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Abstract- This study develops a quantitative and operational framework for
expanding palliative care access for older adults while enforcing equity and
environmental sustainability constraints. We model palliative care benefit as
B(c,q,t)=c"a q"p t"y, where ¢ is coverage (the share of eligible older adults reached), q
is quality (clinical and psychosocial guideline fidelity), and t is timeliness (speed of
symptom-responsive intervention), with exponents o,8,y€(0,1) capturing diminishing
returns. System performance is summarized using: a composite score S=w T
[c,q,t.e,x_"env ™ ], an equity index e based on subgroup reach (for example, rural
women >75 living alone), a sustainability guardrail x_"env " measuring footprint per
service unit, and a gap-totargets metric G=Ix""policy " -x""obs " | 2. We formulate a
resource allocation problem under real constraints - clinical/volunteer capacity H/(tP),
per-person budget costs k_c,k_q,k t, and a quarterly ceiling B - and derive a practical
decision rule: invest first in the lever (outreach to raise c, training/supervision to raise
g, or triage redesign to raise t ) with the highest marginal impact per rupee,
max {(0B/oc)/k_c,(0B/oq)/k_q,(0B/ot)/k_t }, unless equity or sustainability thresholds
are violated. Using illustrative scenarios, we show how modest simultaneous
improvements in c,q,t can raise B from approximately 0.55 to 0.63 at district scale,
reduce caregiver strain, and potentially avoid costly acute-care crises. We also
demonstrate portfolio comparison through a cost-effectiveness-footprint Pareto map
and unmet-need heatmap for geographic staging. This work provides a replicable
dashboard for gerontological systems, linking palliative care delivery to measurable
benefit, budget justification, equitable reach, and low-footprint expansion, in line with
calls for integrated, early, community-linked palliative care in ageing societies.

Keywords- Palliative care access; gerontological systems; benefit function B(c,q,t); equity
index e; environmental sustainability guardrail x_"env " ; composite score S; gap-to-targets G;
marginal impact per rupee; cost-effectiveness; ageing populations.

. Introduction

Palliative care (PC) in ageing societies seeks to relieve suffering, improve quality of
life (QoL), and provide family/caregiver support across serious illness trajectories-not
only at end-of-life but throughout chronic, multimorbid conditions typical of older
adults [1]. Yet access remains uneven: globally, the majority of people with serious
health-related suffering reside in low- and middle-income regions with limited
coverage, medication access, and trained workforce [2]. Even where services exist,
timeliness, quality, and affordability can be inconsistent, and caregiver burnout can
negate gains. Integrating PC into gerontological systems requires an approach that is at
once needs-responsive, equity-aware, and environmentally responsible as services
scale.
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We propose a compact analytic frame that connects coverage c (share of eligible older
adults who receive essential PC), quality q (guideline fidelity and symptom
management competence), and timeliness t (speed of assessment and response) to a
benefit function B, while safeguarding a sustainability guardrail x_"env " (inverse
footprint per unit of service). This yields a dashboard for planning, monitoring, and
continuous improvement, compatible with pragmatic data commonly available to
health and social care teams.

Needs & Burden Resources Financing & Policy
(symptoms, QoL gay workforce, meds, beds (benefits, WHAG67.19)
/ Coverage ¢ Quality q Tlme}'mess t
(eligibility reached) (guideline fidelity) (SLA hours)
Patient Outcomes Caregiver Outcomes System Impact
(QoLt, burdeni) (burnout!, grief suppo (admissions !, costsi)
s /

Sustainability Guardrail x_env
(low footprint per service unit)

Figure 1. Palliative Access & Sustainability: Inputs — Mechanisms — Outcomes

A systems view showing how needs/policy/resources map to coverage ¢, quality g, and
timeliness t, which then produce patient, caregiver, and system outcomes subject to a
sustainability guardrail x_"env ".

