# =============================================================================
# Supplementary Analysis Code
# "Impact of a whole-process medical management model on treatment adherence,
#  quality of life, and healthcare experience in tuberculosis patients"
#
# This is the full, runnable analysis script that produces every corrected
# statistic reported in the revised manuscript (ANCOVA baseline-adjusted
# between-group comparisons, linear mixed-effects group x time tests, corrected
# Cohen's d [pooled SD] and within-group Cohen's dz, Benjamini-Hochberg FDR
# correction, and clinical-outcome chi-square / risk-ratio analyses).
#
# HOW TO RUN
#   Python 3.12 with: pandas, numpy, scipy, statsmodels (0.14), pingouin (0.6)
#   Place the two study data files at the paths in the read_excel() calls below
#   (pre-intervention and post-intervention workbooks), then run:  python analysis.py
#   Output: results.json plus a printed summary of all corrected values.
#
# DATA NOTE (see also the "Notes & Methods" sheet of the calculation workbook):
#   Group coding 1 = Control, 2 = Intervention; rows are patient-matched across
#   the two files. In the source files the healthcare-experience column labels
#   for "admission management" and "hospital environment" are transposed relative
#   to the manuscript; the HCE mapping below restores the manuscript labelling.
# =============================================================================

"""
Comprehensive re-analysis of the whole-process medical management RCT.
Addresses reviewer concerns 3,4,5,6,7,11:
  - ANCOVA (baseline-adjusted) as primary between-group inference
  - Linear mixed-effects / repeated-measures ANOVA (group x time interaction)
  - Corrected Cohen's d (pooled SD) for between-group; Cohen's dz for within-group
  - Benjamini-Hochberg FDR multiplicity correction
  - Clinical outcomes (chi-square / Fisher + risk difference / RR / OR)
  - Reliability (Cronbach's alpha) already in manuscript; component correlation for composite
Group 1 = Control (n=39); Group 2 = Intervention (n=40). Rows are patient-matched.
"""
import pandas as pd, numpy as np, json, warnings
from scipy import stats
import statsmodels.api as sm
import statsmodels.formula.api as smf
from statsmodels.stats.multitest import multipletests
import pingouin as pg
warnings.filterwarnings("ignore")

pre  = pd.read_excel('/mnt/user-data/uploads/pre_intervention_data2.xlsx', sheet_name='Sheet1')
post = pd.read_excel('/mnt/user-data/uploads/post_intervention_difference3.xlsx', sheet_name='Sheet1')

# ---- Column mapping (label -> (pre_col, post_col)). HCE admission<->hospenv swapped to match manuscript ----
QOL = {  # WHOQOL-BREF domains
    'Psychological': ('Psychological','Psychological'),
    'Physical':      ('Physical','Physical'),
    'Social':        ('Social','Social'),
    'Environmental': ('Environmental','Environmental'),
}
HCE = {  # Healthcare experience (mapped to manuscript labels)
    'Admission management':              ('1Hospital_environment','1Hospital_environment'),   # raw Hospital_environment
    'Doctor-patient communication':      ('1Doctor-patient_communication','1Doctor-patient_communication'),
    'Medication-related communication':  ('1Medication-related_communication','1Medication-related_communication'),
    'Hospital environment':              ('Admission_management','1Admission_management'),    # raw Admission_management (flat)
    'Overall healthcare experience':     ('1Overall_healthcare_experience','1Overall_healthcare_experience'),
}

def desc(df, col, g):
    s = df.loc[df['group']==g, col].astype(float)
    return dict(mean=s.mean(), sd=s.std(ddof=1), n=int(len(s)))

def cohen_d_between(m1,s1,n1,m2,s2,n2):
    sp = np.sqrt(((n1-1)*s1**2 + (n2-1)*s2**2)/(n1+n2-2))
    d = (m2-m1)/sp
    se = np.sqrt((n1+n2)/(n1*n2) + d**2/(2*(n1+n2-2)))
    return d, sp, (d-1.96*se, d+1.96*se)

