linked to mortality follow-up
through 2019 (final analytic sample, n=",

scales::comma(nrow(primary_df)),

ny

)>

J

pasted(

"Figure 2. Survey-weighted heart-disease-free survival and survey-weighted Cox
model estimates comparing post-diagnostic quitters with persistent smokers in US
NHANES 1999-2018 linked to mortality follow-up through 2019 (n=",

scales::comma(nrow(primary_df)),

ny

)>

J

pasted(

"Table 1. Baseline characteristics by diagnosis-anchored smoking status in a
secondary observational analysis of US NHANES 1999-2018 linked to mortality
follow-up through 2019 (n=",

scales::comma(nrow(primary_df)),

"). Values are survey-weighted means (SD) or unweighted counts (survey-weighted



percentages). An absolute standardized difference 20.10 indicates meaningful
baseline imbalance."

)5

J

pasted(

"Table 2. Survey-weighted Cox estimates for mortality outcomes in a secondary
observational analysis of US NHANES linked-mortality data. Panel A includes NHANES
1999-2018 (n=",

scales::comma(nrow(primary_df)),

"); Panel B includes NHANES 1999-2014 (n=",

scales::comma(nrow(design_16%$variables)),

"). Hazard ratios compare post-diagnostic quitters with persistent smokers. Mo
was unadjusted; M1 adjusted for age, sex, race and ethnicity, and education; M2
additionally adjusted for disease phenotype, years since diagnosis, years of smoking
before diagnosis, and survey cycle."

)
)

write lines utf8(
figure_table_heading_ templates,
file.path(
REV_DIRS$response,
"FIGURE_TABLE HEADING TEMPLATES.txt"

)
)
b m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmm
# 18.12 RIETBITIER. B AT T
b m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmm

cat("[REV 9/10] ARGBITULER. XHBHMF I (FERES ) ...\n")

run_instructions <- c(
"TID-02054-2026-01 MAJOR REVISION COMPLETE R SCRIPT V2",
J
"Required folder layout:",
"C:/Users/33652/Desktop/Q/",
" CARDIOPULMONARY_SMOKING_REANALYSIS_FINAL_1999_2018/",
" 00 raw_data/",
" NHANES/",
" NHANES mortality/",

nn
J

"This script writes all new outputs to:",
"C:/Users/33652/Desktop/Q/TID_MAJOR_REVISION_FINAL_ALL_IN_ONE/",

nn
J

"Do not delete or rename the locked source project before running.",
"No new NHANES research data are downloaded.",
"R packages may be installed automatically when missing.",

nn
)
"

"Primary completion criteria:",



"1. Core reproducibility check passes.",

"2. VIF/GVIF files are generated.",

"3. Survey-weighted heart-disease survival source data and Figure 2 are
generated.",

"4, Restricted-period M@/M1/M2 results are generated.",

"5. Revised Table 1, Table 2, Figure 1 and Figure 2 are generated.",

"6. REVISION PUBLICATION READY_STATUS.csv reports PASS."

)

write_lines_utf8(
run_instructions,
file.path(REV_DIRS$root, "README_RUN_INSTRUCTIONS.txt")

)
# RIFLASEERIA,

current_revision_source <- tryCatch(
normalizePath(
sys.frame(1)$ofile,
winslash = "/",
mustWork = FALSE
)>

error = function(e) NA_character_

)

if (
is.character(current_revision_source) &&
length(current_revision_source) == 1 &&
lis.na(current_revision_source) &&
file.exists(current _revision_source)
) {
file.copy(
current_revision_source,
file.path(
REV_DIRS$code,
"TID MAJOR_REVISION FINAL_ALL_IN ONE_COMPLETE_RUN v1.R"

)>
overwrite = TRUE
)
}

required_revision files <- c(
file.path(REV_DIRS$audit, "REVISION_CORE_REPRODUCIBILITY_CHECK.csv"),
file.path(REV_DIRS$results, "REVISION VIF_GVIF_TERM_LEVEL.csv"),
file.path(REV_DIRS$results, "REVISION _MODEL_secondary_ 1999 2014 M@ M1 M2.csv"),
file.path(REV_DIRS$tables, "Tablel REVISED baseline characteristics.csv"),
file.path(REV_DIRS$tables, "Table2 REVISED wide primary_and_restricted.csv"),
file.path(REV_DIRS$figures,

"Figurel REVISED participant_flow_and_cycle_composition.tiff"),
file.path(REV_DIRS$figures,

"Figure2 REVISED weighted_survival _and_mortality _models.tiff"),



file.path(REV_DIRS$response, "STATISTICAL_RESPONSE_READY_ TEXT.txt")
)

revision_file_audit <- tibble(
path = required_revision files,
exists = file.exists(required_revision_files),
size bytes = ifelse(
file.exists(required_revision_files),
file.info(required revision files)$size,
NA_real
)
)

safe_write_csv(

revision file audit,

file.path(REV_DIRS$audit, "REVISION REQUIRED FILE_AUDIT.csv")
)

publication_ready status <- tibble(
check = c(
"Core result reproducibility”,
"VIF/GVIF diagnostics completed",
"Restricted-period MO/M1/M2 completed”,
"Weighted survival curve completed”,
"Revised Table 1 completed”,
"Revised Table 2 completed”,
"Revised Figure 1 completed”,
"Revised Figure 2 completed”,
"All required files present"
)>
pass = c(
all(expected_check$pass),
file.exists(file.path(REV_DIRS$results, "REVISION VIF_GVIF_TERM LEVEL.csv")),
all(secondary_16_all models$status == "ok"),
nrow(km_source_data) > 0,
file.exists(file.path(REV_DIRS$tables,
"Tablel REVISED baseline characteristics.csv")),
file.exists(file.path(REV_DIRS$tables,
"Table2 REVISED wide primary_and restricted.csv")),
file.exists(file.path(REV_DIRS$figures,
"Figurel REVISED participant flow and cycle composition.tiff")),
file.exists(file.path(REV_DIRS$figures,
"Figure2 REVISED weighted survival and mortality models.tiff")),
all(revision_file_audit$exists)
)
) %>%
mutate(
status = ifelse(pass, "PASS", "FAIL")

)



safe_write_csv(
publication_ready_status,
file.path(REV_DIRS$root, "REVISION PUBLICATION READY STATUS.csv")

)

capture.output(
sessionInfo(),
file = file.path(
REV_DIRS$logs,
pasted("sessionInfo_revision_", REVISION_STAMP, ".txt")
)
)

revision_manifest_files <- list.files(
REVISION_ROOT,
recursive = TRUE,
full.names = TRUE

)

revision_manifest <- tibble(
relative _path = fs::path_rel(
revision_manifest_files,
start = REVISION_ROOT
)s
size bytes = file.info(revision_manifest files)$size,
modified_time = as.character(
file.info(revision_manifest files)$mtime
)
)

safe_write_csv(
revision_manifest,
file.path(REV_DIRS$root, "REVISION FILE MANIFEST.csv")

)
# A EROREERTERZIPIESEE,

revision_zip generation_status <- "DISABLED"

b m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmm
# 18.13 RAWRS
b m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmmmmmm

cat("[REV 10/10] SERBAKRAKAE...\n")

if ('all(publication_ready_ status$pass)) {
failed_items <- publication_ready_status %>%
filter(!pass) %>%
pull(check)

warning(



"RIERREREEL ",
paste(failed_items, collapse = "; ")
)
} else {
cat("\nPUBLICATION-READY REVISION ANALYSIS PACKAGE COMPLETED\n")

}

cat("\n============================================================\n")
cat("TIDKIEFIBHHTSERL: ", format(Sys.time()), "\n", sep = "")
cat("BRIELRBEX:", REVISION_ROOT, "\n", sep = "")
cat("REES R  RERFRAFEK)\n")

cat (" KIMEGVIF:", sprintf("%.3f", max_term_gvif), "\n", sep = "")
cat(

"IDAERSETEM2 HR ",

sprintf("%.3f", heart_m2_check$HR),

" (95% CI ",

sprintf("%.3f", heart_m2_check$CI low),
_II ,

sprintf("%.3f", heart_m2_check$CI_high),
n ) \n n R

cat(

"ERZRA T,

ifelse(
all(publication_ready_ status$pass),
"PASS",
"FAIL"

)>

"\n",

sep = ""

HEHHHHHH R

# 19. INTEGRATED REVIEWER-SUPPLEMENTAL ANALYSIS

HEHHHH

HEHHHH R

# JjH :TID-02054-2026-01 KIEXNFEH#T
SRR R BURMES T + EIXS 2 BRIS IE R
fRZA : INTEGRATED_SUPPLEMENTAL_COLLINEARITY_PH_FINAL_v2_2026-07-17

**

V2R HHEIE :

- HBRsurvey: :svycoxph R BIties S 3 ; VIRIO A 28 M BUR M 4R Y &I kb iR 4 ;
- FEERIC ARTEHR A NMER 2 AT, BIENA/InfEERIEAR§ XA ;

- WERBER D3N VR e Hri8leave-one-covariate-outi®EE

H o HF HHEHH



BHHY:

1) (X RIDER o EHR AT E, tMilleave-one-covariate-out BUR M #T;
2) EFTEFHEABVIF/GVIF;

3) {EFterms=TRUE, singledf=FALSEE#H4E M term-level cox.zph4iR;

4) FHATEEATHAFERDERE £ SRR XE;

5) REH THEMRMBUE, FHRTESTHEAMEBRERTE L,

EITHNR:

B BiE1T:

NHANES_1999 2018 TID MAJOR_REVISION COMPLETE_FINAL_ v2.R

HiA
C:/Users/33652/Desktop/Q/TID_MAJOR_REVISION FINAL_ALL_IN ONE/
02_processed_data/02_analysis_all derived.rds
04 results/MODEL primary survey weighted cox models.csv

i
C:/Users/33652/Desktop/Q/TID_MAJOR_REVISION FINAL ALL_IN_ONE/
11 SUPPLEMENTAL_COLLINEARITY_PH_ANALYSIS/
B R R I R R S R i

HFHEFHIFHFHFEHHFHHFHHFEHTEHIEH

options(stringsAsFactors = FALSE)
options(warn = 1)

options(timeout = 1200)
options(survey.lonely.psu = "adjust")

# SRLEAERIBEATE LAIPROIECT_PARENTFIPROJECT_ROOT,
if (lexists("PROJECT_PARENT") || !exists("PROJECT ROOT")) {

stop (" &AM F| E FRFEPROIECT_PARENT/PROJECT_ROOT; iE MATZEHAE —1THIATEIT. ")
}

INPUT_ANALYSIS_RDS <- file.path(
PROJECT_ROOT,
"02_processed_data",

"02 analysis_all derived.rds"

)

INPUT_PRIMARY_MODELS <- file.path(
PROJECT_ROOT,
"04_results",
"MODEL_primary_survey weighted cox_models.csv"

)

OUTPUT_ROOT <- file.path(
PROJECT_ROOT,
"11_SUPPLEMENTAL_COLLINEARITY_PH_ANALYSIS"



)

SUPP_DIRS <- list(
root = OUTPUT_ROOT,
results = file.path(OUTPUT_ROOT, "@1 results"),
tables = file.path(OUTPUT_ROOT, "@2_tables"),
response = file.path(OUTPUT_ROOT, "@3 response_ready"),
audit = file.path(OUTPUT_ROOT, "@4_audit"),
logs = file.path(OUTPUT_ROOT, "©5 logs")
)

AUTO_INSTALL_PACKAGES <- TRUE
VIF_MODERATE_THRESHOLD <- 5
VIF_SERIOUS_THRESHOLD <- 10
MATERIAL_LOGHR_CHANGE_THRESHOLD <- ©0.10

invisible(lapply(SUPP_DIRS, dir.create, recursive = TRUE, showWarnings = FALSE))

if (!file.exists(INPUT_ANALYSIS_RDS)) {
stop(
"REEI S EAE \n",
INPUT_ANALYSIS_RDS,
"\niF EFTETITERER G2,
)
}

if (!file.exists(INPUT_PRIMARY MODELS)) {
stop(
"RIKEBIERBLERE \n",
INPUT_PRIMARY_MODELS,
"\niF EFTETITERER G2,

required_packages <- c(

"dplyr",

"tidyr",

"purrr",

"readr",

"tibble",

"survey",

"survival",

"car",

"openxlsx”



installed now <- rownames(installed.packages())

if (AUTO_INSTALL_PACKAGES) {
for (pkg in required_packages) {
if (!pkg %in% installed now) {
try(
install.packages(
pkg,
repos = "https://cloud.r-project.org",
dependencies = TRUE
)>
silent = TRUE
)
}
}
}

missing_packages <- required_packages|
'vapply(
required_packages,
requireNamespace,
logical(1l),
quietly = TRUE
)
]

if (length(missing packages) > 0) {
stop(
"BRODERE ",
paste(missing_packages, collapse = ", ")
)
}

suppressPackageStartupMessages ({
library(dplyr)
library(tidyr)
library(purrr)
library(readr)
library(tibble)
library(survey)
library(survival)

1)
# AMhicar., openxlsxBizip, EEERA TR N, BEEKFERK.

