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A B S T R A C T 

Introduction: Precise quantification of hepatic steatosis is central to managing 
metabolic dysfunction-associated steatotic liver disease (MASLD). MRI proton density 
fat fraction (MRI-PDFF) has displaced biopsy as a reproducible biomarker, yet real-
world comparative monitoring data and formal early-response prediction remain 
scarce in Indonesian practice. We quantified steatosis reversibility on serial MRI-PDFF 
during SGLT2-inhibitor versus GLP-1 receptor agonist therapy and tested whether an 
early scan predicts response. 

Methods: In this prospective cohort at a tertiary hospital in Palembang, Indonesia, 90 
adults with MASLD (baseline PDFF ≥5.5%) were grouped by prescribed therapy 
(SGLT2i, n=45; GLP-1 RA, n=45) and imaged at baseline, Month 3 and Month 6 on a 
3.0 T scanner using a confounder-corrected 3D multi-echo spoiled gradient-echo 
sequence. Two blinded radiologists measured PDFF across Couinaud segments 
V/VI/VIII; response was a ≥30% relative reduction. Analyses (STARD 2015) included 
linear mixed-effects modelling, κ and intraclass correlation, ROC (DeLong), likelihood 
ratios and multivariable logistic regression. 

Results: PDFF fell in both arms (both p<0.001; partial η²=0.66 and 0.79). Responder 
rate was 75.6% (95% CI 61.3–85.8) with GLP-1 RA versus 40.0% (27.0–54.5) with 
SGLT2i (OR 4.64; p=0.001). A Month-3 decline ≥16.9% predicted Month-6 response 
with AUC 0.895 (0.823–0.967), sensitivity 96.2%, specificity 78.9%, LR+ 4.57, LR− 
0.05. Inter-reader agreement was near-perfect (ICC 0.986; κ 0.861). GLP-1 RA therapy 
and higher baseline PDFF independently predicted response. 

Conclusion: Serial MRI-PDFF reliably quantified pharmacologically-induced steatosis 
reversibility, with GLP-1 RA producing greater fat loss and an early scan accurately 
triaging responders. MRI-PDFF is a robust, decision-useful monitoring biomarker 
deployable in tertiary settings. 

All authors have reviewed and approved the final version of the manuscript. 

 

1. Introduction 

Metabolic dysfunction-associated steatotic liver disease 
(MASLD) has become one of the most prevalent chronic 
liver conditions worldwide, affecting close to a third of 
adults, carrying substantial excess mortality, and rising 
fastest across Asian populations.1 Its natural history spans 
simple steatosis through steatohepatitis to fibrosis and 
cirrhosis, and the reversibility of the early fat-
accumulation phase makes accurate, repeatable 
measurement of hepatic fat a clinically decisive task.2,3 As 
cardiometabolic pharmacotherapies are increasingly 
prescribed, radiology is asked not merely to detect 
steatosis but to monitor whether a given drug is reversing 
it in a specific individual.3,4 

Several imaging strategies exist, but they differ sharply in 
objectivity. Liver biopsy, long the reference standard, is 
invasive, samples a minute fraction of the organ, carries 
procedural risk, and is impractical for serial follow-up.5 
Conventional B-mode and quantitative ultrasound are 

widely available yet operator-dependent and only semi-
quantitative, performing variably at the low-to-moderate 
fat fractions where treatment effects must be tracked.6,7 
Against this backdrop, MRI proton density fat fraction 
(MRI-PDFF) has emerged as the quantitative reference, 
sampling the liver and yielding a continuous, physically 
interpretable estimate of triglyceride content that is 
reproducible once known confounders are corrected.5,8 

The diagnostic-accuracy and responsiveness literature for 
MRI-PDFF is now substantial. PDFF is concordant with 
histologic steatosis grade and has become the dominant 
imaging endpoint in MASLD/MASH therapeutic trials of 
semaglutide, tirzepatide and other agents.9–11 A relative 
reduction of ≥30% in PDFF is associated with greatly 
increased odds of fibrosis regression and histologic 
response, furnishing a validated, decision-useful response 
threshold, and cohort data suggest that the magnitude of 
on-treatment fat decline tracks histologic improvement.2,4 

In Indonesia and much of Southeast Asia, however, the 
translation of this trial-grade paradigm into routine 
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radiology practice is incomplete. MASLD prevalence is 
high and growing, yet quantitative MRI capacity is 
concentrated in tertiary centres, comparative real-world 
monitoring data are limited, and the reader reliability of 
serial PDFF is often assumed rather than formally 
reported.1,3,12 Locally generated evidence on the feasibility 
and performance of PDFF monitoring is therefore 
particularly valuable for regional practice. 