def within(df_pre, df_post, pc, qc, g):
    a = df_pre.loc[df_pre['group']==g, pc].astype(float).values
    b = df_post.loc[df_post['group']==g, qc].astype(float).values
    diff = b-a
    t,p = stats.ttest_rel(b,a)
    try: w,pw = stats.wilcoxon(b,a)
    except Exception: w,pw = np.nan,np.nan
    sdd = diff.std(ddof=1)
    dz = diff.mean()/sdd if sdd>0 else 0.0
    return dict(pre_m=a.mean(),pre_sd=a.std(ddof=1),post_m=b.mean(),post_sd=b.std(ddof=1),
                mean_diff=diff.mean(), t=t,p=p,wilcoxon_p=pw,dz=dz)

def ancova_between(label, pc, qc):
    """post ~ group + baseline ; group2=intervention. Returns adj diff, CI, F, p, partial eta2, adj means."""
    d = pd.DataFrame({
        'post': post[qc].astype(float).values,
        'base': pre[pc].astype(float).values,
        'group': post['group'].map({1:'Control',2:'Intervention'}).values
    })
    m = smf.ols('post ~ C(group, Treatment("Control")) + base', data=d).fit()
    coef_name = [c for c in m.params.index if 'Intervention' in c][0]
    adj_diff = m.params[coef_name]
    ci = m.conf_int().loc[coef_name].tolist()
    p = m.pvalues[coef_name]
    # partial eta^2 for group via pingouin
    agg = pg.ancova(data=d, dv='post', covar='base', between='group')
    row = agg[agg['Source']=='group'].iloc[0]
    F = row['F']; np2 = row['np2']
    # adjusted (marginal) means at grand-mean baseline
    gm = d['base'].mean()
    b0 = m.params['Intercept']; bb = m.params['base']
    adj_ctrl = b0 + bb*gm
    adj_int  = b0 + adj_diff + bb*gm
    return dict(adj_diff=adj_diff, ci_low=ci[0], ci_high=ci[1], F=F, p=p, np2=np2,
                adj_ctrl=adj_ctrl, adj_int=adj_int)

def mixed_interaction(label, pc, qc):
    """Group x Time interaction from mixed ANOVA on long data."""
    n = len(post)
    long = pd.DataFrame({
        'id': list(range(n))*2,
        'group': list(post['group'].map({1:'Control',2:'Intervention'}))*2,
        'time': ['Pre']*n + ['Post']*n,
        'score': list(pre[pc].astype(float)) + list(post[qc].astype(float))
    })
    aov = pg.mixed_anova(data=long, dv='score', within='time', subject='id', between='group')
    inter = aov[aov['Source']=='Interaction'].iloc[0]
    return dict(F=inter['F'], p=inter['p_unc'], np2=inter['np2'])

def analyze_family(fam_name, mapping):
    rows=[]
    for label,(pc,qc) in mapping.items():
        c = desc(post,qc,1); i = desc(post,qc,2)
        cpre = desc(pre,pc,1); ipre = desc(pre,pc,2)
        # between-group post independent t (Student, equal var to mirror classic; report Welch too)
        s1 = post.loc[post['group']==1,qc].astype(float); s2 = post.loc[post['group']==2,qc].astype(float)
        t_stud,p_stud = stats.ttest_ind(s2,s1,equal_var=True)
        t_wel, p_wel  = stats.ttest_ind(s2,s1,equal_var=False)
        u,p_mwu = stats.mannwhitneyu(s2,s1,alternative='two-sided')
        d,sp,dci = cohen_d_between(c['mean'],c['sd'],c['n'],i['mean'],i['sd'],i['n'])
        anc = ancova_between(label,pc,qc)
        mix = mixed_interaction(label,pc,qc)
        w_c = within(pre,post,pc,qc,1)
        w_i = within(pre,post,pc,qc,2)
        rows.append(dict(family=fam_name,label=label,
            ctrl_pre=cpre,ctrl_post=c,int_pre=ipre,int_post=i,
            between_t=t_stud,between_p=p_stud,welch_t=t_wel,welch_p=p_wel,mwu_p=p_mwu,
            cohen_d=d,sd_pooled=sp,d_ci=dci,
            ancova=anc,mixed=mix,within_ctrl=w_c,within_int=w_i))
    # FDR across between-group ANCOVA p-values within the family
    pvals=[r['ancova']['p'] for r in rows]
    _,q,_,_ = multipletests(pvals,method='fdr_bh')
    for r,qq in zip(rows,q): r['ancova']['p_fdr']=qq
    # FDR also on raw between-group t p-values (for the descriptive post tables)
    pvals_t=[r['between_p'] for r in rows]
    _,qt,_,_ = multipletests(pvals_t,method='fdr_bh')
    for r,qq in zip(rows,qt): r['between_p_fdr']=qq
    return rows

