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Highlights

Public health relevance—How does this work relate to a public health issue?

e  Non-communicable diseases (NCDs) remain the leading cause of premature mortality
worldwide, and increasing physical activity (PA) is a public health priority.

e  Understanding how sport sciences graduates (SSGs) are incorporated into healthcare
systems may inform strategies to strengthen PA promotion.

Public health significance—Why is this work of significance to public health?

e  Functional integration of SSGs into primary care was associated with lower national
NCD mortality after adjustment for demographic and economic factors.

o  These findings identify healthcare workforce organization as a potentially important
system-level determinant of preventive health delivery.

Public health implications—What are the key implications or messages for practitioners,
policymakers and/or researchers in public health?

e  Health systems may benefit from evaluating policies that enable SSG to contribute to
primary care-based PA promotion.

e  Prospective and longitudinal studies are required to confirm causality and guide
implementation of SSG integration models.

Abstract

Globally, physical activity is increasingly acknowledged as an effective strategy for combat-
ing non-communicable diseases (NCDs). However, there is a significant global disparity in
the integration of sport sciences graduates (SSGs) into national health systems. This study
assessed the professional roles of SSGs within healthcare systems and their association with
NCD mortality across (1 = 34) countries that met the selection criteria, using a cross-national,
ecological, and cross-sectional design. Principal component analysis was conducted to
reduce the dimensions of the correlated structural indicators. A pre-specified generalized
linear model (Gamma family, log link) with HC3 robust standard errors estimated the
association between SSG integration and age-standardized NCD mortality, alongside a
descriptive analysis of public funding (national or subnational) for SSG services. The find-
ings indicate that integrating SSGs into primary care was associated with approximately
23% lower age-standardized NCD mortality (rate ratio 0.77, 95% CI 0.63-0.94, p = 0.011;

Int. ]. Environ. Res. Public Health 2026, 23, 1106 https://doi.org/10.3390/ijerph23091106


https://crossmark.crossref.org/dialog?doi=10.3390/ijerph23091106&domain=pdf&date_stamp=2026-08-26
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0009-0002-9515-619X
https://orcid.org/0009-0005-5777-2233
https://orcid.org/0000-0001-6962-5111
https://doi.org/10.3390/ijerph23091106

Int. J. Environ. Res. Public Health 2026, 23, 1106 2 of 21

approximately 16% to 23% across model specifications) after adjusting for demographic
and economic factors, with near-universal public funding (100% of integrated versus 24%
of other countries; Fisher’s exact p < 0.001). To our knowledge, this is the first cross-national
analysis to link the functional integration of SSGs into primary care with population NCD
mortality, and this relationship remained consistent across multiple robustness checks.
The implications suggest that functional integration and its public funding may repre-
sent promising policy approaches for strengthening preventive health services. Given the
ecological, cross-sectional design, longitudinal studies are warranted to establish causality.

Keywords: sport sciences graduates; physical activity prescription; non-communicable
diseases; health policy; primary care; workforce integration; ecological study

1. Introduction

The global community is currently experiencing a significant escalation in health
challenges, primarily due to elevated mortality rates associated with non-communicable
diseases (NCDs) [1,2]. These diseases, particularly those affecting the circulatory and
respiratory systems [3], have been shown to reduce life expectancy by up to 30 years in
certain countries. Key risk factors include elevated body mass index, high blood pressure,
and blood sugar disorders. Regionally [4], the African continent is experiencing a marked
increase in the health burden from NCDs, as evidenced by a 53.3% rise in associated
mortality rates. The rate of premature death varies by region, ranging from 36.5% to 72.1%,
with the probability of premature NCD death estimated at approximately one in five for
males and one in fifteen for females [5]. Further, evidence suggests a promising potential
for the prevention of these diseases through physical activity (PA) [1,6].

Physical inactivity is recognized as one of the leading causes of premature mortality [7],
accounting for an estimated 6% of adult deaths globally, which equates to approximately
5 million deaths annually. It is estimated that health-promoting PA contributes to the
prevention of 1.8 million deaths annually [8]. PA plays a crucial role in preventing cardio-
vascular diseases, type 2 diabetes, and several types of cancers [9-12]. The challenge posed
by NCDs extends beyond a mere health burden, as it also represents a substantial economic
burden. The cost of healthcare services for NCDs attributable to physical inactivity is
estimated at 46.7 billion USD annually [4], while productivity losses in Europe alone are
estimated at 514.5 billion USD annually [1]. In the United States, healthcare expenditures
for diseases resulting from physical inactivity amount to 192 billion dollars, constituting
12.5% of total health expenditure during the period from 2015 to 2025 [13].

The World Health Organization (WHO) addresses the health burden by advocating for
the integration of PA as a therapeutic intervention within primary and secondary healthcare
settings [14]. According to WHO guidelines, engaging in moderate-intensity PA for 150
to 300 min per week can reduce the risk of premature mortality by 20 to 30% [15]. In
response, various countries and organizations have initiated programs such as “Exercise is
Medicine” by the American College of Sports Medicine [16], the Royal College of General
Practitioners’ physical-activity guidance [17], and the Canadian Diabetes Association’s
stance on PA. These initiatives have yielded positive outcomes, enhancing PA levels [18],
improving mental health, and identifying suitable exercise forms for patients [19].

Despite these efforts, the Global Observatory of Physical Activity (GoPA) reports that
health responses remain inadequate, with over 60% of countries yet to incorporate PA into
primary healthcare interventions, and only 21% of countries committed to including PA in
primary care prescriptions [20]. This shortfall is attributed to several barriers [21], including
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limited physician time, insufficient expertise in exercise dosing and prescription, lack of
confidence in PA service providers [22,23], and the absence of approved referral networks
or insurance coverage for these services [24].

