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Graphic Abstract
Structural features associated with research continuity in physician-scientist training

Structured evidence synthesis of physician-scientist training in China and selected comparator
systems, based on 90 primary empirical studies, including 73 providing direct physician-scientist
evidence and 17 providing supportive residency-context evidence. Across heterogeneous training
pathways and career stages, protected research opportunity, mentorship and transition support,
funding continuity, and early-career support recurred across the evidence as structural features
relevant to sustained research engagement. Standardized residency represents a clinically
intensive stage in which maintaining research engagement may be challenging, while the
transition from structured training toward research independence is conceptualized as a recurrent
structural vulnerability—the “missing middle.” Implementation of continuity-supporting
mechanisms varies across systems, institutions, programs, and career stages. Collectively, the
synthesis supports research continuity as an organizing framework for physician-scientist
development and identifies candidate structural mechanisms for prospective evaluation. These
relationships represent evidence-bounded structural associations and conceptual synthesis rather
than causal effects, empirically estimated attrition trajectories, or national performance rankings.



Abstract:

Physician-scientists link clinical investigation with biomedical discovery, yet sustaining research
engagement across training and early career remains challenging. We conducted a structured
evidence synthesis of physician-scientist training in China and selected comparator systems.
PubMed and Web of Science searches covering 2010-2025 yielded 3,639 records; after
deduplication, screening, and adjudication, 90 primary empirical studies were included,
comprising 73 with direct physician-scientist evidence and 17 with supportive residency-context
evidence. Research exposure varied across pathways and programs. Chinese residency studies
documented substantial training burden, while formal protected research time was not
consistently identified in reviewed residency settings, positioning residency as a plausible
constraint on research continuity without establishing causality. The transition from structured
training toward research independence also emerged as a recurrent vulnerability involving
discontinuities in protected research opportunity, mentorship, and career-development support.
Across systems, protected research opportunity, transition support, funding continuity, and early-
career support recurred as structural features, with implementation varying by system, institution,
program, and career stage. These findings support research continuity as an organizing
framework and identify structural mechanisms warranting prospective evaluation rather than

universal prescription.
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Introduction

Physician-scientists connect clinical investigation with biomedical discovery and therapeutic
innovation, yet sustaining this workforce remains challenging across biomedical systems (1-10).
Across specialties and pathways, discontinuities in research opportunity, mentorship, funding,
and career-development support have been repeatedly identified as barriers to sustained research

engagement.

China provides an informative setting because its medical education system encompasses
heterogeneous pathways within a rapidly evolving clinical and academic environment. Research
exposure ranges from predominantly clinical training to integrated and research-intensive
programs (11-13), while training duration, credentialing, institutional setting, and educational
objectives also vary (14-17). However, heterogeneous definitions, populations, follow-up
periods, and outcomes preclude nationally representative physician-scientist conversion rates,
direct China-US conversion-rate comparisons, or national estimates of geographic disparities in

physician-scientist production.

This heterogeneity raises a broader question: whether physician-scientist development is best
characterized by training capacity and pathway structure alone or also by continuity of research
opportunity across career stages. Expansion of training pathways does not ensure that research
engagement can be maintained through clinically intensive and transitional periods; research
exposure, protected research opportunity, mentorship, transition support, and funding continuity
may therefore be more informative across the training trajectory than as isolated program

characteristics.



We therefore conducted a structured evidence synthesis of physician-scientist training in China,
supported by a reproducible search and study-level evidence audit, with selected US and
European systems used for structural comparison. Rather than estimating causal effects, national
career-conversion rates, or system rankings, we examined recurring structural features relevant

to sustained research engagement and their evidentiary limits.



Results

1. Research exposure differs across training pathways and is associated with subsequent
research engagement

Chinese medical pathways differ in duration, structure, and research exposure. The conventional
“5+3” pathway—>5 years of undergraduate medical education plus 3 years of standardized
residency—is clinically oriented, with research exposure varying across institutions and stages.
Chinese trainee studies document heterogeneous access to research opportunities and
mentorship, whereas selected integrated or research-intensive programs report greater research
participation in selected cohorts (11, 18, 19). Other physician-scientist settings likewise vary in

the timing and structure of research exposure (20-23) (Figure 1 and Table 1).

