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Abstract

Background: Randomized controlled trials in preference-sensitive care yield attenuated or
indeterminate estimates when crossover and nonadherence are present. In these settings,
outcomes decompose into biological effects (which we denote a) and preference-mediated choice
effects (B), but analysis remains a-centric and omits B as an estimand component. Formally
incorporating B into the standard randomized trial framework restores the full outcome structure.
Secondary analyses of trials such as SPORT show that B is identifiable and can exert a causal,
clinically meaningful effect on physical outcomes, necessitating its explicit inclusion.

Methods: We decompose observed outcome differences into a biological effect (a), the causal
effect of randomization, and a preference-mediated component (B) arising from treatment choice.
With randomized assignment as an instrumental variable and observed treatment receipt, a and 8
are identified within standard instrumental variable and local average treatment effect (LATE)
frameworks. Using a transitional exemplar such as SPORT, we link the identification of 3 to observed
preference-mediated effects, thereby extending conventional estimands within causalinference. We
then specify joint estimation and interpretation of a and B and define classification by magnitude
relative to the minimal clinically important difference.

Results: Crossover and nonadherence function as sources of causal identification rather than bias.
Joint estimation of a and B separates attenuated effects into weak biological efficacy versus
substantial preference-mediated influence. Across trials beyond SPORT, similar intention-to-treat
results map to distinct regions, revealing underlying causal structures with corresponding
differences in interpretation.

Conclusions: B-identification extends, rather than replaces, standard randomized trial analysis by
treating the causal effect of treatment choice as an estimand component. a-centric inference
remains a valid special case when preference-mediated effects are negligible, corresponding to the
a-dominant region, with B-dominant and mixed settings defined by non-negligible preference
effects. Expanding the estimand set to {a, B} preserves the logic of randomization while providing a
more complete account of trial outcomes, constraining the domain of a-centric inference,
separating biological generalizability from context dependence, and shifting interpretation,
intervention, and evaluation to follow the joint structure of biology and choice.

Trial registration: Not applicable.
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1. Introduction

This paper addresses a central problem in modern clinical trials: when biological differences
narrow, outcomes turn on biology and patient choice together. Under those conditions,
interpretation falters, because unquantified choice effects collapse back into biology and
obscure what is driving outcome differences. We therefore present a framework for
quantifying the preference-mediated effect (B) in clinical trials, with a denoting the biological
treatment effect.

1.1 The Paradox of Rigor without Resolution

Randomized trials can remain equivocal despite rigorous design when crossover,
nonadherence, and heterogeneous uptake are treated as noise rather than as measured
structure. Atrial may be well conducted yet still fail to yield clear clinical guidance. The Spine
Patient Outcomes Research Trial (SPORT) for lumbar disc herniation exemplifies this
paradox. Its protocols were rigorous, yet its results were judged inconclusive."?® The same
pattern recurs when multiple biologically credible treatments coexist and explanatory
mechanism no longer determines clinical decision, a tension identified by Schwartz and
Lellouch but not resolved in inference.* While nothing is wrong with biological efficacy, the
paradox arises when inference stops there. When patient choice materially shapes
outcomes, a alone becomes insufficient, and valid inference must include 3 to capture the
full structure of outcomes.

1.2 What SPORT Revealed

McCormick’s critique of SPORT identified crossover-driven attenuation toward the null and
the resulting conflation of treatment assignment with treatment received, but remained a-
centric and therefore attributed outcomes to biology alone. It captured the path of
attenuation, not its consequence: why the signal weakened, but not what the equivocal
findings structurally meant.?

When biological contrasts narrow, outcome differences may be governed less by biology
alone than by how patients choose among credible options. That shift remains
uninterpretable unless the design and data structure preserve the choice effect. Secondary
analyses of SPORT made this visible by estimating the patient choice effect () on a common
clinical scale and showing that physical outcomes were jointly shaped by biology and
choice.>® When the net biological contrast Aa approaches zero, crossover and
nonadherence no longer function simply as biases to suppress; under appropriate
identification conditions, they become the variation through which B is identified and
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qguantified.>® This reframing restores interpretability by aligning the estimands with the
outcome-generating process. Further detail is provided in Supplement S8.

1.3 Why Simple Randomized-Observational Comparison is Insufficient

Discrepancies between randomized and observational estimates have long been
recognized: Chalmers etal. provided an early example in benign prostatic hypertrophy.’
There, divergence was visible but not decomposable; observational contrasts fold together
choice, clinical judgment, and unmeasured confounding.® SPORT made the divergence
decomposable. Randomized assignment, combined with observed choice on a common
outcome scale, permitted separation of preference-mediated effects (B) from biology (a).>¢
What earlier studies treated as bias thus became causally legible. Randomized-
observational comparison alone is therefore insufficient; a and B must be causally identified
and measured on a common outcome scale before the divergence can be read and
interpreted.

1.4 Why 3 Now: Complexity, Decision Support, and Patient Agency

Three forces make this reframing timely. First, aging, multimorbidity, and polytherapy narrow
net biological contrasts while amplifying trade-offs,*"" shifting practice and the trials that
inform it toward equipoise.’? Second, decision-support systems built on biologically
centered evidence remain blind to patient preference unless its effect on outcomes is
properly identified.’®' Third, contemporary emphasis on autonomy, shared decision
making, and informed choice has raised requirements that patientvalues and agency should
enter both care and research,’"” requirements reinforced by policy and statute.’®?' Once
choice materially shapes outcomes, B must be identified; otherwise trials may remain
statistically precise yet causally uninterpretable.

1.5 From a-Centric Evidence to -ldentifying Inference

In preference-sensitive care, outcomes are jointly shaped by a and 3, yet most trials remain
a-centric.>® When the biological contrast is large (|Aal > 0), classical randomized inference
remains sufficient and evidence-based medicine retains its usual force.?>?* When that
contrast narrows toward zero (Aa = 0), a-only interpretation no longer holds. Table 1
therefore classifies evidence along two orthogonal dimensions: what is identified in the
evidence (a alone vs a+B) and how that evidence is interpreted (B-blind vs B-aware).
Quadrant | preserves the classical a-centric case, where conventional randomized inference
remains sufficient. This paper concentrates on the B-identified domains (Quadrants IlI-IV),
notto replace that case, but to extend interpretive scope where outcomes are jointly shaped
by biology and choice.
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Table 1. Regime-Conditional Evidence and Interpretive Structure

INTERPRETATION

p-aware p-blind

111

Rule-compliant Human-legible,
integration Al-inaccessible
® [ identifying trials ® Trials measure [ correctly

o+Pp

(B-identified)