qol_rows = analyze_family('QoL', QOL)
hce_rows = analyze_family('HCE', HCE)

# ---------- MMAS-8 continuous adherence ----------
def cont_outcome(pc, qc, name):
    c=desc(post,qc,1); i=desc(post,qc,2); cpre=desc(pre,pc,1); ipre=desc(pre,pc,2)
    anc=ancova_between(name,pc,qc); mix=mixed_interaction(name,pc,qc)
    s1=post.loc[post['group']==1,qc].astype(float); s2=post.loc[post['group']==2,qc].astype(float)
    t,p=stats.ttest_ind(s2,s1,equal_var=True)
    d,sp,dci=cohen_d_between(c['mean'],c['sd'],c['n'],i['mean'],i['sd'],i['n'])
    return dict(name=name,ctrl_pre=cpre,int_pre=ipre,ctrl_post=c,int_post=i,
                between_t=t,between_p=p,cohen_d=d,d_ci=dci,ancova=anc,mixed=mix,
                within_ctrl=within(pre,post,pc,qc,1),within_int=within(pre,post,pc,qc,2))
mmas = cont_outcome('medication_adherence','medication_adherence','MMAS-8 medication adherence score')
weight = cont_outcome('body_weight','body_weight','Body weight (kg)')

# ---------- Categorical: adherence (from MMAS-8>=8 high adherence) ----------
def cat_2x2(pos_ctrl,n_ctrl,pos_int,n_int):
    a,b = pos_int, n_int-pos_int   # intervention yes/no
    c,d = pos_ctrl, n_ctrl-pos_ctrl
    table=np.array([[a,b],[c,d]])
    chi2,pchi,_,_=stats.chi2_contingency(table,correction=True)
    _,pf=stats.fisher_exact(table)
    r_int=pos_int/n_int; r_ctrl=pos_ctrl/n_ctrl
    rd=r_int-r_ctrl
    se_rd=np.sqrt(r_int*(1-r_int)/n_int + r_ctrl*(1-r_ctrl)/n_ctrl)
    rd_ci=(rd-1.96*se_rd, rd+1.96*se_rd)
    # RR
    rr=r_int/r_ctrl if r_ctrl>0 else np.nan
    if 0<pos_int<n_int and 0<pos_ctrl<n_ctrl:
        se_lnrr=np.sqrt((1-r_int)/pos_int + (1-r_ctrl)/pos_ctrl)
        rr_ci=(np.exp(np.log(rr)-1.96*se_lnrr), np.exp(np.log(rr)+1.96*se_lnrr))
    else: rr_ci=(np.nan,np.nan)
    # OR (Haldane correction if needed)
    aa,bb,cc,dd=a,b,c,d
    if 0 in (aa,bb,cc,dd): aa,bb,cc,dd=aa+.5,bb+.5,cc+.5,dd+.5
    orr=(aa*dd)/(bb*cc)
    se_lnor=np.sqrt(1/aa+1/bb+1/cc+1/dd)
    or_ci=(np.exp(np.log(orr)-1.96*se_lnor), np.exp(np.log(orr)+1.96*se_lnor))
    return dict(chi2=chi2,p_chi=pchi,p_fisher=pf,r_ctrl=r_ctrl,r_int=r_int,
                rd=rd,rd_ci=rd_ci,rr=rr,rr_ci=rr_ci,or_=orr,or_ci=or_ci,
                pos_ctrl=pos_ctrl,n_ctrl=n_ctrl,pos_int=pos_int,n_int=n_int)