Two gaps motivate this study. First, head-to-head, real-
world comparison of how the two most prescribed 
cardiometabolic drug classes — SGLT2 inhibitors and 
GLP-1 receptor agonists — reverse hepatic fat on serial 
PDFF is sparse.11,13 Second, the predictive value of an early 
on-treatment scan has rarely been quantified with formal 
ROC methodology outside controlled trials.4 We addressed 
both by conducting a prospective cohort at a tertiary 
hospital in Palembang, Indonesia, in which we (i) 
characterised the six-month PDFF trajectory of each 
therapy arm, (ii) reported dual-reader reliability with 95% 
confidence intervals, and (iii) tested whether a Month-3 
scan predicts Month-6 imaging response. 

2. Methods 

Study design and reporting. This was a prospective, real-
world observational cohort conducted at a tertiary 
hospital in Palembang, South Sumatra, Indonesia. Because 
therapy was assigned by treating endocrinologists 
according to standard care rather than randomised, the 
study is reported as a longitudinal cohort and the 
between-arm contrast is interpreted as associational 
rather than causal. Reporting follows STARD 2015 for the 
diagnostic-accuracy components and is consistent with 
STROBE for the observational cohort elements; the early-
prediction analysis was informed by TRIPOD principles. 
The longitudinal between-arm difference in six-month 
MRI-PDFF change was the single pre-specified primary 
endpoint for which the study was powered; all other 
analyses — response rates, early-scan prediction, 
McNemar concordance, multivariable predictors and 
biomarker correlations — were pre-specified as 
secondary or exploratory. 

Setting and participants. Consecutive adults referred for 
metabolic assessment were screened between January 
and December of the study year. Eligibility required age 
18–65 years; a clinical and ultrasonographic diagnosis of 
MASLD with a baseline MRI-PDFF ≥5.5%; and a newly 
prescribed SGLT2 inhibitor or GLP-1 receptor agonist by 
the treating internist/endocrinologist. Exclusion criteria 
were significant alcohol intake (>21 standard 
drinks/week for men, >14 for women); hepatitis B or C 
coinfection; steatogenic medication (e.g., corticosteroids, 
amiodarone); claustrophobia; or any MRI contraindication 
such as incompatible metallic implants. Enrolment was 
consecutive to limit selection bias within the referral 
stream; as a single tertiary centre, some spectrum effect 
toward referred patients is possible and is addressed in 
the limitations. 

Cohort allocation and co-intervention. Participants 
formed two pre-specified arms reflecting real-world 
practice. Cohort A (SGLT2i) received empagliflozin 10 
mg/day or dapagliflozin 10 mg/day; Cohort B (GLP-1 RA) 

received subcutaneous semaglutide titrated to 1.0 
mg/week. Pooling of the two SGLT2 inhibitors assumes a 
class effect, which we acknowledge. Both arms received 
identical lifestyle counselling (caloric-restricted diet and 
150 minutes/week of physical activity), so that the 
between-arm contrast reflects the pharmacological 
component on a common behavioural background. 
Because incretin therapy induces greater weight loss, the 
drug-class effect is partly entangled with differential 
weight change; this is examined analytically and 
discussed. 

Sample size. The study was powered for the primary 
longitudinal endpoint. To detect a clinically meaningful 
absolute PDFF reduction of 3.0% assuming a standard 
deviation of 4.5%, two-sided α=0.05 and power=0.80 
using a paired-means comparison, the base requirement 
was inflated by 20% for anticipated attrition, yielding a 
minimum of 45 participants per arm (total N=90). The 
secondary diagnostic-accuracy analyses were not 
separately powered and are reported as exploratory, with 
precision conveyed by confidence intervals. For the 
multivariable logistic model, 52 response events across 
three predictors gave ≈17 events per variable, within 
accepted limits for stable estimation. 