® Al training mitigates a bias ® Data contains 3 and AB on
® Systems know their regime outcome scale
e Ranking only when a decides ® Clinicians can reason with 8

e Deferral + elicitation when B ¢ Shared decision making is
decides supported

® A| still ranks by a and collapses

B

|

Transitional Classical

EVIDENCE

safety randomized inference
a Only e Evidence still o-biased e Evidence reports o only
) * P uncertain ormissing e Systems rank under equipoise
(a-ce ntr|c) e System detects regime risk o Beffects are invisible
o Defers ranking under likely B- ) i
dominance ® B-blind ranking and false

decisiveness

Explicit preference elicitation

® Conventional evidence-based
medicine remains sufficient

Clinical trial evidence classified along two orthogonal dimensions: what is identified (biological effects alone vs biological
and preference-mediated effects) and how estimates are interpreted (B-blind vs B-aware). Quadrants I-IV distinguish the
status quo, transitional use, B-identified but misinterpreted evidence, and full alignment of measurement and
interpretation under regime rules. In practice, because most clinical decision-support systems remain B-blind and f is not
routinely identified, current use operates primarily in Quadrant Ill, where this structure is present but not incorporated into
inference. Integration of B into decision-support and p-aware inference is addressed in related work.'>'#

1.6 Enabling B-ldentifying Inference

Classical randomized inference treats deviations from randomization—nonadherence and
crossover—as noise rather than signal. B-identifying inference, in contrast, distinguishes
biological effects (a), understood as observer-independent biological efficacy, from
observer-dependent preference-mediated choice effects (B), which arise at the time of
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decision and mark a different causal driver.>® Accommodating preference in design does not
by itself identify B; B-identifying inference requires B to be prespecified and measured as a
clinical outcome-scale estimand.>%2526 Without that separation, outcomes carried by
choice may still be misread as weak biology, and trials may remain equivocal even when
choice governs them. We now describe the methodology for B-identifying inference.

2. Methodology

Observed outcomes in preference-sensitive trials arise from both biological effects and
treatment choice. Accordingly, we define co-estimands (a, Aa, B) on a common clinical
scale andtreat  as acausal componentrather than residual variation, locating trials in (|Aal,
B) space. Identification proceeds under randomized assignment, with treatment receipt
providing the channel through which B is estimable. Interpretation, design, and power are
then determined by this joint structure. The main text specifies the governing structure; the
Supplement details implementation.

2.1 Axioms (A): Invariants of Preference-Sensitive Care

Inference rests on structural principles. In preference-sensitive settings, outcomes are
determined by both biological effects and preference-mediated choice, and interpretation
must reflect both. This introduces a boundary condition on measurement: preference can
enter inference only if its elicitation does not itself act as an intervention on treatment
uptake. If elicitation alters uptake, B is no longer interpretable as a causal component. Given
these conditions, six axioms of B-identifying inference follow.

e A1-Dual Causation (a + B): Outcomes arise jointly from biological effects and
patient choice.®®

e A2-Estimand-Data Concordance: Under nonadherence, o must be causally
identified (e.g., IV/LATE/CACE) and 3 defined on the same outcome scale.®?’

e A3-MCID Discipline: Interpretation is anchored to clinical materiality, not
statistical significance alone.?®

e A4 -Regime Rule (|Aal, B): Interpretation and design follow the joint magnitude
of |Aal and B.

e A5 -Identifiability Before Optimization: o and  must be causally identified
before estimation, design tuning, or decision making.8293

e A6 - Non-Interference of Elicitation: Preference measurement must not
influence treatment uptake.’®3!
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Most of these axioms will be familiar to trialists. Well established principles include A2
(Estimand-Data Concordance) and A3 (MCID Discipline) which are standard in trial
analysis.®>528 A5 (Identifiability Before Optimization) is also conventionalin form, but extends
once B is treated as an estimand alongside a.8?*% |n contrast, A1 (Dual Causation), while
empirically based on the secondary analysis of SPORT,*® generalizes the structural model of
outcomes by admitting B explicitly, and A4 (Regime Rule) introduces a classification absent
from classical randomized inference, which operates implicitly within the a-dominant case.

A6 (Non-Interference of Elicitation) follows from the distinct status of 3: unlike a, which is
observer-independent and defined ex ante, B depends on observed choice at decision time
and therefore requires that preference measurement not act as an intervention. This
condition is partially grounded in prior work: research ethics emphasize non-interference
with participant welfare and behavior, while studies of shared decision making show that
elicitation can actively shape treatment choice.®'

The novelty lies in the joint constraint: once B is admitted as an outcome-scale estimand,
identifiability, design, and interpretation are governed simultaneously by biological contrast
and enacted choice. Formal statements and validity constraints (D1-D3) are provided in
Supplement S1.

2.2 Canonical a and 3 Estimands

The framework rests on causal estimands defined on a common clinical outcome scale: the
biological treatment effect (a), the net biological contrast between options (Aa), the
observational as-treated contrast (AOBS), and the preference-mediated effect (B), where
= AOBS - Adcausa. A common scale places biological contrast and preference effect in one
interpretive domain, allowing direct comparison against the same clinical threshold. Under
nonadherence, a is identified through randomized assignment as an instrument
(LATE/CACE), whereas B also requires observed treatment choice and adequate IV validity
and strength.®?’ B further requires that preference elicitation remain measurement rather
thanintervention.'>* Table 2 sets out these co-estimands; Supplement S2 provides detailed
definitions, estimators, and diagnhostics, and Supplement S3 the formal identification
conditions.
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Table 2. Canonical Co-Estimands:
the Biological Effect (a), the Net Contrast (Aa), and the Choice Effect (B)

Meaning (clinical scale)

Biological treatment effect
(assignment or causal effect under nonadherence)

Biological

(Treatment) Net biological contrast between treatment options
Estimands

Observed (as-treated) outcome difference

Preference Preference-mediated effect
Estimands AOBS - Aotcausal

Canonical estimands are reported on a common clinical outcome scale, enabling direct comparison of biological (a) and
preference-mediated (B) effects. The biological effect (a) is estimated as Intention-to-Treat (ITT) and, under nonadherence,
as LATE/CACE using instrumental variables;® the net contrast (Aa) is the difference between options on this scale; and B is
defined as the residual between observational and causally identified contrasts. All estimands are reported on a common
outcome scale for direct comparison of a, Aa, and . Interpretation is anchored to a prespecified Minimal Clinically
Important Difference (MCID) (A3).28

2.3 Rules (R): Pre-specified Rules of Interpretation and Action

Interpretation and design are governed by prespecified rules that bind (|Aal, B) to inference,
design, and action. These rules fix the threshold at which biological effects remain decisive,
preference becomes consequential, and trials must be designed, powered, and interpreted
differently across regimes. The five rules that follow operationalize B-identifying inference.

¢ R1-Interpretation Rule: Interpretation follows the joint magnitude of |Aal and
relative to clinical materiality.?®

e R2-Regime Rule: Design is routed by regime to make causal structure
identifiable.

¢ R3-Power Rule: Trials must be powered for both o and 3, not o alone.*

e R4 - Measurement Rule: Preferences must be measured without affecting
treatment uptake.™?