MSTP and MD-PhD studies document substantial subsequent participation in research and
academic medicine (24), while cohort evidence associates postgraduate research experience with
later full-time faculty appointment (25). Heterogeneous populations, program structures, and
outcome preclude direct quantitative comparison with Chinese pathways or pathway-specific
career-conversion estimates. Overall, sustained research exposure and protected opportunities
recur in association with subsequent research engagement, without establishing independent

effects.

2. Standardized residency is characterized by substantial training burden and constrained
research opportunity
Chinese residency-context studies document substantial demands during standardized residency

training (STSR). At Peking Union Medical College Hospital 100/159 residents (62.2%) met the



study-defined burnout criterion (26). In a separate multicenter cohort of 563 trainees, 35.9%
reported working > 60 hours/week and 71.05% had at least one burnout dimension (27). These
observations characterize the studied training environments but do not directly measure

physician-scientist attrition or scholarly productivity (28-32).

Formal protected research periods were not consistently identified in the reviewed Chinese STSR
policy and training evidence (33-37), and nationally representative, denominator-transparent
estimates of resident scholarly output were not identified. The evidence therefore documents
substantial training burden and inconsistent protected research opportunity without establishing

effects on publication productivity or physician-scientist attrition (Figure 2).

3. The transition to research independence emerges as a recurrent structural vulnerability
Across the physician-scientist literature, transition from formal clinical or research training
toward independent investigation was repeatedly associated with challenges involving protected
research opportunity, mentorship, funding continuity, competing clinical responsibilities, and
academic progression; comparable stage-specific attrition rates were unavailable (38-41). These
recurring challenges were conceptualized as a “missing middle” between structured training and
research independence, but the evidence does not establish this transition as the quantitatively

highest-risk career stage (42-45) (Figure 3).

Comparator programs and targeted interventions provide examples of protected research periods,
formal mentorship, salary or research support, and staged career-development mechanisms (41,

43, 45-49). Targeted interventions have also been developed to support specific transition points,



including fellowship applications among predoctoral physician-scientist (50). Individual
programs report research engagement, academic progression, or retention outcomes, but

heterogeneous designs do not establish a universally effective model.

4. Access to structural support varies across institutions, programs, and career stages
Research opportunities, career intentions, and physician-scientist outcomes vary across
institutions, specialties, programs, and trainee populations (51-58). Research-intensive programs
more often reported formal mentorship, dedicated research opportunities, or structured career-
development support, whereas other settings report limited access. The evidence did not permit
nationally representative quantification of physician-scientist training infrastructure within

China.

Coordinated frameworks integrating protected research opportunity, mentorship, funding
continuity, and transition support were not consistently identified at national scale in the
reviewed Chinese evidence (59). Individual institutions and programs nevertheless document
local research training and mentorship, indicating heterogeneity rather than universal absence
(11, 19, 60). Financial considerations across the broader literature include educational debt,
research funding, salary support, and research resources, but nationally representative China-

specific evidence remains limited.

5. Cross-system synthesis identifies recurring structural features associated with research

continuity



Across the evidence, protected or dedicated research opportunities, sustained mentorship,
transition mechanisms, and financial or institutional support recur in association with research
engagement, academic progression, or continued research-oriented careers (24, 25, 41, 51, 55).
Selected US, German, and other European programs document these mechanisms at specific
career stages (16, 41, 45, 61-67), while selected Chinese programs document local structural
research exposure and mentorship (19, 60). Implementation varies across systems and programs
and harmonized longitudinal outcome data remain limited; cross-system comparison was
therefore restricted to documented structural features rather than national performance rankings

(Figure 4 and Table 2).



Discussion

This synthesis identifies research continuity as a useful organizing framework for physician-
scientist development. Research exposure varies across pathways and programs, sustained
research opportunities recur with subsequent research engagement, Chinese residency studies
document substantial training burden without establishing physician-scientist attrition, and the
transition toward research independence represents a recurrent vulnerability involving protected
research opportunity, mentorship, funding, and career-development support (7-10, 24, 25, 41, 45,

51).