RUN_STAMP <- format(Sys.time(), "%Y%mk%d_%H%M%S")
LOG_FILE <- file.path(
SUPP_DIRS$logs,
paste@("supplemental collinearity PH log ", RUN_STAMP, ".txt")

)



sink(LOG_FILE, split = TRUE)
on.exit({

while (sink.number() > ©) sink()
}, add = TRUE)

cat("============================================================\n")

cat("TID SUPPLEMENTAL COLLINEARITY AND PH ANALYSIS\n")

cat("Started: ", format(Sys.time()), "\n", sep = "")

cat("Project root: ", PROJECT_ROOT, "\n", sep = "")

cat("Output root: ", OUTPUT_ROOT, "\n", sep = "")

cat("Research-data download: DISABLED\n")
cat("============================================================\n\n")
T ———
# 2. BAEKHK
T ———

format_hr <- function(hr, lo, hi) {
ifelse(
is.na(hr),
NA_character_,
sprintf("%.2f (%.2f-%.2f)", hr, lo, hi)

)
}
format_p <- function(p) {
ifelse(
is.na(p),

NA_character_,
ifelse(p < 0.001, "<0.001", sprintf("%.3f", p))
)
}

safe_write_csv <- function(x, path) {
readr::write_csv(as.data.frame(x), path, na = "")

}

write lines utf8 <- function(x, path) {
con <- file(path, open = "wt", encoding = "UTF-8")
on.exit(close(con), add = TRUE)
writelLines(x, con = con, useBytes = TRUE)

}

complete design <- function(design, vars) {
vars <- unique(vars)
vars <- vars[vars %in% names(design$variables)]

ok <- stats::complete.cases(
design$variables[, vars, drop = FALSE]



)

design$variables$.complete model internal <- ok
out <- base::subset(
design,
.complete_model_internal
)
out$variables <- droplevels(out$variables)
out

}

extract_svycox_term <- function(
fit,
term = "exposure_quit"

) {
b <- stats::coef(fit)
V <- stats::vcov(fit)

if (!'term %in% names(b)) {
return(tibble(
term = term,
logHR = NA_real_,
SE = NA _real ,
HR = NA_real_,
CI_low = NA real ,
CI_high = NA_real_,
p = NA real
))
}

se <- sqrt(V[term, term])
z <- b[term] / se

tibble(
term = term,
logHR = unname(b[term]),
SE = unname(se),
HR = exp(unname(b[term])),
CI low = exp(
unname(b[term]) -
stats::gqnorm(0.975) * se

)s

CI high = exp(
unname(b[term]) +

stats::gqnorm(0.975) * se

)s

p = 2 * stats::pnorm(
abs(z),
lower.tail = FALSE

)



)

}

run_svycox <- function(
design,
time_var,
event_var,
rhs,

analysis label,
outcome_label,
term = "exposure quit"
) |
needed <- unique(c(
time_var,
event_var,
all.vars(
stats::as.formula(
pasted("~", rhs)
)
)
))

des <- complete design(
design,
needed

)

n_model <- nrow(des$variables)
n_events <- sum(

des$variables[[event_var]] == 1,
na.rm = TRUE

)

n_quit <- sum(
des$variables$exposure_quit == 1,
na.rm = TRUE

)

n_persistent <- sum(
des$variables$exposure_quit == 0,
na.rm = TRUE

)

base_result <- tibble(
analysis = analysis 1label,
outcome = outcome_label,
time_variable = time_var,
event_variable = event_var,
formula rhs = rhs,
model_type = "survey::svycoxph",
n = n_model,
events = n_events,



n_quit = n_quit,
n_persistent = n_persistent,
design df = tryCatch(

survey: :degf(des),

error = function(e) NA real

)

)
if (
n_model == @ ||
n_events < 10 ||
n_quit == 0 ||
n_persistent == 0
) o
return(
dplyr::bind_cols(
base result,
tibble(
term = term,
logHR = NA real_,
SE = NA real ,
HR = NA_real_,
CI_low = NA real ,
CI_high = NA _real_,
p = NA real ,
status = "not_run",
error = "FEAR, BHHRRFJ|ATE"
)
)
)
}

model formula <- stats::as.formula(
pasted(
"survival::Surv(",
time_var,

n n
J J

event_var,
") ~ ",
rhs
)
)

tryCatch({
fit <- suppressWarnings(
survey: :svycoxph(
model formula,
design = des
)
)



estimate <- extract_svycox_term(
fit,
term

)

dplyr::bind cols(
base_result,
estimate
) %>%
mutate(
status = if_else(
is.finite(HR),
"ok",
"failed"
)>

error = NA_character_
)
}, error = function(e) {
dplyr::bind_cols(
base result,
tibble(
term = term,
logHR = NA_real_,
SE = NA _real ,
HR = NA_real_,
CI_low = NA real ,
CI_high = NA_real_,
p = NA real ,
status = "failed",
error = conditionMessage(e)
)
)
})
}

make column_vif <- function(model matrix) {
mm <- as.matrix(model matrix)

if ("(Intercept)" %in% colnames(mm)) {
mm <- mm[
colnames(mm) != "(Intercept)",
drop = FALSE
]
}

finite_columns <- vapply(
seq_len(ncol(mm)),
function(j) {



X <- mm[, J]
all(is.finite(x)) &&
stats::sd(x) > @

}s
logical(1l)
)
mm <- mm[

J
finite_columns,

drop = FALSE
]

if (ncol(mm) < 2) {
return(tibble(
model matrix_column = colnames(mm),
VIF = NA_real ,
tolerance = NA_real_
))
}

result <- lapply(
seq_len(ncol(mm)),
function(j) {
y <- mm[, J]
X <- mm[, -j, drop = FALSE]

fit <- tryCatch(
stats::1m.fit(

X = cbind(
"(Intercept)" = 1,
X
)>
y=yYy
)>
error = function(e) e
)
if (inherits(fit, "error")) {
return(tibble(
model_matrix_column = colnames(mm)[j],
VIF = NA_real_,
tolerance = NA real
))
}

rss <- sum(fit$residuals”2)
tss <- sum(

(y - mean(y))"2
)



r_squared <- ifelse(

tss > 0,
1 - rss / tss,
NA real

)

if (is.finite(r_squared)) {
r_squared <- min(
max(r_squared, 90),
0.999999999
)
}

vif value <- ifelse(
is.finite(r_squared),
1/ (1 - r_squared),
NA_real

)

tibble(
model_matrix_column = colnames(mm)[j],
VIF = vif value,
tolerance = ifelse(
is.finite(vif_value),
1 / vif_value,
NA real
)
)
}
)

bind rows(result) %>%
arrange(desc(VIF))

}

classify standard vif <- function(vif_value) {
dplyr::case_when(
lis.finite(vif _value) ~ "Unavailable",
vif_value > VIF_SERIOUS_THRESHOLD ~
"Potentially serious multicollinearity"”,
vif_value >= VIF_MODERATE_THRESHOLD ~
"Moderate multicollinearity”,
TRUE ~
“"No meaningful multicollinearity"
)
}

extract_zph table <- function(
zph_object,



outcome_1label,
n_model,
events,
table_type
) o
tb <- as.data.frame(zph_object$table)
tbg$term <- rownames(tb)
rownames(tb) <- NULL

tibble(
outcome = outcome label,
n = n_model,
events = events,
table_type = table_type,
term = tb$term,
chisq = if (
"chisq" %in% names(tb)
) {
tb$chisq
} else {
NA real
¥
df = if (
"df" %in% names(tb)
) {
tb$df
} else {
NA_real
¥
p=1if (
"p" %in% names(tb)
) {
tb$p
} else {
NA real
¥
status = "ok",
error = NA_character_

cat("[1/8] BEERBITE 2 HTEAEFHEE & ALt \n")

analysis_all <- readRDS(
INPUT_ANALYSIS_RDS

)



required_variables <- c(

"eligstat”,
"permth_int",
"wt_int_2ey",
"sdmvpsu”,
"sdmvstra",

"survey psu_uid",
"survey_strata_uid",
"domain_primary",
"time_int_years",
"event_allcause",
"event_heart"”,
"event_cancer”,
"exposure_quit",
"agelo",

"sex_f",

"race_f",
"education_f",
"disease f",
"years_since_dx5",
"pre_dx_smoking yearsle",
"survey_cycle_2y centered"

)

missing variables <- setdiff(
required_variables,
names(analysis_all)

)
if (length(missing_variables) > @) {
stop(
"SIBERDOLE ",
paste(missing variables, collapse = ", ")
)
}
base _int 20 <- analysis all %>%
filter(
age >= 18,

eligstat == 1,
is.finite(permth_int),
permth_int > 0,
is.finite(wt_int_20y),
wt_int_20y > 0,
is.finite(sdmvpsu),
is.finite(sdmvstra)



design int 20 full <- survey::svydesign(
ids = ~survey_psu_uid,
strata = ~survey_ strata uid,
weights = ~wt_int_20y,
nest = TRUE,
data = base_int_20
)

design primary <- base::subset(
design_int_20_ full,
domain_primary == 1

)

design_primary$variables <- droplevels(
design primary$variables

)

primary_df <- design_primary$variables %>%
droplevels()

cat("[2/8] BIMBRDHEARMEHE...\n")

core_check <- tibble(

metric = c(
"Primary analysis n",
"Post-diagnostic quitters"”,
"Persistent smokers",
"All-cause deaths",
"Heart-disease deaths",
"Cancer deaths"

)>

expected = c(
2319,
975,
1344,
999,
272,
244

)>

actual = c(
nrow(primary_df),

sum(primary_df$exposure_quit == 1),
sum(primary_df$exposure_quit == 0),
sum(primary_df$event_allcause == 1),

sum(primary_df$event heart == 1),
sum(primary_df$event_cancer == 1)



)
) %>%
mutate(
pass = expected == actual

)

safe_write_csv(
core_check,
file.path(
SUPP_DIRS$audit,
"SUPPLEMENTAL_CORE_SAMPLE_CHECK.csv"

)
)
if ('all(core_check$pass)) {

stop(

"RIDFEARZRRBEN, HEIESTFEEMAX S, "

)
}
S ——
# 5. EFIIEVIF/GVIFHRRHE R EAER
S ——

cat("[3/8] EFIIEFMEH

+rd
-8
H
<
—
T
~
()
<
—
N
=
S5
-

RHS FULL <- paste(
"exposure_quit + agel® + sex_f + race_f + education_f +",
"disease f + years_since_dx5 + pre_dx_smoking yearslo +",
"survey_cycle_2y centered"

)

vif variables <- unique(c(
"time_int_years",
all.vars(
stats::as.formula(
paste@("~", RHS FULL)
)

)
))

vif_data <- primary_df %>%
select(all of(vif _variables)) %>%
filter(stats::complete.cases(.)) %>%
droplevels()

vif Im_fit <- stats::1m(
stats::as.formula(
pasted(
"time_int_years ~ ",



RHS_FULL

)
)
data = vif_data,
na.action = stats::na.fail

)

vif_raw <- car::vif(
vif_Im_fit
)

if (is.matrix(vif_raw)) {
vif term_table <- as.data.frame(
vif_raw
) %>%
tibble: :rownames_to_column("term")

names(vif_term_table) <- gsub(
"\\s+",
ngmes(vif_term_table)

)

gvif_col <- grep(
"AGVIFS$",
names(vif_term_table),
value = TRUE

)

df_col <- grep(
"ADf$ | DF$",
names(vif_term_table),
value = TRUE

)

adjusted_col <- grep(
"GVIF",
names(vif_term_table),
value = TRUE

)

adjusted_col <- setdiff(
adjusted col,
gvif_col

)

vif _term_table <- vif term_table %>%
mutate(
GVIF raw = .data[[gvif col[1]]],
Df_term = .data[[df_col[1]]],



GVIF adjusted = .data[[adjusted col[1]]],
equivalent_standard_VIF_for_1df =
ifelse(
Df_term == 1,
GVIF_raw,
NA_real_
)>
adjusted_threshold_equivalent_to_VIF5 =
sqrt(VIF_MODERATE_THRESHOLD),
adjusted_threshold_equivalent_to_VIF10 =
sqrt(VIF_SERIOUS THRESHOLD),
interpretation = dplyr::case_when(
Df term == 1 &
GVIF_raw > VIF_SERIOUS_THRESHOLD ~
"Potentially serious multicollinearity”,