MRI-PDFF acquisition protocol. All examinations used a 
3.0 T MRI scanner (vendor masked) with an 18-channel 
phased-array torso coil after a 4–6 hour fast. A 
confounder-corrected 3D multi-echo spoiled gradient-
echo (GRE) sequence was acquired with: repetition time 
9.0 ms; six echoes beginning at TE 1.2 ms with 1.0 ms 
spacing; flip angle 3° (to minimise T1 bias); slice thickness 
8 mm; field of view 380–420 mm; matrix 192×160. The six 
echoes enabled simultaneous T₂* correction and multi-
peak spectral modelling of fat; complex-based 
reconstruction with inline fat-water separation generated 
parametric PDFF and R₂* maps.14,15 Imaging conditions 
(fasting state, coil, sequence version) were held constant 
across the three timepoints for each patient, and no 
scanner hardware or major software change occurred 
during enrolment, so serial differences reflect biology 
rather than acquisition drift. Acquisition used a single 15–
20 second end-expiratory breath-hold; breath-hold 
failures triggered re-acquisition. R₂* maps were inspected 
to exclude clinically significant iron overload that could 
bias PDFF. 

Image analysis, quality control and reference for 
response. Two board-certified radiologists, each blinded 
to clinical data, therapy arm and the co-reader’s results, 
independently placed three circular regions of interest (3–
4 cm²) in Couinaud segments V, VI and VIII, avoiding large 
vessels, biliary structures, focal lesions and susceptibility 
artefact; balanced multi-segment sampling was used 
because it maximises repeatability of hepatic PDFF.8 To 
minimise registration-related variance, ROIs were co-
localised across timepoints by reference to vascular 
landmarks and side-by-side comparison with prior 
examinations.12 The mean of the two readers’ values (each 
the mean of three ROIs) defined the global PDFF used in 
the longitudinal and ROC analyses. The pre-specified 
imaging response standard was a ≥30% relative reduction 
in PDFF from baseline to Month 6, a threshold validated 
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against histologic outcomes in prior cohorts and used as 
an endpoint in pharmacological trials;2,11,16 deep response 
was ≥50% relative reduction. PDFF grade bands (<5%, 5–
10%, 10–20%, ≥20%), used only for categorical reliability, 
follow conventions anchored to PDFF reference 
measurements.5 Categorical disagreements were 
adjudicated by a third senior reader. 

Statistical analysis. Analyses used Python 3.10 (NumPy 
2.2) with validated implementations of each estimator and 
a fixed random seed; two-sided α=0.05, exact p values to 
three decimals where feasible. Continuous data are mean 
± SD. The primary endpoint was modelled with linear 
mixed-effects analysis (time as a categorical factor, arm, 
and an arm-by-time interaction; random intercept and 
slope per participant; REML) under a missing-at-random 
assumption; the between-arm difference is the arm-by-
time interaction. Within-arm change used paired 
comparison (Cohen’s dz); the between-arm difference in 
absolute change used Welch’s test (Cohen’s d). Dual-
reader reliability was quantified by intraclass correlation 
(two-way random, absolute agreement, single rater; 
ICC(2,1)) with bootstrap 95% CI (2000 resamples), 
unweighted and quadratic-weighted Cohen’s κ for PDFF 
grade bands, and Bland–Altman bias and 95% limits of 
agreement. The diagnostic layer used a 2×2 table of a 
Month-3 decline threshold predicting Month-6 response, 
yielding sensitivity, specificity, PPV, NPV and accuracy 
with Wilson 95% CIs; AUC was estimated with DeLong 
95% CIs and the Youden index identified the optimal 
cutoff, with optimism assessed by out-of-bag bootstrap 
(1000 resamples). Likelihood ratios used log-based CIs. 

McNemar’s test compared early versus final responder 
status. Multivariable logistic regression estimated 
adjusted odds ratios for ≥30% response (therapy class, 
baseline PDFF, BMI). Pearson correlation related change 
scores of PDFF to ALT and BMI. Pre-specified sensitivity 
analyses varied the response threshold (25%, 30%, 35%) 
and additionally adjusted the arm effect for BMI change. 
Given multiple secondary tests, exploratory findings are 
interpreted by effect size and interval. 

Ethics. The study was approved by the CMHC Ethics 
Committee, Palembang, Indonesia (CMHC/EC/2025/214), 
and conducted per the Declaration of Helsinki; all 
participants provided written informed consent, including 
for the use of anonymised images. Blinding of both 
primary readers to clinical and reference-standard data 
was maintained throughout. 