Clarifying what these services comprise is a precondition for evaluating them. The
health-oriented services delivered by sport sciences graduates (55Gs) extend well beyond
generic advice to be more active: they comprise pre-participation risk stratification and
functional assessment, individualized exercise prescription, supervised delivery of struc-
tured exercise for people with established disease, and behavior-change support to sustain
adherence [25]. Central to these services is the concept of exercise dosing—the specification
of frequency, intensity, time and type, adjusted to the patient’s condition, as set out for
clinical populations in consensus guidance such as that for type 2 diabetes [12]—which
distinguishes a therapeutic prescription from general counselling. Delivering such dosing
at scale depends on organizational structures: an explicit scope of practice locating the
SSGs within the health system, a formal referral pathway from the general practitioner to
that provider, a reimbursement or budget line covering the encounter, and a record system
through which outcomes return to the referrer [25]. These structures vary widely between
countries, from statutory licensure with a dedicated fee schedule to purely private, out-of-
pocket provision outside the health system altogether, and it is precisely this variation that
the present study sets out to classify and to relate to population outcomes.

The lack of appropriate organizational structures—specifically, the absence of a de-
fined scope of practice, an approved referral pathway, or a financing mechanism for the
encounter—impedes the formal employment of SSGs within healthcare systems, particu-
larly in the absence of accredited health staff [25,26], thereby restricting physicians” ability
to refer patients to them [27]. These barriers are compounded by workforce under-use:
only 20-30% of physicians routinely discuss PA with patients, and registered exercise
professionals are embedded in only a handful of primary-care teams despite a large trained
workforce [28]. Accordingly, where these structures are absent, the referral has no desti-
nation inside the health system, and exercise prescription reverts to brief verbal advice
delivered by a clinician who reports insufficient training in exercise dosing. The degree to
which each structure is present differs markedly across countries, and these differences are
not captured by whether a country has a national PA policy: countries meeting the same
policy criteria may place SSGs anywhere from full statutory practice in primary care to no
health-system role at all.

Although evidence supports the return on investment of employing specialized SSGs
in healthcare systems [25], regulatory challenges persist, with 40% of countries experiencing
a lack of institutional structures and insufficient funding to integrate these graduates [29].
Health financing systems often prioritize acute care costs over preventive measures or
quality of life improvements. Consequently, some countries have adopted performance-
based funding mechanisms to incentivize health facilities to offer PA as an intervention for
NCD patients [30].

The theoretical integration of SSGs into the healthcare system is posited to allevi-
ate the health and economic burdens associated with NCDs [31]. However, there ex-
ists a paucity of quantitative research evaluating the global cumulative impact of this
integration—specifically in terms of legal recognition, funding, and the delineation of
professional roles—on mortality rates attributable to NCDs. This gap is confirmed by a
systematic review [32] that identified the healthcare domain as the least evaluated of all
policy settings in PA policy studies. In addition, the application and barriers of integrating
PA into healthcare have recently been mapped in a scoping review [33]. Furthermore, the
significant disparities in demographic and economic characteristics, such as population
age structure, population density, health expenditure, and income level, across countries
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present a substantial challenge for comparative analysis. These disparities necessitate an
approach that adjusts for these factors when evaluating policy impacts.

The primary objective of this study is to evaluate how the institutional integration of
SSGs within healthcare systems is associated with the epidemiological burden of NCDs
and with public financing mechanisms, controlling for global demographic, economic, and
structural factors. Specifically, it investigates two dimensions: first, whether functional
integration—particularly within primary care—is associated with a quantifiable reduction
in NCD mortality, and second, which organizational determinants are critical in establishing
a public financing framework for services provided by SSGs within healthcare systems.

2. Materials and Methods
2.1. Research Design

This study adopted a cross-national, ecological, and cross-sectional design to examine
the relationships among key variables using data from selected countries. This design en-
abled a quantitative assessment of the influence of regulatory and institutional frameworks
for the integration of SSGs on public health indicators. The analysis was conducted in
two stages:

e  Principal component analysis (PCA): Employed for dimensionality reduction to cap-
ture the underlying demographic and economic profiles of each country.

e  Generalized linear modeling (Gamma family, log link): Used to estimate the asso-
ciation between SSG institutional integration and age-standardized NCD mortality,
complemented by a descriptive analysis of funding mechanisms.

2.2. Research Population and Sample

The study population comprised the 194 countries assessed in the GoPA country
profiles [20]. Countries were included in the sample if they met the following criteria:

e Implementation of brief PA interventions within primary healthcare.

e The presence of a national NCD policy including PA (either operational or non-
operational).

e  Availability of national PA guidelines covering adolescents, adults, and older adults.

Countries that did not satisfy these criteria were excluded. Additional exclusion
criteria included the lack of valid economic and social data in open-access databases from
the World Bank (WB) and the Organization for Economic Co-operation and Development
(OECD). Consequently, a total of 34 countries met the inclusion criteria after a two-stage
selection process; in the first stage, 45 countries were identified as eligible based on the
GoPA country profiles, and in the second stage, 11 countries were excluded due to missing
economic or social data. The final sample therefore represents countries with healthcare
systems that formally recognize PA as a core component of healthcare practice. The
complete sample selection process is illustrated in Figure 1.
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Figure 1. Sample selection flowchart. Abbreviations: GoPA = Global Observatory for Physical
Activity; NCD = non-communicable disease; PA = physical activity; OECD = Organisation for
Economic Co-operation and Development; PCA = principal component analysis [20].

2.3. Data Collection

A multi-source approach was adopted for data collection, employing both primary
and secondary sources to enhance the transparency of classification procedures and the
reliability of institutional variables as follows:

2.3.1. Primary Sources (Institutional Classification)

A thorough content analysis of primary sources was undertaken to ascertain the profes-
sional status of SSGs within healthcare systems. This analysis involved the examination of:
(a) national laws and government regulations pertinent to healthcare practices, (b) legisla-
tion governing professional practice, including licensing and accreditation, (c) policies and
regulatory bodies of the Ministry of Health such as unions and medical boards, (d) funding
mechanisms, including insurance coverage and direct government funding, (e) professional
guidance and models of intersectoral cooperation, (f) peer-reviewed studies addressing the
scope of practice for SSGs within healthcare systems.

SSGs were defined functionally as graduates of sport, exercise, or movement-science
programs with health-oriented competencies (exercise physiology, sport health, and sports
injury and rehabilitation) qualified to deliver exercise assessment, medically oriented
physical-activity prescription, and exercise-based rehabilitation. Because this workforce
carries different professional titles and legal statuses across countries (for example, kine-
siologists in Chile, exercise physiologists in Australia, physiotherapists with an exercise-
prescription scope elsewhere, or sport science graduates in Egypt), the exposure was coded
based on the operational scope of practice within the health system, independently of legal
recognition (which was coded separately).