Contributions and research questions

This paper: (i) formalizes PC access and sustainability via a tractable benefit function,
(ii) develops indicators and constraints for capacity and budget, (iii) demonstrates a
quarterly decision rule for choosing between outreach (raising c), training/supervision
(raising q), and process redesign (raising t), and (iv) illustrates cost-effectiveness and
equity-aware prioritization with stylized scenarios. We address:

e How do incremental changes in c,q,t translate to benefit B under realistic
constraints?

e Under what circumstances should programs invest first in outreach vs training vs
response time improvements?

e How can cost-effectiveness and environmental guardrails be co-optimized for
sustainable PC scale-up?
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I1. Background and Analytical Framework

Palliative care in ageing systems

Palliative care is recommended as an integrated, team-based service embedded at all
levels of care, from home- and community-based models to hospital consults and
inpatient units [1], [3]. Key barriers include weak identification/eligibility processes,
inadequate symptom management, opioid availability issues, workforce shortages, and
fragmented financing [2], [4]. Evidence supports early PC integration, structured
symptom assessment, and caregiver support as drivers of QoL and value [3], [5].

Benefit model and indices
We posit a multiplicative benefit function with diminishing returns,

B(c,q,t) = c“thV, a, B,y € (0,1)
interpretable as the share of need averted given who is reached (coverage), how well
care is delivered (quality), and how quickly (timeliness). This is consistent with
implementation science that shows reach and fidelity jointly drive effect, with further
gains when delays are reduced [6], [7]. We summarize system performance by

§= WTX:X = [C'Q. t;e:xenv]:w = 0;2 wj = 1
J
where e is an equity index (e.g., 1- Gini of subgroup coverages: women >75 living
alone, rural elders, disability). The gap to targets is G=Ix""policy " -x""obs " | 2,
anchoring program direction to explicit targets [7], [8].

< 1.0 0.0

Figure 2. Benefit Surface with Contour Projections (t fixed)

A 3D surface of B = ¢%°¢%7¢%48, with contour projections to stress that joint gains in
¢ and g compound multiplicatively.
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Capacity, budget, and feasibility

Let H be available clinical/volunteer hours per quarter, T the average time per PC
encounter (including travel and documentation), and P the eligible elder population.
Then

H
¢ < min {1,;}
Let k_c be the unit cost for outreach/encounters (transport, kits), k_g the unit cost for
training/supervision and decision support, and k_t the unit cost for timeliness
improvements (oncall coverage, triage redesign). With quarterly budget B,
kccP + kqaqP + ki tP < B
The allocation problem is

H
magc“qﬁty st.0 < c < min {1'T_P}' 0<gq,t<1kcP+kyqP +k,tP<B.
ca,

At an interior solution (capacity slack), the Kuhn-Tucker conditions give the balance
rule

B 9B 4B

9c_9%4 _ot_*_FP _v

ke kg ke ke kgq ket
When capacity binds, set c=H/(tP) and allocate remaining budget to q and t by the same
marginal-impact-per-rupee rule. This yields implementable quarterly decisions.

Sustainability guardrail

We define x_"env " €[0,1] as the inverse of normalized footprint per service unit,
combining energy, transport, and disposables. Expansion is paused if x_"env" declines
over two consecutive quarters; routing, scheduling, and procurement are then adjusted
(shared routes, reusable items, lowwaste Kits) [8].

I11. Methods

Design and data

We use an implementation-focused, mixed-methods approach: (i) a quarterly
administrative panel from palliative teams (encounters, response times, training
records, opioid availability, supervision logs, consumables/transport), (ii) a short
patient/caregiver survey (symptom burden, QoL, caregiver strain), and (iii) facility
audits for accessibility and environmental metrics. Patient data are de-identified;
analyses are conducted at aggregate level. Ethical oversight follows institutional SOPs.

Measures

e Coverage c : elders receiving essential PC / eligible elders (overall and by
subgroup).

e Quality q: fidelity to core processes (e.g., symptom assessment scale use, analgesic
ladder steps, care plan updates) summarized as a 0-1 score.

e Timeliness t : inverse of response time to trigger (e.g., first visit within 48 h),
normalized 0-1.

e Equity e:1- Gini of subgroup coverage.

e Sustainability x_"env " : inverse normalized footprint per encounter.
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e  Benefit B:c"a q"p t"y (default 0=0.5,$=0.7,y=0.4, stress-tested).
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e Composite S and gap G : as above.