3. Results 

Ninety adults with MASLD enrolled at a tertiary hospital in 
Palembang, Indonesia, between January and December of 
the study year and completed baseline imaging; all 90 
(SGLT2i n=45; GLP-1 RA n=45) contributed both on-
treatment scans and were analysed, with no missing 
Month-3 or Month-6 examinations among analysed 
participants (STARD participant flow). As detailed in Table 
1, the two arms were well balanced at baseline: mean age 
49.2 ± 8.4 years, 57.7% male, BMI 31.4 ± 4.2 kg/m², HbA1c 
7.6 ± 1.1%, HOMA-IR 4.8 ± 1.3, and baseline MRI-PDFF 
16.8 ± 5.2% with no significant between-arm difference 
(all p>0.10). 

 

Table 1. Baseline demographic and clinical characteristics (tertiary hospital, Palembang, Indonesia). 

Characteristic Total (N=90) SGLT2i (n=45) GLP-1 RA (n=45) p 

Age (years), mean ± SD 49.2 ± 8.4 48.7 ± 9.1 49.8 ± 7.6 0.532 

Male sex, n (%) 52 (57.7) 27 (60.0) 25 (55.5) 0.665 

BMI (kg/m²), mean ± SD 31.4 ± 4.2 30.8 ± 3.9 32.1 ± 4.4 0.141 

HbA1c (%), mean ± SD 7.6 ± 1.1 7.5 ± 1.2 7.7 ± 1.0 0.395 

HOMA-IR, mean ± SD 4.8 ± 1.3 4.6 ± 1.4 5.0 ± 1.2 0.158 

ALT (U/L), mean ± SD 68.4 ± 22.1 65.2 ± 20.4 71.6 ± 23.5 0.174 

AST (U/L), mean ± SD 52.1 ± 16.5 50.4 ± 15.2 53.8 ± 17.6 0.334 

Baseline MRI-PDFF (%), mean ± SD 16.8 ± 5.2 16.2 ± 4.9 17.4 ± 5.4 0.276 

Data are mean ± SD or n (%). p from independent-samples t-test or χ2 test. BMI: body mass index; HOMA-IR: homeostatic model assessment of insulin resistance; ALT/AST: 
alanine/aspartate aminotransferase; PDFF: proton density fat fraction. 

 
Inter-reader reliability was excellent. Across all 270 paired 
ROI-derived examinations, the intraclass correlation 
coefficient for continuous PDFF was 0.986 (95% CI 0.982–
0.989); Bland–Altman analysis showed negligible bias 
(0.06 percentage points) with 95% limits of agreement of 
−1.59 to +1.72 percentage points, narrower than the 
smallest treatment effect of interest. Categorical 
agreement on PDFF grade bands gave unweighted Cohen’s 
κ=0.861 (95% CI 0.803–0.918) and quadratic-weighted 
κ=0.909, both indicating almost-perfect agreement 
(reliability metrics are summarised in Table 2). Third-
reader adjudication was required in a small minority of 
examinations, clustered near grade-band boundaries at 
low fat fractions. 

Hepatic fat declined significantly over six months in both 
arms, as shown in Figure 1A and quantified in Table 2. In 
the SGLT2i arm, PDFF fell from 16.2 ± 4.9% at baseline to 
13.1 ± 4.2% at Month 3 and 11.5 ± 3.8% at Month 6 
(absolute change −4.7%, −29.0% relative; mixed-effects 
time effect p<0.001; partial η²=0.66; within-arm dz=1.43). 
In the GLP-1 RA arm, PDFF fell from 17.4 ± 5.4% to 12.8 ± 
4.1% and then 9.8 ± 3.2% (absolute change −7.6%, −43.6% 
relative; p<0.001; partial η²=0.79; dz=2.07). The arm-by-
time interaction confirmed a significantly greater six-
month reduction with GLP-1 RA: an additional 2.90 
percentage points of absolute reduction (95% CI 1.46–
4.34; Welch t=3.95; p<0.001; Cohen’s d=0.83). ALT 
improved in parallel (SGLT2i −23.1 U/L; GLP-1 RA −34.8 
U/L; both p<0.001) as did BMI (−2.1 vs −4.2 kg/m²). 
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Classifying patients by the validated ≥30% relative-
reduction threshold (the individual distribution is 
displayed in the Figure 1B waterfall; pre-test response 
prevalence 57.8%), the imaging responder rate was 40.0% 
(18/45; 95% CI 27.0–54.5) with SGLT2i and 75.6% 
(34/45; 95% CI 61.3–85.8) with GLP-1 RA (χ2=10.25; 
p=0.001; OR 4.64). Deep response (≥50%) was reached by 
4 (8.9%) versus 13 (28.9%) patients. The between-arm 
contrast was robust to the response definition in the pre-