The organizational and institutional determinants were categorized into three distinct
variables: recognition of the health role, scope of practice, and funding mechanisms. Col-
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lectively, these variables constituted the functional empowerment factors for SSGs within
healthcare systems. Given the observed heterogeneity among countries, a hierarchical
coding scheme was developed to classify these levels as follows: (a) Type of Legal Recogni-
tion: Coded as 0 = unregulated or excluded, 1 = semi-formal/institutional, 2 = integrated
functional recognition, 3 = full legal-health recognition (statutory). (b) Scope of Professional
Practice: Coded as 0 = absence of healthcare role; 1 = integrated in secondary care; 2 = in-
tegrated in primary care. For regression analysis, this ordinal variable was decomposed
into two binary (dummy) indicators—primary care integration (0/1) and secondary care
integration (0/1)—with the absence of healthcare role as the reference category. (c) Funding
Mechanisms: Coded as 0 = out-of-pocket payment (private), 1 = partial/subnational public
funding (restricted), 2 = direct national public funding. Per-country documentary evidence
and the verified source for every coded value are tabulated in Supplementary File S1.
This coding followed a directed (deductive) content-analysis approach: each country
was scored on the three pre-specified, literature-derived ordinal dimensions (scope of prac-
tice, recognition, and funding), anchored in the Donabedian structure—process—outcome
framework, using a fixed codebook applied to per-country documentary evidence, with
inter-rater reliability reported. The content-analysis coding frame, including the full code-
book and the per-country documentary evidence, is provided in Supplementary File S1.

2.3.2. Secondary Data Sources (Quantitative Data)

e  Demographic indicators: Data on population density and the proportion of the urban
population were obtained from the United Nations Population Division [34].

e  Economic and health indicators: Information on economic and health-related characteris-
tics was retrieved from the WB and the OECD databases [35,36]. The variables included
national income level, government health expenditure as a percentage of gross domestic
product (GDP), and the Gini coefficient as a measure of income inequality.

e  NCD mortality rate: The outcome was the age-standardized NCD mortality rate
(deaths per 100,000 both sexes, 2019) obtained from the WHO Global Health Obser-
vatory (indicator WHS2_131) [37] and standardized to the WHO World Standard
Population. The 2019 vintage was the most recent complete pre-pandemic estimate;
re-estimating Model A with the 2020 and 2021 vintages confirmed a stable association
in direction and magnitude (Supplementary File S2).

2.3.3. Inter-Rater Reliability

To verify the reliability of the institutional classification, all 34 countries were indepen-
dently re-coded on the three determinants by two investigators (NA and AA), each blinded
to the original codes and to one another and working only from the per-country evidence
and the pre-specified codebook. Inter-rater agreement was substantial to almost perfect:
weighted Cohen’s kappa was 0.89 for scope of practice, 0.94 for recognition, and 0.84 for
funding (0.72 for the binary primary-care integration indicator). Disagreements were few
and were resolved to the original analyst’s code. Re-estimating Model A from each rater’s
independent classification produced materially similar results (rate ratios: 0.82 and 0.78),
confirming a robust exposure classification.

2.4. Statistical Analysis

First, PCA was applied to seven structural variables: income level, population density,
urban population percentage, population age structure (<20 years), population age structure
(>60 years), the Gini coefficient, and health expenditure as a percentage of GDP. The
objective was to reduce dimensionality into uncorrelated (orthogonal) components. The
first three principal components were retained as shown in Table 1, cumulatively explaining
80.74% of the total variance. Sampling adequacy was modest (overall Kaiser-Meyer—-Olkin
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measure: 0.62; per-variable measures of sampling adequacy ranged from 0.33 to 0.86, lowest
for the Gini coefficient; see Supplementary File S2), consistent with the limited sample.

Table 1. Principal component loadings (PCA), eigenvalues, and explained variance for the seven
structural indicators (unrotated PCA; n = 34).

Variable PC1 PC2 PC3
Income level 0.489 * —0.006 0.041
Population < 20 years (%) —0.481* —0.084 0.348
Population > 60 years (%) 0.497 * 0.204 —0.025
Gini coefficient —0.151 —0.633 * 0.008
Population density —0.095 0.636 * 0.020
Urban population (%) 0.354 * —0.358 * —0.389 *
Health expenditure (% GDP) 0.353 * —0.132 0.852 *
Explained variance (%) 50.32 20.65 9.78
Cumulative variance (%) 50.32 70.97 80.74
Eigenvalue 3.63 1.49 0.71

* = absolute component coefficient > 0.35. Abbreviations: PC1 = Development and Aging Index;
PC2 = Inequality and Density Index; PC3 = Health Investment Index; GDP = gross domestic product.

Because the components served as adjustment covariates rather than interpreted
factors, retention was deliberately inclusive. The Development and Aging Index (PC1)
satisfied both the Kaiser criterion and Horn’s parallel analysis; the Inequality and Density
Index (PC2) satisfied the Kaiser criterion only; and the Health Investment Index (PC3)
(eigenvalue 0.71) met neither rule but was retained a priori, as a pre-specified adjustment,
to capture the health-investment dimension. Retaining these additional components makes
the confounding adjustment more conservative, not less valid; PC3’s label is descriptive,
carries no inferential weight, and was non-significant in the outcome model (p = 0.33). The
primary association was, moreover, robust across specifications retaining one, two, or three
components (Supplementary File S2).

Further, PCA was conducted without rotation to reduce the dimensionality of struc-
tural demographic and economic variables. Highlighted cells indicate primary contributing
variables (absolute components coefficient > 0.35). PC1 is driven by income level and, age
structure urbanization, and health expenditure; PC2 by population density and the Gini
coefficient and PC3 by health expenditure as a percentage of GDP.

In addition, a heatmap of PCA loadings for seven structural socioeconomic indicators
(n = 34) was generated to visually display the magnitude and direction of each variable’s
contribution to the three retained components. Highlighted loadings (loading > 0.35)
indicate primary contributing variables; the component loadings and the scree plot with
parallel analysis are shown in Figure 2.

