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Executive summary

Sword Health (Sword) engaged Milliman to conduct an independent review of the methodological approach used to
estimate return on investment (ROI) for Sword’s Thrive Al-care musculoskeletal (MSK) program. The review focused
on whether the methodology Sword uses aligns with approaches commonly used in observational evaluations of
digital health interventions and whether refinements could strengthen transparency and reproducibility.

Thrive delivers Al-guided MSK care supported by computer-vision technology with individual oversight by a Doctor of
Physical Therapy. The Sword ROl methodology uses a retrospective observational analysis with propensity score
matching and a difference-in-differences (DiD) estimator to measure changes in medical spending for program users
relative to a matched comparison group.

Our review finds that the overall structure of Sword’s ROl methodology a matched cohort combined with a DiD
estimator is consistent with common actuarial and health economic methods used by industry. As with other
observational, claims-based ROI methodologies, Sword’s methodology is sensitive to several key methodological
decisions including:

e how the intervention cohort is defined
e how claims experience is annualized
e how paid-to-allowed claim cost adjustments are applied

e how savings drivers are categorized and attributed

We recommend that Sword could enhance the methodology by:
e improving the documentation underlying the model and the presentation of results to end users

e using standardized reporting conventions to support clearer interpretation by actuarial and financial
stakeholders

Consistent with the scope agreed upon by both parties, we did not replicate claims analyses, validate statistical
output, or assess clinical effectiveness. Accordingly, this review does not provide an opinion on actual or expected
savings for any specific client or population, and is limited to an evaluation of the appropriateness, transparency, and
consistency of the documented methodology. Parties relying on Sword’s ROl methodology should independently
validate results using their own data, assumptions, and analytical standards before relying on the outputs for
decision-making.

Background

Milliman was commissioned by Sword to review and assess its methodology for estimating the financial impact of the
Thrive program and determine whether the methodology is in line with common industry practices for measuring ROI.

According to Sword, the Thrive program offers Al-guided MSK care that delivers physical therapy through a virtual
platform combining licensed clinicians, computer-vision technology, and asynchronous monitoring tools. Sword
contracts with employers, health plans, and government programs, promoting its model as a clinically rigorous
alternative to traditional care models for common orthopedic and chronic pain conditions.

The company reports nationwide deployment across commercial and government markets and has published
multiple observational studies' estimating cost impacts associated with reduced downstream utilization, including
imaging, injections, opioids, and surgeries. In support of these studies, Sword developed a proprietary ROI
methodology that uses retrospective claims analyses comparing MSK costs for patients who engaged in the program

1 https://swordhealth.com/resources/clinical-studies/digital-rehab-msk-pain-obesity;
https://swordhealth.com/resources/clinical-studies/long-term-outcomes-remote-digital-msk-program-analysis
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with a similar group of non-engaged patients who met eligibility criteria and were matched on observable
demographic, clinical, and baseline utilization characteristics.

This review does not replicate Sword’s claims analysis, nor does it constitute an audit of underlying data or coding
logic, nor a validation of individual savings estimates. Rather, it evaluates whether the methodology is reasonably
constructed, whether underlying assumptions are clear and supportable, and whether the reporting conventions
provide sufficient transparency for financial and clinical stakeholders.

Objective

The objective of this engagement was to conduct an independent evaluation of the methodological framework
underlying Sword’s ROI analysis for the Thrive Al-guided MSK care program. The review focused on methodological
design, analytic assumptions, attribution logic, and reporting of outcomes. Our review was limited to the ROI and
outcomes study methodology as outlined in the documents provided to us at the time of review. Our review does not
apply to any other methodologies that Sword may use to evaluate its market offerings or any other outcomes studies
that are derived from the one we reviewed. Any changes made to the methodology by Sword after our review are
outside of the scope of this report.

Our specific objectives included:

1. Assess conceptual alignment with industry standards.
Determine whether the study design (e.g., matched cohort, DiD) aligns with common approaches used to
estimate financial impact for digital health or care management interventions.