¢ R5 - Complexity Drift Rule: As complexity increases, |Aal narrows and f3
becomes more influential.®"’
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Of the five rules, R1 and R4 rest on established principles of clinical interpretation and
measurement;’>?3" R3 and R5 extend these principles to joint estimands and regime
dynamics;®"*2and R2is a novel rule introduced by B-identifying inference, routing design by
causal regime. Full statements of these rules are provided in Supplement S4.

2.4 Implementation (Minimal Methods Kit)

Implementation combines estimation of a and B with diagnostics of identification,
uncertainty, and sensitivity. Under nonadherence, randomized assignment identifies a
(LATE/CACE). Design may therefore be routed prospectively when mixed or B-dominant
structure is plausible, but final regime assignment depends on identified estimates,
prespecified thresholds, and diagnostics. The methods that follow operationalize that
sequence.

e M1 -Identify a: ITT + LATE/CACE (random assignment as 1V).%27:32
¢ M2 -Estimate f (common scale): B = AOBS - Adcausal (Same outcome scale).>®

e M3-Is B Inference Permitted?: Valid  inference requires a credible instrument
(IV validity) and adequate first-stage strength; if either is doubtful, inference is
decision-limited.?3334

e M4 -How Precise is the Inference?: Quantify uncertainty and robustness using
standard errors/resampling and prespecified sensitivity analyses.3?%

e M5 - Conditions for Valid p Inference: Measure preference without affecting
treatment uptake (elicitation must not function as an intervention).®*'

e M6 -Joint Power: Joint o/f power, reflecting instrument strength.®32

In practice, B-identifying inference can be implemented in four steps: prespecify aand 3 on
a common outcome scale; preserve observable treatment uptake rather than enforce
adherence; estimate a under nonadherence using standard IV methods; and report as-
treated and causal contrasts so that 3 can be computed directly. Fullimplementation details
are provided in Supplement S5-6.

2.5 Putting it all together: Six stages from design to interpretation

The Axioms, Rules, and Methods introduced above are distinct but coordinated parts of the
framework. Figure 1 shows how they are distributed across the life of a B-identifying trial.
Axioms define what must structurally hold, Rules govern design and interpretation, and
Methods make the resulting causal structure empirically legible. The six stages do notadd a
new theoretical layer; they show how A-R-M are coordinated in practice.
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Figure 1. Six stages of a B-identifying trial
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Operational workflow from design to interpretation. Stage 1, Scope and estimands: define a and 8 on a common clinical
scale and anchor interpretation to a prespecified MCID. Stage 2, Regime pre-specification: state the expected regime and
prespecify rules for regime shifts or uncertainty. Stage 3, Design selection: choose a design that preserves identifiability of
the expected structure (e.g., standard randomized, preference-stratified, encouragement/IV, or hybrid randomized-
observational). Stage 4, Joint power and identification diagnostics: power a and B jointly and prespecify diagnostics such
as instrument strength and uptake variation. Stage 5, Analysis with co-primary reporting: report ITT, LATE/CACE, AOBS, and
B on a common scale with uncertainty and sensitivity diagnostics. Stage 6, Regime-routed interpretation and action:
interpret the realized trial through its assigned regime rather than its nominal design, and route action accordingly. Axioms
anchor Stages 1-2; Rules govern Stages 2-6; Methods operationalize Stages 3-5.

3. Results

Here we apply the framework by locating trials in (JAal, B) space. This yields regime
classification, exemplar placement, and rule-guided design. Regime assignment depends
on the identified (JAal, B) structure and is therefore an inferential conclusion rather than a
design label.

3.1 Regime map, classification & implications

Regime map. Regime classification follows by comparing the net biological contrast (|Aal)
and the preference-mediated effect (B) with prespecified MCID thresholds,?® yielding four
regimes: a-dominant (B1), mixed (B2), decision-limited (B3), and B-dominant (B4).
Diagnostics belong with the estimates. Figure 2 displays this regime space and situates
within illustrative trial exemplars, including SPORT (lumbar disc herniation) as an empirically
grounded B-dominant anchor.?
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Figure 2. Regime Map (|Aal, B) Specifying Locus of Clinical Trials

15 1 IAal threshold (MCID)
= B-dominant Mixed
) (Preference decisive) (Both biclogy & preference)
C
Q
QL'n SPORT—lumbar disc SPORT—spinal stenosis
O ProtecT AFFIRM
S COURAGE EAST-AFNET 4
- CODA RACE Il
o
=
Q
-
o 10
©
5 B1
£ Decision-limited a-dominant
- (Ambiguity) (Biology decisive)
=
% * ISCHEMIA SPORT—degenerative
< « HERS spondylolisthesis
& « WHI STAMPEDE
— ISIS-2
«Q SOLVD
NINDS tPA
CRASH-2
0.00

0.00 1.0 15
|Aatl (Net biological contrast, MCID-scaled)

Axes show the net biological contrast (|Aal) and the preference-mediated effect (B), each scaled to the minimal clinically
important difference (MCID); dashed lines mark MCID thresholds on both axes.?® The four regimes—B1 a-dominant, B2
mixed, B3 decision-limited, and B4 B-dominant—route interpretation, design, and clinical action by rule rather than
convention. B1 supports a-first interpretation and standard randomized inference; B2 requires co-primary a/f
interpretation and preference-accommodating designs; formally, B3 is the region in which both |Aal and B remain below
clinical decisiveness, but unlike the other regimes it also serves as the conservative assignment category when uncertainty
or weak identification prevents confident placement in B1, B2, or B4; and B4 requires B-first interpretation and structured
shared decision making. SPORT—lumbar disc (bolded)—is shown as the empirically grounded anchor."? The remaining trial
labels are illustrative; corresponding trial references are provided in Section 3.2; See Table 3 for the regime rulebook.

a-dominant. In B1, biology crosses clinical materiality while preference does not.
Interpretation remains a-first, standard randomized design suffices, and action retains its
classical form: recommend the biologically superior treatment. f may still be present, but
remains descriptive because it does not govern the endpoint.
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Mixed. In B2, both |Aal and B cross clinical materiality: biology alone no longer settles
interpretation, because choice enters as a co-primary determinant. Desigh must therefore
preserve both—typically through preference-stratified randomization or partially
randomized preference designs with joint a/p power—because collapsing the pathway back
into a alone would erase the governing distinction. Recommendation shifts accordingly: it
can no longer remain unconditional, but must proceed through shared decision making
rather than B-blind ranking.

Decision-limited. Formally, B3 is the region in which both |Aal and  remain below clinical
decisiveness. Unlike the other regimes, it also functions as the conservative default when
uncertainty or weak identification prevents confident assignment elsewhere. The
consequence is diagnostic restraint: instrument validity must be strengthened, neutral
elicitation improved, or power reallocated under M6 (Joint Power) before strong
recommendation becomes legitimate. Until then, the study remains evidence-generating
rather than decision-settling.