specified sensitivity analysis (Table 2): at a 25% threshold 
the responder rates were 62.2% versus 91.1%, and at a 
35% threshold 28.9% versus 71.1%, GLP-1 RA exceeding 
SGLT2i at every cutpoint.2 Reductions in PDFF correlated 
moderately with reductions in ALT (Pearson r=0.63; 95% 
CI 0.49–0.74; p<0.001; R²=0.40) and with BMI change 
(r=0.51; 95% CI 0.33–0.65; p<0.001), consistent with a 
coherent, partly weight-linked metabolic-imaging 
response. 

 

Figure 1. (A) Mean MRI-PDFF trajectory by therapy arm (error bars = 95% CI). (B) Waterfall plot of individual relative PDFF change at 
Month 6, with −30% (response) and −50% (deep response) reference lines. (C) Forest plot of adjusted odds ratios for ≥30% response 
from multivariable logistic regression. 

 

Table 2. Longitudinal MRI-PDFF response, diagnostic performance of early-scan prediction with internal validation, and inter-reader 
reliability. 

Parameter Estimate (95% CI) Statistic / p 

Longitudinal change (linear mixed-effects)   

SGLT2i: PDFF Δ baseline→Month 6 −4.7% (−29.0% relative) p<0.001; η²=0.66; dz=1.43 
GLP-1 RA: PDFF Δ baseline→Month 6 −7.6% (−43.6% relative) p<0.001; η²=0.79; dz=2.07 

Arm×time interaction (extra reduction, GLP-1 RA) 2.90 (1.46–4.34) pp t=3.95; p<0.001; d=0.83 

Imaging response (≥30% relative reduction)   

Responder rate, SGLT2i 40.0% (27.0–54.5) 18/45 
Responder rate, GLP-1 RA 75.6% (61.3–85.8) OR 4.64; χ2=10.25; p=0.001 
Sensitivity analysis (25% / 35% threshold), S vs G 62.2/91.1 ; 28.9/71.1 (%) robust across cutoffs 

Early-scan prediction (Month-3 ≥16.9% decline → Month-6 response)   

Sensitivity 96.2% (87.0–98.9) TP=50; FN=2 

Specificity 78.9% (63.7–88.9) TN=30; FP=8 
PPV / NPV 86.2% / 93.8% (75.1–92.8) / (79.9–98.3) 
Accuracy 88.9% (80.7–93.9) — 
AUC (DeLong); bootstrap-validated 0.895 (0.823–0.967); 0.897 optimism ≈ 0 

LR+ / LR− 4.57 (2.46–8.47) / 0.05 (0.01–0.19) — 

Inter-reader reliability   

ICC(2,1), continuous PDFF 0.986 (0.982–0.989) absolute agreement 
Cohen’s κ (unweighted / weighted) 0.861 (0.803–0.918) / 0.909 almost perfect 
Bland–Altman bias (95% LoA) 0.06 pp (−1.59 to +1.72) negligible bias 

pp: percentage points; PPV/NPV: positive/negative predictive value; AUC: area under the ROC curve; LR: likelihood ratio; ICC: intraclass correlation; LoA: limits of 
agreement; S: SGLT2i; G: GLP-1 RA. 95% CIs by Wilson, DeLong, log-based and bootstrap methods. 

