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ABSTRACT
Calcific aortic valve stenosis (CAVS) is the most common valve disease in adults, and no drug
has been shown to slow it. Sodium-glucose cotransporter-2 inhibitors (SGLT2i) improve
outcomes after transcatheter valve replacement, and one retrospective cohort linked them to
slower progression of non-severe aortic stenosis (AS). This study will test whether SGLT2i
use is associated with slower valve progression and less cardiac damage in moderate CAVS.
SLOW-AS is a prospective, multicentre cohort study of 600 adults with moderate CAVS
(peak aortic jet velocity 3.0–3.9 m/s or aortic valve area 1.0–1.5 cm2) and left ventricular
ejection fraction of 50% or more. Patients taking an SGLT2i for an approved indication will
be compared with patients not taking one (1:2). Echocardiography at baseline, 6, 12 and 24
months will be read by a blinded core laboratory. The primary outcome is the annual change
in peak aortic jet velocity. Secondary outcomes include mean gradient, valve area, cardiac
damage stage, global longitudinal strain, left ventricular mass index, NT-proBNP, progression
to severe AS, and a composite of valve replacement, heart failure hospitalisation or death.
Confounding will be handled with propensity-score overlap weighting, and outcomes analysed
with mixed-effects and Cox models. The study requires ethics approval and written informed
consent, and does not change treatment. Results will be reported following the STROBE
statement. SLOW-AS will provide the first prospective, core-laboratory evidence on SGLT2i
and progression of moderate AS, and will inform a definitive randomised trial.

KEY WORDS: Aortic stenosis, calcific aortic valve disease, SGLT2 inhibitors, disease
progression, echocardiography, cardiac damage staging

Strengths and limitations of this study
• It is the first prospective study of SGLT2i and pro-

gression in moderate AS, measured by blinded core-
laboratory echocardiography.

• It measures both the valve and the myocardium, using
the Généreux cardiac damage stages.

• It uses a target-trial emulation framework with active-
comparator and new-user sensitivity analyses.

• As an observational study, unmeasured confounding
by indication (diabetes, chronic kidney disease, heart
failure) may remain.

• It uses echocardiography only for most patients; CT
calcium scoring is optional, which limits direct study
of calcification.

Introduction
Burden of calcific aortic valve stenosis
Calcific aortic valve stenosis (CAVS) is the most common
valve disease in adults, and it becomes more common with
age [1, 2, 3]. More than one-quarter of adults over 65 years
in Western populations have aortic valve sclerosis, which
can progress to stenosis [1]. Untreated severe AS has a
5-year event-free survival below 40%, and severe AS has

been estimated to cause more than 100,000 excess deaths
worldwide each year [1, 4]. Populations are ageing, so the
number of patients will keep rising [2, 4].

An active disease without a drug
CAVS is no longer seen as passive wear. Oxidative stress
from uncoupled nitric oxide synthase, chronic inflammation,
lipoprotein deposition and osteogenic signalling through bone
morphogenetic protein-2 all drive calcification of the leaflets
[1, 5]. The disease has two phases. In the initiation phase,
endothelial injury, lipid entry and inflammation dominate.
In the propagation phase, calcification sustains itself and
mechanical stress becomes more important [1, 5].
Despite this, no drug has been shown to slow CAVS. Treat-
ment is still surgical or transcatheter aortic valve replacement
(AVR), and guidelines make no recommendation for drug
therapy in mild or moderate disease [6, 7]. Intensive lipid
lowering reduced LDL cholesterol but did not slow AS pro-
gression in SEAS, SALTIRE or a pooled analysis of 2,344
patients [8, 9, 10]. Vitamin K2 with vitamin D did not slow
valve calcification [11]. The soluble guanylate cyclase activa-
tor ataciguat slowed calcium accumulation by about 70% in
a small phase 2 trial, and a phase 3 trial (KATALYST-AV) is
now enrolling [12, 13]. The Lp(a)-lowering drug pelacarsen
reduced lipoprotein(a) but did not reduce cardiovascular
events in Lp(a)HORIZON, although valve outcomes were
not its target [14]. Desai and Braunwald conclude that new
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therapies should target both the valve and the accompanying
myocardial damage [1].