2. Evaluate transparency and reproducibility.
Identify where additional definition, documentation, or statistical guardrails would improve clarity for actuarial
reviewers, financial stakeholders, and technical procurement teams.

3. Highlight methodological sensitivities.
Identify where the methodology is sensitive to core assumptions (e.g., population matching specifications
and claims completion and annualization) and recommend opportunities for enhancement.

4. Recommend reporting refinements.
Provide suggestions to enhance clarity, reduce ambiguity, and clearly distinguish between realized results
and illustrative projections.

This review does not provide an opinion on actual savings achieved, clinical effectiveness, measurement of pain
reduction, quality-of-life outcomes, or expected performance for any specific employer or plan population.

Results

Our review concludes that the DiD-based matched cohort framework is consistent with common actuarial and health
economic evaluation techniques used to measure the impact of intervention programs in the industry. As with other
observational, claims-based ROI methodologies, each party relying on estimates based on Sword’s ROl and
outcomes study methodology should review the relevance of the assumptions and methodology used in the analysis
as it applies to each population of interest and should consider the extent to which benefit design, retention, and other
contractual terms affect modeled impacts. We identified limitations that should be considered by any party that relies
on results from this methodology. The most material items are summarized below.
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Topic Summary

Intervention The cohort is defined as Thrive program utilizers rather than those who met
cohort definition eligibility criteria for and had access to the Thrive program. Because
utilization may be correlated with motivation, severity, or demographic
differences, this limits the extent to which observed results can be
characterized as attributable to the program and not selection bias alone.

Materiality and The methodology utilizes both annualization and paid-to-allowed

“illustrative” conversion approaches to estimate claims, without clearly identifying the

results materiality of these assumptions or marking results as “illustrative” where
appropriate.

Methods

We reviewed the following items described in the documentation supplied by Sword:

Methodology narrative describing population identification, inclusion/exclusion criteria, and timing of
intervention relative to claims periods.

Technical summary of propensity score matching specifications, standard variables, and balance
assessment.

Description of the DiD estimator, including pre- and post-intervention windows.

Savings driver categorization logic used to attribute cost impact to events such as orthopedic surgery,
injections, imaging, or opioid prescribing.

ROI reporting definitions, including per-utilizer and per-eligible-member calculations, claims paid-to-allowed
adjustments, and claims annualization rules.

We assessed the methodology using criteria commonly applied in health economic evaluations of digital health and
care management interventions, including:

Population definition: whether the intervention group is defined based on access or utilization, and
implications for selection bias.

Comparison cohort construction: use of claims-based matching, propensity scoring, matching covariates,
and caliper selection.

Establishing comparability: whether the methodology includes statistical measures of balance and
whether pre-intervention period utilization is evaluated for parallel trend assumptions.

DiD logic: correct application of a difference-in-differences structure to isolate cost change attributable to
the intervention.

Measurement of outcomes: the cost basis on which financial outcomes are measured, including the
assumptions made for claims annualization and claims completion (applied when there is less than full
runout required for claims to be considered “complete”), as well as the approach as to how this is
extrapolated to a population of interest.

Attribution of cost drivers: whether savings categories are mutually exclusive, clinically reasonable, and
supported by appropriate code sets.
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e Perspective and unit of measure: per member per month (PMPM), per member appropriate for surgical
intervention, per enrolled member, or whole-population extrapolation.

METHODOLOGY

Sword’s methodology for estimating the ROI for the Thrive program is rooted in a retrospective (observational)
matched cohort study. This study’s outcomes rely on a DiD approach applied between an intervention (Thrive) cohort
and a control cohort. Confounding population differences between the Thrive and control cohort individuals are
mitigated through propensity score matching (PSM) as well as exact matching. Sword uses the DiD estimate of cost
differences between the PSM-matched Thrive cohort and the control cohort to calculate a per-person savings
amount. For performance guarantees, this amount is calculated as average per-person MSK savings divided by fees
charged for all participants in the intervention cohort. For other reporting purposes, results may be extrapolated to the
population of interest and presented under varying definitions of estimated return-on-investment.