Df term == 1 &
GVIF_raw >= VIF_MODERATE_THRESHOLD ~
"Moderate multicollinearity",

Df term == 1 ~
"No meaningful multicollinearity",

Df_term > 1 &
GVIF _adjusted >
sqrt(VIF_SERIOUS_THRESHOLD) ~
"Potentially serious multicollinearity”,

Df term > 1 &
GVIF_adjusted >=
sqrt(VIF_MODERATE_THRESHOLD) ~
"Moderate multicollinearity",

TRUE ~
"No meaningful multicollinearity"”

)

)

} else {
vif term_table <- tibble(

term = names(vif_raw),

GVIF_raw = as.numeric(vif_raw),

Df_term = 1,

GVIF_adjusted = sqrt(
as.numeric(vif_raw)

)

equivalent_standard_VIF_for_1df =
as.numeric(vif_raw),

adjusted_threshold_equivalent_to_VIF5 =
sqrt(VIF_MODERATE_THRESHOLD),

adjusted_threshold_equivalent_to_VIF10 =



sqrt(VIF_SERIOUS_THRESHOLD),
interpretation = classify_standard_vif(
as.numeric(vif_raw)

)
)
}

vif_model matrix <- stats::model.matrix(
stats::as.formula(
paste@("~", RHS_FULL)
)>
data = vif_data
)

vif column_table <- make_column_vif(
vif_model_matrix
) %>%
mutate(
moderate_threshold = VIF_MODERATE_THRESHOLD,
serious_threshold = VIF_SERIOUS_THRESHOLD,
interpretation = classify standard_vif(VIF)

)

continuous_correlation <- vif_data %>%
select(
agelo,
years_since_dx5,
pre_dx_smoking_years10,
survey cycle 2y centered

) %>%

stats::cor(
use = "pairwise.complete.obs",
method = "pearson"

) %>%

as.data.frame() %>%
tibble: :rownames_to_column("variable")

max_column_vif <- max(
vif column_table$VIF,
na.rm = TRUE

)

n_moderate_columns <- sum(
vif_column_table$VIF >=
VIF_MODERATE_THRESHOLD &
vif_column_table$VIF <=
VIF_SERIOUS_THRESHOLD,
na.rm = TRUE

)



n_serious_columns <- sum(
vif_column_table$VIF >
VIF_SERIOUS_THRESHOLD,
na.rm = TRUE

)

vif summary <- tibble(

diagnostic = c(
"Complete cases used",
"Maximum individual model-matrix VIF",
"Number of columns with VIF 5-10",
"Number of columns with VIF >10",
"Moderate threshold",
"Potentially serious threshold"

)>

value = c(
nrow(vif_data),
max_column_vif,
n_moderate_columns,
n_serious_columns,
VIF_MODERATE_THRESHOLD,
VIF_SERIOUS_THRESHOLD

)
)

safe_write_csv(
vif_term_table,
file.path(
SUPP_DIRS$results,
"COLLINEARITY_term_level GVIF_CORRECTED.csv"

)
)

safe_write_csv(
vif column_table,
file.path(
SUPP_DIRS$results,
"COLLINEARITY_model_matrix_VIF_CORRECTED.csv"

)
)

safe_write_csv(
continuous_correlation,
file.path(
SUPP_DIRS$results,
"COLLINEARITY_core_continuous_correlations.csv"

)
)

safe_write_csv(



vif summary,

file.path(
SUPP_DIRS$results,
"COLLINEARITY_summary_CORRECTED.csv"

)
)
# 1+ 4+t ++++++++++++ 1ttt
# 6. Leave-one-covariate-outZ M BURMED T
# 1+ 4+t ++++++++++++ 1ttt

cat("[4/8] iBfTleave-one-covariate-outItZEMEBUREIEREER . \n")

RHS_SENSITIVITY <- list(
M2_full = RHS_FULL,

M2 _without_years_since diagnosis = paste(
"exposure_quit + agel® + sex_f + race_f + education_f +",
"disease f + pre_dx_smoking yearslo +",
"survey_cycle_2y centered"

)s

M2 _without prediagnosis_smoking_ duration = paste(
"exposure_quit + agel® + sex_f + race_f + education_f +",
"disease f + years_since _dx5 +",

"survey_cycle_2y centered"

)
)

main_outcomes <- tibble::tribble(
~event_var, ~outcome_label,
"event_allcause", "All-cause mortality",
"event_heart"”, "Heart-disease mortality",
"event_cancer", "Cancer mortality"

)
sensitivity model list <- 1list()

for (k in seq_len(nrow(main_outcomes))) {
event_variable <- main_outcomes$event_var[k]
outcome label <- main_outcomes$outcome label[k]

for (
model_name in names(RHS_SENSITIVITY)
) {
sensitivity_model list[[
length(sensitivity model list) + 1
11 <- run_svycox(
design = design primary,
time_var = "time_int_years",



event_var = event_variable,

rhs = RHS_SENSITIVITY[[model_name]],
analysis label = model name,
outcome_label = outcome_label

)
}
}

collinearity sensitivity results <- bind rows(
sensitivity_model_list
) %>%
mutate(
HR_95CI = format_hr(
HR,
CI low,
CI_high
)>
p_formatted = format_p(p)

)

successful sensitivity models <- sum(
collinearity sensitivity results$status == "ok"

)

if (successful sensitivity models != 9) {
failed_sensitivity models <- collinearity_sensitivity results %>%
filter(status != "ok") %>%
transmute(
label = paste@(
outcome,
S
analysis,

n, n
)

error
)
) %>%
pull(label)

stop(
"M BURMER RS, BT,
successful sensitivity models,
"/9, KIMAEE ",
paste(
failed_sensitivity models,
collapse = " | "
)
)
¥

primary_locked_results <- readr::read_csv(



INPUT_PRIMARY_MODELS,
show_col_types = FALSE,
progress = FALSE
) %>%
filter(
grepl(
"M2_core$",
analysis
)
) %>%
select(
outcome,
locked HR = HR,
locked_CI_low = CI_low,
locked CI high = CI_high,
locked_p = p
)

collinearity sensitivity_ comparison <-
collinearity_sensitivity_results %>%
left_join(
primary_locked_results,
by = "outcome"
) %>%
mutate(
absolute_HR_change_from_locked =
abs(HR - locked HR),

relative HR change percent =
100 * (
HR / locked HR - 1
)>

absolute_logHR_change =
abs(
log(HR) -
log(locked HR)
)>

material logHR_change =
absolute_logHR change >
MATERIAL_LOGHR_CHANGE_THRESHOLD,

same_direction_as_locked =
sign(log(HR)) ==
sign(log(locked_HR)),

statistical_significance_at_0_05 =
p < 0.05



heart_sensitivity_summary <-
collinearity sensitivity comparison %>%

filter(
outcome ==
"Heart-disease mortality",
status == "ok",

is.finite(HR),
is.finite(CI_low),
is.finite(CI_high),
is.finite(p)

) %>%
summarise(

minimum_HR = min(
HR,
na.rm = TRUE

)

maximum_HR = max(
HR,
na.rm = TRUE

)

minimum_CI_low = min(
CI low,
na.rm = TRUE

)

maximum_CI_high = max(
CI high,
na.rm = TRUE

)

all_same_direction =
all(

same_direction_as_locked,
na.rm = TRUE
)s
all p below © 05 =
all(
p < 0.05,
na.rm = TRUE
)
any_material_logHR_change =
any(
material_logHR_change,
na.rm = TRUE

)

safe_write_csv(
collinearity_sensitivity_results,
file.path(
SUPP_DIRS$results,



"COLLINEARITY_ leave one_covariate out models.csv"

)
)

safe_write_csv(
collinearity_sensitivity_comparison,
file.path(
SUPP_DIRS$results,
"COLLINEARITY sensitivity vs locked primary.csv"

)
)

safe_write_csv(
heart_sensitivity_summary,
file.path(
SUPP_DIRS$results,
"COLLINEARITY_ heart mortality_ summary.csv"

)
)

PH_RHS <- RHS_FULL
ph_term_list <- list()
ph_coefficient list <- list()
ph_objects <- list()

for (k in seq_len(nrow(main_outcomes))) {
event_variable <- main_outcomes$event var[k]
outcome_label <- main_outcomes$outcome_label[k]

needed <- unique(c(
“"time_int years",
event_variable,
all.vars(
stats::as.formula(
paste@("~", PH_RHS)
)
)
))

des_ph <- complete_design(
design primary,
needed

)



formula _ph <- stats::as.formula(
pasted(
"survival::Surv(time_int years, ",
event_variable,
") ~ ",
PH_RHS
)
)

fit_ph <- tryCatch(
suppressWarnings(
survey: :svycoxph(
formula_ph,
design = des_ph,
X = TRUE,
y = TRUE,
model = TRUE
)
)>

error = function(e) e

)

if (inherits(fit_ph, "error")) {
failure_row <- tibble(

outcome = outcome label,

n = nrow(des_ph$variables),

events = sum(
des_ph$variables[[event_variable]] == 1,
na.rm = TRUE

)>

table_type = NA_character_,

term = NA_character_,

chisq = NA_real_,

df = NA_real_,

p = NA_real_,

status = "failed",

error = conditionMessage(fit ph)

)

ph_term_list[[
length(ph_term list) + 1
11 <- failure_row

ph_coefficient_list[[
length(ph_coefficient list) + 1
11 <- failure_row
} else {
zph_term <- tryCatch(
survival: :cox.zph(
fit_ph,



transform = "km",
terms = TRUE,
singledf = FALSE,
global = TRUE

)>

error = function(e) e

)

zph_coefficient <- tryCatch(
survival: :cox.zph(
fit_ph,
transform = "km",
terms = FALSE,
global = TRUE
)>

error = function(e) e

)

if (inherits(zph_term, "error")) {
ph_term_list[[
length(ph_term list) + 1
1] <- tibble(
outcome = outcome label,
n = nrow(des_ph$variables),
events = sum(
des_ph$variables[[event_variable]] == 1,
na.rm = TRUE
)>
table_type = "term-level”,
term = NA_character_,
chisq = NA_real_,
df = NA_real_,
p = NA_real_,
status = "failed",
error = conditionMessage(zph_ term)
)
} else {
ph_term_list[[
length(ph_term list) + 1
1] <- extract_zph_table(
zph_object = zph_ternm,
outcome_label = outcome_label,
n_model = nrow(des_ph$variables),
events = sum(
des ph$variables[[event variable]] == 1,
na.rm = TRUE

)>
table_type = "term-level”



if (inherits(zph_coefficient, "error")) {
ph_coefficient list[]
length(ph_coefficient_list) + 1
1] <- tibble(
outcome = outcome_label,
n = nrow(des_ph$variables),
events = sum(
des ph$variables[[event variable]] == 1,
na.rm = TRUE
)>
table_type = "coefficient-level”,
term = NA_character_,
chisq = NA_real_,
df = NA real ,
p = NA_real_,
status = "failed",
error = conditionMessage(
zph_coefficient
)
)
} else {
ph_coefficient_list[[
length(ph_coefficient_list) + 1
1] <- extract_zph_table(
zph_object = zph_coefficient,
outcome_label = outcome_label,
n_model = nrow(des_ph$variables),
events = sum(
des_ph$variables[[event_variable]] == 1,
na.rm = TRUE
)>
table_type = "coefficient-level”
)
}

ph_objects[[outcome label]] <- list(
fit = fit_ph,
zph_term = if (
inherits(zph_term, "error"
) {
NULL
} else {
zph_term
¥
zph_coefficient = if (
inherits(
zph_coefficient,
"error"



) A
NULL

} else {
zph_coefficient
}
)
}
}

ph_term_results <- bind_rows(
ph_term_list
) %>%
mutate(
p_formatted = format_p(p)

)

ph_coefficient results <- bind_rows(
ph_coefficient_list
) %>%
mutate(
p_formatted = format_p(p)

)

ph_summary <- purrr::map_dfr(
main_outcomes$outcome label,
function(outcome_label) {
tmp <- ph_term_results %>%

filter(
outcome == outcome_label,
status == "ok"
)
exposure_row <- tmp %>%
filter(
term == "exposure_ quit"
)
global row <- tmp %>%
filter(
toupper(term) == "GLOBAL"
)

exposure p <- if (
nrow(exposure_row) > 0
) |
exposure_row$p[1]
} else {
NA_real

}



global p <- if (
nrow(global row) > ©
) |
global row$p[1]
} else {
NA_real

}

tibble(
outcome = outcome_label,
n=if (
nrow(tmp) > ©
) {
tmp$n[1]
} else {
NA_integer_
¥
events = if (
nrow(tmp) > ©
) 1
tmp$events[1]
} else {
NA _integer_
¥
exposure_ph_p = exposure_p,
exposure_ph_p_formatted =
format_p(exposure _p),
global ph_p = global_p,
global ph p formatted =
format_p(global_p),
exposure_conclusion =
dplyr::case_when(
lis.finite(exposure p) ~
"Assessment unavailable",
exposure_p < 0.05 ~
"Statistical evidence of non-proportionality for the smoking-cessation
coefficient",
TRUE ~
"No statistical evidence of non-proportionality for the
smoking-cessation coefficient”
)>
global _conclusion =
dplyr::case_when(
lis.finite(global_p) ~
"Assessment unavailable",
global p < 0.05 ~
"The global test suggests that at least one coefficient may vary over
time",
TRUE ~
"No statistical evidence of global non-proportionality"