Table 1. Indicator set, definitions, and sources (quarterly)

Construct Symbol Definition Source

Coverage c Served / eligible elders Admin panel

Quality q 0-1 guideline fidelity

Timeliness t Normalized response time Dispatch &

Vi

Equity e 1-Gini over  subgroup Admin
coverages disags

Sustainability | x.,, Inverse footprint per Ops logs &
encounter al

Benefit B c*qPty Derived

Composite S w'[c,q,t, e Xenyl Derived

Gap G ||xpoli°y — xObs ||2 Derived

Estimation

We estimate marginal effects via:

Bdt = 90 + Qccdt + gqth + Httdt + ATZdt + ad + Tt + gdt’

with district (a_d ) and quarter ( T_t ) effects; Z dt includes staffing, opioid stockouts,
and bed availability. For staggered rollouts, we use difference-in-differences to estimate
effects of training or triage redesign on g and t.

Cost and cost-effectiveness

Total quarterly cost C = k.cP + kqqP + ktP + C, (fixed operations). We report X per
1-point gain in B and % per deterioration prevented (when binary symptom crises are
tracked). Options are compared on a Pareto map (non-dominated in cost-impact-
footprint space).

Symptom/Qol improvement (percentage points)

Compeehensive package

$taged combo (mads + outreach)

Integrated clinic pall. tahm

b‘!om--baud pall, outreach

Essential meds « traning

[ /247 halpiine & trisge

L
1000

1500 .‘i’,:)’.l JS‘(ZU !l'.:fo l‘A.\.O 4‘3":0
Cost per beneficlary (¥ per quarter)

Figure 3. Cost-Effectiveness-Footprint Pareto Map
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Bubble chart of illustrative program options; bubble size encodes x_"env " . The Pareto
line connects non-dominated choices-those achieving higher impact at equal or lower
cost.

Missing data and robustness

Short missing runs are last-observation-carried-forward, flagged. Bootstrapped
confidence intervals accompany B,S and ICERs. Sensitivity analyses sweep
(0,B,y)€[0.3,0.8] and alternative normalizations (min-max vs anchor-based). Rank
stability for portfolio choices is checked via Dirichlet perturbations of w.

IV. Results (Illustrative Scenarios)

Baseline and improvement scenarios
Assume P = 10,000 eligible elders across districts; capacity H/(tP) = 0.55 (i.e., c <
0.55 ). Baseline quarter: ¢ = 0.45,q = 0.62,t = 0.60,e = 0.78, x,,, = 0.72. With
a=0.53=0.7y=04,

B, = 0.45%° x 0.62%7 x 0.60%* ~ 0.55.
Scenario A (training-first): invest to raise q from 0.62 — 0.72 at constant c,t: B, =
0.61(= 6 points).
Scenario B (outreach-first with routing): raise c from 0.45 — 0.55 (capacity limit) and
marginally improve x.,, Vvia route clustering; g, t unchanged: Bg = 0.60.
Scenario C (triage redesign): raise t from 0.60 — 0.78 (faster response), minor admin
cost; B¢ = 0.63.

The marginal impact per rupee rule prioritizes C vs A vs B depending on unit costs
ke, kg, ke. Where on-call/triage redesign is relatively cheap, timeliness can yield
outsized gains due to symptom-crisis prevention.

Equity and subgroup dynamics

Disaggregating c shows rural women > 75 living alone at c¢(® = 0.28 against overall
0.45. Equity e = 1 — Gini({c(®}) rises when retargeting sets reserved slots and mobile-
day routes for this subgroup. Despite an improved overall S, decisions are dominated
by equity guardrails when e < 1, (e.9., T = 0.80).

Unmet need and geographic prioritization
We compute unmet need U = need - access at district level and visualize clusters that
require deployment.
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Figure 4. Unmet Palliative Need Heatmap

Districts D1-D8 grouped 2 X 4; higher values denote gaps where deployment will yield
larger returns, guiding outreach waves.

Cost and ICERs

Assuming unit costs k. = X300, k, = X350, k, = X180 per person-quarter and C, =
25,000, Scenario A (training) costs ~ ¥3.5M for P = 10k ata 0.10 rise in q; Scenario
C (triage) costs =~ 31.8M for a 0.18 rise in t. If B gains are 0.06(A) vs 0.08(C), Z/1-pt
is =~ I58k(A) vs T 22.5k(C). In the Pareto plane (Figure 3), Scenario C is non-
dominated and preferable unless training yields stronger spillovers on q.

V. Implementation and Policy

Governance and operating model

Implement via district MOUs defining the essential PC package
(identification/eligibility; symptom assessment; analgesic ladder and adjuvants; care
planning; caregiver support; bereavement) and minimal data to compute c, q, t, €, Xey -
Operating cells: coverage lead (routes/scheduling), quality lead (training/supervision),
timeliness lead (triage/oncall), equity focal, sustainability focal.