Second, two models were constructed:

e  Model A: Estimating age-standardized NCD mortality from the three principal com-
ponents together with the primary- and secondary-care integration indicators, entered
simultaneously as a single pre-specified model (no stepwise selection).

e  Model B: Predicting public funding mechanisms in relation to scope of practice and
recognition indicators. Given complete separation between primary-care integration
and public funding at this sample size, Model B was analyzed descriptively (cross-
tabulation with Fisher’s exact test) rather than by stepwise regression.
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Figure 2. (a) Heatmap of PCA of the seven structural indicators: component loadings; (b) Scree
plot with parallel analysis. In panel (a), a bold and black boarder cell with an asterisk denote an
absolute loading of 0.35 or above, and identifying a primary contributing variable. Abbreviations:
* = absolute loading > 0.35; PCA = principal component analysis; PC1 = Development and Aging
Index; PC2 = Inequality and Density Index; PC3 = Health Investment Index.

Model Quality Analysis

Model A’s fit was summarized by the deviance explained and residual deviance
(AIC =399.7 for the full model and 397.6 for the reduced model), with effect sizes reported as
rate ratios (the exponentiated coefficients; full fitted coefficients are in Table 2). The absence
of multicollinearity was verified using variance inflation factors (VIF < 3.0). Descriptive
statistics are provided in Supplementary File S3. Reporting was guided by the STROBE
statement for observational studies (Supplementary File S54). All analyses were performed
using Python (version 3.11).

Table 2. Institutional classification of SSGs across the 34 countries: scope of practice by level of legal
recognition, with public funding.

Scope of Practice Unregulated or ~ Semi-Formal/ Integrated Full Total Publicly

P Excluded Institutional Functional Statutory Funded, n (%)
No health-system role 14 0 0 0 14 1)
Secondary care only 1 3 3 0 7 4 (57)
Primary care 4 4 2 3 13 13 (100)
Total 19 7 5 3 34 18 (52.9)

e  Fitted model (Model A): log (E [age-standardized NCD mortality]) = 30 + 31-PC1 +
2-PC2 + 33-PC3 + [34-(primary-care integration) + 35-(secondary-care integration),
estimated with a Gamma family and log link; the rate ratio for each predictor is exp(3).

The robustness of Model A was assessed with HC3 robust standard errors, a restricted
wild bootstrap, bias-corrected and accelerated (BCa) bootstrap intervals, Huber and Tukey
robust regression, leave-one-out and influence diagnostics, a specification-curve (multiverse)
analysis, an E-value for unmeasured confounding, a statistical-power/MDE assessment, and
a permutation test; full specifications and results are reported in Supplementary File S5.

https://doi.org/10.3390/ijerph23091106


https://doi.org/10.3390/ijerph23091106

Int. J. Environ. Res. Public Health 2026, 23, 1106 9 of 21

3. Results

Initially, the study conducted a content analysis that classified each country in the
sample according to the three pre-specified dimensions. SSGs held a defined role in primary
care in 13 of the 34 countries, were confined to secondary care in seven countries, and
had no recognized role within the health system in 14 countries. The level of professional
recognition did not necessarily align with the placement of SSGs within the health system,
as presented in Table 2.

Scope of practice and legal recognition were the two coded content-analysis dimen-
sions, as defined earlier. Public funding was coded as a binary indicator, combining
partial or subnational public funding with direct national funding. By funding mechanism,
16 countries relied exclusively on out-of-pocket funding, 16 received partial or subna-
tional public funding, and two received direct national public funding. Further, 8 of the
13 countries with primary care integration had achieved this integration without functional
or statutory recognition: four were classified as unregulated or excluded (Chile, Finland,
the Netherlands, and Thailand) and four as semi-formal (Denmark, Latvia, Norway, and
Sweden). Conversely, three of the seven countries in which SSGs were confined to sec-
ondary or rehabilitation care—Germany, the United Kingdom, and the United States—had
integrated functional recognition without primary care placement. On this evidence, formal
recognition was neither necessary nor sulfficient for an operational role within primary care.

When examined alongside funding, the classification revealed a consistent gradient:
the prevalence of public funding increased monotonically across the scope-of-practice
categories, from 7% of countries with no health-system role, to 57% among those with
secondary or rehabilitation care integration, and to 100% among those with primary care
integration. The classification also revealed a strong alignment between integration and
national income level. All 13 countries with primary care integration were either high-
income (11 countries) or upper-middle-income (two countries), whereas all four lower-
middle-income countries in the sample had no SSG role within the health system. Moreover,
none of the lower-middle-income countries contributed an observation with integrated
primary or secondary care placement.

This alignment between SSG integration and national development is an important
consideration when interpreting associations in the subsequent analysis. An unadjusted
comparison across the scope-of-practice gradient could reflect differences in national devel-
opment and health-system capacity as much as differences in models of service delivery.
Accordingly, income level and other structural characteristics should be considered po-
tential confounding factors when estimating the association between SSG integration and
health-system or population-level outcomes.

Estimating the association between SSG integration and NCD mortality required
adjustment for the demographic and economic context in which the health system operates.
With only 34 countries against seven correlated structural indicators, entering all of them
directly would risk overfitting and loss of power. The indicators were therefore reduced to
a smaller set of orthogonal components before modeling.

To address this, PCA of the seven indicators yielded three retained components—the
Development and Aging, Inequality and Density, and Health Investment Indices. These
components served as covariates in Model A to separate the net contribution of the policy
variables from demographic and economic confounding affecting mortality rates. The
component loadings and explained variance for all three components are presented in
Table 1 and Figure 2. These components provide a robust methodological foundation to test
the study’s core hypotheses. By adjusting for these structural confounders, the subsequent
regression analysis isolated the specific influence of policy variables on health outcomes, as
detailed in Table 3.
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Table 3. Model A (Gamma generalized linear model, log link) rate ratios for age-standardized NCD

mortality.
Predictor Rate Ratio 95% CI p
PC1 0.89 0.83-0.97 0.005 **
PC2 0.99 0.94-1.04 0.705
PC3 0.97 0.92-1.03 0.326
SSG primary-care integration 0.77 0.63-0.94 0.011*
SSG secondary-care integration 0.85 0.69-1.05 0.132

Significance: * p < 0.05, ** p < 0.01. A rate ratio (RR) below 1 indicates lower age-standardized
NCD mortality. Abbreviations: PC1 = Development and Aging Index; PC2 = Inequality and Density
Index; PC3 = Health Investment Index; SSG primary-care integration = sport sciences graduate
integration into primary care; SSG secondary-care integration = sport sciences graduate integration
into secondary care; CI = confidence interval.