)
}
)

saveRDS(
ph_objects,
file.path(
SUPP_DIRS$results,
"PH_corrected_cox_zph_objects.rds"

)s o

compress = Xz

)

safe_write_csv(
ph_term_results,
file.path(
SUPP_DIRS$results,
"PH_term_level CORRECTED.csv"

)
)

safe_write_csv(
ph_coefficient_results,
file.path(
SUPP_DIRS$results,
"PH_coefficient level CORRECTED.csv"

)
)

safe_write_csv(
ph_summary,
file.path(
SUPP_DIRS$results,
"PH_summary_ CORRECTED.csv"

cat("[6/8] EMANFERHME &ERLZMFL..\n")

table s5 corrected <- vif term_table %>%
select(
term,
GVIF_raw,
Df _term,
GVIF_adjusted,



equivalent_standard VIF for_ 1df,
interpretation

)

table s5b_sensitivity <-
collinearity_sensitivity_comparison %>%
select(
outcome,
analysis,
n,
events,
HR,
CI low,
CI_high,
p,
HR_95CI,
p_formatted,
locked_HR,
absolute HR change from_locked,
relative_HR_change_percent,
absolute_logHR change,
material_logHR_change,
same_direction_as_locked

)

table_s13 corrected <- ph_term_results %>%

select(
outcome,
n,
events,
term,
chisq,
df,
P,
p_formatted,
status,
error

)

safe_write_csv(
table_s5 corrected,
file.path(
SUPP_DIRS$tables,

"Table_S5 multicollinearity_diagnostics_CORRECTED.

)
)

safe_write_csv(
table s5b_sensitivity,
file.path(

Ccsv



SUPP_DIRS$tables,
"Table_S5B collinearity_sensitivity models.csv"
)
)

safe_write_csv(
table s13 corrected,
file.path(
SUPP_DIRS$tables,
"Table_S13_ proportional_hazards_tests_CORRECTED.csv"
)

)

workbook <- openxlsx::createWorkbook()

sheet_data <- list(

VIF_GVIF = table_s5 corrected,

Column_VIF = vif_column_table,

Collinearity Sensitivity =
table_s5b_sensitivity,

PH Term Level = table s13 corrected,

PH_Coefficient_Level =
ph_coefficient_results,

PH_Summary = ph_summary,

Core_Check = core_check

)

for (sheet_name in names(sheet_data)) {
openxlsx: :addWorksheet(
workbook,
sheet _name

)

openxlsx::writeData(
workbook,
sheet = sheet_name,
x = sheet data[[sheet_name]]

)

openxlsx: :freezePane(
workbook,
sheet = sheet_name,
firstRow = TRUE

)

openxlsx::setColWidths(
workbook,
sheet = sheet_name,
cols = seq _len(
ncol(sheet_data[[sheet_name]])



)s

widths = "auto"

)

openxlsx::addStyle(
workbook,
sheet = sheet_name,
style = openxlsx::createStyle(

textDecoration = "bold",
halign = "center",
valign = "center",
border = "Bottom"

)>

rows =1,

cols = seq_len(
ncol(sheet_data[[sheet_name]])

)>
gridExpand = TRUE
)
}
openxlsx: :savelWorkbook(
workbook,
file.path(

SUPP_DIRS$tables,
"TID_SUPPLEMENTAL_COLLINEARITY_PH_TABLES.x1lsx"
)s

overwrite = TRUE

)

moderate vif rows <- vif column_table %>%
filter(
VIF >= VIF_MODERATE_THRESHOLD,
VIF <= VIF_SERIOUS_THRESHOLD

)
serious_vif_rows <- vif_column_table %>%
filter(
VIF > VIF_SERIOUS_THRESHOLD
)
heart_rows <- collinearity_sensitivity results %>%
filter(
outcome ==
"Heart-disease mortality"
) %>%
arrange(analysis)

heart_response lines <- heart_rows %>%
mutate(



response_line = paste@(

analysis,

n : HR Il,
sprintf("%.2f", HR),
" (95% CI ",

sprintf("%.2f", CI_low),
sprintf("%.2f", CI_high),
L
format_p(p),
II).II

)

) %>%
pull(response_line)

vif_response_sentence <- pasted(
"The maximum individual model-matrix VIF was ",
sprintf("%.2f", max_column_vif),

n n
J

n_moderate_columns,

" model-matrix column(s) had VIF values between 5 and 10, and ",
n_serious_columns,

" had VIF values above 10."

)
sensitivity_response_sentence <- if (
nrow(heart_sensitivity summary) == 1 &&
iSTRUE(
heart_sensitivity summary$all same_direction
) &&
1isTRUE(
heart_sensitivity_summary$any material_logHR_change
)
) 1
paste0(

"Leave-one-covariate-out sensitivity analyses produced materially similar
heart-disease mortality estimates, with HRs ranging from ",
sprintf(
"%.2F",
heart_sensitivity_summary$minimum_HR
)>
" to ",
sprintf(
"%.2fF",
heart_sensitivity summary$maximum_ HR

)>

) .

} else {
pasted(



"Leave-one-covariate-out estimates should be reviewed before describing them as
materially unchanged. The observed HR range was ",
sprintf(
"%.2fF",
heart_sensitivity summary$minimum_HR
)>
" to ",
sprintf(
"%.2F",
heart_sensitivity_summary$maximum_HR

I)l,ll
o
)

ph_response_lines <- ph_summary %>%
mutate(

response_line = paste@(
outcome,
": exposure-specific P=",
exposure_ph_p_ formatted,
"; global P=",
global ph p formatted,

)
) %>%
pull(response_line)

response_ready_ text <- c(
"TID-02054-2026-01 — SUPPLEMENTAL STATISTICAL RESPONSE-READY TEXT",
pasted("Generated: ", format(Sys.time())),

nn
J

"1. Multicollinearity assessment”,

vif_response_sentence,

"VIF values of 5-10 were interpreted as moderate multicollinearity, whereas values
above 10 were considered potentially serious.",

J
"2. Leave-one-covariate-out sensitivity analyses",

sensitivity response_sentence,
heart_response_lines,

J
"3. Corrected proportional hazards diagnostics",

"Term-level proportional hazards tests were recalculated using cox.zph with
terms=TRUE and singledf=FALSE so that multi-level factors retained their appropriate
degrees of freedom.",

ph_response_lines,

J

"4. Recommended interpretation boundary",

"These analyses evaluate numerical stability and model diagnostics only. They do
not remove survivor selection, recall bias, reverse causation, exposure



misclassification, or residual confounding."

)

write_lines_utf8(
response_ready text,
file.path(
SUPP_DIRS$response,
"SUPPLEMENTAL_RESPONSE_READY_TEXT.txt"

)
)

methods_results_text <- c(
"RECOMMENDED METHODS TEXT",

nn
J

"Multicollinearity was assessed using variance inflation factors based on the
covariate design matrix of the fully adjusted model. VIF values of 5-10 were
interpreted as moderate multicollinearity and values above 10 as potentially
serious. For multi-degree-of-freedom factors, both the generalized VIF and
GVIF~(1/[2xdf]) were reported. Leave-one-covariate-out sensitivity models separately
omitted years since diagnosis and pre-diagnosis smoking duration.",

nn
J

"The proportional hazards assumption was assessed using scaled Schoenfeld
residuals. Term-level tests were calculated with terms=TRUE and singledf=FALSE,
preserving the degrees of freedom of multi-level categorical variables.
Exposure-specific and global P values were emphasized.",

"RECOMMENDED RESULTS TEXT TEMPLATE",
J
vif_response_sentence,
sensitivity_response_sentence,
paste(
ph_response_lines,
collapse = " "
)
)

write lines utf8(
methods_results_text,
file.path(
SUPP_DIRS$response,
"SUPPLEMENTAL_METHODS RESULTS_ TEXT.txt"



required_output_files <- c(
file.path(
SUPP_DIRS$results,
"COLLINEARITY_term_level GVIF_CORRECTED.csv"
)>
file.path(
SUPP_DIRS$results,
"COLLINEARITY_model_matrix_VIF_CORRECTED.csv"
)>
file.path(
SUPP_DIRS$results,
"COLLINEARITY_leave_one_covariate_out_models.csv"
)>
file.path(
SUPP_DIRS$results,
"COLLINEARITY_sensitivity vs_locked_primary.csv"
)>
file.path(
SUPP_DIRS$results,
"PH_term_level CORRECTED.csv"
)>
file.path(
SUPP_DIRS$results,
"PH_summary_CORRECTED.csv"
)>
file.path(
SUPP_DIRS$tables,
"Table_S5 multicollinearity_diagnostics_CORRECTED.csv"
)>
file.path(
SUPP_DIRS$tables,
"Table_S5B collinearity_sensitivity models.csv"
)>
file.path(
SUPP_DIRS$tables,
"Table_S13_proportional_hazards_tests_CORRECTED.csv"
)>
file.path(
SUPP_DIRS$response,
"SUPPLEMENTAL_RESPONSE_READY_TEXT.txt"

)
)

file audit <- tibble(
path = required_output_files,
exists = file.exists(
required_output_files
)>
size bytes = ifelse(
file.exists(required_output_files),



file.info(
required_output_files
)$size,
NA_real
)
)

safe_write_csv(
file audit,
file.path(
SUPP_DIRS$audit,
"SUPPLEMENTAL_REQUIRED_FILE_AUDIT.csv"

)
)

ph_success <- ph_summary %>%
summarise(
all outcomes_available =
n() == 3 &&
all(is.finite(exposure_ph p)) &&
all(is.finite(global ph p))
) %>%
pull(all outcomes available)

status_table <- tibble(

check = c(
"Core sample reproduced",
"VIF/GVIF recalculated",
"Three full-model reproductions completed”,
"Six leave-one-covariate-out models completed",
"Corrected PH diagnostics completed”,
"No VIF above 10",
"All required files present”

)>

pass = c(
all(core_check$pass),
nrow(vif_column_table) > 0,
sum(

collinearity sensitivity results$status == "ok" &
collinearity sensitivity results$analysis == "M2_full"
) == 3,
sum(
collinearity sensitivity results$status == "ok" &
collinearity sensitivity results$analysis != "M2_full"

) == 6,
isTRUE(ph_success),
n_serious_columns == 0,
all(file_audit$exists)

)

) %>%



mutate(
status = ifelse(
pass,
"PASS",
"FAIL"

)
)

safe_write_csv(
status_table,
file.path(
SUPP_DIRS$root,
"SUPPLEMENTAL_ANALYSIS STATUS.csv"

)
)

capture.output(
sessionInfo(),
file = file.path(
SUPP_DIRS$logs,
pasted(
"sessionInfo_supplemental ",
RUN_STAMP,
"otxt

)
)
)

manifest files <- list.files(
OUTPUT_ROOT,
recursive = TRUE,
full.names = TRUE

)

manifest <- tibble(
relative_path = sub(
pasted(
nan
gsub(
"N\,
nym
normalizePath(
OUTPUT_ROOT,
winslash = "/",
mustWork = TRUE



gsub(

"N\,

nym

normalizePath(
manifest files,
winslash = "/",
mustWork = FALSE

)
)
)>
size bytes = file.info(
manifest_files
)$size,
modified_time = as.character(
file.info(
manifest_files
)Y$mtime
)
)

safe_write_csv(
manifest,
file.path(
SUPP_DIRS$root,
"SUPPLEMENTAL_FILE MANIFEST.csv"
)
)

# BANER AMRDTIERFERZIPLAEE,
supplemental_zip_generation_status <- "DISABLED"

# 1+ 4+t ++++++++++++ 1ttt
# 10. RAKES
# 1+ 4+t ++++++++++++ 1ttt

cat("[8/8] FEREANRSHA....\n")

if (lall(status_table$pass)) {
failed checks <- status_table %>%
filter(!pass) %>%

pull(check)
warning(
"IN TEFERELTA ",
paste(
failed_checks,
collapse = "; "
)

)
} else {



cat(

"\NSUPPLEMENTAL COLLINEARITY AND PH ANALYSIS V2 COMPLETED — PASS\n"

)
}
cat("\n=================z===========================================
cat("Completed: ", format(Sys.time()), "\n", sep = "")
cat("Output root: ", OUTPUT_ROOT, "\n", sep = "")
cat("Check ZIP: not generated (disabled by user request)\n")
cat(

