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Your therapist is about to get a translator they never knew they needed—and it speaks
fluent heartbeat.

The 86,400-Second Problem Nobody Solved Until Now

Here's a number that should bother you: 86,400.

That's how many seconds of physiological data your smartwatch collects every single day.
Heart rate variability. Sleep stages. Step counts. GPS movement patterns. Skin temperature
fluctuations. Your wrist-worn device is essentially running a continuous clinical trial on a
sample size of one—you.
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Now here’'s another number: 200.

That's roughly how many words appear in a typical clinical summary. Two hundred words to
compress an entire week of living, breathing, moving, sleeping, stressing human existence
into something a healthcare provider can scan between appointments.

The translation gap between 86,400 seconds and 200 words isn’t just an inconvenience.
It's a $10 billion market failure hiding in plain sight. The wearable health industry has spent
years perfecting data collection while almost entirely ignoring data translation. We've built
sophisticated sensors that can detect atrial fibrillation, predict ovulation cycles, and
estimate blood oxygen levels—but we've left clinicians drowning in dashboards and
patients clutching printouts nobody has time to interpret.

The dirty secret of digital health is that more data hasn't meant better care. It's
meant more noise.

Until December 28, 2025, when a research team published something that might actually
fix this. They call it LENS—LLM-Enabled Narrative Synthesis—and it represents the first
serious attempt to make language models fluent in the dialect of your autonomic nervous
system.

What LENS Actually Does (And Why It's Different From
Everything Before)

Let me be precise about what LENS accomplishes, because the healthcare Al space is
littered with vaporware and overpromised demos.

LENS takes raw multimodal sensor streams—we’re talking GPS coordinates, step counts,
heart rate measurements, sleep architecture data, and smartphone usage patterns—and
projects them directly into the representation space that large language models
understand. Then it generates clinical narratives that mental health professionals can
actually use.
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Not summaries. Not bullet points. Not risk scores.
Narratives.

The difference matters enormously. A risk score tells a psychiatrist that a patient'’s
depression indicators increased 23% this week. A narrative tells them: “Your patient’s
symptoms appeared to intensify Thursday afternoon, following three consecutive nights of
fragmented sleep averaging 4.2 hours and a marked reduction in social mobility—GPS data
shows they remained within a 200-meter radius of their home for 72 hours, compared to
their baseline weekly range of 8.3 kilometers.”

One is a number. The other is a story that maps onto how clinicians actually think about
patient trajectories.

The Technical Architecture That Makes This Work

LENS uses a patch-level encoder to process longitudinal behavioral and physiological
signals. If you're familiar with how vision transformers break images into patches before
processing, the concept translates: continuous sensor time series get segmented into
meaningful chunks that can be aligned with language model representations.

This is fundamentally different from how most healthcare Al systems handle sensor data.
The traditional approach involves:

1. Collecting raw sensor streams

2. Running them through specialized ML models to extract features

3. Converting those features into structured data

4. Using that structured data to generate text via templates or basic NLG

LENS collapses steps 2-4 into a single representation alignment process. The sensor
streams become a native input modality for the language model itself, not a separate data
type that needs to be pre-digested and translated through multiple intermediary systems.

The breakthrough isn’t that an LLM can write about health data. It's that an LLM
can read health data the way it reads text—as a continuous stream of meaning,

www.arturmarkus.com | 3



Sensor-to-Story: How Language Models Are Finally Learning to Read
Your Body's Raw Data—And Why Clinical Narratives Are the Missing
Link Healthcare Al Forgot

not a lookup table of pre-computed features.

The Data Behind the Claims

Research papers in this space often launch with impressive architecture diagrams and land
with underwhelming validation. LENS doesn't fall into that trap.

The framework was built on a dataset of over 100,000 sensor-text QA pairs generated
from real-world longitudinal mental health monitoring. This wasn’t synthetic data or
simulated sensor streams—it came from 258 actual participants tracked over 90 days in a
depression and anxiety study using Garmin wearables and Android smartphone apps.

Metric Value Significance
Sensor-text QA pairs 100,000+ Largest known dataset for sensor-to-narrative alignment
Study participants 258 Real patients with depression/anxiety diagnoses
Monitoring duration 90 days Captures longitudinal behavioral patterns
Clinician evaluators 13 Mental health professionals validating output quality

The validation study is where this gets interesting. Thirteen mental health professionals
evaluated LENS-generated narratives for clinical meaningfulness and comprehensiveness.
The results confirmed that these weren’t just grammatically correct summaries—they were
clinically useful documents that mapped onto how practitioners actually assess patient
status.