The pre-specified generalized linear model (Gamma, log link; deviance explained = 0.586,
AIC = 399.7) identified PC1, PC3 and SSG primary-care integration as the principal cor-
relates of age-standardized NCD mortality. PC1 (development-aging) was associated
with lower age-standardized NCD mortality (RR = 0.89, 95% CI 0.83-0.97, p = 0.005), and
PC3 showed a non-significant protective direction (RR = 0.97, 95% CI 0.92-1.03, p = 0.33).
Critically, SSG integration into primary care was associated with approximately 23% lower
age-standardized NCD mortality (rate ratio 0.77, 95% CI 0.63-0.94, p = 0.011; the estimate
ranged from about 16% to 23% across model specifications, the reduced sensitivity model
giving rate ratio 0.84) after full adjustment for the structural covariates.

The estimate rested on only 34 countries. This raises three concerns: a false positive,
one influential country, or a biased analytic choice. Robust (HC3) standard errors and a re-
stricted wild bootstrap both preserved significance (p = 0.023): the result is not a false positive
from the small sample or non-normal errors. The next concern was influence. No observation
proved unduly influential (maximum Cook’s distance 0.233), and leave-one-out re-estimation
kept the reduction between 18.3% and 26.9% and significant in all 34 iterations. That left the
analytic choice. Across all 64 specifications, the estimate stayed negative and was significant
in 84%, and a permutation test returned p = 0.001, excluding chance. The association also held
across the 2019-2021 outcome vintages (rate ratio 0.76-0.78) and attenuated only modestly in
a reduced model (rate ratio 0.84). Full diagnostics appear in Supplementary Files S2 and S3.
In the same model, PC2 and secondary-care integration were not statistically significant
(p > 0.05); the secondary-care estimate (rate ratio 0.85) is imprecise at n = 7 integrated
countries and not statistically distinguishable from the primary-care estimate, indicating
that it is functional integration into primary care specifically—not secondary care—that
carries independent predictive power beyond demographic and economic context.

Further, Figure 3 visualizes the primary-care association across both models. Panel (a)
shows Model A’s rate ratios with 95% confidence intervals (all three principal components
and both integration indicators entered simultaneously), and panel (b) shows the descrip-
tive funding contrast (2 x 2; Fisher’s exact p < 0.001). Primary-care integration emerged as
the dominant correlate in both panels.

Because this adjusted estimate could still reflect the structural context, those determi-
nants were examined directly (Figure 4). Figure 4a shows a strong negative correlation
between PC1 and age-standardized NCD mortality (r = —0.68, p < 0.001): more devel-
oped, older populations have lower mortality once it is placed on a common age structure.
Figure 4b, by contrast, shows only a weak, non-significant association for PC3 (health
investment; r = —0.07), consistent with its non-significant coefficient in Model A (Table 2).
Figure 4c confirms the pattern categorically: mortality was highest in lower-middle-income
countries and lowest in high-income countries, echoing the PC1 gradient.
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Figure 3. Primary-care integration and (a) age-standardized NCD mortality (Model A rate ratios, log
axis) and (b) public funding (2 x 2 contingency; Fisher’s exact p < 0.001). In panel (a), blue markers
denote statistically significant estimates and grey markers refer to non-significant estimates; the
dashed vertical line marks a rate ration of 1 (no association); asterisks denote significance (* p < 0.05;
** p < 0.001). In panel (b), the fraction inside each bar is the number of countries with public
funding out of the group total. Abbreviations: PC1 = Development and Aging Index; PC2 = The
Inequality and Density Index; PC3 = Health Investment Index; SSG—primary care = sport sciences
graduate integration into primary care; SSG—secondary care = sport sciences graduate integration
into secondary care; CI = confidence interval; RR = rate ratio.
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Figure 4. Structural determinants of age-standardized NCD mortality: (a) PC1 (development-aging);
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red line is the ordinary least-square fit and the boxed value is the Pearson correlation coefficient with
(***) denoting p < 0.001 and (ns) denote non-significant. Abbreviations: PC1 = Development and
Aging Index; PC3 = Health Investment Index; NCD = non-communicable disease.

The same integration that tracked lower mortality also tracked how the role is financed:
100% of countries that integrated SSGs into primary care provided public funding, com-
pared with 24% of the remaining countries (risk difference 76 percentage points; Fisher’s
exact p < 0.001), and public funding rose monotonically across the scope-of-practice gradi-
ent (7% with no health-system role, 57% with secondary-care integration, and 100% with
primary-care integration). Legal recognition was itself associated with funding (87% of
recognized versus 26% of unrecognized countries funded; Spearman rho = 0.63, Fisher
p < 0.001) but less deterministically than integration, indicating that funding allocation
tracks the perceived operational value of SSGs most closely, with recognition acting as
a weaker, upstream correlate. Because of complete separation, this pattern is reported
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descriptively rather than as a fitted regression coefficient; the 2 x 2 cross-tabulation and
Fisher’s exact test are presented in Table 4.

Table 4. Model B: Public funding of SSG services by primary-care integration (n = 34).

Primary-Care Integration  Publicly Funded, n (%)  Not Funded, n Total
Integrated 13 (100) 0 13
Not integrated 5(24) 16 21

Fisher’s exact test, p < 0.001.

Collectively, these analyses position functional integration as the proximal correlate of
both outcomes, with legal recognition operating upstream rather than being inert. Primary
care integration was the dominant correlate in both models. Recognition was not entered in the
mortality model; in the funding analysis, it tracked funding less tightly than integration did
(Spearman rho 0.63 versus 0.74). The pattern is therefore not that recognition is unimportant
but that its association with outcomes appears to operate through funding and functional
integration rather than directly. The robustness of the primary-care association across the
64-specification multiverse and the leave-one-out re-estimation are summarized in Figure 5.
Figure 5a presents the specification-curve analysis, determining that all 64 pre-specified
models returned a protective estimate (significant in 84%). Figure 5b presents the leave-
one-out re-estimation, where the effect persists (18.3-26.9% reduction, significant in all
34 iterations) as each country is removed in turn.
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Figure 5. Robustness of the primary-care association. (a) Specification-curve analysis; the dots
represent one of the 6 pre-specified models ordered by effect size, green dots are estimates significant
at p < 0.05 and orange dots represent non-significant estimates, the grey dashed line marks no effect,
and the blue dotted line is the median across specifications. (b) leave-one-out re-estimation; each bar
is the estimate obtained when that country is removed, and the red dashed line is the full sample
estimate. Abbreviations: SSG = sport sciences graduate integration.