"Maximum individual VIF: ",
sprintf("%.3f", max_column_vif),
"\n",
sep = ""
)
cat(
"Columns with VIF 5-10: ",
n_moderate_columns,
"\n",
sep = ""
)
cat(
"Columns with VIF >10: ",
n_serious_columns,
"\n",
sep = ""
)
cat(
"Heart-disease sensitivity HR range: ",
sprintf(
"%.3f",
heart_sensitivity summary$minimum_HR

)s

J
sprintf(
"%.3f",
heart_sensitivity summary$maximum_ HR
)>
"\n",
sep = ""
)
cat(
"Final status: ",
ifelse(
all(status_table$pass),
"PASS",
"REVIEW REQUIRED"
)>
"“\n",
sep = ""



HHHHHHH R R
# 20. FINAL FIGURE PACKAGE

# Figure 1-4HiE#R600 dpi TIFF, B, REBIBE &K H T

HHHHHHHHH S

while (sink.number() > @) sink()

FINAL_FIGURE_STAMP <- format(Sys.time(), "%Y%mkbd_ %HIM%S")
FINAL_FIGURE_ROOT <- file.path(PROJECT ROOT, "12_ FINAL_FIGURE_PACKAGE")

FINAL_FIG DIRS <- list(
root = FINAL_FIGURE_ROOT,
panels = file.path(FINAL_FIGURE_ROOT, "@1_individual_panels_TIFF"),
combined = file.path(FINAL_FIGURE_ROOT, "©2_ combined figures"),
source_data = file.path(FINAL_FIGURE_ROOT, "@3_source_data"),
reviewer_data = file.path(FINAL_FIGURE_ROOT, "@4 reviewer_analysis source data"),
audit = file.path(FINAL_FIGURE_ROOT, "@5_ audit"),
code = file.path(FINAL_FIGURE_ROOT, "@6 code"),
logs = file.path(FINAL_FIGURE_ROOT, "@7_logs")
)

invisible(lapply(FINAL_FIG DIRS, fs::dir create))

FINAL_FIGURE_LOG <- file.path(
FINAL_FIG_DIRS$logs,
pasteo("final figure package log ", FINAL FIGURE_STAMP, ".txt")

)

sink(FINAL_FIGURE_LOG, split = TRUE)

Cat("\n============================================================\n")
cat("FINAL FIGURE PACKAGE: INDIVIDUAL PANELS + COMBINED FIGURES\n")
cat("Started: ", format(Sys.time()), "\n", sep = "")

cat("Output root: ", FINAL_FIGURE_ROOT, "\n", sep = "")

cat("TIFF resolution: ", DPI, " dpi\n", sep = "")

cat("ZIP generation: DISABLED\n")
cat("============================================================\n\n")

required_final_objects <- c(
"flow _data",
"exclusion_data",

"figlb revision_data",
"p_revision_flow",
"p_revision_cycle",
"km_source_data",



"km_group_counts"”,
"primary_forest_data",
"secondary_ forest data",
"fig3a_data",

"balance results"”,
"subgroup_results_df",
"main_models df",
"sensitivity_results_df",
"overlap results”,

"quit_age sensitivity_models",
"collinearity sensitivity results"”,
"vif_term_table",
"vif_column_table",
"ph_term_results"”,
"ph_summary"

)

missing_final_objects <- required_final_objects|

Ivapply(
required_final_objects,

exists,
logical(1l),
inherits = TRUE
)
]
if (length(missing final objects) > @) {
stop(
"ERA L EIRPGR DR,
paste(missing_final_objects, collapse = ", "),

i M RSB — LT "
)
)

save_panel tiff <- function(plot, stem, width, height) {
ggplot2::ggsave(

filename = file.path(
FINAL_FIG_DIRS$panels,
paste@(stem, ".tiff")

)s

plot = plot,

width = width,

height = height,

units = "in",

dpi = DPI,

device = "tiff",

compression = "lzw",

limitsize = FALSE



save_combined_figure <- function(plot, stem, width, height) {
ggplot2::ggsave(

filename = file.path(
FINAL FIG_DIRS$combined,
paste@(stem, ".tiff")

)>

plot = plot,

width = width,

height = height,

units = "in",

dpi = DPI,

device = "tiff",

compression = "lzw",

limitsize = FALSE

)

ggplot2::ggsave(
filename = file.path(
FINAL_FIG_DIRS$combined,
paste@(stem, ".pdf")
)>
plot = plot,
width = width,
height = height,
units = "in",
device = grDevices::cairo_pdf,
limitsize = FALSE
)
}

write_final_source <- function(x, filename) {
safe_write_csv(
X,
file.path(
FINAL_FIG_DIRS$source_data,
filename

cat("[FINAL FIG 1/6] #itiFigure 1HiEMR. BHEIFREE..\n")
final_pla <- p_revision_flow

final_plb <- p_revision_cycle +



labs(
title = NULL,
subtitle = NULL
)

final_figurel <- final_pla + final_plb +
patchwork: :plot_layout(widths = c(1.30, 1.00)) +
patchwork: :plot_annotation(

tag levels = "A",
theme = theme(
plot.tag = element text(
family = BASE_FAMILY,
size = 16
)
)
)

write_final_source(
flow_data,
"FigurelA_flowchart_nodes.csv"
)
write_final_source(
exclusion_data,
"FigurelA flowchart_exclusions.csv"
)
write_final_source(
figlb revision_data,
"FigurelB_cycle_composition.csv"

)

save_panel tiff(
final_pla,
"FigurelA participant_flow",
width = 7.7,
height = 10.0

)

save_panel tiff(
final_plb,
"FigurelB cycle composition”,
width = 6.8,
height = 7.0

)

save_combined_figure(
final_figurel,
"Figurel FINAL participant_ flow and cycle composition”,
width = 13.9,
height = 10.0



# 20.2 Figure 2:MIMRAERAFIL + TEER + RENHER

cat("[FINAL FIG 2/6] %itHhFigure 2HAMEMR. HfEFIREIE. ..\n")

final_p2a <- ggplot(
km_source_data,
aes(
x = time years,
y = survival probability,
color = exposure_group,
group = exposure_group

)
) +
geom_step(
linewidth = 1.05,
direction = "hv"
) +

scale_color_manual(
values = c(
"Persistent smoker" = PERSIST_COLOR,
"Post-diagnostic quitter" = QUIT_COLOR
)>
drop = FALSE
) +
scale_y_continuous(
limits = c(0, 1),

labels = scales::label_percent(accuracy = 1),
expand = expansion(mult = c(9, 0.02))
) +

scale_x_continuous(
breaks = scales::breaks_pretty(n = 7),
expand = expansion(mult = c(9, 0.02))
) +
labs(
X = "Years since NHANES interview",
y = "Heart-disease-free survival",
subtitle = "Survey-weighted unadjusted descriptive curves”,
color = NULL
) +
pub_theme(11.5) +
theme(
legend.position = "top",
panel.grid.minor = element_blank(),
plot.subtitle = element text(
family = BASE_FAMILY,
size = 10.5
)
)



final primary_ forest data <- primary forest data %>%
mutate(
outcome _display = dplyr::recode(
as.character(outcome),

"All-cause mortality" = "All-cause\nmortality",
"Heart-disease mortality" = "Heart-disease\nmortality",
"Cancer mortality" = "Cancer\nmortality"

)>

outcome_display = factor(
outcome_display,
levels = c(
"All-cause\nmortality",
"Heart-disease\nmortality",
"Cancer\nmortality"
)
)
)

final p2b <- ggplot(
final_primary_forest_data,

aes(
X = HR,
y = model
)
) +

geom_vline(
xintercept = 1,
linetype = "dashed",
linewidth = 0.75

) +
geom_errorbarh(
aes(
xmin = CI_low,
xmax = CI_high,
color = model
)>
height = o,
linewidth = 0.95
) +

geom_point(
aes(color = model),
size = 3.0
) +
facet_grid(. ~ outcome_display) +
scale_color_manual(
values = c(
"MO: Unadjusted" = "#9CA3AF",
"M1: Demographic-adjusted" = "#6B7280",
"M2: Fully adjusted core model"™ = QUIT_COLOR

)>



guide = "none"
) +
scale x_logle(
breaks = c(0.3, 0.5, 0.7, 1, 1.5, 2),
labels = scales::label number(accuracy = 0.1)
) +
coord_cartesian(
xlim = c(0.35, 1.80),
clip = "off"
) +
labs(
x = "Hazard ratio (log scale)",
y NULL
) +
pub_theme(10.5) +
theme(
strip.text = element_text(
size = 10.5,
lineheight = 0.95

)>

axis.text.y = element_text(size = 9.5),
panel.spacing.x = grid::unit(0.20, "in"

)

final secondary_ forest _data <- secondary_forest_data %>%
mutate(
outcome _display = dplyr::recode(
as.character(outcome_short),
"Cardiovascular composite"” =
"Cardiovascular\ncomposite mortality",
"Chronic lower respiratory disease" =
"Chronic lower respiratory\ndisease mortality"
)>
outcome_display = factor(
outcome_display,
levels = c(
"Cardiovascular\ncomposite mortality",
"Chronic lower respiratory\ndisease mortality"

)
)
)

final p2c <- ggplot(
final_secondary_forest_data,

aes(
X = HR,
y = model
)
) +

geom_vline(



xintercept = 1,
linetype = "dashed",
linewidth = 0.75

) +
geom_errorbarh(
aes(
xmin = CI_low,
xmax = CI_high,
color = model
)>
height = 9o,
linewidth = 0.95
) +

geom_point(
aes(color = model),
size = 3.0
) +
facet_grid(. ~ outcome_display) +
scale_color_manual(
values = c(

"MO: Unadjusted" = "#9CA3AF",
"M1: Demographic-adjusted" = "#6B7280",
"M2: Fully adjusted core model"™ = QUIT_COLOR
)>
guide = "none"
) +

scale x_logle(
breaks = c(0.3, 0.5, 0.7, 1, 1.5, 2, 3),
labels = scales::label number(accuracy = 0.1)
) +
coord_cartesian(
xlim = c(0.30, 2.30),
clip = "off"
) +
labs(
x = "Hazard ratio (log scale)",
y NULL
) +
pub_theme(10.5) +
theme(
strip.text = element_text(
size = 10.2,
lineheight = 0.95

)>

axis.text.y = element_text(size = 9.5),
panel.spacing.x = grid::unit(0.20, "in"

)

final figure2 <- final p2a /
(final_p2b + final_p2c) +



patchwork: :plot_layout(
heights = c(1.00, 1.28),
widths = c(1.28, 1.00)
) +
patchwork: :plot_annotation(
tag_levels = "A",
theme = theme(
plot.tag = element_text(
family = BASE_FAMILY,
size = 16
)
)
)

write final source(
km_source_data,
"Figure2A weighted heart disease survival.csv'
)
write final source(
km_group_counts,
"Figure2A weighted survival group counts.csv"
)
write final source(
final_primary_forest_data,
"Figure2B primary models.csv"
)
write final source(
final_secondary_forest_data,
"Figure2C restricted 1999 2014 models.csv"

)

save_panel tiff(
final p2a,
"Figure2A weighted_unadjusted_heart_disease_survival”,
width = 8.0,
height = 6.0

)

save_panel tiff(
final p2b,
"Figure2B_primary_mortality models",
width = 11.0,
height = 4.8

)

save_panel tiff(
final p2c,
"Figure2C_restricted_period_models",
width = 8.8,
height = 4.8

)

save_combined_figure(



final figure2,
"Figure2_FINAL_weighted_survival_and_mortality_models",
width = 13.6,
height = 10.5

)

B o o o o m o m o oo e
# 20.3 Figure 3:landmark + DFRFIETEEEDHT

B o o o o mm o oo e e

cat("[FINAL FIG 3/6] %#itiFigure 3H.ME#R. BFEFIREE. ..\n")

final fig3a data <- fig3a data %>%
mutate(
outcome _display = dplyr::recode(
as.character(outcome),
"All-cause mortality" = "All-cause mortality",
"Heart-disease mortality" = "Heart-disease mortality
)>
outcome_display = factor(
outcome_display,
levels = c(
"All-cause mortality",
"Heart-disease mortality"

)
)
)

final fig3b data <- bind_rows(
main_models_df %>%

filter(
grepl("M2_core$", analysis),
outcome == "Heart-disease mortality"
) %>%
mutate(
analysis_display = "Primary fully adjusted model™
)>
sensitivity_results_df %>%
filter(
outcome == "Heart-disease mortality"
) %>%
mutate(
analysis_display = analysis
)>
overlap_results %>%
filter(
outcome == "Heart-disease mortality"