The findings shift attention from training structure or research exposure alone toward whether
research engagement can be maintained across career stages. Early research experience may be
followed by clinically intensive periods with limited protected opportunity, whereas mentorship,
dedicated research periods, and transition support may help preserve engagement. Thus, the
relevant distinction is not simply between “research” and “clinical” pathways but between
continuous and intermittent research opportunity. This interpretation is consistent with
heterogeneous evidence linking research training and mentorship with subsequent engagement,

without establishing independent causal effects (21, 25, 51, 68-71).

Residency illustrates this challenge. In Chinese cohorts, 62.2% of residents in one institutional
study met the burnout criterion (26); in another cohort, 35.9% worked > 60 hours/week and
71.05% had at least one burnout dimension (27). These observations do not measure physician-
scientist attrition or productivity, but together with the inconsistent identification of formal

protected research periods, they describe conditions in which sustained research activity may be
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difficult. Residency is therefore a plausible structural constraint on research continuity, not a

demonstrated attrition mechanism (35-37).

A related vulnerability is the transition from structured training toward research independence—
the “missing middle.” Recurring challenges include protected research opportunity, mentorship,
financial or salary support, competing clinical responsibilities, and progression toward
independent roles (72). Their recurrence supports transition-stage vulnerability but not a highest
attrition rate; comparable longitudinal data were unavailable. The term therefore denotes a

conceptual synthesis rather than an estimated attrition trajectory (73-76).

Cross-system comparison suggests that the relevant question is not whether a system is “strong”
or “weak,” but where and how continuity-supporting mechanisms are implemented. Selected US,
German, European, and Chinese programs document protected research opportunities,
mentorship or transition support, or dedicated funding at particular stages, but implementation
varies substantially. These observations describe structural approaches rather than national

rankings or uniformly continuous support (59, 61-67).

The evidence therefore supports prospective evaluation rather than universal prescription.
Candidate mechanisms include designated research opportunities, longitudinal mentorship,
structured transition support, and funding or salary support across defined transitions. Future
studies should assess sustained research participation, protected research time, scholarly activity,

academic appointment, research-career retention, and competitive funding progression (77-80).
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For China, longitudinal cohorts using standardized definitions of research engagement, protected

opportunity, funding progression, and physician-scientist career status are a priority.

Limitations

Several limitations warrant consideration. Heterogeneity in populations, training stages, program
structures, exposures, and outcomes precluded pooled estimates or direct quantitative
comparison across systems, and physician-scientist definitions varied. Of 90 primary studies, 17
provided supportive residency-context rather than direct physician-scientist evidence. Failure to
identify a coordinated mechanism does not establish universal absence, particularly where
implementation may be local or unpublished; cross-system comparisons therefore describe
documented approaches rather than comprehensive national assessments. The “missing middle”
is a conceptual synthesis, not an estimated attrition trajectory. Finally, predominantly

observational, cross-sectional, or program-evaluation evidence does not establish causal effects.

Conclusion

Physician-scientist development depends not only on research training but also on sustaining
research engagement across career stages. Protected research opportunity, mentorship and
transition support, funding continuity, and early-career support recur as relevant structural
features, while residency and transition toward research independence represent plausible
vulnerability. These findings provide an evidence-bounded framework for prospective evaluation

of continuity-supporting mechanisms rather than a universal training model.
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Methods

Study Design

This structured evidence synthesis incorporated policy and program analysis to examine
physician-scientist training systems, with China as the primary setting and selected international
systems used for structural comparison. We focused on recurrent, potentially modifiable features
relevant to continuity of research engagement rather than pooled or causal effects because
populations, designs, exposures, and outcomes were heterogeneous. Prespecified structural
domains were research exposure and protected research opportunity, funding continuity,
transition support, and early-career support; policy and program documents characterized

formally specified structures without implying causality.