# Adherence categorical (keep manuscript's Table-2 counts where follow-up-based; recompute MMAS-based)
mmas8_ctrl=int((post.loc[post['group']==1,'medication_adherence']>=8).sum())
mmas8_int =int((post.loc[post['group']==2,'medication_adherence']>=8).sum())
adherence_cats = {
    'Complete adherence':            (11,39,25,40),   # from manuscript (needs follow-up data, unchanged)
    'On-time follow-up':             (30,39,36,40),   # from manuscript (needs follow-up data, unchanged)
    'Medication adherence (MMAS-8>=8)': (mmas8_ctrl,39,mmas8_int,40),  # recomputed from raw
}
adh_rows=[]
for name,(pc,nc,pi,ni) in adherence_cats.items():
    r=cat_2x2(pc,nc,pi,ni); r['name']=name; adh_rows.append(r)
_,adh_q,_,_=multipletests([r['p_chi'] for r in adh_rows],method='fdr_bh')
for r,q in zip(adh_rows,adh_q): r['p_fdr']=q

# Clinical outcomes
CLIN = {'Sputum culture conversion':'sputum_culture_conversion','Treatment completion':'treatment_completion','Clinical cure':'clinical_cure',
        'Adverse drug reaction':'adverse_drug_reaction','Readmission':'readmission'}
clin_rows=[]
for name,zh in CLIN.items():
    pc=int(post.loc[post['group']==1,zh].sum()); pi=int(post.loc[post['group']==2,zh].sum())
    r=cat_2x2(pc,39,pi,40); r['name']=name; clin_rows.append(r)
_,clin_q,_,_=multipletests([r['p_chi'] for r in clin_rows],method='fdr_bh')
for r,q in zip(clin_rows,clin_q): r['p_fdr']=q

# Reliability: component correlation for composite adherence (MMAS-8 vs available)
# (follow-up not in data; report correlation of MMAS-8 with weight-gain as convergent check is not valid;
#  we instead report Spearman corr between MMAS-8 and clinical cure as construct check)
rho_cure,p_cure = stats.spearmanr(post['medication_adherence'], post['clinical_cure'])
rho_spu ,p_spu  = stats.spearmanr(post['medication_adherence'], post['sputum_culture_conversion'])

results = dict(qol=qol_rows, hce=hce_rows, mmas=mmas, weight=weight,
               adherence=adh_rows, clinical=clin_rows,
               construct=dict(rho_mmas_cure=rho_cure,p_cure=p_cure,rho_mmas_sputum=rho_spu,p_sputum=p_spu))

def default(o):
    if isinstance(o,(np.integer,)): return int(o)
    if isinstance(o,(np.floating,)): return float(o)
    if isinstance(o,(np.ndarray,)): return o.tolist()
    if isinstance(o,tuple): return list(o)
    return str(o)
with open('/home/claude/results.json','w') as f:
    json.dump(results,f,default=default,indent=1)
print("Saved results.json")