B-dominant. In B4, biological contrast falls below clinical decisiveness while preference-
mediated structure crosses it. Interpretation therefore shifts from a-first to B-first. Once
biology no longer settles the endpoint, design must turn with it: hybrid B-identifying or
randomized-observational structures become necessary, shared decision making ceases
to be optional, and, where within-person contrast is observable, N-of-1 inference becomes
legible. In this regime, outcome no longer turns on treatment assignment alone, but on how
choice is elicited, aligned, and enacted.

Complexity drift. As clinical complexity rises—through aging, multimorbidity, and
polytherapy—biological contrasts narrow while preference effects grow.®'" Thus clinical
settings, and the trials built to study them, can move from a-dominant to mixed or B-
dominantregimes (see Supplement S4 and Figure S1a). The shiftis visible in anticoagulation
for atrial fibrillation, where stroke-prevention decisions turn increasingly on bleeding risk,
frailty, and adherence;*® in coronary revascularization for complex disease, where symptom
benefit must be weighed against procedural burden and patient goals;** and in localized
prostate cancer, where clinically credible options yield preference-sensitive outcomes.383°
Thus, as populations age and complexity accumulates, a-dominant findings from selective
trial populations become more circumscribed and less transportable to complex real-world
settings.*%*2 |n that interval, B-identifying designs preserve interpretability by separating
biological from choice-driven structure before a-centric inference conflates them.>®
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3.2 Placement of clinical trial exemplars

Figure 2 places selected trials in (JAal, B) space so that landmark studies can be read by
regime rather than by conventional trial labels alone. These placements are interpretive and
shown relative to MCID-based regime thresholds, not as exact standardized coordinates.

SPORT as anchor exemplar. SPORT (lumbar disc herniation) sits in the B-dominant regime
(B4) as the clearest exemplar.’? It is read not simply as a crossover problem but as a hybrid
randomized-observational structure in which substantial crossover and informed choice
render B visible under near biological equipoise. SPORT is unique because its B4 placement
is not merely interpretive but empirically grounded: the SPORT design and subsequent
analyses permit explicit separation of biological treatment effects (a) from the causal
contribution of enacted patient choice (B).>¢

Relative to the lumbar disc herniation anchor, the other SPORT conditions are structured
estimates. SPORT (spinal stenosis) falls in the mixed regime (B2): surgery improved
outcomes over nonoperative care, yet crossover remained high and outcomes still turn on
symptom burden, recovery demands, and willingness to undergo decompression.**44SPORT
(degenerative spondylolisthesis) shifts toward a-dominant (B1) because surgery produced
larger and more durable gains in pain and function than nonoperative care (|Aal >> 0).4%4¢

Other clinical trial exemplars. Outside SPORT, these placements are structured estimates
rather than direct regime assignments based on a quantified . ProtecT sits in the -
dominant regime (B4) because prostate-cancer mortality differed little at 10 years even as
monitoring, surgery, and radiotherapy entailed markedly different quality-of-life burdens and
treatment trade-offs.?®%° CODA also sits in B4 because antibiotics were noninferior to
appendectomy in the short term, yet later appendectomy risk, appendicolith status, and
differing complications left outcomes contingent on patient-valued trade-offs.” COURAGE
lies there more cautiously: PCl added to optimal medical therapy did not reduce death or
myocardial infarction relative to optimal medical therapy alone, leaving symptom relief,
procedural burden, and patient goals to govern action.*®

The mixed (B2) cluster marks trials in which biological treatment differences are clinically
material, but patient choices also enter into the decision. AFFIRM, EAST-AFNET 4, and RACE
Il illustrate this structure in different ways: atrial fibrillation management still depends on
biological effects on rhythm control, symptom burden, and downstream cardiovascular risk,
yet outcomes also bear the burdens of hospitalization, adverse effects, treatment timing,
and what patients can realistically sustain.**-' ISCHEMIA sits in the decision-limited regime
(B3) because the evidence does not bind |Aal strongly enough for decisive ranking, and B is
not identified strongly enough to govern interpretation.®” HERS and WHI also fall in B3: each
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overturned an assumed biological superiority without identifying an alternative action-
governing structure.®>%3

Design consequences. The B-dominant and mixed exemplars in Figure 2 identify settings in
which future trials may need embedded B-identifying substudies or B-sensitive modules to
preserve o—f separation. Otherwise, a-centric reporting may capture the biological pathway
while leaving the action-governing structure only partly visible. Supplement S11 (Table S7)
extends this logic to additional B-identification-ready clinical settings, several overlapping
with the landmark trials shown here.

3.3 Regime assignment and rule-guided design

Once trials are placed in (JAal, B) space, interpretation and design become rule-governed.
Table 3 specifies what may be concluded, what desigh remains sufficient, and what action
or decision support remains justified. Table 4 then extends that assignment into design
archetypes by linking each regime to its inferential aim, required design features, and
methods of implementation.

Regime assignment. Regime assignment converts map placement into rule-governed
interpretation. Once |Aal and B are positioned relative to MCID, Table 3 supplies the
operational rulebook: a-dominant when biological contrast is clinically material but
preference remains weak, mixed when both are material, B-dominant when preference is
material under near biological equipoise, and decision-limited when neither is decisive or
uncertainty prevents confident assignment. Assignment is therefore not narrative judgment
but inferential conclusion. When estimates lie clearly on one side of MCID, assignment
proceeds directly; otherwise it defaults conservatively to the decision-limited regime until
the evidence is more decisive. Supplement S7 formalizes that logic under uncertainty. Table
3 serves, therefore, not as a descriptive taxonomy but as an action rule: regime assignment
determines how the trial may be interpreted, whether the design is sufficient for that
interpretation, and what recommendation or decision support remains justified.
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Table 3. Regime Rulebook (Aa x B): Interpretation, Design, and Action

|Aal = 0 |Aa| > MCID

(Biological equipoise) (Clear biological superiority)

B4 p-Dominant B2 Mixed

Interpretation Interpretation
o B-first e aand B are co-primary

e Biology equivocal e Biology matters, but choice modifies
B large / Design requirement outcomes.
e B-identifying or hybrid randomized- Design requirement
strong observational designs o Preference-stratified or PRPP-type
(Preference e Explicit preference elicitation designs
materially e N-of-1-compatible where feasible e Joint a/p power

affects Clinical action o Preserve separation of biology and
outcomes) e Preference-first decisions choice.
e Structured SDM required Clinical action
e Al must defer unless B is explicitly e Conditional recommendations
elicited and incorporated e Structured SDM
e No unconditional a-only ranking
e Al must defer unless B is explicitly
elicited and incorporated

B3 Decision-Limited R:¥R Il

Interpretation Interpretation
e |ndeterminate e q-first;
B Smau I e Neither biology nor preference is yet e Qutcomes driven primarily by biology
weak Qlearly dt?cisive Design requirement. ' N
. Design requirement e Standard randomized trial sufficient
(Minimal e Strengthen instrument e 3 may be reported descriptively
preference e Improve elicitation, or re-power Clinical action
signal) e Treat apparent nulls cautiously e Recommend biologically superior