Evidence sources and literature search

Evidence came from national policy and statistical sources, institutional or program materials,
and peer-reviewed literature (1, 10, 33, 51, 59, 73, 81-83). PubMed and Web of Science (WoS)
were searched on August 19-20, 2026, for publications from January 1, 2010, through December
31, 2025. Six prespecified searches addressed physician-scientist training and career pathways,
physician-scientist and residency training in China, and protected research time, mentorship,
funding, transition, retention, and early-career support. PubMed searches used Title/Abstract
fields and a publication-date restriction; WoS searches used Topic (TS=) queries restricted to
2010-2025. Article and Review types were retained at retrieval for sensitivity and citation
chaining, but reviews without original analyzable data were not primary evidence. Complete

strategies and counts are in Supplemental Table S1.
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The searches retrieved 3,639 records. Deterministic deduplication by valid DOI, valid PMID,
and normalized exact title yielded 2,094 unique publications; 1,755 met the publication-year
rule. Screening identified 211 candidates, and bibliographic reconciliation left 210 for eligibility
assessment. Ninety publications formed the primary empirical evidence base; 12 additional
sources were retained for contextual or policy interpretation, and 108 were excluded for
prespecified reasons (Supplemental Table S1). Additional references cited for general
background or conceptual framing were not part of the adjudicated analytic corpus and therefore

were not included in these study-disposition counts.

Eligibility and evidence classification

Primary studies evaluated a defined population, program, or career stage and reported evidence
relevant to training structure, research exposure, protected research time, workload, mentorship
or transition support, funding continuity, research engagement or productivity, or physician-
scientist career outcomes (26-32, 34-37, 84-89). Studies directly addressing physician-scientist
or clinician-scientist development were classified as direct evidence. Standardized-residency
studies without direct physician-scientist outcomes were classified as supportive residency-
context evidence when they described workload, training demands, or related conditions
potentially relevant to research engagement; they were not treated as direct evidence of
physician-scientist productivity or attrition. Within the adjudicated analytic corpus, reviews,
commentaries, policy analyses, and official documents without original analyzable data were
retained only for contextual or structural interpretation and were not counted as primary

empirical evidence.
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The final corpus comprised 90 empirical publications: 73 direct and 17 supportive residency-
context studies. Full text was reviewed for 89 included studies; one study was assessed from its

indexed abstract, with extraction limited to explicitly reported information.

Evidence extraction and provenance

We extracted bibliographic information, setting, design, population and sample size, training
stage, structural domain, exposure or program characteristic, outcome definition, quantitative
findings, limitations, and figure/table relevance. Numerical findings retained original
populations, denominators, exposures, and outcome definitions and were not treated as directly
comparable across heterogeneous studies. Study-level extraction and permitted use are
documented in Supplemental Table S2; figure-and-table provenance, coding rationale, and
interpretation limits are in Supplemental Table S3 (18, 90-98). Overlapping publications were
retained for distinct outcomes or analyses but not treated as independent replications;

denominators were not combined.

Operational structural domains

The synthesis examined four domains: (1) research exposure and protected research opportunity;
(2) funding continuity; (3) transition support; and (4) early-career support. Training duration and
pathway structure were contextual characteristics (2, 23, 46, 47, 63, 64, 68, 99-105). Protected
research time was formally designated time with reduced clinical or service obligations for
research. Funding continuity was financial or salary support spanning a defined training or
career-transition interval rather than isolated project funding. A structured transition mechanism

linked formal training to progression toward research independence and incorporated at least two
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of the following: protected research time, formal mentorship, salary or research support, or
staged career-development support. The Chinese “5+3” pathway was defined as 5 years of
undergraduate medical education plus 3 years of standardized residency; integration with

professional master’s training was identified separately when documented.

Quantitative and structural synthesis

No meta-analysis was performed. Quantitative evidence was summarized as source-specific
observations with original denominators and outcome definitions; heterogeneous estimates were
not combined into synthetic national or cross-national rates (10, 25, 65, 73, 75, 82). Structural
implementation was classified as Present, Partial, or Not identified. Present indicated that a
mechanism meeting the definition was documented; Partial indicated implementation limited to
selected institutions, programs, specialties, or career stages; Not identified indicated that no
coordinated mechanism meeting the definition was identified and did not imply universal
absence. Categories described implementation, not quality, effectiveness, or national
performance, and no ordinal rankings were assigned. Major claims were mapped to supporting
evidence and interpretation limits; observational evidence was not interpreted causally. Figure

and table elements used the same provenance framework (Supplemental Tables S2 and S3).

