Interpreting the All-Future DeepHealth Model
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The all-future DeepHealth model should be interpreted as a history-conditioned incident
disease and mortality risk model. At a query time ¢, the hidden state h(¢) summarizes the
observed history up to that time, and the model estimates future first-occurrence risks for dis-
eases in the model vocabulary, together with future mortality risk. The model does not directly
estimate current clinical disease burden, organ damage, frailty, disease severity, recurrence risk,
or disease-specific weights. Those quantities require labels, mappings, weights, or supervision
that are not part of the present model.
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1 English

1.1 Model Object

For individual 4, let H;(¢) denote the observed history up to query time ¢. The all-future model

produces

hi(t) = fo(Hi(t)),
and, for each disease token d in the modeled disease vocabulary D, estimates a future first-
occurrence risk over a horizon 7:

Pid(t,7) = Po(Tiq € (t,t+ 7] | hi(t)),

where T 4 is the first observed occurrence time of disease d. If the model includes a death endpoint,

it also estimates

pi,death(ta 7-) = P@(T%,death € (tv 1+ 7_] ’ hl(t)) :
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The disease sequence is a first-occurrence sequence. Therefore, from the input history itself
we know

m;q(t) = H{Tjq < t}.

This historical indicator is not learned by the model; it is read directly from the event history.

1.2 Masking Already Occurred Diseases

For a disease that has already occurred before or at ¢, the model output for that disease
should not be interpreted as recurrence risk or current disease activity. For future incident disease

summaries, already occurred diseases should be masked:
pid (7)) = [1 = mia(t)lpia(t, 7).

1.3 Directly Supported Quantities

The current model directly supports the following quantities.

Disease-specific future first-occurrence risk. For each modeled disease d,
pid (t7)

is the estimated risk that disease d newly appears within the next 7 years, conditional on the history

summarized by h;(t).

Future mortality risk.

Di death (ta T)

is the estimated probability of death within the next 7 years. Death is a terminal endpoint and

should not be treated as an ordinary disease burden weight.

Future incident disease risk in a specified set. For any analyst-specified subset of disease

tokens G C D, the model can summarize future incident risk within that set:

RE(t,r)=1— ] [t -} (t.7)] -
deG
This quantity answers: “What is the model-estimated probability that at least one not-yet-observed
disease in G first occurs within the next 7 years?” It does not include death. Mortality risk should
be reported separately as p; death(t, 7)-
If G is called an organ system, the disease-to-organ grouping is external to the model and

should not be described as a learned organ score.



1 ENGLISH 3

1.4 Model Attribution to Predicted Mortality Risk

The model can also be queried for a model-internal attribution of historical disease sets to

predicted mortality risk. For a disease set G, define the original mortality risk as
D e (),
and the risk after deleting historical disease tokens in G from the input history as
Prteatn (1 7)
On the probability scale, the attribution is
AP (67) = gt (7) = Pl geain (6.7
A more stable primary scale is the cumulative-hazard scale:
Aj deatn (t, 7) = —log [1 — pi deatn(t, 7)) 5
AAC(t,7) = A% (1) — ACD) (¢, 7).

i,death i,death

This quantity should be described as model attribution to predicted mortality risk. It is not a

causal contribution, not an organ damage score, and not a clinical disease-burden weight. Because

diseases can interact within the trajectory model, deleting an organ/system as a whole is generally
more interpretable than summing single-disease attributions.

1.5 Historical Counts Are Not Model-Derived Burden

One may count observed historical diseases:

B;’liStOI‘y(t) — Z mz7d(t)

deD

This quantity is a direct count from the input sequence. It does not require the model and should
not be presented as a model-derived disease burden score. Without disease severity labels or disease

weights, it treats all disease tokens equally.

1.6 What the Current Model Does Not Estimate

The current model does not directly estimate:
e current clinical disease burden;
e organ damage, organ age, or organ functional reserve;

o frailty or frailty weights;
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o severity of a newly diagnosed disease;
e recurrence risk after first occurrence;
o relative clinical importance of different disease tokens.

These interpretations require additional labels, mappings, weights, or model training objec-

tives. Using the present all-future model to claim these quantities would be over-interpretation.

1.7 Post-Onset Prognosis for the Same New Disease

For a disease d that newly occurs at time 7; 4, the model cannot infer the clinical severity of
that disease itself. However, after the disease has entered the history, one may query the model

again and compare subsequent future risks:

pie (Tia:7), e#d, Pideath (Ti,d; T)-

This supports a prognosis-oriented statement: the same incident diagnosis may be followed by
different future disease and mortality risk profiles in people with different prior trajectories. It

should not be described as direct disease severity.

1.8 Future Extension with Reliable Recurrence Data

The above interpretation is constrained by the first-occurrence nature of the current disease
sequence. UK Biobank does not provide a reliable longitudinal record of disease recurrence, relapse,
repeated admissions, treatment escalation, or episode-level severity for the modeled disease tokens.
Therefore, the present model cannot be used to estimate recurrence risk or ongoing disease activity
after first onset.

If reliable recurrence or repeated-event data were available, one could define a different mod-
eling target. Let N;4(t) be the counting process for all episodes of disease d, not only its first

occurrence. A recurrence-aware model could estimate the future increment
Py(Nia(t +7) = Nia(t) >0 hi(t)),
or the expected number of future episodes
Eg[Nia(t +7) — Nialt) | hi(t)] .

For individuals with m; ¢(t) = 1, this would support a genuine post-onset interpretation of future
recurrence or disease activity. For individuals with m; 4(t) = 0, it would remain an incident disease
risk.

With such data, the model could also separate three clinically different quantities:



2 ¥ 5

o incident risk: the first future onset of a disease not yet observed;
e recurrence or repeated-event risk: future episodes after a disease has already occurred;
o mortality risk: a terminal endpoint that competes with future non-fatal events.

If recurrence episodes were linked to reliable episode-level severity labels, such as hospitalization
intensity, treatment escalation, or validated severity grades, then a further supervised model could
learn severity-aware prognosis. These extensions would require new data and new training targets;

they are not available from the current all-future first-occurrence model.
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3 Recommended Wording

English. The all-future model is a history-conditioned incident disease and mortality risk model.
Its outputs support separate reporting of future mortality risk and future incident disease risk over
analyst-specified disease sets. Historical disease sets may be ablated to obtain model attribution to
predicted mortality risk, but this is not causal contribution and does not directly quantify current

disease burden, organ damage, frailty, or disease severity.
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