Moderate AS is not benign
Patients with moderate AS often spend years in “watchful
waiting”. This period is not harmless. Moderate AS is
linked to higher mortality and a heavy burden of cardiac
disease, especially when left ventricular function is reduced
[15, 16]. The Généreux staging system grades AS by the
damage beyond the valve: left ventricle, left atrium or mitral
valve, pulmonary circulation, and right ventricle. Each step
up predicts higher mortality (Figure 1) [17]. The same
pattern holds in asymptomatic and moderate AS [18, 19],
and moderate AS with cardiac damage is now considered to
behave like severe AS [20].
Recent trials show that early AVR improves outcomes in
asymptomatic severe AS [35, 36]. In moderate AS with
heart failure and reduced ejection fraction, however, TAVR
was not superior to medical therapy (TAVR UNLOAD) [27].
A drug that slows both the valve and the myocardium in
moderate AS would fill this gap [1, 38].

Why SGLT2 inhibitors?
SGLT2 inhibitors (SGLT2i) reduce heart failure events and
death across the range of ejection fraction [21, 22]. They
lower preload and afterload by promoting natriuresis and
glycosuria, and experimental and clinical studies suggest
antifibrotic, antioxidant and anti-inflammatory effects [1, 24].
These effects match both arms of AS: the valve (inflam-
mation, oxidative stress) and the pressure-loaded ventricle
(hypertrophy, fibrosis) (Figure 2).
The clinical evidence so far is promising but limited:

• After TAVR (DapaTAVI): dapagliflozin reduced
death or worsening heart failure (15.0% vs 20.1%;
HR 0.72, 95% CI 0.55–0.95) [23]. This tested the
myocardium after valve replacement, not valve pro-
gression.

• Non-severe AS (retrospective): among 11,698 pa-
tients, SGLT2i users were less likely to progress to
severe AS (HR 0.61, 95% CI 0.39–0.94), and the asso-
ciation strengthened with longer use (HR 0.27 beyond
12 months) [24]. However, only 11% had moderate
AS, median exposure was 0.9 years, and users differed
from non-users in diabetes and kidney disease [24, 25].

• Moderate AS (randomised, ongoing): a UK trial of
104 patients is testing whether empagliflozin prevents
myocardial fibrosis and hypertrophy on cardiac MRI
[26]. Its endpoints concern the myocardium, not valve
progression.

The gap and the setting
No prospective study has measured valve progression and
cardiac damage stage in moderate AS according to SGLT2i
exposure. A setting with very high diabetes prevalence
makes such a study feasible. In Pakistan, for example,
the age-standardised prevalence of diabetes in adults was
estimated at 31.4% in 2024, the highest in the world [28].
As a result, many patients with AS already take SGLT2i for
approved indications.

Aims and hypotheses
Primary aim: to compare the annual change in peak aortic
jet velocity between patients with moderate CAVS who do
and do not take SGLT2i.
Secondary aims: to compare changes in mean gradient,
aortic valve area, cardiac damage stage, myocardial function
and clinical events.
Primary hypothesis: SGLT2i use is associated with at least
a 30% slower annual increase in peak aortic jet velocity.
Secondary hypothesis: SGLT2i use is associated with fewer
patients advancing one or more cardiac damage stages over
24 months.

Methods and analysis
Study design
SLOW-AS (SGLT2 inhibition and Longitudinal Worsening of
Aortic Stenosis) is a prospective, multicentre, observational
cohort study. Its design follows the target-trial emulation
framework: eligibility criteria, exposure groups, time zero
and outcomes are defined as they would be in a randomised
trial [33]. Reporting will follow the STROBE statement [34].
The protocol will be registered on ClinicalTrials.gov before
the first patient is enrolled. Figure 3 shows the study flow.

Setting
Patients will be recruited from the echocardiography labora-
tories and valve clinics of [number] tertiary cardiac centres in
[country/cities — to be specified]. Recruitment will run for
24 months, and each patient will be followed for 24 months.

Participants
Consecutive patients with moderate CAVS on a clinical
echocardiogram will be screened. Moderate AS is defined
using the ACC/AHA and ESC criteria [6, 7, 29]. Table 1
lists the eligibility criteria.