Matching incorporates clinical and demographic factors, including MSK condition, index timing, geography, and
utilization history. Sword specifies balance thresholds (standardized mean differences < 0.10 and variance ratios
between 0.5 and 2.0), which are consistent with commonly accepted diagnostic criteria?. Alternative matching
specifications may be used in some scenarios; our review was limited to the standard set of matching criteria, which
includes the following:

e Demographic characteristics
o Age, gender, and geography
o Plan type & network access
o Number of member months pre and post MSK index event
o Index event month and quarter
o Index event MSK condition
e Health status and behaviors
o Allowed cost and utilization metrics
o Member’s condition progression based on the 12 months prior to MSK index event
o Number of pre-existing MSK conditions
o Type of condition
o  Comorbid-related chronic conditions, including diagnosis, utilization and allowed cost
o Risk score

After matching, DiD is used to measure differences in cost between pre- and post-intervention periods. DiD on
allowed cost is estimated for each matched pair with clustered standard errors.

Allowed claims amounts serve as the primary cost basis, aligning with common actuarial practice. When only paid
claim amounts are available, Sword applies a fixed 80/20 paid-to-allowed conversion factor. Annualization is applied
when members have fewer than 12 months of post-period enrollment.

Category-level attribution is constructed using procedure-based logic for surgery, physical therapy, imaging, office
visits, and other MSK services. Concurrent care pathways such as injections, chiropractic care, opioid management,
or employer-sponsored MSK programs may also influence observed results. Matching and DiD reduce, but do not
completely eliminate, these effects.

2 https://atm.amegroups.org/article/view/22865/html
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Discussion

The ROI methodology submitted by Sword relies on a retrospective observational study using propensity score
matching followed by a DiD methodology to measure changes in medical spending for program participants relative
to a matched comparison cohort. The methodology is intended to estimate the impact of the Thrive program on MSK
allowed cost. This structure is consistent with approaches commonly used in digital health and care management
evaluations where randomized trials are not feasible and administrative claims data are used to measure financial
outcomes. We have a few comments on the application of this structure as it relates to Sword’s methodology:

e The use of therapy claims for comparison group selection promotes clinical comparability but narrows
external generalizability to populations with similar care-seeking profiles.

e Matching relies on observed claims-based characteristics, and residual confounding related to unobserved
clinical or behavioral factors remain and may materially influence the reported savings estimates.

e The fixed 80/20 paid-to-allowed claims conversion factor may not reflect all benefit designs, and converted
amounts should be identified separately from results based on observed allowed claims data.

e  While annualization for members with less than 12 months of eligibility preserves sample size, annualized
values represent extrapolated spending and should be labeled accordingly.

e Comorbidity categories may help contextualize indirect effects; however, conclusions are limited to financial
outcomes rather than clinical effectiveness, as administrative claims do not measure pain, function, or
range-of-motion improvement.

e Adjustments for outlier claims rely on truncation rather than exclusion, which supports sample comparability
but may reduce the precision of the financial impact estimates for high-cost individuals.

e Because results are sensitive to the participating cohort definition, matching assumptions, claims paid-to-
allowed conversions, population attribution rules, and extrapolation, findings should not be interpreted as
guarantees of future performance. Differences in population characteristics, provider practice patterns, plan
design, and availability of other MSK interventions may yield results that differ from those reflected in the
methodology reviewed.