4. Discussion

The findings of the present study indicate that functional integration of SSGs into pri-
mary care was associated with lower age-standardized NCD mortality and that among the
institutional determinants examined it was integration, rather than statutory recognition,
that accompanied public funding most closely. The evidential basis of those two statements
differs, and the distinction should be stated plainly. The mortality estimate comes from the
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pre-specified model, in which the exposure was scope of practice; recognition was coded as
one of the three institutional determinants but was deliberately not entered, so this design
does not test a mortality comparison between the two. The contrast between operational
and statutory status is established in the funding analysis (Model B), where both were
examined, and integration tracked funding near-deterministically while recognition did
so more loosely. Legal recognition therefore appears to operate as an upstream enabler of
funding and integration rather than as a variable this design evaluates against mortality,
and the emphasis of workforce policy shifts accordingly toward operational empower-
ment. These consistent patterns warrant closer examination of the structural factors that
contextualize, and the policy variables that independently drive, the observed outcomes.

The result of Model A indicates that NCD mortality within the study sample is pat-
terned primarily by structural demographic forces. PC1 was the dominant structural corre-
late; PC3 was not a statistically significant predictor. Once mortality is age-standardized,
more developed and older countries showed lower NCD mortality, reflecting the greater
treatment access and health-system capacity that accompany development, even as the
epidemiological transition concentrates the NCD burden in these aging populations [9]. It
is noteworthy that PC2 failed to achieve statistical significance in Model A, suggesting that,
once development level and health investment are accounted for, inequality and population
density do not independently predict the NCD burden within this sample of policy-active
countries. These structural findings provide the analytical foundation against which the
independent contribution of the policy variable can be evaluated.

Beyond these structural determinants, countries in which SSGs were integrated into
primary care showed substantially lower age-standardized NCD mortality than countries
without a defined healthcare role of SSGs, after full adjustment for demographics and
economic structural factors. This association does not reflect the mere existence of national
PA policies alone; rather, it tracks the functional empowerment of SSGs within primary
healthcare pathways—their capacity to provide evidence-based exercise consultation and
PA prescription tailored to patients’ specific clinical needs. This result is in line with findings
of a recent systematic review confirming that the healthcare domain is the least evaluated
PA policy setting, and that low-agency structural approaches, such as embedding SSGs
within primary-care referral pathways, are among the least assessed [32]. Consistent with
this, emerging service models place exercise professionals in extended scope-of-practice
roles within rehabilitation pathways, offering an operational template for the functional
empowerment described here [38].

Similarly, Dennis et al. [39] characterized effective allied health policies as those
that integrate behavioral interventions into routine clinical contact points. This further
corroborates the findings of Craike et al. [40], who confirmed that referral from general
practitioners to exercise professionals significantly increased patient uptake of preventive
services. This functional integration reflects the practical application of the “Exercise is
Medicine” initiative (American College of Sports Medicine, with the American Medical
Association) and analogous national programs such as the Royal College of General Practi-
tioners’ physical-activity work [17] and the Canadian Diabetes Association’s guidance [18],
and it is operationalized in specific national contexts as the “Green Prescription” [41].

This operational mechanism—whereby SSGs deliver evidence-based exercise prescrip-
tion, monitoring, and feedback as part of primary care pathways—aligns conceptually
with the closed-loop service model for scientific fitness described by Wang et al. [31], who
proposed that the integration of sports science expertise into chronic disease manage-
ment requires defined professional roles, interdisciplinary collaboration, and a structured
feedback mechanism between exercise professionals and medical staff. This alignment is
interpretive, and its limits should be stated plainly. The exposure tested in Model A was a
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binary indicator of whether SSGs hold a defined role within primary care, derived from
the content analysis reported earlier; interdisciplinary collaboration and the presence of
a structured feedback loop were not coded as separate constructs and were therefore not
tested. What the regression supports is accordingly narrower than the closed-loop model
as a whole: countries in which SSGs occupy a primary-care role showed lower aggregate
age-standardized NCD mortality after adjustment for structural context, while the individ-
ual components proposed by Wang et al. remain untested in these data and are a target for
the prospective work outlined below. The contribution is nonetheless a population-level
one, in that the association attaches to the systematic placement of SSGs within primary
care rather than to any individual clinical intervention—a perspective that becomes equally
significant when examining the determinants of public funding of SSG services.

This primary-care association is proportional rather than fixed, so a single relative
effect corresponds to absolute differences that vary with baseline burden. Applied to
the highest-burden country (Uzbekistan, 735.4 age-standardized NCD deaths per 100,000,
without integration), the pooled rate ratio implies a counterfactual of about 567 per 100,000—
an absolute difference of roughly 169—whereas for the lowest-burden country (France,
277.8, integrated) the same ratio implies an absolute difference of only about 83. The
larger arithmetic differences therefore arise where baseline burden is highest, an intuitive
reading being that integration would deliver its greatest absolute return in the highest-
burden systems.

This expectation, however, holds only partially. A development-by-integration in-
teraction was not statistically significant, so the main-effects specification was retained;
a null interaction, however, is not evidence of uniform effect. More consequentially, the
highest-burden systems lie outside the range these data cover—the countries with the
greatest NCD burden (Uzbekistan, the Russian Federation, Belarus, and India) are all
non-integrated. Applying the pooled rate ratio to those settings would be an extrapolation
beyond the region of common support, not a prediction. Consequently, these data’s support
is narrower but more useful: within the range of contexts where primary-care integration
is actually observed, its association with age-standardized NCD mortality is proportional
and stable; whether it would persist in the highest-burden systems is a question this design
cannot answer and is the single most valuable target for prospective evaluation.