Exposure groups
• SGLT2i group: patients taking dapagliflozin, em-

pagliflozin or another SGLT2i at baseline, prescribed
by their own physician for an approved indication (type
2 diabetes, heart failure or chronic kidney disease).
Drug, dose, start date and indication will be recorded.

• Comparison group: eligible patients not taking an
SGLT2i, enrolled in a 1:2 ratio (SGLT2i : comparison),
stratified by centre and diabetes status.

The study does not influence prescribing. Adherence will
be measured at each visit by self-report and pharmacy refill
records; a proportion of days covered of 80% or more
defines adherent use. Patients who start or stop an SGLT2i
during follow-up remain in their baseline group for the
primary analysis and are handled in sensitivity analyses (see
Secondary and sensitivity analyses).

Echocardiography
Echocardiograms will follow the EACVI/ASE recommenda-
tions for AS [29]. Each study will record:

• Valve: peak aortic jet velocity from multiple windows
(apical, right parasternal, suprasternal), mean gradient,
LVOT diameter, aortic valve area by the continuity
equation, Doppler velocity index and stroke volume
index.
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Figure 1: One-year all-cause and cardiac mortality by Généreux cardiac damage stage in patients with severe AS. All-cause
mortality rises more than fivefold from stage 0 (4.4%) to stage 4 (24.5%). Data from Généreux et al. [17], as reproduced in
Desai and Braunwald [1].
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Figure 2: Conceptual model of the study. The valve lesion drives pressure overload and progressive cardiac damage (solid
arrows). SGLT2i may act on both the valve (inflammation, oxidative stress) and the ventricle (loading conditions, fibrosis);
these hypothesised targets (dashed) are tested in SLOW-AS. Adapted from Desai and Braunwald [1] and Généreux et al.
[17].

Table 1: Eligibility criteria

Inclusion criteria Exclusion criteria

Age 50 years or older Bicuspid or unicuspid aortic valve, suspected or confirmed
Peak aortic jet velocity 3.0–3.9 m/s or mean gradient
20–39 mmHg, and aortic valve area 1.0–1.5 cm2 (with consistent
indexed values)

Rheumatic valve disease (commissural fusion)

Calcific, trileaflet valve on echocardiography Previous aortic valve replacement or balloon valvuloplasty, or
AVR planned within 6 months

Left ventricular ejection fraction ≥50% More than moderate mitral or aortic regurgitation, or mitral
stenosis

Adequate acoustic windows for Doppler assessment eGFR <25 mL/min/1.73 m2, or on dialysis
Written informed consent Type 1 diabetes

Hypertrophic, infiltrative (e.g., amyloid) or other primary
cardiomyopathy
Previous mediastinal or chest radiation
Life expectancy <2 years from non-cardiac disease; pregnancy
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Patients with moderate CAVS on echocardiography
screened at participating centres

Eligibility checked (Table 1)
written informed consent

Excluded
ineligible or declined

Baseline visit
echo, bloods, KCCQ-12, 6-minute walk, CT (optional)

SGLT2i group
planned n = 200

Comparison group
planned n = 400

Follow-up to 24 months
echo at 6, 12 and 24 months

Follow-up to 24 months
echo at 6, 12 and 24 months

Overlap-weighted mixed-effects model
primary outcome: annual change in peak velocity

1:2, stratified by centre and diabetes

Figure 3: Study flow. Patients are allocated to a group according to whether they already take an SGLT2i. Both groups
follow the same visit schedule and are analysed together with overlap weighting. Numbers are planned; actual counts will
be reported in a STROBE flow diagram.

• Left ventricle: ejection fraction (biplane Simpson),
LV mass index, relative wall thickness, global longitu-
dinal strain by speckle tracking [30], and E/e′.

• Extravalvular: indexed left atrial volume, mitral
regurgitation grade, systolic pulmonary artery pres-
sure, tricuspid regurgitation grade, TAPSE and right
ventricular function, and atrial fibrillation on ECG.