) %>%



mutate(
analysis_display = analysis

)s

quit_age sensitivity models %>%
filter(
outcome == "Heart-disease mortality"
) %>%
mutate(
analysis_display = analysis

)s

collinearity sensitivity results %>%
filter(
outcome == "Heart-disease mortality",
analysis != "M2_full"
) %>%
mutate(
analysis_display = analysis
)
%>%
filter(
status == "ok",
is.finite(HR),
is.finite(CI_low),
is.finite(CI_high),
lgrepl("Landmark", analysis_display)
) %>%
distinct(
analysis_display,
.keep_all = TRUE
) %>%
mutate(
analysis_display = dplyr::case_when(
analysis display ==
"Primary 1999-2018 without calendar-cycle adjustment" ~
"No calendar-cycle adjustment",

analysis display ==
"Restricted 1999-2016 with 18-year combined interview weights" ~
"Restricted to NHANES 1999-2016",

analysis display ==
"Strict exposure: quit age > diagnosis age" ~
"Strict quit-age definition”,

analysis display ==
"MEC-weighted extended complete-case model" ~
"MEC-weighted extended model™,



analysis display ==
"Smoking-burden proxy complete-case sensitivity" ~
"Additional smoking-burden adjustment”,

analysis display ==
"Restricted to participants with cardiovascular disease" ~
"Restricted to cardiovascular disease",

analysis display ==
"Restricted to participants with chronic lung disease"” ~
"Restricted to chronic lung disease",

analysis display ==
"Survey x overlap-weighted supportive analysis" ~
"Survey x overlap weighting",

analysis display ==
"Survey x overlap-weighted doubly adjusted sensitivity" ~
"Overlap weighting plus outcome adjustment”,

analysis display ==
"Quitters restricted to directly reported SMDO55 quit age"
"Directly reported quit age only",

analysis display ==
"M2_without_years_since_diagnosis" ~
"Omit years since diagnosis”,

analysis display ==
"M2_without_prediagnosis_smoking_ duration" ~
"Omit pre-diagnosis smoking duration”,

grepl(
"AQuit-age discrepancy exclusion >1 years$",
analysis display

) ~

"Exclude quit-age discrepancy >1 year",

grepl(
"AQuit-age discrepancy exclusion >2 years$",
analysis display

) ~

"Exclude quit-age discrepancy >2 years",

grepl(
"AQuit-age discrepancy exclusion >5 years$",
analysis display

) ~

"Exclude quit-age discrepancy >5 years",



TRUE ~ analysis display

)
) %>%
arrange(
dplyr::case_when(
analysis_display
analysis display
analysis_display
analysis display
analysis_display
analysis display
analysis_display
analysis display
analysis_display
analysis display
analysis_display
analysis display
analysis_display
analysis display
analysis_display
analysis display
TRUE ~ 99
)
) %>%
mutate(

"Primary fully adjusted model" ~ 1,
"No calendar-cycle adjustment" ~ 2,
"Restricted to NHANES 1999-2016" ~
"Strict quit-age definition" ~ 4,
"MEC-weighted extended model" ~ 5,
"Additional smoking-burden adjustment" ~ 6,
"Restricted to cardiovascular disease" ~ 7,
"Restricted to chronic lung disease" ~ 8,

"Survey x overlap weighting" ~ 9,

"Overlap weighting plus outcome adjustment"” ~ 10,
"Exclude quit-age discrepancy >1 year" ~ 11,
"Exclude quit-age discrepancy >2 years" ~ 12,
"Exclude quit-age discrepancy >5 years" ~ 13,
"Directly reported quit age only" ~ 14,

"Omit years since diagnosis" ~ 15,

"Omit pre-diagnosis smoking duration" ~ 16,

3,

analysis_display = factor(

analysis display,

levels = rev(unique(analysis_display))

)
)

final_p3a <- ggplot(
final fig3a data,

aes(
X = HR,
y = analysis
)
) +

geom_vline(
xintercept = 1,
linetype = "dashed",
linewidth = @.55

) +
geom_segment (
aes(
x = CI_low,

xend = CI_high,
yend = analysis

)
linewidth = 0.78,



color = QUIT_COLOR
) +
geom_point(
size = 2.5,
color = QUIT_COLOR
) +
facet _wrap(
~outcome_display,

ncol =1

) +

scale x_logle() +

labs(
x = "Hazard ratio (log scale)",
y = NULL

) +

pub_theme(10.0) +

theme(
legend.position = "none",
strip.text = element_text(size = 10.5)

)

final_p3b <- ggplot(
final fig3b data,

aes(
X = HR,
y = analysis_display
)
) +

geom_vline(
xintercept = 1,
linetype = "dashed",
linewidth = 0.55

) +
geom_segment (
aes(
x = CI_low,

xend = CI_high,
yend analysis_display
)s
linewidth = 0.75,
color = QUIT_COLOR
) +
geom_point(
size = 2.4,
color = QUIT_COLOR

) +
scale x_logle() +
labs(
x = "Hazard ratio for heart-disease mortality (log scale)",

y = NULL



) +
pub_theme(9.0) +

theme(

legend.position = "none",

axis.text.y = element_text(size = 8.7)
)

final_figure3 <- final_p3a + final_p3b +
patchwork: :plot_layout(
widths = c(0.90, 1.55)
) +
patchwork: :plot_annotation(
tag levels = "A",
theme = theme(
plot.tag = element text(
family = BASE_FAMILY,
size = 16
)
)
)

write_final_source(
final fig3a data,
"Figure3A_ landmark_analyses.csv"
)
write_final_source(
final fig3b data,
"Figure3B_heart_mortality_sensitivity_analyses.csv"

)

save_panel tiff(
final_p3a,
"Figure3A landmark_analyses”,
width = 7.9,
height = 7.8
)
save_panel tiff(
final_p3b,
"Figure3B_heart_mortality sensitivity_ analyses”,
width = 9.5,
height = 9.5
)
save_combined_figure(
final_figure3,
"Figure3 FINAL landmark_and sensitivity analyses",
width = 15.0,
height = 10.0



# 20.4 Figure 4:EEMFEH + A

cat("[FINAL FIG 4/6] %ithFigure 4HMEMR. HFEFIREIE. ..\n")

balance_variable_labels <- c(

llagell = IlAge, year\sll)
"survey_midyear" = "Survey calendar year",
"years_since_dx" = "Years since first diagnosis",

"pre_dx_smoking_years" =
"Pre-diagnosis smoking duration, years",
"pir" = "Poverty-income ratio",
"sex_f" = "Sex",
"race_f" = "Race/ethnicity",
"education_f" = "Educational attainment”,
"disease_f" = "Cardiopulmonary disease phenotype"

)

if (
"label"” %in% names(balance_results) &&
nrow(balance_results) > ©
) {

final figda data <- balance results %>%
filter(
is.finite(abs_smd_survey) |
is.finite(abs_smd_overlap)
) %>%
mutate(
variable display = dplyr::recode(
variable,
I'l'lbalance_variable_ labels,
.default = variable
)>
label display = ifelse(
is.na(level),
variable_display,
pasteod(
variable_display,

n, n
)

level
)
)
) %>%
select(
label display,
abs_smd_survey,
abs_smd_overlap
) %>%
pivot_longer(
cols = c(



abs_smd_survey,
abs_smd_overlap

)>
names_to = "weighting",
values to = "absolute smd"
) %>%
mutate(
weighting = dplyr::recode(
weighting,
abs_smd_survey = "Survey weight only",
abs_smd_overlap = "Survey x overlap weight"
)
) %>%
group_by(label_display) %>%
mutate(

max_smd = max(
absolute_smd,
na.rm = TRUE
)
) %>%
ungroup() %>%
arrange(max_smd) %>%
mutate(
label display = factor(
label display,
levels = unique(label_display)
)

)
} else {

final_figda_data <- tibble(
label display = factor("Balance unavailable"),
weighting = "Survey weight only",
absolute_smd = NA real

)
}
final figdb data <- subgroup results df %>%
filter(
status == "ok",

is.finite(HR),
is.finite(CI_low),
is.finite(CI_high)
) %>%
mutate(
subgroup_display
subgroup_label,

pasted(

subgroup_level
)>

subgroup_display = factor(



subgroup_display,
levels = rev(unique(subgroup_display))
)
)

final_pda <- ggplot(
final figda data,
aes(
X = absolute smd,
y = label _display,
shape = weighting
)
) +
geom_vline(
xintercept = 0.10,
linetype = "dashed",
linewidth = 0.55

) +

geom_point(size = 2.3) +

labs(
x = "Absolute standardized mean difference",
y = NULL,
shape = NULL

) +

pub_theme(9.0) +

theme(

axis.text.y = element_text(size = 8.2)

)

final_p4b <- ggplot(
final figdb data,

aes(
X = HR,
y = subgroup_display
)
) +

geom_vline(
xintercept = 1,
linetype = "dashed",
linewidth = @.55

) +
geom_segment (
aes(
x = CI_low,

xend = CI_high,

yend = subgroup_display
)>
linewidth = 0.75,
color = QUIT_COLOR

) +



geom_point(
size = 2.4,
color = QUIT_COLOR

) +
scale x_logle() +
labs(
x = "Hazard ratio for heart-disease mortality (log scale)",
y = NULL
) +
pub_theme(9.0) +
theme(
legend.position = "none",
axis.text.y = element_text(size = 8.8)
)

final_figure4 <- final_p4a + final_p4b +
patchwork: :plot_layout(
widths = c(1.15, 1.00)
) +
patchwork: :plot_annotation(
tag levels = "A",
theme = theme(
plot.tag = element text(
family = BASE_FAMILY,
size = 16
)
)
)

write_final_source(
final figda data,
"Figure4A overlap_weighting balance.csv"
)
write_final_source(
final figdb data,
"Figure4B_prespecified_subgroup_estimates.csv"

)

save_panel tiff(
final_p4a,
"Figured4A overlap weighting balance",
width = 9.5,
height = 8.8
)
save_panel tiff(
final_p4b,
"Figure4B prespecified subgroup estimates"”,
width = 7.8,
height = 7.8



save_combined_figure(
final_figure4,
"Figure4 FINAL overlap balance_and subgroups"”,
width = 14.09,

height = 9.0
)
B oo m o o oo o o oo o oo e e e e e e e oo
# 20.5 HIBAFEBOITHZERKE
B oo m o o oo o o oo o oo e e e e e e e oo

cat("[FINAL FIG 5/6] VLM HImAEIEDHIREE. ..\n")

reviewer_source_objects <- list(
VIF_term_level =
vif_term_table,

VIF_model_matrix_columns =
vif column_table,

Collinearity_ leave one_covariate out =
collinearity_sensitivity_results,

Collinearity_sensitivity _vs_locked =
collinearity sensitivity comparison,

PH_term_level =
ph_term_results,

PH_coefficient_level =
ph_coefficient_results,

PH_summary =
ph_summary
)

for (object name in names(reviewer_ source_objects)) {
safe_write_csv(
reviewer_source_objects[[object name]],
file.path(
FINAL FIG_DIRS$reviewer_data,
pasted(object_name, ".csv"



cat("[FINAL FIG 6/6] PATERZXHH it...\n")

required_panel files <- file.path(

FINAL_FIG_DIRS$panels,

c(
"FigurelA participant_flow.tiff",
"FigurelB cycle composition.tiff",
"Figure2A weighted_unadjusted_heart_disease_survival.tiff",
"Figure2B primary mortality models.tiff",
"Figure2C_restricted_period_models.tiff",
"Figure3A landmark_analyses.tiff",
"Figure3B_heart_mortality_ sensitivity_analyses.tiff",
"Figure4A overlap weighting balance.tiff",
"Figure4B_prespecified_subgroup_estimates.tiff"

)
)

required_combined_files <- file.path(
FINAL FIG_DIRS$combined,
c(
"Figurel FINAL participant flow_and cycle composition.tiff",
"Figure2_FINAL_weighted_survival_and_mortality models.tiff",
"Figure3 FINAL landmark_and_ sensitivity analyses.tiff",
"Figure4_FINAL_overlap_balance_and_subgroups.tiff"

)
)

required_source_files <- file.path(

FINAL FIG_DIRS$source_data,

c(
"FigurelA flowchart_nodes.csv",
"FigurelA flowchart_exclusions.csv",
"FigurelB cycle composition.csv",
"Figure2A weighted_heart_disease_survival.csv",
"Figure2A weighted survival group counts.csv",
"Figure2B_primary_models.csv",
"Figure2C restricted 1999 2014 models.csv",
"Figure3A_landmark_analyses.csv",
"Figure3B_heart_mortality sensitivity analyses.csv",
"Figure4A overlap weighting balance.csv",
"Figure4B prespecified subgroup estimates.csv”