Why This Matters More Than Another Chatbot

| want to be direct about something: the Al healthcare space has a credibility problem.

We've seen years of startups promising that chatbots would democratize mental health
care, that symptom checkers would reduce unnecessary ER visits, that diagnostic Al would
catch what doctors miss. Some of these claims have panned out. Many haven't. The gap
between demo and deployment remains vast.

LENS matters because it attacks a different problem—one that’s been hiding in plain sight
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while everyone focused on the flashier applications.
The Clinician Bottleneck

Mental health care in particular faces a brutal constraint: clinician time. The average
psychiatrist in the United States manages a panel of 800-1,200 patients. The average
therapy session lasts 45-50 minutes and happens once per week at best, once per month
more commonly.

That means your mental health provider sees approximately 0.1% of your waking life.
They're making treatment decisions based on self-reported symptoms filtered through the
notoriously unreliable lens of human memory and social desirability bias.

Meanwhile, your devices are capturing the other 99.9%.

The clinical value of wearable data isn't that it's more accurate than patient self-
report. It's that it's continuous, objective, and doesn’t depend on patients
remembering what Tuesday felt like when they're sitting in Thursday’s
appointment.

But here’s what the wearable industry got wrong: they assumed the data spoke for itself.
They built dashboards. They generated PDF reports. They created APIs for “integration”
that nobody integrated.

What they didn’t build was the translation layer between machine-readable physiological
signals and human-readable clinical insight. LENS is that layer.

The RAG Problem LENS Actually Solves

If you follow LLM development, you're probably familiar with RAG—Retrieval-Augmented
Generation. It's become the standard pattern for grounding language model outputs in
external knowledge: retrieve relevant documents, inject them into the prompt, generate
responses that cite real sources.
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RAG works brilliantly for text-to-text problems. You have medical literature. You have
patient records. You have clinical guidelines. The model retrieves relevant passages and
synthesizes answers.

But RAG fundamentally doesn’t work for sensor data. You can't retrieve a heart rate
variability time series the way you retrieve a paragraph from a medical textbook. The
information density, temporal structure, and semantic relationships are completely
different.

LENS replaces retrieval with representation alignment. Instead of finding relevant text
chunks to inject into a prompt, it projects sensor streams directly into the embedding
space where the language model operates. The physiological signals don’t get converted to
text and then processed—they get processed as a native modality alongside text.

This is the same architectural insight that enabled GPT-4V to understand images and that
powers multimodal models capable of processing audio, video, and code. LENS applies it to
a domain where the modality is continuous physiological measurement rather than
discrete visual or auditory input.

What This Means for Healthcare NLP

The implications extend well beyond mental health.

If you can align wearable sensor streams with language model representations, you can
align any continuous physiological signal. Continuous glucose monitors for diabetes
management. Implantable cardiac monitors for arrhythmia detection. Respiratory sensors
for COPD tracking. Movement sensors for Parkinson’s progression.

Industry analysts at John Snow Labs have already identified this trajectory: medical LLMs

positioned as bridges between raw sensor streams and clinical decision-making. LENS
provides a concrete technical framework for how that bridging actually works.

The traditional NLP paradigm treats language models as text-in, text-out systems. The
emerging paradigm treats them as meaning-in, meaning-out systems—where “meaning”
can be encoded in text, images, audio, or physiological time series.
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The Clinical Validation Gap (And How LENS Addresses It)

One of the persistent problems with healthcare Al research is the gap between technical
performance metrics and clinical utility. A model can achieve state-of-the-art accuracy on
benchmark datasets while producing outputs that clinicians find useless, misleading, or
dangerous.

LENS addresses this directly through its user study design. Rather than reporting only
automated metrics like BLEU scores or perplexity, the research team put LENS-generated
narratives in front of practicing mental health professionals and asked: “Is this clinically
meaningful? Is it comprehensive? Would this help you understand a patient’s status?”

The validation confirmed that LENS outputs passed muster with domain experts—not just
NLP researchers evaluating linguistic quality.