All images will be sent to a central core laboratory. Two
readers, blinded to SGLT2i status and visit order, will mea-
sure each study. Inter- and intra-observer agreement will
be assessed on a random 10% of studies using intraclass
correlation coefficients. Each patient will be assigned a
Généreux cardiac damage stage (0–4) at each visit [17, 18].
Optional CT sub-study: where non-contrast CT is avail-
able, the aortic valve calcium score (Agatston units) will be
measured at baseline and 24 months [31].

Other measurements
• Laboratory: NT-proBNP, high-sensitivity troponin,

HbA1c, creatinine and eGFR, lipid profile, lipopro-
tein(a) (once), calcium, phosphate and high-sensitivity
C-reactive protein.

• Function and symptoms: NYHA class, Kansas City
Cardiomyopathy Questionnaire (KCCQ-12) and 6-
minute walk distance.

• Covariates: age, sex, body mass index, blood pressure,
smoking, diabetes duration and treatment, coronary
disease, atrial fibrillation, and all cardiovascular drugs,

including statins, renin–angiotensin inhibitors, GLP-1
receptor agonists and DPP-4 inhibitors.

Outcomes
Table 2 defines the primary and secondary outcomes. Clinical
events will be adjudicated by an events committee blinded to
SGLT2i status.

Schedule of assessments
Data management
Data will be entered into a secure electronic database (e.g.,
REDCap) with built-in range checks. Patient identifiers will
be stored separately from study data. A monitor will verify
10% of records against source documents at each site.

Sample size and statistical analysis
Sample size
The study requires 600 patients (200 SGLT2i, 400 compar-
ison) to detect a 30% slower annual rise in peak velocity
with 80% power. The calculation uses the natural history
reported by Otto et al., in whom peak aortic jet velocity
increased by a mean of 0.32 m/s per year with a standard
deviation of 0.34 m/s per year [32]. We assumed a slightly
lower rate of 0.30 m/s per year in the comparison group and
retained the standard deviation of 0.34. A 30% reduction
therefore corresponds to a difference (Δ) of 0.09 m/s per year.
This target is supported by the retrospective HR of 0.61 for
progression to severe AS [24].
For a two-sided test with α = 0.05, 80% power and a 1:2
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Table 2: Study outcomes

Outcome Definition Time point

Primary
Valve progression Annual change in peak aortic jet velocity (m/s per year), from all visits Baseline to 24 months

Secondary: valve
Mean gradient Annual change (mmHg per year) Baseline to 24 months
Aortic valve area Annual change (cm2 per year) Baseline to 24 months
Progression to severe AS Peak velocity ≥4.0 m/s, mean gradient ≥40 mmHg, or AVA <1.0 cm2

with consistent findings
Time to event

Valve calcium (CT
sub-study)

Annual change in Agatston score Baseline to 24 months

Secondary: myocardium
Cardiac damage stage Advance of one or more stages 24 months
Global longitudinal strain Change (absolute %) Baseline to 24 months
LV mass index Change (g/m2) Baseline to 24 months
NT-proBNP Change (log-transformed) Baseline to 24 months

Secondary: clinical
Clinical composite First of AVR, hospitalisation for heart failure, or cardiovascular death Time to event
All-cause death Death from any cause Time to event
Quality of life and function Change in KCCQ-12 score and 6-minute walk distance Baseline to 24 months

Safety
Adverse events Genital infection, volume depletion, acute kidney injury, ketoacidosis Throughout

Table 3: Schedule of assessments

Assessment Screening Baseline 6 mo 12 mo 18 mo 24 mo

Eligibility check and consent ✓

History, medications, NYHA class ✓ ✓ ✓ ✓ ✓

SGLT2i use and adherence ✓ ✓ ✓ ✓ ✓

Transthoracic echocardiogram ✓ ✓ ✓ ✓ ✓

ECG ✓ ✓ ✓

NT-proBNP and troponin ✓ ✓ ✓

HbA1c, eGFR, electrolytes ✓ ✓ ✓ ✓ ✓

Lipids, Lp(a), CRP, calcium, phosphate ✓ ✓a

KCCQ-12 and 6-minute walk ✓ ✓ ✓

CT valve calcium (sub-study) ✓ ✓

Clinical events and safety ✓ ✓ ✓ ✓

aLp(a) is measured at baseline only. The 18-month visit may be conducted by telephone. The screening echocardiogram may serve as the baseline study if
performed within 30 days and of core-laboratory quality.

allocation ratio (k = 2), the number of SGLT2i patients is

nSGLT2i =

(
1 1

k

) (
z1−α2 z1−β

)2
σ2

Δ2

= 1.5 × 1.960 0.8422 × 0.342

0.092 ≈ 169.