)
)

final file audit <- tibble(
category = c(
rep("Individual panel TIFF", length(required_panel_files)),
rep("Combined figure TIFF", length(required_combined_files)),
rep("Figure source data", length(required_source_files))

)s



path = c(
required_panel files,
required_combined_ files,
required_source_files
)
exists = file.exists(
c(
required_panel_files,
required_combined files,
required_source_files
)
)s
size bytes = ifelse(
file.exists(
c(
required_panel files,
required_combined_ files,
required_source_files

)
)>
file.info(
c(
required_panel files,
required_combined_files,
required_source_files
)
)$size,
NA_real

)
)

safe_write_csv(
final file audit,
file.path(
FINAL FIG_DIRS$audit,
"FINAL_FIGURE_FILE_AUDIT.csv"

)
)

heart_primary_final <- main_models_df %>%
filter(

outcome == "Heart-disease mortality",
grepl("M2_core$", analysis),
status == "ok"

) %>%

slice(1)

final_all _in_one_status <- tibble(
check = c(
"Core primary sample reproduced",



"Main heart-disease M2 available",
"No VIF above 10",
"Three full-model collinearity checks completed”,
"Six leave-one-covariate-out models completed",
"Corrected PH diagnostics completed”,
"Nine individual panel TIFF files generated”,
"Four combined figure TIFF files generated",
"All required figure source-data files generated",
"No ZIP file generated by final workflow"

)>

pass = c(
nrow(primary_df) == 2319 &&

sum(primary_df$exposure quit == 1) == 975 &&
sum(primary_df$exposure_quit == @) == 1344,
nrow(heart_primary_final) == 1 &&
is.finite(heart_primary_ final$HR),
n_serious_columns == 0,
sum(
collinearity sensitivity results$status == "ok" &
collinearity sensitivity results$analysis == "M2_ full"
) == 3)
sum(
collinearity sensitivity results$status == "ok" &
collinearity sensitivity results$analysis != "M2_full"
) == 6,

nrow(ph_summary) == 3 &&
all(is.finite(ph_summary$exposure_ph _p)) &&
all(is.finite(ph_summary$global ph p)),

all(file.exists(required_panel files)),
all(file.exists(required_combined files)),

all(file.exists(required_source_ files)),

lany(
grepl(

"\\.zip$",

list.files(
PROJECT_ROOT,
recursive = TRUE,
full.names = TRUE

)

ignore.case = TRUE

)



)
)
) %>%
mutate(
status = ifelse(
pass,
"PASS",
"FAIL"

)
)

safe_write_csv(
final all in_one_status,
file.path(
FINAL FIG_DIRS$root,
"FINAL_ALL_IN_ONE_STATUS.csv"

)
)

final_numerical_summary <- tibble(
item = c(
"Primary sample size",
"Post-diagnostic quitters”,
"Persistent smokers",
"All-cause deaths",
"Heart-disease deaths",
"Cancer deaths",
"Heart-disease M2 HR",
"Heart-disease M2 CI low",
"Heart-disease M2 CI high",
"Heart-disease M2 P",
"Maximum individual VIF",
"Number of VIF values 5-10",
"Number of VIF values >10",
"Heart-disease collinearity sensitivity minimum HR",
"Heart-disease collinearity sensitivity maximum HR"
)>
value = c(
nrow(primary_df),

sum(primary_df$exposure_quit == 1),
sum(primary_df$exposure_quit == 0),
sum(primary_df$event_allcause == 1),
sum(primary_df$event_heart == 1),
sum(primary_df$event_cancer == 1),

heart_primary final$HR,
heart_primary_ final$CI_low,
heart_primary final$CI high,
heart_primary_final$p,
max_column_vif,
n_moderate_columns,



n_serious_columns,
heart_sensitivity_summary$minimum_HR,
heart_sensitivity summary$maximum_ HR

)
)

safe_write_csv(
final_numerical_summary,
file.path(
FINAL_FIG_DIRS$root,
"FINAL_NUMERICAL_ SUMMARY.csv"

)
)

capture.output(
sessionInfo(),
file = file.path(
FINAL_FIG DIRS$logs,
pasted(
"sessionInfo_final_all_in_one_",
FINAL_FIGURE_STAMP,
"otxt

)
)
)

current_all in _one_source <- tryCatch(
normalizePath(
sys.frame(1l)$ofile,
winslash = "/",
mustWork = FALSE
)>

error = function(e) NA_character_

)

if (
is.character(current_all in one_source) &&
length(current_all_in_one_source) == 1 &&
lis.na(current_all in_one_source) &&
file.exists(current_all_in_one_source)
) {
file.copy(
current_all _in_one_source,
file.path(
FINAL _FIG_DIRS$code,
"TID_MAJOR_REVISION_FINAL_ALL_IN_ONE_COMPLETE_RUN_v1.R"
)>

overwrite = TRUE

)



if (lall(final_all_in_one_status$pass)) {
failed final checks <- final all in one_status %>%
filter(!pass) %>%

pull(check)
warning(
"RA—KEREFERERALHE ",
paste(
failed_final_checks,
collapse = "; "
)
)
} else {
cat(
"\nFINAL ALL-IN-ONE ANALYSIS AND FIGURE WORKFLOW COMPLETED — PASS\n"
)
}
cat("\n============================s=======s======s========s=======\N" )
cat("Completed: ", format(Sys.time()), "\n", sep = "")
cat("Project root: ", PROJECT_ROOT, "\n", sep = "")
cat("Final figure package: ", FINAL _FIGURE_ROOT, "\n", sep = "")
cat("Individual panel TIFF files: ", length(required_panel_files), "\n", sep = "")
cat("Combined figure TIFF files: ", length(required_combined files), "\n", sep = "")

cat("Maximum individual VIF:
cat(
"Heart-disease sensitivity HR range: ",
sprintf("%.3f", heart_sensitivity summary$minimum_HR),

, sprintf("%.3f", max_column_vif), "\n", sep = "")

J
sprintf("%.3f", heart_sensitivity summary$maximum_ HR),

"\n",
sep = ""
)
cat(
"Final status: ",
ifelse(
all(final_all _in_one_status$pass),
"PASS",
"REVIEW REQUIRED"
)s
"\n",
sep = ""
)
cat("ZIP files: not generated\n")
cat("============================================================\n")
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i H :TID-02054-2026-01
X mAE R &IMESUE
FRA : TID_FIGURE_MINIMAL_PATCH_ONLY_CORRECTED v2_2026-07-18
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1) RE#HAH, TEFVERMAEIHER,;
2) AEMREENE, S Figure 2fIFigure 3;
3) NERIRRA K ERM MR R/IMER:
- Figure 1A:[&§& excluded_n == 0 BUBERRINEA;
- Figure 4A:[&§& Poverty-income ratio;
4) Figure 2fIFigure 3E#k & Hll[RIA G A X, BREMFFXRT;
5) #itH600 dpi TIFFFIPDF, AERKZIP,

I
C:/Users/33652/Desktop/Q/TID_MAJOR_REVISION_FINAL_ALL_IN_ONE/
12 FINAL FIGURE_PACKAGE/

i
C:/Users/33652/Desktop/Q/TID_MAJOR_REVISION_FINAL_ALL_IN_ONE/
13 MINIMAL_ PATCH ONLY_CORRECTED/

=

HHHHH

rm(list = 1s())
options(stringsAsFactors = FALSE)
options(warn = 1)

PROJECT_PARENT <- "C:/Users/33652/Desktop/Q"
PROJECT_ROOT <- file.path(

)

PROJECT_PARENT,
"TID_MAJOR_REVISION_FINAL_ALL_IN_ONE"

INPUT_ROOT <- file.path(

)

PROJECT_ROOT,
"12_FINAL_FIGURE_PACKAGE"

INPUT_PANELS <- file.path(

)

INPUT_ROOT,
"01 individual panels TIFF"

INPUT_COMBINED <- file.path(

)

INPUT_ROOT,
"02_combined_figures™

INPUT_SOURCE <- file.path(

INPUT_ROOT,



"@3 source_data"

)

OUTPUT_ROOT <- file.path(
PROJECT_ROOT,
"13 _MINIMAL_PATCH_ONLY_ CORRECTED"

)

DIRS <- list(
root = OUTPUT_ROOT,
panels = file.path(OUTPUT_ROOT, "@1 individual panels TIFF"),
combined = file.path(OUTPUT_ROOT, "©2_combined_figures"),
source = file.path(OUTPUT_ROOT, "@3 source_data_used"),
audit = file.path(OUTPUT_ROOT, "©4_audit"),
logs = file.path(OUTPUT_ROOT, "©5 logs")

)

invisible(lapply(
DIRS,
dir.create,
recursive = TRUE,
showWarnings = FALSE

))

DPI <- 600

BASE_FAMILY <- "Times New Roman"
PERSIST _COLOR <- "#6B7280"
QUIT_COLOR <- "#C56A11"

required_packages <- c(
"dplyr",
"readr",
“ggplot2”,
"patchwork”,
"scales",
"stringr",
"tibble",
"tidyr"

)

missing packages <- required_packages|
Ivapply(
required_packages,
requireNamespace,
logical(1),
quietly = TRUE
)
]

if (length(missing_packages) > 0) {



stop(
"{E*'J/\R@: HA
paste(missing packages, collapse = ", ")
)
}

suppressPackageStartupMessages ({
library(dplyr)
library(readr)
library(ggplot2)
library(patchwork)
library(scales)
library(stringr)
library(tibble)
library(tidyr)

)

pub_theme <- function(base_size = 10) {

ggplot2::theme bw(

base_size = base_size,

base family = BASE_FAMILY
) +

ggplot2: :theme(

plot.title = element_text(
face = "bold",

hjust = @
)>
plot.subtitle = element_text(hjust = @),
legend.position = "bottom",

legend.title = element_blank(),

panel.grid.minor = element_blank(),
strip.background = element_rect(fill = "grey95"),
strip.text = element_text(face = "bold")

}

save_panel tiff <- function(
plot,
filename,
width,
height
) {
ggplot2::ggsave(
filename = file.path(
DIRS$panels,
filename
)>
plot = plot,
width = width,
height = height,

units = "in",
dpi = DPI,
device = "tiff",

compression = "lzw",



limitsize = FALSE
)
}

save_combined <- function(

plot,

stem,

width,

height

) {
ggplot2::ggsave(

filename = file.path(
DIRS$combined,
paste@(stem, ".tiff")

)>

plot = plot,

width = width,

height = height,

units = "in",

dpi = DPI,

device = "tiff",

compression = "lzw",

limitsize = FALSE

)

ggplot2::ggsave(
filename = file.path(
DIRS$combined,
paste@(stem, ".pdf")
)
plot = plot,
width = width,
height = height,
units = "in",
device = grDevices::cairo_ pdf,
limitsize = FALSE
)
}

LOG_FILE <- file.path(
DIRS$1logs,
pasted(
"minimal_patch _plot log ",
format(Sys.time(), "%Y%m%d_%H%M%S"),
"Lt
)
)

sink(LOG_FILE, split = TRUE)
on.exit({

while (sink.number() > @) sink()
}, add = TRUE)



cat("TID MINIMAL FIGURE PATCH WORKFLOW\n")
cat("Started: ", format(Sys.time()), "\n", sep = "")
cat("Statistical analysis: DISABLED\n")

cat("Figure 2 and Figure 3 replotting: DISABLED\n")
cat("ZIP generation: DISABLED\n")

cat("============================================================\n\n")
S EEEE———.,
# 2. WIAXEZL
S EEEE———.,

required_source_files <- c(
"FigurelA flowchart_nodes.csv",
"FigurelA flowchart_exclusions.csv",
"FigurelB cycle composition.csv",
"Figure4A overlap_weighting balance.csv",
"Figure4B prespecified subgroup estimates.csv"

)

required_original_ figures <- c(
file.path(
INPUT_COMBINED,
"Figure2 FINAL weighted survival and mortality models.tiff"
)s
file.path(
INPUT_COMBINED,
"Figure2 FINAL weighted survival and _mortality models.pdf"
)s
file.path(
INPUT_COMBINED,
"Figure3 FINAL landmark_and_sensitivity analyses.tiff"
)s
file.path(
INPUT_COMBINED,
"Figure3 FINAL landmark_and_sensitivity analyses.pdf"

)
)

missing sources <- required_source_ files]
Ifile.exists(
file.path(
INPUT_SOURCE,
required_source_files
)
)
]

missing original_figures <- required_original_figures]
Ifile.exists(required _original figures)

]

if (length(missing_sources) > 0) {
stop(
"fP>source data:\n",



paste(missing sources, collapse = "\n")