The result of Model B illustrated that public funding for SSG services rose monoton-
ically with scope of practice and was near-deterministic at the primary-care level. Legal
recognition tracked funding as well, but far less tightly than integration did, consistent
with recognition acting as an enabler rather than a guarantor of financing. This is consistent
with a hierarchy in which recognition acts as an upstream enabler of funding, and funding
in turn accompanies functional integration: notably, the two countries that were recognized
but not publicly funded achieved no primary-care integration, indicating that recogni-
tion without funding is insufficient. This supports the second hypothesis—functional
empowerment, more than nominal recognition, accompanies public financing.

This coupling raises a direction-of-causation question: does funding drive integration,
or respond to need? The literature suggests that preventive services appear, in part, to re-
spond to population health needs [42]. This is further consistent with evidence from Brazil’s
PA Incentive Program, where Carvalho et al. [43] demonstrated that program uptake was
positively associated with municipalities facing a higher health burden, suggesting that in-
centive in preventive services is, in part, a compensatory response to worsening population
health indicators. This interpretation requires longitudinal investigation to establish the
causal direction of the relationship, and should be understood within the cross-sectional
limitations of the present design.
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The analysis reveals a counter-intuitive phenomenon that challenges prevailing as-
sumptions in health policy: within the present sample of 34 policy-active countries, formal
legal recognition of SSGs was not evaluated as a mortality correlate (it was not entered in
the mortality model) and was not the strongest correlate of funding, although it remained
associated with funding as an upstream condition. It is imperative to note that this finding
should not be interpreted as evidence that legislative recognition holds no value in all
contexts; rather, the results suggest that, among countries already meeting the GoPA criteria
for PA policy implementation, the observed variation in health outcomes and funding
levels is more strongly associated with the functional operational role of SSGs than with
their level of statutory recognition.

This conclusion diverges from the recommendations of Pearce and Longhurst [44],
who posited legislative recognition as a prerequisite for achieving health returns, aligning
with Zhou et al. [26], who identified the operational role of practice—rather than formal
professional title—as a primary differentiator of SSG impact across healthcare systems.
These patterns illustrate that operational scope of practice, rather than formal recognition,
tracked most closely with outcomes. Sweden and Chile reached functional primary-care
integration with public funding despite only semi-formal (Sweden) or no (Chile) statutory
recognition: in Sweden, prescriptions are issued by licensed clinicians while the activity
is delivered through municipally funded community organizers and FaR-trained exer-
cise professionals (the FaR program) [45], and in Chile, publicly funded primary-care
physical-activity programs (Programa Vida Sana) are delivered by a multidisciplinary team
that includes kinesiologists—a profession regulated under its own health statute but not
incorporated into the Cédigo Sanitario’s list of core health professions, a status under
active legislative review [46,47]. Conversely, recognition without primary-care integration
did not show the same pattern: in the United States, the role is recognized only partially
(state-level licensure of clinical exercise physiologists and federal recognition within the
Veterans Affairs system) [48] and is concentrated in secondary and rehabilitation settings
rather than primary care.

Where statutory recognition and integration coincide, as in France [49] and Italy [50],
integration was nonetheless not deterministic of low mortality: Latvia was primary-care-
integrated [51] yet recorded the highest age-standardized mortality among the integrated
countries (540 per 100,000), consistent with the associational, development-confounded
reading above. These cross-national contrasts are better understood within the theoretical
framework that accounts for the institutional conditions in which SSGs operate.

Based on these findings, this study proposes the integrated institutional empowerment
(IIE) model, which identifies three interdependent conditions for successful SSG integration:
operational role specificity, targeted incentivized funding, and epistemic legitimacy (the
profession’s recognized standing, captured here by the statutory-recognition variable). The
model’s contribution is mainly empirical rather than theoretical: it builds upon the Donabe-
dian structure—process—outcome framework [52], which posits that structural arrangements
must activate functional processes to produce measurable health outcomes; the IIE model
extends this by specifying that population-level results are associated not with regulatory
structure in isolation, but with the functional activation of the workforce role within it.

The interdependent nature of these three conditions aligns with the “12345 pyramid
model” proposed by Wang et al. [31]—the same closed-loop conditions recast as a pyramid—
whose elements map directly onto the IIE pillars and corroborate the architecture identified
in the present cross-national analysis. Several institutional patterns are illustrative rather
than a validated typology: functional integration with limited or no statutory recognition
(Sweden, semi-formal; Chile, none), integration coupled with full statutory recognition
(France, Italy and Brazil), and public funding without primary-care integration (Estonia).
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The diversity of these archetypes underscores that the institutional ecosystem—rather
than isolated policy instruments—appears most consistently associated with whether
SSG integration coincides with measurable health outcomes, a conclusion with direct and
actionable policy implications.

Any policy inference drawn here applies, on the present evidence, only to the policy-
active, mostly high- and upper-middle-income countries in the sample; as shown in Table 2,
no lower-middle-income country had integrated SSGs into primary care, and all four
afforded them no health-system role at all. This gap is itself a finding and not only a
limitation, since the countries with the highest NCD burden are also those without inte-
gration. Extending functional integration to lower-resource settings will require adapted,
lower-cost models.

A transitional framework for such settings might proceed in three stages, each already
recognizable within existing NCD service architecture. The first recognizes the function
rather than the profession: physical-activity assessment, prescription and follow-up are
written into the job descriptions of cadres that already exist—community health work-
ers, primary-care nurses, and health-promotion officers—under a competency standard
defining what constitutes an adequate exercise dose for the common NCD presentations,
with a small central cadre of SSGs responsible for training, protocol authorship and clinical
supervision rather than for direct delivery.

Task-shifting is an established mechanism for extending hypertension and diabetes
care in low-resource systems, where community health workers and nurses deliver care
traditionally reserved for physicians and where training and supervisory structures are
consistently identified as conditions of success [53]. Whether physical-activity assessment
and prescription can be shared in the same way is not established: the reviewed interven-
tions concentrate on screening, management and general health promotion rather than
structured exercise, and that extension is precisely what these findings would motivate.
The second stage attaches financing to that function: instead of creating a new professional
fee schedule, physical-activity delivery is added as a reportable indicator within existing
NCD program budgets or performance-based financing arrangements, so that funding
follows delivery before any statutory reform is attempted. The third stage consolidates
statutory recognition once a workforce and a financing stream exist to be regulated—the
sequence visible in Chile and Sweden in the present sample, where operational delivery
and public funding preceded rather than followed formal incorporation into the core list of
health professions.