Quarterly cadence and decision rules
e Month 1: refresh training; update triage; optimize routes; confirm opioid stocks.
e Month 2: deliver and supervise; run peer review ( 5 — 10% encounters).
e Month 3: mini-audit; compute dashboard; apply marginal-impact-per-rupee rule
0B/ dc 9B/ oq 0B/ dt
ax{ kc ' kq ' kt }'
subject to ¢ < H/(tP), equity e > T, and x.,, hot declining.

Sustainability and accessibility
Route pooling and fixed-day clusters reduce kilometers traveled; low-waste kits and
reusable items (where hygienically appropriate) raise x.,, . Accessibility standards-
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barrier-free entries, large-print materials, phone+in-person redundancy-are tracked,;
expansions pause when x,, falls in two consecutive quarters.

Financing and value

Public financing and mission-aligned philanthropy can co-fund with results-linked
disbursements referencing S and G. Budget justifications use the allocation rule and
ICERSs, ensuring investments that improve B and protect equity and guardrails.

V1. Discussion

This framework helps gerontological systems move from intention to audited
improvement. The multiplicative form of B makes clear that coverage without quality
(or vice versa) leaves value unrealized, and that timeliness is not merely a convenience:
in serious illness, delays convert
manageable symptoms into crises with hospitalizations, caregiver distress, and excess
cost. The capacity and budget constraints, while simple, mirror real bottlenecks-
workforce hours, travel times, training bandwidth, and routine procurement.

Our scenarios indicate that in many contexts a timeliness-first or balanced package may
yield larger returns per rupee than training-only or outreach-only pushes, but the exact
choice is data-dependent. The inclusion of e and x.,, prevents “improvements” that
widen disparities or externalize environmental costs. The figures provide actionable
visuals: a 3D benefit surface for intuition, a Pareto map for portfolio selection, and a
heatmap for geographic staging.

Limitations include measurement noise (checklists, response-time logs), normalization
choices (anchors vs min-max), and partial observability of true need. We mitigate with
sensitivity analyses and by focusing on relative improvements and non-dominated
program choices. Future work should estimate subgroup-specific elasticities (o, B, y),
integrate opioid availability indices, and link to outcomes like avoidable hospital days.

VII. Conclusion

What this paper delivers

This work develops a compact, auditable framework to guide palliative care (PC)
expansion for older adults under real-world constraints. The core contribution is a
benefit model

B(c,q,t) = c*qPt,a, B,y € (0,1)

that explicitly ties coverage c, quality g, and timeliness t to measurable program benefit
with diminishing returns. Around this engine, we specify a small set of governance
indices-a composite score S = w'[c, q, t, €, Xepy ], aN equity index e, an environmental
guardrail X, , and a gap-to-targets metric G = [[x"¥ — x°® ||_-that together enable

district teams to plan, monitor, and adapt on a quarterly cadence. The approach yields
practical, data-driven decisions: choose among outreach (raise c), training/supervision
(raise q ), and triage/process redesign (raise t ) by marginal impact per rupee, subject
to capacity, equity, and sustainability constraints.
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Key quantitative insights

Multiplicative compounding: Small concurrent increases in c and q (and, where
affordable, t ) multiply to produce outsized gains in B. In our scenarios, realistic
quarterly improvements moved B from ~ 0.55 to = 0.63 without heroic spending.
Timeliness matters: Improvements in response time t reduce symptom crises and
protect caregiver bandwidth; when the unit cost k. is modest (e.g., redesigning
triage/dispatch), raising t can outperform training-only or outreach-only pushes on
/benefit-point.

Capacity and budget shape the frontier: When c is bounded by H/(tP), trainingfirst
(raise q ) is optimal; when capacity is slack and outreach is cheap, outreachfirst (raise
¢ ) dominates. The Kuhn-Tucker balance rule

o« _B_v

ke kqq ket
offers a transparent justification of resource splits.
Guardrails prevent hollow wins: Equity e and sustainability x., prevent
"improvements™ that widen disparities or externalize environmental costs. Decision
dominance rules (e.g., retarget if e < t,; pause expansions if x., 1 across two
quarters) are simple to enforce and highly protective.