Statistics
No meta-analysis or inferential statistical analysis was performed. Quantitative findings were
reported as source-specific observations using the original populations, denominators, and

outcome definitions.
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Figure 1. Training pathways and continuity of research exposure

Medical school Residency Advanced research/transition
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Seﬁ?éi?e;ezﬁsif;: Structured research exposure in Variable clinical Program-specific
academic programs selected programs integration continuation mechanisms
MD-PhD/physician- Integrated clinical + multi-year Postgraduate exposure Formal mentorship/funding/
scientist programs research phases varies by system transition may be embedded

Continuity of research exposure across career stages

Structural synthesis only; no pathway-specific career probability is estimated.
Source provenance is provided in Supplemental Table S3.

Figure 1. Structural organization of physician-scientist training pathways and research
exposure.

Schematic comparison of representative pathways showing training sequence and
timing/continuity of research exposure: the Chinese 5+3 pathway, selected integrated 8-year
programs, selected research-oriented medical education programs, and MD—PhD/physician-
scientist programs. Research exposure is a structural characteristic, not a quantitative intensity
measure; the figure does not estimate pathway-specific career probabilities, productivity, or
causal effects. Provenance is provided in Supplemental Table S3.
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Figure 2. Source-specific residency burden and its bounded structural interpretation

A Source-specific Chinese residency observations
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burden documented in time was not consistently g constr_aln‘t on
source-specific cohorts identified in reviewed settings research continuity

Residency-context evidence does not directly measure physician-scientist publication
productivity or attrition; the downstream relationship is conceptual, not a measured causal chain.

Exact study-level provenance, denominators, and outcome definitions are provided in Supplemental Table S3.

Figure 2. Source-specific workload and burnout observations during standardized
residency training in China.

Supportive residency-context observations are shown for two Chinese cohorts: 100/159 residents
(62.2%) met the study-defined burnout criterion; in a separate cohort of 563 trainees, 35.9%
worked >60 hours/week and 71.05% had at least one burnout dimension. Values retain original
denominators and definitions and are neither pooled nor nationally representative. They
characterize training burden, not physician-scientist productivity, attrition, or causal effects on
research continuity. Provenance is provided in Supplemental Tables S2 and S3.
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Figure 3. The training-to-independence transition as a recurrent structural vulnerability
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Conceptual synthesis — not an empirically estimated trajectory or stage-specific attrition probability.
Source provenance is provided in Supplemental Table S3.

Figure 3. Conceptual model of the “missing middle” in physician-scientist development.
Conceptual synthesis of recurrent vulnerabilities during transition from structured training
toward research independence, including discontinuities in protected research opportunity,
mentorship, funding/salary support, and career-transition mechanisms. The model is not an
estimated career-progression probability or attrition trajectory and does not identify a
quantitatively highest-risk stage. Supporting evidence is in Supplemental Tables S2 and S3.
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Figure 4. Evidence-coded structural support mechanisms across reviewed training systems
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Categories describe evidence-identified implementation and do not represent rankings of national system quality.
National-level China claims requiring policy verification should remain phrased as “not identified in the reviewed evidence.”

Figure 4. Cross-system comparison of structural mechanisms supporting physician-
scientist research continuity.

Evidence-coded comparison of research exposure/protected research opportunity, funding
continuity, transition support, and early-career support across China and selected comparator
systems. Present denotes documented implementation meeting the definition; Partial denotes
implementation limited to selected institutions, programs, specialties, or career stages; Not
identified denotes no coordinated mechanism identified and does not imply universal absence.
Categories describe implementation, not quality, effectiveness, national performance, or ordinal
ranking. Provenance is provided in Supplemental Tables S2 and S3.
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Table 1. Structural characteristics of representative physician-scientist training pathways.