(1)

This gives 169 SGLT2i and 338 comparison patients (507
analysable). Allowing about 15% for death, AVR before
the 12-month echocardiogram and loss to follow-up, we will
enrol 600 (200 and 400). Because the mixed model (see
Primary analysis) uses all repeated echocardiograms, true
power should be slightly higher. Figure 4 shows power across
plausible effect sizes.

Primary analysis
Confounding control. A propensity score for SGLT2i use
will be estimated by logistic regression including age, sex,
diabetes and HbA1c, eGFR, heart failure history, coronary
disease, hypertension, body mass index, baseline peak ve-
locity, LV mass index, cardiac damage stage, statin use,

renin–angiotensin inhibitor use, Lp(a), calcium–phosphate
product and centre. The primary analysis will use overlap
weighting, which provides good balance and stable weights
when groups differ substantially. Balance will be accepted if
every standardised mean difference is below 0.1.
Model. The primary outcome will be analysed with a
weighted linear mixed-effects model:

Vij = β0 β1tij β2Gi β3
(
Gi × tij

)
b0i b1itij εij ,

(2)

where Vij is the peak velocity of patient i at visit j, tij is
time from baseline in years, Gi is SGLT2i group, b0i and
b1i are patient-level random intercept and slope, and εij is
residual error. The coefficient β3 is the treatment effect:
the between-group difference in annual progression. Robust
standard errors will be used. The model will be fitted by
restricted maximum likelihood, which gives valid estimates
under a missing-at-random assumption.
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Figure 4: Power to detect slower valve progression with 507 analysable patients (169 SGLT2i vs 338 comparison; control
progression 0.30 m/s per year, SD 0.34, two-sided α = 0.05). Power is adequate for effects of 30% or more and falls quickly
below 25%. Natural-history inputs from Otto et al. [32].

Secondary and sensitivity analyses
• Continuous secondary outcomes (gradient, valve

area, strain, LV mass index, log NT-proBNP, KCCQ-
12) will use the same mixed model.

• Cardiac damage stage: advance of one or more stages
by 24 months will be analysed with weighted logistic
regression; stage over time will also be analysed with
an ordinal mixed model.

• Time-to-event outcomes (severe AS, clinical com-
posite, death) will use weighted Cox models with
Kaplan–Meier curves. AVR and non-cardiovascular
death will be treated as competing risks using the
Fine–Gray model.

• Exposure duration: cumulative SGLT2i exposure
will be modelled as a time-varying variable, to examine
whether longer use is linked to slower progression, as
reported previously [24].

• Active comparator: in patients with type 2 diabetes,
SGLT2i users will be compared with DPP-4 inhibitor
users to limit confounding by diabetes severity.

• New users: the analysis will be repeated in patients
who started an SGLT2i within 6 months before base-
line.

• Unmeasured confounding: E-values will be reported.

• Missing data: missing covariates will be handled by
multiple imputation (20 datasets); a pattern-mixture
model will test robustness to data missing not at ran-
dom.

Pre-specified subgroups
Subgroups are diabetes status, sex, baseline peak velocity
(<3.5 vs ≥3.5 m/s), baseline cardiac damage stage (0–1
vs ≥2), eGFR (<60 vs ≥60 mL/min/1.73 m2) and SGLT2i
agent. Effect modification will be tested with interaction
terms and displayed as a forest plot.

Interim analysis and software
There will be no efficacy interim analysis. An independent
safety monitoring committee will review adverse events every
6 months. Analyses will be performed in R (packages lme4,
PSweight, survival and cmprsk). The statistical analysis
plan will be finalised before database lock.

Results (template for completion)
No data have been collected. The tables below are empty
templates for the planned report; they must be completed
only with measured study data.