Practically, digital health is often proposed as the way to make such a sequence feasible
where specialist density is low, but the evidence is uneven in an instructive way. Of the
twenty-eight digital intervention categories WHO recommends, only fourteen were found
in use for non-communicable disease management in low- and middle-income primary
care, and referral coordination was not among them [54]—so the function this analysis
identifies as decisive is the one digital health has least developed. What guidance does
support is health worker decision support and provider-to-provider telemedicine, each
recommended in defined contexts, and the first conditional on the task falling within the
health worker’s existing scope of practice [55]. That condition restates this study’s central
finding in a different register: the digital tool does not substitute for the operational role; it
presupposes it.

Consequently, these findings suggest that policymakers may consider prioritizing
functional integration and its funding alongside, rather than only after, legal recognition—
recognition being an enabling but, on its own, insufficient condition. As evidenced by
the Swedish model, integrating SSGs as implementers of PA prescription within primary
care is associated with measurable preventive indicators even in the absence of rigid
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legislation; accordingly, funding mechanisms could be linked to operational performance,
tying financial support to functional delivery rather than to professional certification
or institutional presence alone—a direction that would require prospective evaluation
before adoption. It may also be worth considering whether the WHO could include
SSGs as a distinct professional category within the National Health Workforce Accounts
database, thereby enabling nations to track policy implementation and accurately measure
its impact on the NCD burden. These recommendations collectively position SSGs not as a
complementary activity, but as a core preventive workforce whose functional empowerment
may warrant consideration as a policy priority.

Strengths and Limitations

To date, this is the first cross-national analysis to link functional integration of SSGs into
primary care with population NCD mortality. Several features strengthen the inference. The
model was pre-specified with no variable selection, guarding against data-driven fitting; the
exposure was coded from primary legislative and policy sources and validated by blinded
independent re-coding with substantial to almost-perfect agreement; the outcome was the
age-standardized mortality rate, the appropriate measure for cross-country comparison;
and the structural context was controlled through PCA rather than by overfitting a small
sample. The primary association proved robust across an extensive, convergent sensitivity
battery and held under independent re-coding, with an E-value reported to bound its
sensitivity to unmeasured confounding transparently.

These findings are nonetheless subject to important limitations. The composition of the
sample constrains the generalizability of the findings. All countries in which SSGs held a
primary care role were classified as either high-income or upper-middle-income, whereas all
four lower-middle-income countries in the sample had no SSG role within the health system.
Thus, the observed association was estimated predominantly across the higher end of the
national development spectrum and cannot be assumed to extend to low- or lower-middle-
income health systems. In addition, the small sample limits power and generalizability
beyond the policy-active countries studied, and the cross-sectional design cannot establish
causation or exclude reverse causality. Because national development correlates with
both integration and mortality, some residual confounding cannot be excluded even after
adjustment for development (PC1). The reported E-value (1.92 for the point estimate, 1.32
at the confidence limit) transparently bounds this residual sensitivity. Consistent with
this, within the high-income stratum alone (1 = 19) the effect was directionally unchanged,
but its interval overlapped the full sample—an underpowered check rather than a null
result, indicating the association is partly, but not wholly, entangled with development.
The exposure relied on author coding of ordinal policy variables, which carries interpretive
subjectivity; although inter-rater agreement was substantial to almost perfect, external
verification on a subsample is warranted, and secondary documents may not fully capture
on-the-ground practice. The SSG construct also spans professions differing in title and
licensure across countries, adding heterogeneity. As an ecological analysis, these country-
level associations do not license individual-level inference (the ecological fallacy), and the
contemporaneous measurement (both around 2019) captures association without latency.
These constraints mark the findings as exploratory and call for longitudinal, standardized
cross-national design.

Advancing beyond these constraints requires designs capable of ordering exposure
and outcome in time. Three are directly available. Quasi-experimental evaluation of
implementations that have already occurred is the most immediate: several countries in
this sample introduced primary-care integration at datable moments—the Swedish FaR
program [45], the Chilean Program Vida Sana [46,47] and the French sport sur ordonnance
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provisions [49] among them—permitting interrupted time-series analysis around imple-
mentation and difference-in-differences estimation against matched non-implementing
countries. Longitudinal panel analysis would convert this cross-section into a country-year
panel, allowing country fixed effects to absorb the time-invariant structural confounding
that principal-component adjustment can only attenuate. Multilevel modeling of individual
outcomes nested within practices and countries would test the mechanism at the level
at which it operates and address the ecological fallacy directly; a stepped-wedge cluster
design would provide the strongest evidence and is feasible within a single health system.
Each depends on the workforce being counted, which is a further reason to record SSGs as
a distinct category within the WHO National Health Workforce Accounts. Larger cross-
national or longitudinal datasets would also allow the funding analysis to be estimated as
an adjusted regression rather than descriptively, using penalized maximum likelihood such
as Firth logistic regression, which returns finite estimates under the complete separation
encountered at this sample size while permitting continuous covariate adjustment.

5. Conclusions

The present study indicates that the effective functional empowerment of SSGs within
healthcare systems—particularly in primary care—is the institutional feature most consis-
tently associated with lower NCD mortality; legal recognition, rather than being irrelevant,
appears to act as an upstream enabler of the funding and integration through which this
association arises. Across 34 countries meeting the GoPA criteria for PA policy implementa-
tion, primary-care integration was consistently associated with lower mortality in Model A
and with public funding in the descriptive Model B—a dual association of lower mortality
alongside more widespread public funding. The results do not argue against the value of
legislative recognition; rather, they indicate that functional operational empowerment is
the variable most strongly associated with population-level health outcomes in the present
sample, and that demonstrated impact may, in return, provide the empirical foundation for
the legislative reforms that follow. These findings suggest that health policy may benefit
from greater attention to operational empowerment within healthcare systems; given the
observational design, this proposition warrants prospective evaluation before implementa-
tion. Consequently, it is explicitly recommended that future studies adopt longitudinal,
quasi-experimental, and multilevel designs to strengthen causal inference, assess temporal
relationships, and account for contextual and hierarchical factors.
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