Recent work published in PMC on integrating physiological data from wearables into

treatment workflows highlights exactly why this validation matters. Clinicians don’t need
more data. They need data translated into clinical language that maps onto their existing
decision-making frameworks. LENS provides that translation.

The Mental Health Application: Why This Domain First

It's not accidental that LENS focuses on depression and anxiety. Mental health represents
the ideal proving ground for sensor-to-narrative Al for several reasons:

Behavioral signals matter enormously. Unlike acute physical conditions where a single lab
value might be diagnostic, mental health status manifests across dozens of behavioral
dimensions: sleep patterns, social engagement, physical activity, routine adherence,
circadian rhythm stability. Wearables capture most of these signals passively.

Longitudinal context is essential. A single snapshot of heart rate or step count tells you
almost nothing about mental health. What matters is the trajectory: How does this week
compare to last week? To baseline? To the period before the last depressive episode?
LENS processes 90 days of data specifically to capture these longitudinal patterns.
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Clinical assessment relies heavily on narrative. Psychiatric evaluation is fundamentally
narrative-based. Clinicians construct stories about patient trajectories, trigger events, and
symptom progressions. A framework that outputs narratives rather than numbers aligns
directly with clinical practice.

The care gap is massive. Mental health faces the most severe clinician shortage in
healthcare. Anything that extends clinician capacity—letting them serve more patients
effectively, or spend less time reviewing raw data and more time in therapeutic
conversation—has enormous potential impact.

What the Data Actually Shows
Consider what LENS can surface from raw sensor streams:

 Sleep fragmentation patterns that precede mood deterioration by 3-4 days

» Social withdrawal signals from GPS mobility reduction

e Circadian rhythm disruption from smartphone usage timing

* Activity changes that correlate with medication adjustments

» Environmental context for symptom exacerbation (work stress, travel, seasonal
patterns)

NIH-published research on stress prediction from physiological data demonstrates that
these signals are genuinely predictive—they capture real variation in mental health status
that matters clinically. LENS wraps predictive signals in explanatory narratives that

clinicians can act on.

The Bigger Picture: NLP's Expansion Beyond Text

LENS represents something larger than a single paper or framework. It's a signal about
where natural language processing is heading as a field.

For decades, NLP meant text processing. Language models consumed text and produced
text. The “language” in NLP referred to human written language—documents, conversations,
queries, responses.

The multimodal turn has been expanding this definition. GPT-4V processes images.
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Whisper processes audio. Code-specialized models treat programming languages as first-
class input modalities.

LENS extends the expansion to continuous physiological signals. And once you've made
that leap, the boundaries of “language” become very interesting.

What if “language” isn't just text, speech, and code—but any structured signal
that carries meaning? What if language models are really meaning models, and
text was just the first modality we trained them on?

This framing has profound implications for healthcare Al. Medical data comes in dozens of
modalities: imaging, waveforms (ECG, EEG), lab values, genomics, sensor streams, clinical
notes, patient-reported outcomes. The promise of multimodal medical Al is models that
can process all of these as native inputs, reasoning across modalities the way a skilled
clinician integrates multiple data sources.

LENS proves this works for one modality—wearable sensor streams—in one
domain—mental health. The architectural pattern generalizes.

What This Means for the $10B Wearable Market

Let's talk business implications, because technical capability only matters if it reaches
users.

The wearable health market has grown explosively while struggling to prove clinical value.
Apple, Garmin, Fitbit, Oura, Whoop, and dozens of smaller players have built increasingly
sophisticated sensing hardware. Consumer adoption has accelerated. But healthcare
system integration remains minimal.

Why? Because raw sensor data doesn't fit into clinical workflows.

Physicians don’t have time to interpret heart rate variability trends. They can't bill for
reviewing sleep stage graphs. There's no CPT code for “analyzed patient’s step count data.”
The economic and practical incentives of healthcare delivery actively work against
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incorporating wearable data, no matter how clinically relevant it might be.

LENS points toward a solution: don't ask clinicians to interpret sensor data. Translate
sensor data into the format clinicians already work with—clinical narratives that fit into
existing documentation and decision-making patterns.