Clinical action treatment
e No strong recommendation e Conventional a-based decision support
e Evidence-generating only remains appropriate
e Grounding for evidence-based medicine

Classifies trial settings by the joint magnitude of the net biological contrast (|Aal) and the preference-mediated effect (B),
each evaluated relative to MCID, and specifies the interpretation, design consequence, and clinical action that follow from
the assigned regime. The table is the operational rulebook of the framework: once a trial is placed in (|Aal, B) space, the
corresponding cell governs what conclusions and recommendations remain justified. Horizontal axis: net biological
contrast, estimated causally and read against MCID. Vertical axis: preference-mediated contribution to outcomes,
estimated on the same clinical scale and read against MCID. When uncertainty obscures threshold crossing, assignment
defaults conservatively to B3; see Supplement S7.
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Rule-guided design archetypes. Once regimes are assigned, prespecified rules determine
interpretation and design. Design is not interchangeable across regimes: what suffices in
one may failin another as the joint structure of |[Aa| and B changes. Table 4 links each regime
to its inferential aim, required design features, and methods of implementation, carrying
regime assignment into the architecture of inference.

Table 4. Rule-Guided Trial Design Archetypes Across Regimes

. Primary . e Rules »
Regime aim B-identifying archetypes Methods

Confirm Conventional randomized controlled trials;22-2*
Bl biological pragmatic or registry-embedded

R1-R3

9
efficacy (a); randomized trials*0-4255-58

a-dominant B secondary with secondary reporting of choice effects?2 M1-M2, M5

. -stratifi i i R1-R4
B2 Co-primary Preference stratlfled randormzed trials
. (comprehensive cohort designs)?5:2654 >
inference on ; .
ixed randomized encouragement with M1-M2,
(e aandp symmetric preference elicitation® 2”3 M5-M6
B3 Diagnose Instrument-strengthening®33% or R2-R3
identifiability preference-adaptive designs 5
Decision- and adapt (e.g., enhanced encouragement, improved MA-M
limited design elicitation, re-estimation of power)?26:31:54 -M6

Hybrid randomized—-observational designs
B4 Preference- (SPORT-class);
first inference; aggregated N-of-1 trials;>

R1, R4
9

-dominant estimate 3 stepped-wedge;®° Ml‘b:/l% M5,
or sequential preference-eliciting designs

The table maps empirically defined regimes (B1-B4) to their inferential aim, appropriate design archetypes, and the
prespecified rules (R1-R5) and methods (M1-M6) required for valid implementation. Designs are not interchangeable
across regimes: each is appropriate only where its identification assumptions hold. In B-identifying designs, preference
effects are rendered empirically legible through the joint use of randomized assignment and structured observation of
treatment choice on a common outcome scale, rather than inferred post hoc from crossover. Design families shown are
grounded in classic explanatory-pragmatic distinctions and pragmatic “fit-for-purpose” guidance (B1),*4°*2 preference-
trial and partially randomized preference designs (B2),2>%%% instrument-based encouragement/identification logic under

nonadherence and compliance heterogeneity (B3),527-3%34 and SPORT-class hybrid randomized-observational exemplars
supporting B-quantification (B4).":258
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3.4 B-Identifying Trial Designs

Canonical B-Decomposition. In preference-sensitive settings, B is quantifiable only when
the observed treatment-received contrast (AOBS) and the causally identified biological
contrast (Aacausal) are both available on the same clinical outcome scale. Under those
conditions, B is defined by the canonical decomposition:®

p = AOBS — Aacyysal-

The relation is simple, but its consequence is not: without alignhed observational and causal
contrasts, B cannot be read. In this decomposition, Ad..usal iS NOt observational but causally
identified under nonadherence through randomized assignment as an instrument
(LATE/CACE); B is therefore defined only after the biological contrast has been separated
from the observed treatment-received contrast.®?’

Preference Accommodation Without B-Quantification. Preference accommodationis not
yet B-quantification. In a patient-preference trial or comprehensive cohort design, patients
with strong preferences choose treatment and only those without strong preferences are
randomized; the preference arms therefore remain observational and do not separate
preference from confounding.?®%* ProtecT shows the limit. Men who rejected
randomization entered a treatment-choice cohort and were followed identically, but
treatment preferences and treatments received were strongly associated with prostate-
cancer risk features.®* The design therefore did not yield a decomposable pair of aligned
contrasts—AOBS and Adcausa—from which B could be computed. The missing elementis not
preference, but decomposability. Without both the observational and causal contrasts, the
trial remains preference-aware rather than pB-identifying. Hence 3 cannot be quantified.

Design Requirements for B-ldentifying Trials. Once B is defined by decomposition, -
identifying design follows. Crossover and treatment switching are not merely bias to
suppress; once a is identified, they can supply the variation through which B is
guantified.>®%%2” A trial is B-identifying only if investigators (1) define a and B on a common
outcome scale, (2) preserve observable treatment uptake, (3) estimate a under
nonadherence using IV methods, and (4) report AOBS alongside Adc.usat SO that B can be
computed directly. In the transitional SPORT summary, both pathways retain favorable
biological effects, the net biological contrast remains small (Aa = 0.65), and B remains
clinically meaningful (%6-8 points) only because the observational and causal contrasts are
both available in aligned form.>® Box 1 states the minimum operational requirements for a
B-identifying randomized controlled trial.
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Box 1 Minimal operational requirements for a B-identifying RCT

A standard randomized controlled trial satisfies the six-stage workflow (Figure 1) with the following
minimal requirements. These do not introduce a new trial paradigm but ensure that the quantities
necessary for B-identification are estimable and expressed on a common clinical scale.

Stages 1-2 (Scope, estimands, and regime specification)

M Co-definition of a and B on a common clinical scale. The biological contrast (a) and
the preference-mediated contrast (B) are defined on an interpretable outcome scale and
anchored to a prespecified MCID.

M Prespecification of the expected regime and interpretation rules. The anticipated
structure (a-dominant, B-dominant, mixed, or decision-limited) and rules for regime
assignment under uncertainty are specified a priori.

Stages 3-5 (Design, identification diagnostics, and estimation)

M Preservation of randomization and ITT as the causal anchor. Randomized assignment
serves as the instrument identifying a. No modification of allocation, blinding, or primary
endpoints is required.

M Non-suppression of crossover and nonadherence. Treatment uptake and switching
are retained as observables. Enforcement beyond ethical or safety constraints is neither
required for identification nor inferentially neutral to estimation.

M Causal identification of a under incomplete adherence. When adherence is
incomplete, a is identified as LATE/CACE using randomized assignment, with
prespecified diagnostics (instrument strength, uptake heterogeneity) and standard
assumptions.

M Co-primaryreporting on a unified outcome scale. Report ITT (Aa), LATE/CACE (AQcausal),
and the observed treatment-received contrast (AOBS) on the same clinical scale, with
uncertainty and sensitivity diagnostics.