Participant flow
Of [N] patients screened, [N] were eligible and [N] were
enrolled: [N] in the SGLT2i group and [N] in the comparison
group. [N] completed 24-month follow-up. Reasons for
exclusion and loss to follow-up will be shown in a STROBE
flow diagram updated from Figure 3.

Baseline characteristics
Primary and secondary continuous outcomes
Clinical and staging outcomes
Additional figures planned for the final report: mean peak
velocity by visit and group, Kaplan–Meier curves for pro-
gression to severe AS, and a subgroup forest plot.

Discussion
What this study adds
SLOW-AS is designed to test, prospectively and with blinded
core-laboratory imaging, whether SGLT2i use is associated
with slower progression of moderate AS. Current evidence
points in the same direction but comes from different settings
and endpoints (Figure 5). DapaTAVI showed a benefit for the
myocardium after valve replacement [23]. The retrospective
study by Shah et al. suggested slower valve progression, but
in a mostly sclerotic population with short exposure [24].
The ongoing UK trial examines only the myocardium [26].
Table 7 compares SLOW-AS with these studies.
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Table 4: Baseline characteristics by SGLT2i use (template)

Characteristic SGLT2i Comparison SMD before SMD after
(n = ) (n = ) weighting weighting

Age, years, mean (SD)
Female sex, n (%)
Body mass index, kg/m2, mean (SD)
Type 2 diabetes, n (%)
HbA1c, %, mean (SD)
eGFR, mL/min/1.73 m2, mean (SD)
Hypertension, n (%)
Coronary artery disease, n (%)
Heart failure history, n (%)
Statin use, n (%)
Lipoprotein(a), nmol/L, median (IQR)
NT-proBNP, pg/mL, median (IQR)
Peak aortic jet velocity, m/s, mean (SD)
Mean gradient, mmHg, mean (SD)
Aortic valve area, cm2, mean (SD)
LV ejection fraction, %, mean (SD)
Global longitudinal strain, %, mean (SD)
LV mass index, g/m2, mean (SD)
Cardiac damage stage 0/1/2/3/4, n (%)

SMD = standardised mean difference.

Table 5: Valve and myocardial outcomes (template)

Outcome (per year) SGLT2i Comparison Weighted difference P
(95% CI) (95% CI) (95% CI)

Peak aortic jet velocity, m/s (primary)
Mean gradient, mmHg
Aortic valve area, cm2

Global longitudinal strain, %
LV mass index, g/m2

log NT-proBNP
Valve calcium score, AU (CT sub-study)

Table 6: Events at 24 months (template)

Outcome SGLT2i Comparison Weighted HR or OR P
n (%) n (%) (95% CI)

Advance of ≥1 cardiac damage stage
Progression to severe AS
Clinical composite (AVR, HF hospitalisation, CV death)
Aortic valve replacement
Hospitalisation for heart failure
All-cause death
Safety events (any)

How SGLT2i might act on the valve and the my-
ocardium
Two routes are plausible, and the study is designed to dis-
tinguish them (Figure 2). First, a valve route: reduced
inflammation and oxidative stress could slow the osteogenic
transformation of valve interstitial cells, the same pathways
that Desai and Braunwald identify as drivers of progression
[1, 5]. Second, a myocardial route: reduced preload and
afterload, less hypertrophy and less fibrosis could protect the
pressure-overloaded ventricle [21, 22, 23].
If SGLT2i slow cardiac damage staging but not peak velocity,
the benefit is mainly myocardial. If both slow, SGLT2i
may offer the “two targets with one drug” therapy proposed

in the editorial accompanying Shah et al. [25]. Genetic
studies linking CAVS to adiposity and metabolic pathways
add biological plausibility for a metabolically active drug
[37].