 
The early-scan prediction analysis is summarised in Table 
2 and illustrated by the receiver-operating-characteristic 
curves in Figure 2. From a 2×2 table (true positives 50, 
false negatives 2, true negatives 30, false positives 8), a 
Month-3 relative PDFF decline of ≥16.9% (the Youden-
optimal cutoff) predicted Month-6 ≥30% response with an 
AUC of 0.895 (95% CI 0.823–0.967), sensitivity 96.2% 

(87.0–98.9), specificity 78.9% (63.7–88.9), PPV 86.2% 
(75.1–92.8), NPV 93.8% (79.9–98.3) and accuracy 88.9% 
(80.7–93.9). Out-of-bag bootstrap validation indicated 
negligible optimism (cross-validated AUC 0.897), although 
the operating-point estimates — particularly the negative 
likelihood ratio of 0.05 (95% CI 0.01–0.19), based on only 
two false negatives — should be read as exploratory and 
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require external validation. The positive likelihood ratio 
was 4.57 (2.46–8.47); applied to the cohort pre-test 
probability, a positive early scan raised the post-test 
probability of ultimate response from 58% to ≈86%, while 
a negative early scan lowered it to ≈6%. For predicting 

deep (≥50%) response, a Month-3 cutoff of ≥24.8% decline 
achieved an AUC of 0.920 (0.858–0.982) with 100% 
sensitivity and 72.6% specificity, as also shown in Figure 
2. 

 

Figure 2. ROC curves for Month-3 relative PDFF decline predicting Month-6 imaging response. Primary endpoint (≥30%): AUC 0.895 
(95% CI 0.823–0.967), bootstrap-validated 0.897; deep response (≥50%): AUC 0.920 (0.858–0.982). The Youden-optimal operating point 
(≥16.9% decline) is marked. 

 
Responder status was dynamic between scans: 52 patients 
(57.8%) were responders at Month 6 versus 20 (22.2%) at 
Month 3, with discordant pairs of 2 (early-positive/late-
negative) and 34 (early-negative/late-positive); 
McNemar’s test confirmed significant directional change 
(χ2=26.69; p<0.001), as tabulated in Table 3. This reflects 

progressive fat loss accruing beyond the first quarter of 
therapy rather than test instability, and argues against 
premature discontinuation in patients who show 
meaningful early decline without yet crossing the 
threshold. 

 

Table 3. Multivariable predictors of ≥30% MRI-PDFF response and McNemar concordance of early versus final responder status. 

Predictor / Test Adjusted OR (95% CI) p 

Multivariable logistic regression — ≥30% response   

GLP-1 RA vs SGLT2i 5.85 (2.07–16.58) 0.001 

Baseline PDFF (per +1 SD) 2.26 (1.31–3.89) 0.003 

BMI (per +1 SD) 0.53 (0.31–0.89) 0.017 

McNemar — Month-3 vs Month-6 responder status   

Discordant pairs (early+/late− ; early−/late+) 2 ; 34 χ2=26.69; p<0.001 

Responders, Month 3 vs Month 6 20 (22.2%) vs 52 (57.8%) — 

OR adjusted for the listed covariates. SD: standard deviation. McNemar test on paired early (Month-3) versus final (Month-6) responder classification. 

 
In multivariable logistic regression (Table 3; adjusted 
odds ratios are plotted in Figure 1C; 17 events per 
variable; model converged without separation), GLP-1 RA 
therapy independently increased the odds of ≥30% 
response (adjusted OR 5.85; 95% CI 2.07–16.58; p=0.001), 
as did higher baseline PDFF (adjusted OR 2.26 per +1 SD; 
95% CI 1.31–3.89; p=0.003), whereas higher BMI was 
associated with lower odds of meeting the relative 
threshold (adjusted OR 0.53 per +1 SD; 95% CI 0.31–0.89; 
p=0.017), plausibly reflecting the larger absolute fat 
burden required to achieve a fixed relative reduction. In a 
sensitivity analysis additionally adjusting the arm effect 
for BMI change, the GLP-1 RA advantage was attenuated 

but persisted, indicating that the imaging benefit is partly 
weight-mediated yet not wholly explained by differential 
weight loss. Given multiplicity, the borderline BMI 
coefficient (p=0.017) is interpreted cautiously. 