)
}
if (length(missing original figures) > @) {
stop(
"R EIAFigure 2B{Figure 3:\n",
paste(
missing original figures,
collapse = "\n"
)
)
}
# ========zzzz===zzzzzz===zzzzoz==zzzoooz=zzzoooz==zzzozoz==zzzoooo=zzzoooo===os
# 3. Figure 1:REREIEXHE, REAGEEXcluded: 0
# =========zzz===zzzzzz===zzzzoz==zzzoooz=zzzoooz==zzzozoz==zzzoooo=zzzoooo===os

cat("[1/4] X Rm/IMESIRFigure 1...\n")

flow_data <- readr::read_csv(
file.path(
INPUT_SOURCE,
"FigurelA flowchart_nodes.csv"
)>
show_col_types = FALSE,
progress = FALSE

)

exclusion_data_all <- readr::read_csv(
file.path(
INPUT_SOURCE,
"FigurelA flowchart_exclusions.csv"
)>
show_col_types = FALSE,
progress = FALSE

)

figlb revision_data <- readr::read_csv(
file.path(
INPUT_SOURCE,
"FigurelB_cycle_composition.csv"
)>
show_col_types = FALSE,
progress = FALSE

)

required_flow_columns <- c(
"y,
"label™

)

required_exclusion_columns <- c(

Yy



"excluded n",
"reason",
"label™

)

if ('all(required_flow_columns %in% names(flow_data))) {
stop(
"FigurelA_flowchart_nodes.csvitD>ihE5, "

)
}
if (
lall(
required_exclusion_columns %in%
names (exclusion_data_all)
)
) {
stop(
"FigurelA flowchart_exclusions.csviif>wnE3I, "
)
}

# ME— 1B A ER excluded n == 0 BIEEBRICE,
# AR, SEFEMERIEN R,
exclusion data <- exclusion_data all %>%
filter(
is.finite(excluded _n),
excluded_n > ©

)

arrow_data <- tibble(
X = 0.38,
xend = 0.38,
y = flow_data$y[-nrow(flow_data)] - ©.35,
yend = flow_data$y[-1] + 0.35

)

p_revision_flow <- ggplot() +
geom_rect(
data = flow_data,

aes(
xmin = 0.04,
Xmax = 0.72,
ymin =y - 0.35,
ymax =y + 0.35
)s
fill = "white",
color = "black",
linewidth = 0.75
) +
geom_text(
data = flow_data,
aes(

X = 0.38,



family = BASE_FAMILY,
size = 3.25,
lineheight = 0.95
) +
geom_segment (
data = arrow_data,
aes(
X = X,
xend = xend,
y =Y,
yend = yend
)
arrow = grid::arrow(
length = grid::unit(
0.12,
"inches"

)>
type = "closed"

)s
linewidth = 0.65
) +
geom_text(
data = exclusion_data,
aes(
X = 0.78,
y =Y,
label = label
)
hjust = 0,
family = BASE_FAMILY,
size = 2.85,
lineheight = 0.95
) +
coord_cartesian(
xlim = c(0, 1.27),

ylim = c(
0.45,
max(flow_data$y) + 0.50
)s
clip = "off"
) +
theme_void(base family = BASE_FAMILY) +
theme(
plot.margin = margin(
t =8,
r = 35,
b =8,
1 =28
)



figlb revision data <- figlb revision _data %>%
mutate(
exposure_group = factor(
exposure_group,
levels = c(
"Persistent smoker",
"Post-diagnostic quitter”

)
)>
cycle = factor(

cycle,

levels = unique(cycle)
)

)

p_revision_cycle <- ggplot(
figlb revision_data,

aes(
X = cycle,
y =n,
fill = exposure_group
)
) +

geom_col(width = 0.72) +
scale fill manual(
values = c(
"Persistent smoker" = PERSIST_COLOR,
"Post-diagnostic quitter" = QUIT_COLOR
)>
drop = FALSE
) +
scale_y_continuous(
labels = scales::comma,

expand = expansion(
mult = c(9, 0.06)
)
) +
labs(

x = "NHANES cycle",
y = "Unweighted participants"”,
fill = NULL
) +
pub_theme(11.5) +
theme(
axis.text.x = element text(
angle = 42,
hjust = 1
)
legend.position = "top"

)

figurel corrected <- p_revision_flow +
p_revision cycle +
patchwork: :plot_layout(



widths = c(1.30, 1.00)
) +
patchwork: :plot_annotation(
tag_levels = "A",
theme = theme(
plot.tag = element_text(
family = BASE_FAMILY,
size = 16

)

)
)

save_panel tiff(
p_revision_flow,
"FigurelA participant_flow MINIMAL PATCH.tiff",
width = 7.7,
height = 10.0
)

save_panel tiff(
p_revision cycle,
"FigurelB_cycle_composition_UNCHANGED.tiff",
width = 6.8,
height = 7.0

)

save_combined(
figurel_corrected,
"Figurel FINAL_MINIMAL_ PATCH",
width = 13.0,
height = 10.0

)

readr: :write_csv(
flow_data,
file.path(
DIRS$source,
"FigurelA flowchart_nodes_USED.csv"
)>
na = ""

)

readr::write_csv(
exclusion_data,
file.path(
DIRS$source,
"FigurelA flowchart_exclusions ZERO_REMOVED.csv"
)>
na = ""

)

readr::write_csv(
figlb revision_data,
file.path(



DIRS$source,
"FigurelB_cycle_composition_USED.csv"

cat("[2/4] REEEHIFigure 2F0Figure 3...\n")

for (source file in required original figures) {
copied <- file.copy(
from = source_file,
to = file.path(
DIRS$combined,
basename(source_file)

)s

overwrite = TRUE

)

if (!'isTRUE(copied)) {
stop(
" g IR,
source_file
)
}
}

# RN & SRR R E AR XXM, EFE,

panel_patterns <- c(
"AFigure2[ABC]_.*\\.tiff$",
"AFigure3[AB]_.*\\.tiff$"

)

available panel files <- list.files(
INPUT_PANELS,
full.names = TRUE

)

panel_files_to_copy <- available_panel_files|[
Reduce(
AT
lapply(
panel_patterns,
function(pattern) {
grepl(
pattern,
basename(available_panel files),
ignore.case = TRUE

)
}
)



)
]

for (source_file in panel_files_to_copy) {
file.copy/(
from = source_file,
to = file.path(
DIRS$panels,
basename(source_file)

)s

overwrite = TRUE

cat("[3/4] HERm/IMESIRFigure 4...\n")

figda data_all <- readr::read_csv(
file.path(
INPUT_SOURCE,
"Figure4A overlap_weighting balance.csv"
)>
show_col_types = FALSE,
progress = FALSE

)

figdb_data <- readr::read_csv(
file.path(
INPUT_SOURCE,
"Figure4B prespecified subgroup estimates.csv"
)>
show_col_types = FALSE,
progress = FALSE

)

required figd4a columns <- c(
"label display"”,
"weighting",
"absolute_smd"

)

required fig4b columns <- c(
"subgroup_display"”,

"HR",
"CI_low",
"CI_high"
)
if (
lall(

required_figda_columns %in%



names(figda data_all)

)

) {
stop(

"Figured4A source datafft/>ihE35|, "
)
}

if (
lall(
required _figdb columns %in%
names (figdb_data)
)

) o
stop(

"Figure4B source dataffinE35|, "

)
}

# ME—1E: AR ERPoverty-income ratio,
figda data <- figda data _all %>%
filter(
lgrepl(
"Poverty-income ratio",
label display,
ignore.case = TRUE
)
) %>%
mutate(
label display = factor(
label display,
levels = unique(label display)
)>
weighting = factor(
weighting,
levels = c(
"Survey x overlap weight",
"Survey weight only"

)
)
)

figdb data <- figdb_data %>%
mutate(
subgroup_display = factor(
subgroup_display,
levels = rev(
unique(subgroup_display)
)
)
)

pda <- ggplot(
figda_data,



aes(
X = absolute_smd,
y = label display,
shape = weighting

)

) +

geom_vline(
xintercept = 0.10,
linetype = "dashed",
linewidth = 0.45

) +

geom_point(size = 2.0) +

labs(
x = "Absolute standardized mean difference",
y = NULL,
shape = NULL

) +

pub_theme(8.5)

pdb <- ggplot(
figdb data,

aes(
X = HR,
y = subgroup_display
)
) +

geom_vline(
xintercept = 1,
linetype = "dashed",
linewidth = 0.45

) +
geom_segment (
aes(
x = CI_low,

xend = CI_high,
yend = subgroup_display
)s
linewidth = 0.70,
color = QUIT_COLOR
) +
geom_point(
size = 2.2,
color = QUIT_COLOR

) +
scale x_logle() +
labs(
X = paste@(
"Hazard ratio for heart-disease ",
"mortality (log scale)"
)
y = NULL
) +

pub_theme(8.5) +
theme(legend.position = "none"



figure4_corrected <- pda +
p4b +
patchwork: :plot_layout(
widths = c(1.15, 1.00)
) +
patchwork: :plot_annotation(
tag_levels = "A",
theme = theme(
plot.tag = element_text(
family = BASE_FAMILY,
size = 16
)
)
)

save_panel tiff(
p4a,
"Figured4A overlap balance PIR REMOVED.tiff",
width = 9.5,
height = 8.8
)

save_panel_tiff(
p4b,
"Figure4B_subgroup_estimates_UNCHANGED.tiff",
width = 7.8,
height = 7.8

)

save_combined(
figure4_corrected,
"Figure4 FINAL_MINIMAL PATCH",
width = 13.5,
height = 8.0

)

readr: :write_csv(
figda data,
file.path(
DIRS$source,
"Figure4A overlap_balance_PIR_REMOVED.csv"
)>
na = ""

)

readr::write_csv(
figdb_data,
file.path(
DIRS$source,
"Figure4B subgroup estimates USED.csv"

)

na =



cat("[4/4] PATHRAXMHHil..\n")

required_outputs <- c(
file.path(
DIRS$combined,
"Figurel FINAL_MINIMAL PATCH.tiff"
)s
file.path(
DIRS$combined,
"Figurel FINAL MINIMAL_ PATCH.pdf"
)s
file.path(
DIRS$combined,
"Figure2 FINAL weighted survival and mortality models.tiff"
)s
file.path(
DIRS$combined,
"Figure2 FINAL weighted survival and _mortality models.pdf"
)s
file.path(
DIRS$combined,
"Figure3 FINAL landmark_and_sensitivity analyses.tiff"
)s
file.path(
DIRS$combined,
"Figure3 FINAL landmark_and_sensitivity analyses.pdf"
)s
file.path(
DIRS$combined,
"Figure4 FINAL MINIMAL PATCH.tiff"
)s
file.path(
DIRS$combined,
"Figure4 FINAL_MINIMAL_ PATCH.pdf"
)
)

audit <- tibble(
file = basename(required_outputs),
path = required_outputs,
exists = file.exists(required_outputs),
size bytes = ifelse(
file.exists(required_outputs),
file.info(required outputs)$size,
NA_real
)
)

readr::write_csv(



audit,
file.path(
DIRS$audit,
"MINIMAL_PATCH_FILE_AUDIT.csv"
)>
na = ""

)

status <- tibble(
check = c(
"Figure 1 zero-exclusion text removed",
"Figure 2 copied unchanged",
"Figure 3 copied unchanged",
"Figure 4A PIR removed",
"All required files generated",
"No statistical model was fitted",
"No ZIP was generated"
)>
pass = c(
lany(exclusion_data$excluded n == 9),
file.exists(
file.path(
DIRS$combined,
"Figure2_FINAL weighted_survival_and_mortality_models.tiff"

)
)>

file.exists(
file.path(
DIRS$combined,
"Figure3_FINAL_landmark_and_sensitivity_analyses.tiff"

)
)>
lany (
grepl(
"Poverty-income ratio",
as.character(fig4a_data$label display),
ignore.case = TRUE

)

)>
all(file.exists(required_outputs)),

TRUE,
TRUE
)
) %>%
mutate(
status = ifelse(
pass,
"PASS",
"FAIL"

)
)

readr::write_csv(
status,



file.path(
DIRS$root,
"MINIMAL_ PATCH_STATUS.csv"

)
na = ""
)
if (lall(status$pass)) {
warning(
"FERELHA "
paste(
status$check[!status$pass],
collapse = "; "
)
)
} else {
cat(
"\nMINIMAL FIGURE PATCH WORKFLOW COMPLETED — PASS\n"
)
}
cat("\n============================================================\N")
cat("Completed: ", format(Sys.time()), "\n", sep = "")
cat("Output root: ", OUTPUT_ROOT, "\n", sep = "")

cat("Figure 1: original style retained; Excluded: © hidden\n")
cat("Figure 2: copied unchanged\n")

cat("Figure 3: copied unchanged\n")

cat("Figure 4: original style retained; PIR hidden\n")
cat("Statistical analysis: not performed\n")

cat("ZIP files: not generated\n")



	merged.pdf
	xtysz.pdf
	33333.pdf