Training Typical Research Protected Transition . . Interpretation
research ) Evidence basis . .
pathway structure exposure mechanism limit
component
f iabl
5 years o Variable No . No pathway-
undergraduate across coordinated . .
. ) Not . Policy/contextual specific career
medical reviewed . national . -
. . . consistently o evidence; S2 IDs probability or
Conventional education +3  settings; access . . ; transition )
identified in . 94, 184; STSR-  ordinal
5+3 years of to research . mechanism
. reviewed . . . context S2 IDs  research-
standardized  exposure and . identified in
. .. STSR settings . 46, 56 exposure
residency mentorship is the reviewed S
L . ranking inferred
training heterogeneous evidence
Extended Selected-
integrated Research S2 1D 94; program
Selected medical exposure policy/contextual evidence; not
. L . Program- Program- . .
integrated 8-  training in documented in evidence for nationally
dependent dependent .
year programs selected selected formal program representative
Chinese cohorts structure longitudinal
programs career data
Demonstrates
Selected Program- Structured local
research- specific research implementation;
oriented research- exposure Program- Program- $2 1D 142 does not
medical oriented documented in dependent dependent establish
education medical selected local national
programs education programs prevalence or
superiority
climeal | Swained caron ovtoras
MD-PhD / - . research £ Variable
. training with research should not be
physician- exposure across S2 IDs 2, 24, 31, .
" structured . phases; pooled into
scientist . embedded in programs and 36, 180
multiyear subsequent pathway-
programs program S systems .
research : continuity specific
design . e
phases varies probabilities

S2 IDs refer to study identifiers in Supplemental Table S2. STSR, standardized residency training. “Program-
dependent” denotes variation across institutions or programs. “Not consistently identified” describes the reviewed
evidence and does not imply universal absence.
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Table 2. Evidence-coded structural support domains across reviewed training systems.

tructural . . . .
System zor;ai?lr Coding Documented implementation Interpretation
Research Structured research exposure is documented in .
Implementation is
exposure / selected programs, whereas formal protected
Chi . . . : . heterogeneous and program-
na protected Partial research time was not consistently identified .
. . . dependent; Partial does not
research across the reviewed standardized residency ) .
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China transition identified the prespecified definition was identified at or program-specific transition
support national scale in the reviewed evidence. initiatives.
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States research documented in multiple physician-scientist should not be interpreted as
. programs represented in the reviewed evidence.  universal national coverage.
opportunity
Career-development awards and program-based ~ Funding mechanisms are not
United Funding Partial funding mechanisms are documented, but uniformly stage-spanning or
States continuity continuity varies across mechanisms and career ~ available across all institutions
stages. and trainees.
Physician-scientist training programs and Represents program-specific
. Structured . . .
United e structured career-development mechanisms implementation rather than a
transition Present - . . .
States SuppOrt provide documented support across selected single standardized national
PP transitions toward research independence. transition system.
Formal early-career mechanisms, includin, S R,
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United Early-career career-development awards and physician- .
Present LT . outcomes vary; coding does not
States support scientist program support, are documented in the . . -
. : imply universal effectiveness.
reviewed evidence.
Research . .
- . Documented implementation in
exposure / Structured Clinician Scientist Programs
. . represented programs should not
Germany protected Present document protected research time during .
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research program participation. e .
. institutions or trainees.
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Germany .S Partial . . o national funding pathway across
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. Transition support is
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Germany  transition Partial . S S programs rather than as a fully
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support L coordinated system-wide
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0g cvel carly-career Support meChamsms — py o ot establish nationally
Early-career . are documented, but availability of positions and .
Germany Partial uniform early-career support or

support

continued support varies across settings and
career stages.

continuity.

Structural implementation was classified as Present, Partial, or Not identified using prespecified operational definitions. Present
indicates that a mechanism meeting the definition was documented; Partial indicates documented implementation restricted to
selected institutions, programs, specialties, or career stages; and Not identified indicates that no coordinated mechanism meeting
the definition was identified in the reviewed evidence and does not imply universal absence. Categories describe documented
implementation rather than program quality, effectiveness, or national performance. Detailed provenance and coding rationale are
provided in Supplemental Table S3.
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