Policy and practice implications

Contracts that measure what matters: MOUSs should name the essential PC package, set
quarterly anchors ( ct,qf,tf,ef,x! ), and require minimal data to compute
B,S, e, Xen » G.

Budgeting with credibility: The marginal-impact-per-rupee rule and the capacity cap
c < H/(tP) let planners defend budgets with explicit trade-offs. Portfolio selection
using a Pareto map (cost-impact-footprint) identifies non-dominated options and
exposes false economies.

Quarterly improvement cycles: A light train-deliver-audit-decide rhythm (with peer
review of 5—10% of encounters) is enough to sustain fidelity and adapt
routes/dispatch.

Equity as a first-class objective: Reporting e by subgroup (e.g., rural women > 75,
persons with disability) makes inequities visible. Reserved slots, mobile-day routes,
and targeted outreach are triggered automatically when e < ..

Sustainability as an operational constraint:  Tracking kilometers, energy, and
disposables per encounter is feasible and meaningful. Route pooling and low-waste Kits
improve x.,, While saving money.

Methodological contributions

From narrative goals to solvable programs: We convert qualitative aims (reach, quality,
promptness, fairness, sustainability) into a solvable allocation problem with closed-
form balance conditions in the interior and clear corner behavior under constraints.
Interpretable, auditable indices: The indices B, S, e, Xqpny, G require short, routine data
and produce replicable decisions. They are model-light (Cobb-Douglas benefit;
Euclidean gap) yet sufficient for quarterly governance.
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Visualization for decision-making: The benefit surface provides intuition for returns to

G q,

the Pareto map clarifies trade-offs among options; the unmet-need heatmap guides

geographic staging.

Practical playbook (what to do Monday morning)

(i)

Baseline the dashboard: Compute ¢, q, t, €, X,y , B, S, G with current data; set
anchors with stakeholders.

(if) Identify the binding constraint: If c is near H/(tP), prioritize q and t; if not,

compare (dB/ dc)/k. with (dB/ dq)/kq and (0B/ at) /K.

(iii) Run two low-regret moves: (i) micro-fidelity boosts (checklists, short

refreshers, peer review), (ii) route pooling/fixed-day clusters (usually improves
both c and x., ).

(iv) Enforce guardrails: retarget if e < t,; pause expansions if x.,, declines for

two quarters.

(v) Repeat quarterly: re-estimate o, 8, y and stress-test w to ensure rankstable

choices.

Limitations and scope conditions

Measurement noise: Checklist fidelity, response-time stamps, and footprint logs
include error; spot audits and stable anchors reduce drift.

Normalization choices: Min-max vs anchor-based scaling can shift S; we address
this with sensitivity sweeps and by reporting absolute component values
alongside the composite.

Partial observability of need: Our unmet-need heatmap is illustrative unless
paired with better need models (e.g., symptom registries, opioid stockout
indicators).

Generalizability: The multiplicative form is widely useful but may understate
interactions (e.g., threshold effects in symptom control). Extensions can add
interaction terms or use flexible transforms (e.g., log-sum-exp).

Future directions

Elasticities that learn: Estimate subgroup/district-specific ( o, 8,y ) from routine
data, enabling context-aware optimization.

Deeper equity modeling: Replace e with inequality-sensitive measures that
incorporate severity weights or intersectional disadvantage.

Richer sustainability: Expand x.,, to include accessibility (barrier-free entry,
digital reach) and supply-chain impacts, with standardized, low-burden metering.
Pragmatic trials: Embed stepped-wedge or staggered rollouts to identify causal
effects of training or triage redesign on q and t; link to avoidable admissions and
caregiver outcomes.

Integration with financing: Pilot results-linked contracts keyed to S,e, and
maintenance of x.,, , encouraging scale without sacrificing fairness or footprint.

Final remarks
Palliative care for ageing populations fails not for lack of intention but for lack of
operational clarity. By focusing on a small set of indices and a principled allocation

rule,

health systems can move from aspiration to audited improvement: more elders
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reached, higher-fidelity care, faster relief, fairer distribution, and lower footprint per
encounter. The framework is intentionally lightweight-it fits the realities of district
teams-yet it is rigorous enough to allocate budgets, justify portfolios, and sustain
improvements quarter by quarter. With shared dashboards and transparent decision
rules, gerontological systems can make palliative care access and sustainability not just
a policy promise but a measurable, maintained practice.
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