M Mechanical definition of B. The preference-mediated effect is defined as:

B = AOBS - Aacausa].

B is inferred from outcomes and does not require direct measurement of preferences.
Stage 6 (Interpretation and action)

M Regime-routed interpretation. Interpretation follows the realized regime rather than the
nominal trial design, with a and B evaluated relative to the MCID.

M Explicit handling of decision-limited ambiguity. When uncertainty spans clinically
relevant thresholds, conclusions are classified as decision-limited rather than
interpreted as null effects.

Implementation Note: Consistent with Stages 3-5, no novel estimation methods are required.
Standard ITT/IV estimators identify a, standard as-treated contrasts estimate AOBS, and B is
computed algebraically on a common scale. Under this structure, crossover is transformed from a
perceived threat to validity into an identifiable component of the causal decomposition, with an
inherent trade-off between biological precision and preference identification. Further details are
provided in Supplement S1-S6 with formal regime assignment under uncertainty, including
treatment of confidence intervals crossing MCID thresholds, specified in Supplement S7. The
SPORT trial and its secondary analysis as a transitional exemplar is summarized in Supplement S9.
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4. Discussion

When outcomes are jointly shaped by aand B, estimators alone do not suffice. Interpretation
and design must follow the identified (|Aal, B) structure. Trials must therefore resolve three
questions: what a is, when B materially governs outcome, and when choice rather than
biology becomes decisive.

4.1 Interpretation and Regime-Guided Trial Design

Interpretation follows regime assignment. Classical randomized inference moves from
estimation to interpretation. This framework inserts a prior condition: regime assighment
must first resolve the identified (|Aal, B) structure (Figure 3a,b).?*2¢ Preference-identifying
trials are therefore classified by prespecified rules, not estimates alone. Estimation serves
the assigned structure rather than defining it. Under the Interpretation Rule (R1), interpretive
authority turns on the joint magnitude of [Aa| and B, and design, power, and measurement
must preserve the conditions for identifying that structure (R2-R4).'%2 Interpretation thus
follows regime membership, not estimators alone.

Figure 3. From Classical Inference to a Regime-Based Framework for
Causal Measurement of Patient Preferences

Estimation of
effects (a only)

Interpretation = Decision

a) Classical Inference

b) Preference-ldentifying Inference

Regime Regime
Rules assignment

Regime-assignment

Estimation

of effects == |nterpretation === Decision
(a,B)

Regime-specific standard approach

Panel (a) shows classical inference, in which interpretation follows directly from estimation. Panel (b) shows the regime-
based framework, in which interpretation is conditioned on rule-based regime assignment; estimation informs
identification but does not by itself determine interpretive meaning.

Separating Biological and Choice Effects: Main Text Page 19 of 36



Completing Causal Inference with B-ldentification Gurel & Weinstein

Regimes as inferential conclusions, not assumptions. Regime labels—a-dominant,
mixed, B-dominant, and decision-limited—are inferential conclusions, not assumptions. No
regime is fixed in advance; each is assigned only after (|Aal, B) has been identified, or shown
non-identifiable, on a common clinical scale.® Design, however, must preserve the
conditions for that assignment from the outset. If |[Aa] may be small and  consequential,
the Regime-Routing Rule (R2) requires a design that keeps preference effects identifiable.
Under Dual Causation (A1) and the Regime Rule (A4), an a-only design can erase the very
structure the trial must read.

The logic is analogous to randomization: effects are unknown in advance, yet design must
still preserve identifiability.?*#32 Under Dual Causation (A1), Identifiability Before Optimization
(A5), and safeguards D1-D3 (see Table S1b in Supplement S1), that means preserving
separation of biological treatment and preference-mediated choice effects. In Chalmers,
divergence was visible but not decomposable, and the result was ambiguity.” In SPORT,
causal identification of a together with observed choice made decomposition into |Aal and
B possible."2%% Regimes therefore guide design by risk rather than prediction: identifiability
comes first, and only then can regime assignment proceed.

Implications for trial design. Tables 3 and 4 show that design is regime-routed rather than
interchangeable. In a-dominant settings (B1), standard randomized designs suffice; in mixed
settings (B2), randomization must be preserved, but inference must carry both aand 3.2526:%4
In B-dominant settings (B4), adherence enforcement and crossover suppression are not
neutral, because they condition the trial on an a-dominant estimand under standard IV
logic®?” and can obscure the preference-mediated structure to be identified. In decision-
limited settings (B3), the task is stronger identification—through better instruments,
improved elicitation, or revised power—before the structure can be read. In mixed and -
dominant regimes, suppressing uptake variation may increase a-centric rigor but block -
identification.>%%&27

4.2 Empirical and Paradigmatic Considerations

Reinterpreting SPORT. SPORT (lumbar disc herniation) is best understood as an early -
dominant (B4) trial that a-centric interpretation could not fully read. High crossover and
nonadherence were treated as threats to validity rather than as identifying variation, and the
trial was therefore judged inconclusive.™ Yet SPORT satisfied the conditions for B-
identification: randomized assignment identified a under nonadherence, while observed
treatment received preserved the contrast needed to quantify B.>%8What SPORT lacked were
prespecified regime rules once |Aal proved small; identifiable preference-mediated
structure was therefore forced back into a-only logic. SPORT thus serves here as an
empirical anchor of B-dominant structure, not yet as a fully B-identifying trial.
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Other B-dominant clinical settings. The same regime structure recurs where biological
contrast narrows while burden, trade-offs, and enacted choice continue to shape outcome.
In nonvalvular atrial fibrillation, rhythm control confers no survival advantage, yet
symptoms, harms, hospitalizations, and anticoagulation still carry consequence, placing
the decision in mixed or B-dominant territory.*®*° In acute appendicitis, antibiotics are
noninferior to appendectomy in the short term, but later surgery and complication risk still
vary, so choice continues to shape outcome and the regime turns B-dominant.*” The same
structure plausibly extends to lumbar disc herniation, localized prostate cancer, stable
coronary disease, benign prostatic hyperplasia,” knee osteoarthritis, peripheral artery
disease, symptomatic fibroids, obstructive sleep apnea, low-risk thyroid cancer, and
multimorbidity deprescribing pathways, as detailed in Supplement S11.

In these settings, a-first interpretation no longer settles the decision, even when biological
equipoise remains clinically coherent. What matters is not only whether this structure
recurs, but whether trial design can preserve it as identifiable evidence.

Preference-aware designs do not identify preference effects (B). Typical patient-
preference trials treat preference as a design constraint used to preserve a.2%:2¢5Within such
models, preference is handled as a threat to estimation, not as causal structure to be
recovered. The design may accommodate preference in practice, yet the estimand remains
a-centric: preference is not defined as an outcome-scale effect.