The analytic framework is limited to members who used the program, rather than all members who met eligibility
criteria and had access to the program. Because the intervention cohort is defined by engagement, results reflect
outcomes among members who elected to participate. These individuals may differ systematically from members
who elect not to participate. Sword’s methodology does require an index event (active care-seeking) in the control
group in an attempt to mitigate selection bias, but there is no way to completely control for the impact of selection
bias effects. Unobserved factors such as motivation, clinical severity, or care-seeking preferences may influence both
the likelihood of engagement and downstream utilization. As a result, outcomes may be subject to residual selection
effects when compared to the broader eligible population and should be interpreted accordingly. This selection bias
could result in higher or lower expected costs and utilization compared to average overall population costs and
utilization.

= For example, if individuals who opt into the Thrive program are more willing to engage in activities that will
improve their healthcare outcomes and have been taking steps to manage their own care in the absence of
the program, this could drive a reduction in the likelihood of a surgery that is difficult to control for in the
program impact methodology (thus overstating the impact of the Sword program interventions).

= As another example, if individuals who opt into the Thrive program are drawn to participate due to their
higher level of clinical risk or difficulty managing their own care or costs due to its complicated nature, this
could drive an increase in the likelihood of a surgery that is difficult to control for in the program impact
methodology (thus understating the impact of the Sword program interventions).

Many factors impact healthcare costs, utilization, and outcomes, and impacts may not be fully attributable to the
Thrive program’s interventions. The Thrive program’s cost impact estimates should be evaluated alongside other
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metrics to help validate the plausibility of results. The following types of metrics may provide additional insight on the
cost impacts of the program:

=  Existence of a dose-response relationship — whether groups with higher use of the Thrive program have
better risk-adjusted financial results than groups with lower use of the program.

=  Whether increases in Thrive program engagement are associated with reductions in total cost of care, and
whether those reductions are greater than the total cost of care reductions observed in groups without
similar engagement increases.

This assessment is intended for informational and decision-making purposes. Milliman does not endorse the Thrive

program or other Sword intervention. No opinion is offered regarding clinical effectiveness, pain reduction, functional
improvement, or appropriateness of treatment. Results were not validated against de-identified claims and were not
replicated using raw data. All conclusions are limited to the written methodology and supporting documents supplied
to us for the report and publicly available information.

Caveats, limitations, and qualifications

Erin Birkeland and Austin Barrington are members of the American Academy of Actuaries and meet the qualification
standards to render the actuarial opinion contained herein. To the best of our knowledge and belief, this report is
complete and accurate and has been prepared in accordance with generally recognized and accepted actuarial
principles and practices.

This report summarizes our evaluation of the standard Sword ROl methodology for estimating the potential financial
impact of the Thrive program. It may not be appropriate, and should not be used, for other purposes. If distributed to
third parties, this report must be shared in its entirety. We do not intend this information to benefit, or create a legal
liability to, any third party, even if we permit the distribution of our work product to such a third party. Those reviewing
Sword’s estimations should take full responsibility for interpreting the results, which should be reviewed by someone
knowledgeable in the areas of healthcare data and impact estimations.

In performing this review, we relied on data and other information provided to us by Sword Health. We have not
audited or verified this data and other information. If the underlying data or information is inaccurate or incomplete,
the results of our analysis may likewise be inaccurate or incomplete. An employer group or health plan’s savings from
offering the Sword Thrive program will vary from those estimated by the methodology reviewed for many reasons
including factors such as differing member demographics and risk profiles, claim cost and utilization actuals, practice
pattern differences, and random variation. It is important that Sword and its clients monitor actual experience and
make adjustments to inputs, assumptions, and methodology, as appropriate.

While we find Sword’s standard methodology for estimating ROI and outcomes to be logically structured, all
methodologies, algorithms, and formulas are by nature assumption driven. We are not commenting on the specific
assumptions chosen for any particular estimation of the Thrive programs’ impacts performed for any Sword client. We
did not attempt to replicate Sword’s assumptions, recalculate any results, test for potential omissions, weaknesses, or
biases. Furthermore, we did not review Sword’s specific Thrive activities or whether those activities would produce
results to demonstrate a causal relationship between Thrive activities and resulting cost, utilization, and adherence
impacts.
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