The Integration Path
Imagine a mental health practice where:

1. Patients wear commodity fitness trackers and install a companion smartphone app

2. Sensor data flows to a LENS-based backend continuously

3. Before each appointment, clinicians receive a generated narrative covering the inter-
appointment period

4. Clinical documentation auto-populates with objective behavioral observations

5. Treatment decisions incorporate longitudinal sensor-derived insights

This isn't science fiction. Every component exists. LENS provides the critical middle layer
that makes the workflow coherent.

The business model implications are significant. Wearable manufacturers have struggled to
move beyond consumer wellness into healthcare markets. Clinical narrative generation
could be the value-added layer that justifies healthcare pricing and enables provider
reimbursement.

Limitations and Open Questions

I've been enthusiastic about LENS because | think it represents genuine progress. But
intellectual honesty requires acknowledging limitations and open questions.

Dataset Scope

The 258-participant, 90-day dataset is substantial for mental health research but limited
for training general-purpose models. It captures specific populations, conditions, and
device types. Generalization to different patient demographics, other mental health
conditions, or different wearable hardware remains unvalidated.
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Clinical Integration Challenges

Demonstrating that clinicians find narratives useful in a research setting differs from
proving they change outcomes in real-world practice. Implementation research—How do
you actually deploy this? What training do clinicians need? How does it affect workflow
efficiency?—remains largely undone.

Regulatory Uncertainty

Al-generated clinical narratives exist in regulatory gray zones. Is this a medical device?
Does it require FDA clearance? What liability frameworks apply when clinical decisions
incorporate Al-generated interpretations of physiological data? These questions have no
clear answers yet.

Privacy and Security

Continuous physiological monitoring generates extraordinarily sensitive data. Adding Al
processing creates additional attack surface and privacy risks. Healthcare Al systems face
strict regulatory requirements (HIPAA in the US, GDPR in Europe) that complicate
deployment.

Hallucination Risk

Language models hallucinate. In healthcare contexts, hallucinations can be dangerous—a
fabricated pattern in physiological data could trigger inappropriate clinical decisions. How
LENS handles the hallucination problem, and what safeguards exist for factual grounding,
needs deeper examination.

What Comes Next

Research frameworks typically follow predictable trajectories: academic publication,
followed by open-source release, followed by startup commercialization or integration into
existing platforms.

For LENS specifically, I'd expect to see:
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» Expanded validation studies across different conditions and populations

* Integration partnerships with wearable manufacturers seeking healthcare market
entry

* Clinical pilot programs in mental health systems facing capacity constraints

« Extension to other conditions where continuous monitoring matters (diabetes,
cardiac disease, movement disorders)

* Regulatory engagement to establish clearance pathways for Al-generated clinical
narratives

The broader trend—representation alignment between language models and non-text
modalities—will accelerate regardless of LENS's specific trajectory. The architectural
pattern works. The clinical need is obvious. Someone will productize it.

Why This Matters for Healthcare’s Future

| want to end by zooming out from the technical details to the bigger picture.

Healthcare faces a fundamental capacity problem. We have more patients, more chronic
disease, more data, and more treatment complexity than our clinician workforce can
handle. Traditional solutions—train more doctors, build more hospitals—can't scale fast
enough.

Al offers a different approach: augment clinician capacity rather than trying to replace
clinician judgment. Give providers tools that compress the information density of clinical
decisions, that translate raw data into actionable insight, that handle the cognitive labor of
synthesis so humans can focus on the cognitive labor of care.

LENS exemplifies this augmentation philosophy. It doesn't try to diagnose patients or
prescribe treatments. It translates sensor data into clinical language so human clinicians
can make better-informed decisions in less time. It extends clinician capacity rather than
substituting for clinician judgment.

The most important Al systems in healthcare won't be the ones that replace
doctors. They'll be the ones that let each doctor effectively care for twice as
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many patients.

Sensor-to-narrative translation is a small piece of that larger puzzle. But it's a piece that's
been missing for years while the wearable industry grew and the clinical integration
problem festered.

December 28, 2025 might be remembered as the day someone finally built the translator.

The sensor data revolution in healthcare was never about collecting more
information—it was always about turning 86,400 seconds of physiological signals into
the 200 words that change a patient’s treatment plan, and LENS proves language
models are finally ready to bridge that gap.

WRITTEN BY
Artur Markus

Software engineer in Basel building Al infrastructure and agentic systems, with a
background in pharmaceutical automation, GxP compliance, and validation. | help teams
turn Al from a chatbot into a reliable operational layer.

Book a meeting [
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