# ---- Print a readable summary ----
def fmt(x,n=2): return f"{x:.{n}f}"
print("\n"+"="*90)
print("QUALITY OF LIFE — corrected between-group (ANCOVA baseline-adjusted) + effect sizes")
print("="*90)
print(f"{'Domain':32s}{'Ctrl post':>12s}{'Int post':>12s}{'AdjDiff(95%CI)':>22s}{'p_FDR':>8s}{'d':>7s}{'GxT p':>8s}")
for r in qol_rows:
    a=r['ancova']
    print(f"{r['label']:32s}{fmt(r['ctrl_post']['mean'])+'±'+fmt(r['ctrl_post']['sd']):>12s}"
          f"{fmt(r['int_post']['mean'])+'±'+fmt(r['int_post']['sd']):>12s}"
          f"{fmt(a['adj_diff'])+' ('+fmt(a['ci_low'])+','+fmt(a['ci_high'])+')':>22s}"
          f"{fmt(a['p_fdr'],3):>8s}{fmt(r['cohen_d']):>7s}{fmt(r['mixed']['p'],3):>8s}")

print("\n"+"="*90)
print("HEALTHCARE EXPERIENCE — corrected between-group (ANCOVA) + effect sizes")
print("="*90)
print(f"{'Dimension':34s}{'Ctrl post':>12s}{'Int post':>12s}{'AdjDiff(95%CI)':>22s}{'p_FDR':>8s}{'d':>7s}")
for r in hce_rows:
    a=r['ancova']
    print(f"{r['label']:34s}{fmt(r['ctrl_post']['mean'])+'±'+fmt(r['ctrl_post']['sd']):>12s}"
          f"{fmt(r['int_post']['mean'])+'±'+fmt(r['int_post']['sd']):>12s}"
          f"{fmt(a['adj_diff'])+' ('+fmt(a['ci_low'])+','+fmt(a['ci_high'])+')':>22s}"
          f"{fmt(a['p_fdr'],3):>8s}{fmt(r['cohen_d']):>7s}")

print("\n"+"="*90); print("MMAS-8 & WEIGHT (ANCOVA)"); print("="*90)
for r in [mmas,weight]:
    a=r['ancova']
    print(f"{r['name']:36s} Ctrl {fmt(r['ctrl_post']['mean'])}±{fmt(r['ctrl_post']['sd'])} | "
          f"Int {fmt(r['int_post']['mean'])}±{fmt(r['int_post']['sd'])} | "
          f"AdjDiff {fmt(a['adj_diff'])} ({fmt(a['ci_low'])},{fmt(a['ci_high'])}) p={fmt(a['p'],4)} d={fmt(r['cohen_d'])}")

print("\n"+"="*90); print("CLINICAL OUTCOMES (between-group)"); print("="*90)
print(f"{'Outcome':26s}{'Control':>14s}{'Intervention':>16s}{'chi2':>8s}{'p':>8s}{'p_FDR':>8s}{'RR(95%CI)':>22s}")
for r in clin_rows:
    print(f"{r['name']:26s}{str(r['pos_ctrl'])+'/'+str(r['n_ctrl'])+' ('+fmt(100*r['r_ctrl'],1)+'%)':>14s}"
          f"{str(r['pos_int'])+'/'+str(r['n_int'])+' ('+fmt(100*r['r_int'],1)+'%)':>16s}"
          f"{fmt(r['chi2']):>8s}{fmt(r['p_chi'],3):>8s}{fmt(r['p_fdr'],3):>8s}"
          f"{fmt(r['rr'])+' ('+fmt(r['rr_ci'][0])+','+fmt(r['rr_ci'][1])+')':>22s}")

print("\n"+"="*90); print("ADHERENCE (categorical)"); print("="*90)
for r in adh_rows:
    print(f"{r['name']:34s} Ctrl {r['pos_ctrl']}/{r['n_ctrl']} ({fmt(100*r['r_ctrl'],1)}%) | "
          f"Int {r['pos_int']}/{r['n_int']} ({fmt(100*r['r_int'],1)}%) | chi2={fmt(r['chi2'])} "
          f"p={fmt(r['p_chi'],3)} p_FDR={fmt(r['p_fdr'],3)} RR={fmt(r['rr'])}")
print("\nConstruct check (Spearman): MMAS-8 vs clinical cure rho=%.2f (p=%.3f); vs sputum rho=%.2f (p=%.3f)"
      %(rho_cure,p_cure,rho_spu,p_spu))
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