Clinical implications
A positive result would not change practice by itself. It would
justify a randomised, placebo-controlled trial of SGLT2i in
moderate AS, designed using the effect size and variance
measured here. A neutral result would also be informative:
patients with moderate AS who need an SGLT2i for diabetes
or heart failure could take it without expecting a valve benefit,
and trial resources could be directed elsewhere. In either
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0.25 0.5 1 1.5

Hazard ratio (log scale)
← Favours SGLT2i Favours control→

DapaTAVI (randomised)
Death or worsening HF after TAVR

Shah et al., any use (retrospective)
Progression to severe AS

Shah et al., use over 3 months
Progression to severe AS

HR (95% CI)

0.72 (0.55–0.95)

0.61 (0.39–0.94)

0.54 (0.34–0.83)

Figure 5: Published hazard ratios for SGLT2i in aortic stenosis. All favour benefit, but none comes from a prospective
study of valve progression in moderate AS. Endpoints differ, so estimates are shown side by side and not pooled. Data from
Raposeiras-Roubin et al. [23] and Shah et al. [24].

Table 7: SLOW-AS compared with existing and ongoing evidence

Study Design Population Size Main endpoint Valve
progression?

Damage
stage?

DapaTAVI [23] Randomised trial Severe AS undergoing
TAVR

See [23] Death or worsening
heart failure

No (valve
replaced)

No

Shah et al. [24] Retrospective
cohort, target-trial
emulation

Sclerosis 66%, mild
23%, moderate 11%

11,698 Progression to severe
AS

Yes (routine
echo)

No

UEA trial,
NCT06469645 [26]

Randomised trial Moderate AS 104 Myocardial fibrosis and
hypertrophy (MRI)

No No

KATALYST-AV
[13]

Randomised trial
(ataciguat)

Moderate CAVS 1,276 Valve calcium, valve
area, peak VO2

Yes No

SLOW-AS Prospective cohort,
target-trial
emulation

Moderate CAVS only,
LVEF ≥50%

600 Annual change in peak
velocity

Yes (blinded
core lab)

Yes

case, the study will provide the first prospective natural-
history data on moderate AS in a South Asian population,
where diabetes and kidney disease—both linked to faster
progression—are highly prevalent [24, 28].

Strengths
• Only moderate AS is enrolled, using standard guideline

thresholds [6, 7].

• Valve and myocardial outcomes are measured together,
using the Généreux stages [17].

• Measurements are read by a blinded core laboratory
with multi-window Doppler [29].

• Multiple sensitivity analyses address confounding:
overlap weighting, an active comparator, a new-user
cohort and E-values.

Limitations
• Confounding by indication. SGLT2i users will have

more diabetes, kidney disease or heart failure. These
conditions themselves accelerate AS, which would
bias results toward the null. Unmeasured differences
may persist despite weighting.

• Non-randomised design. The study can show associ-
ation, not causation.

• Echocardiography only for most patients. Peak
velocity depends on flow and measurement technique.

Table 8: Study timeline

Phase Months

Ethics approval, registration, site set-up 1–6
Recruitment 7–30
Follow-up of last patient 31–54
Database lock and analysis 55–58
Manuscript submission 59–60

CT calcium scoring, which reflects calcification biol-
ogy more directly, is optional [31].

• 24-month follow-up. Progression is slow, and clinical
events may be too few for firm conclusions on hard
endpoints.

• Exclusions. Bicuspid valves are excluded, so results
will not apply to them.

Timeline
Ethics and dissemination
Ethics. The protocol will be submitted to the ethics review
committee of each participating centre and will follow the
Declaration of Helsinki. All patients will give written in-
formed consent in their preferred language. The study is
observational: SGLT2i are prescribed by treating physicians
for approved indications only, and no drug is supplied or
withheld for research purposes.
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Confidentiality. Data will be pseudonymised. Only the site
team will hold the key linking study identifiers to identities.
Dissemination. Results will be submitted to a peer-reviewed
cardiology journal and presented at national and international
meetings, regardless of the direction of the findings. De-
identified data will be available on reasonable request after
publication.

Conclusion
CAVS has no disease-modifying drug, and moderate AS
carries real risk to the heart and to survival [1, 15, 16,
17, 18, 19, 20]. SGLT2i act on pathways that drive both
the valve lesion and ventricular damage, and early data
suggest slower progression [23, 24]. SLOW-AS will provide
the first prospective, core-laboratory evidence on whether
SGLT2i use is associated with slower valve and myocardial
progression in moderate AS, and its results will inform the
design of a definitive randomised trial.
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