This resolves a common conflation: accommodating preference is not the same as
identifying B. Pragmatic trials may amplify preference in practice yet still blur a and B in
inference, leaving the relevant structure present but unidentified.*%*> Shared decision
making, by contrast, is normative rather than causal. Without B measured on an outcome
scale, it cannot distinguish choice-driven from biologically governed settings.3"*"

Trial design must keep a and B identifiable together (A5, Identifiability Before Optimization;
R2, Regime-Routing).®?” Preference trials, pragmatic trials, and shared decision making all
engage preference, but none by itself separates biology from choice on the outcome scale.>®
What is new is not acknowledgment of preference, but B as an estimand interpreted by
regime. Once the trial enters a B-dominant regime, preference-governed inference is
required.

Evolution of B across trial generations. To make the novelty explicit, B can be placed within
the lineage of trial paradigms, not just within SPORT, as summarized by Table 5. SPORT
marks the transitional case: randomization plus observed uptake made a and 3 separable in
principle, but neither was prespecified nor interpretable under a-centric conventions.™2%¢ 3-
identifying trials, as outlined in this paper, complete that arc by prespecifying B as a causal
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estimand and coordinating axioms (A), rules (R), and methods (M) before interpretation
begins.>®

Table 5. Progression of B Across Trial Generations

B-Quantifying B-ldentifying

Chalmers Secondary Trials
(1981) ProtecT SPORT Analyses (This Paper)
. Compare Identify and
Primary Compare Compare P Decompose ; y
. ) treatment . interpret
aim designs treatments , divergence
strategies causal structure

B defined as Yes
estimand No No Yes (prespecified)
Role of Analytic Primary
crossover Bias Nuisance problem Source of B |deqt|fy|ng
variation
Regime Prospective &
classification No Implicit Implicit Retrospective l diated
possible rule-mediate

Structure
. . Structure Structure .
Epistemic Structure Structure identifiable but  decomposed anticipated,
status recognized |acknowledged unread 55 tl;oc identified,

interpreted

Historical progression in how clinical trials handle preference-mediated effects. Across generations, the role of preference
evolves from unstructured divergence to an explicit causal estimand: crossover moves from bias (Chalmers)’ to nuisance
(ProtecT)%8* to analytic signal (SPORT)"-25¢ to primary identifying variation (B-identifying designs); and regime classification
advances from absent to implicit to retrospective to fully prospective and rule-governed. Full versions in Supplement S8
(Tables S5a and S5b).

4.4 Direct Implications of B-ldentification

Strengthen evidence-based medicine. Once B is identified, attenuation becomes
structure rather than signal loss. Trials that are equivocal under a-centric analysis separate
into a-dominant and B-influenced cases, so apparent ambiguity resolves into biology versus
choice. By making explicit where a-centric inference applies, evidence-based medicine is
strengthened.*?>23

Separate biological generalizability from contextual dependence. Identification of 3
separates invariant biological effects from context-dependent treatment uptake. a reflects
biological contrast and is transportable across settings, whereas B varies with the structure
of choice. External validity is no longer a single property of the trial; it separates into what
generalizes (a) and what varies with context (B).52¢3
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Policy Levers Follow B. Identification of B shifts the location of intervention. Where B is
small, outcomes are governed by biological contrast and action lies in treatment selection
within established evidence-based frameworks. Where B is substantial, outcomes depend
on choice formation, and the operative levers shift to access, framing, literacy, and decision
support.®€.64 The object of intervention therefore moves with B rather than remaining fixed
at the level of treatment alone.

Adherence Follows Treatment—-Choice Coupling.  renders adherence as structure rather
than noise. Differences in uptake reflect interaction between treatment and choice, not
deviation from protocol. A treatment that induces higher uptake under patient choice yields
a larger realized effect even at similar biological efficacy, while low uptake under an
alternative defines a clinically consequential compliance gap. Adherence therefore defines
realized effectiveness, not just protocol deviation; with B identified, it becomes measurable
and therefore improvable.?27*2

Decompose sources of variation. Clinical variation arises from multiple sources, including
supply, local practice patterns, and clinical judgment, as documented in work such as the
Dartmouth Atlas.®**8 Without separation, these components are conflated and attributed to
inefficiency or uncertainty. Identification of B isolates variation attributable to patient-
mediated choice, distinguishing it from variation arising from provider behavior or system
structure.>® Non-preference variation can then be identified and, where appropriate,
reduced, rather than obscured within undifferentiated variation.*?2%23:40-42

4.4 Broader Implications and Applications

Enabling N-of-1 inference. N-of-1 trials address the individual case when population
averages no longer decide, but they still require two conditions: sufficient response stability
and enough within-person contrast to register difference.?>*° In preference-sensitive care,
the threshold shifts. Because choice is itself causal (A1), the signal that resolves the
decision may lie less in athanin B.>°

In B-dominant regimes—|Aa| not decisive, B materially consequential (A3)—a-first ranking
cannot resolve the choice (R1).?22 Regime-Routing (R2) therefore points toward B-identifying
N-of-1 inference, whose task is to preserve separation of a and  on a common outcome
scale.>®8 That does not remove the usual constraints of N-of-1 design—power, stability, and
carryover remain—but when B is large it may become necessary, even if not sufficient.
Without B identification, N-of-1 cannot support interpretable preference-sensitive
decisions: preference-mediated choice collapses into undifferentiated treatment effect or
noise, and the design becomes a label rather than an inference.
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Real-world trials and B-identifying inference. Real-world trials, typically pragmatic or
embedded in routine care, extend randomized research into ordinary clinical practice.®5-586%-
74 Yet real-world execution does not by itself identify B. Applicability can increase while
uptake heterogeneity remains causally unread. Theirvalue is therefore conditional: in mixed
and B-dominant settings, uptake, switching, persistence, and patient-valued trade-offs may
carry identifying information rather than mere variation. Under those conditions, -
identifying inference adds what real-world design alone does not: prespecified co-
estimands, neutrality conditions for preference measurement, and reporting that preserves
the causal structure generated in practice. Real-world trials supply the setting; B-identifying
inference supplies the discipline.

Implications for Al decision support. The regime map in Figure 2 governs not only trial
interpretation, but the legitimacy of clinical Al recommendation. When biological contrastis
decisive (a-dominant, B1), a-based ranking remains legitimate because biology
discriminates. When B is clinically consequential—as in mixed and B-dominant settings (B2,
B4)—or when evidence is insufficient to decide (B3), ranking loses legitimacy and Al must
defer pending explicit preference elicitation or stronger identification.™

This shift also determines how optimization is permitted. In a-dominant settings,
optimization proceeds through improved prediction and treatment selection. Outside a-
dominance, biological ranking is no longer admissible. Instead, once preferences are
explicitly elicited, optimization must proceed through alignment and enactment—f3-
optimization—improving outcomes by increasing concordance between evidence, patient
values, and what can be sustained in practice, rather than by selecting a superior
treatment.™

Stakeholder ecosystem. B-identifying evidence will not arise from trial design alone. It
requires an ecosystem in which sponsors, regulators, journals, and guideline bodies treat
preference-mediated effects not as residual noise, but as part of the evidence itself.

The process begins with sponsors and trial designers. Protocols must prespecify estimands,
power accordingly, and embed adaptation rules and identification diagnostics from the
outset.*2%3275 Without such commitments, clinically important preference effects collapse
into observational residue. Trials must therefore preserve uptake variation, enforce neutral
elicitation, and maintain separation between biological contrast and enacted
ChOice.5’6’8’27’55’56

Journals and reporting standards form the second layer. If such trials are reported through
a-centric conventions, their added structure becomes hard to see, compare, or reuse.
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Reporting standards must therefore require co-reporting of the key causal contrasts, regime
assignment, and identification diagnostics.*245%75

Regulators, guideline bodies, and health-technology assessment organizations determine
how such evidence counts in approval, recommendation, value assessment, and
reimbursement.?’2® Under near biological equipoise, guidance can no longer remain
uniformly treatment-centric: the question shifts from biological superiority to which
pathway best fits patient values and burden. Regime-conditional reasoning and patient-
preference information may then extend existing frameworks. Otherwise, a-first frameworks
will continue to measure biology while leaving the action-governing structure only partly
visible.

4.5 Limitations and open problems

B-identifying inference remains conditional: it depends on valid identification, context-
specific transport, stability of regime structure over time, and preference measurement that
does not itself become intervention.

Identification limits. Separation of a and B depends on valid identification. Weak
instruments and noisy observational contrasts do not merely reduce precision; they
constrain estimation and regime classification.3*34 Limited compliance strains identifiability
itself, placing pressure on lIdentifiability Before Optimization (A5) and on the power
requirements in M3 and M6.8%732 Addressing those limits requires stronger instruments and
more discriminating diagnostic thresholds.??

Transportability of B. Preference effects do not transport invariantly, because B is carried by
context-specific choices and shifts across settings and populations. Under Dual Causation
(A1) and MCID discipline (A3), B must be remeasured rather than extrapolated. The
consequence is practical as well as inferential: reporting must be stratified, and regime
classification must remain context-specific.> %23

Dynamic regimes. As patients age, accrue comorbidity, or revise preferences, the joint
structure (|Aal, B) can shift over time, and regime membership with it.>""7¢ Current
formulations of the Interpretation Rule (R1) and Regime-Routing Rule (R2) are static and do
notyet represent that movement. The next extension is therefore longitudinal: interpretation
and design must follow (]Aal, B) as it evolves.3*7”

Measurement versus intervention. Preference elicitation must remain distinct from
intervention. Once neutrality or timing is violated, B is no longer being measured alone; itis
being altered, thereby challenging both Non-Interference of Elicitation (A6) and the
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Measurement Rule (R4).">?" As decision aids grow more sophisticated, valid measurement
will therefore require explicit protocols and active auditing, not merely good intentions.®"7879

Together, these limits define a research agenda for B-identifying inference: stronger
identification, better measurement, more careful transport, and designs able to track (|Aal,
B) as it changes.

5. Conclusion

B-identifying trials complete randomized inference when biological contrasts narrow. By
separating biological effects (a) from preference-mediated effects (B), the framework makes
legible trials long judged equivocal, including SPORT, where crossover and nonadherence
mark causal structure rather than trial failure.”? Once B enters view, the (|Aal, B) regime
routes design, power, and clinical action, distinguishing settings in which standard designs
suffice from those in which B-identifying designs become necessary.*>® In f-dominant and
mixed settings, care correspondingly shifts toward preference-concordant and, where
feasible, N-of-1 approaches.

Classic randomized inference flourished where a dominated—acute disease, cleaner
biology, fewer competing risks. As complexity rises through aging, multimorbidity, and
polytherapy, |Aal narrows, and B more often becomes clinically consequential, shifting care
toward mixed and p-dominant regimes and making a-dominant findings from selective trial
populations more circumscribed and less transportable to real-world settings.

This framework therefore does not weaken randomized evidence. On the contrary, it shows
a-centric inference to be a special, albeit important, case within a broader structure aligned
with the mechanisms generating outcomes more generally, and specifically in preference-
sensitive care. Because preference-sensitive decisions govern a substantial share of care
and resource use,®**® rendering choice visible is not an ethical flourish but a methodological
requirement: patient choice must be treated as causal structure, not absorbed into
unmodeled noise.
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List of abbreviations

Abbreviation
AFT

AFFIRM

a (alpha)

B (beta)
Aa

Ap
AOBS

2SLS

B1-B4

CACE
Cl

CPAP

D1-D3

E-value
F-statistic
FEMME
GLM
ISCHEMIA

ITT

Definition

Accelerated Failure Time model; survival analysis model expressed
on a clinical outcome scale

Atrial Fibrillation Follow-up Investigation of Rhythm Management trial

Biological treatment effect; causal effect of treatment (assignment
or causal effect under nonadherence), estimated via ITT or
LATE/CACE

Preference-mediated effect; causal effect of patient choice, defined
as B = AOBS - Aaccausal,

Net biological contrast between treatment options

Change in preference-mediated effect across contexts (e.g., different
patient groups)

Observed (as-treated) outcome difference

Two-Stage Least Squares; estimation method for instrumental
variable analysis

Regime classifications: B1 (a-dominant), B2 (mixed), B3 (decision-
limited), B4 (B-dominant)

Complier Average Causal Effect; IV-based estimate of treatment
effect among compliers

Confidence Interval; measure of statistical uncertainty

Continuous Positive Airway Pressure; therapy for obstructive sleep
apnea

Design constraints: instrument validity, elicitation non-interference,
uncertainty discipline

Sensitivity metric quantifying strength of unmeasured confounding
needed to explain an effect

Diagnostic statistic assessing instrument strength in IV models

Trial comparing uterine artery embolization vs myomectomy for
fibroids

Generalized Linear Model; statistical modeling framework

International Study of Comparative Health Effectiveness with
Medical and Invasive Approaches

Intention-to-Treat; effect of treatment assignment
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v
LATE

MCID

M1-M6

ML
MTOPS
T (pi)

PRPP
RCT

R1-R5

SDM
SE
SPORT
ProtecT

Instrumental Variable; method for causal identification under
nonadherence

Local Average Treatment Effect; causal effect among compliers

Minimal Clinically Important Difference; threshold for clinical
relevance

Methods set: identification, B estimation, diagnostics, uncertainty,
measurement, joint power

Medical Literacy; patient understanding affecting treatment choice
and outcomes

Medical Therapy of Prostatic Symptoms trial

Compliance parameter; measure of treatment uptake variation and
IV strength

Partially Randomized Patient Preference design
Randomized Controlled Trial

Rules: interpretation, regime routing, power, measurement,
complexity drift

Shared Decision Making
Standard Error; measure of estimator precision
Spine Patient Outcomes Research Trial

Prostate Testing for Cancer and Treatment trial
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