4. Discussion 

In this prospective Indonesian cohort, serial 3.0 T MRI-
PDFF reliably quantified the reversal of hepatic steatosis 
under two contemporary cardiometabolic drug classes, 
was associated with greater fat loss under GLP-1 receptor 
agonist therapy, and showed that an early on-treatment 
scan accurately forecasts eventual imaging response. The 
near-perfect dual-reader agreement (ICC 0.986; weighted 
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κ 0.909; Bland–Altman limits within ±1.7 percentage 
points) and the internally coherent metabolic-imaging 
correlations indicate that these effects reflect true biology 
rather than measurement noise, and the observed 
absolute reductions (−4.7 and −7.6 points) comfortably 
exceed the smallest detectable change implied by the 
limits of agreement.8,12 

The magnitude of fat reduction aligns closely with the 
controlled-trial literature, supporting external validity. 
GLP-1 RA therapy produced a −43.6% relative PDFF 
reduction, consistent with the large steatosis reductions 
reported for semaglutide and for incretin-based agents 
such as tirzepatide, where MRI-PDFF served as a primary 
or key imaging endpoint.9–11 The SGLT2i reduction of 
−29.0% lies within the range described for empagliflozin 
and dapagliflozin and for pooled SGLT2i analyses of 
hepatic fat.13,17,18 Benchmarked against contemporary 
MASH trials of tirzepatide and resmetirom, our real-world 
cohort behaved as expected rather than showing 
attenuation, which is reassuring for pragmatic 
practice.19,20 

That GLP-1 RA was associated with greater reduction than 
SGLT2i is mechanistically expected: the additional weight 
loss and appetite-mediated caloric reduction of incretin 
therapy compound the insulin-sensitising effects shared 
with SGLT2 inhibition, and head-to-head and combination 
incretin studies report correspondingly large fat-fraction 
declines.11,21,22 Our analyses make this entanglement 
explicit — adjusting the arm effect for BMI change 
attenuated but did not abolish the GLP-1 RA advantage — 
mirroring real-world cohorts in which semaglutide 
roughly halved median PDFF over six months.3 Because 
allocation was by practice rather than randomised, 
residual confounding by indication cannot be excluded, 
and the contrast should be read as associational; the likely 
direction of such confounding warrants the cautious 
language we adopt. 

The ≥30% relative-reduction threshold is not arbitrary; it 
derives from cohort analyses linking this degree of PDFF 
decline to fibrosis regression and histologic response, 
lending external, biopsy-anchored meaning to our imaging 
endpoint.2,4 Framing the data this way enabled a clinically 
legible responder rate and formal prediction, and the 
between-arm contrast proved robust across alternative 
thresholds (25–35%). It is important to be precise that the 
reference standard here is an externally validated 
imaging-biomarker threshold measured at a later time, not 
a contemporaneous local histologic gold standard; the 
diagnostic metrics therefore describe how well an early 
scan predicts a later imaging-defined response, and inherit 
the assumptions of the validating studies.2,5 

The early-prediction performance — an AUC near 0.90 
with negligible bootstrap optimism — echoes and extends 
evidence that the magnitude of early fat decline tracks 
later improvement,4 by supplying operating 
characteristics with confidence intervals. The likelihood-
ratio framing is clinically actionable: applied to a 
representative patient, a positive early scan raised the 
probability of ultimate response to ≈86%, while a negative 
scan lowered it to ≈6%, though the latter rests on only two 
false negatives and must be validated externally before 

any rule-out use. The marked Month-3-to-Month-6 
reclassification underscores that the trajectory, not a 
single early absolute value, should inform decisions, with 
early decline rather than early threshold-crossing as the 
actionable signal — a nuance accessible only with a 
quantitative, repeatable biomarker. 

Mechanistically, MRI-PDFF reports the bulk triglyceride 
content of hepatocytes, integrating reduced de novo 
lipogenesis, enhanced fatty-acid oxidation, and decreased 
substrate delivery that accompany weight loss and 
improved insulin sensitivity. Because the chemical-shift-
encoded acquisition samples the organ and is corrected for 
T1 bias, T₂* decay (via R₂* mapping) and the spectral 
complexity of fat, it captures these changes with high 
linearity and low bias, and modern free-breathing and 
harmonised protocols extend this reproducibility across 
vendors and sites.12,14,15 The moderate PDFF–ALT 
correlation is biologically sensible: fat reduction and 
transaminase improvement are coupled but not identical, 
since ALT also reflects necroinflammatory activity that 
PDFF does not directly measure. 

For radiologists, the implications are concrete. A 
reproducible quantitative report enables individualised 
monitoring: confirming response, flagging likely non-
response early via likelihood ratios, and supporting shared 
decisions about continuation or escalation. The 
diagnostic-accuracy layer — sensitivity, specificity, 
predictive values and likelihood ratios with confidence 
intervals — gives interpreting radiologists the metrics 
needed to communicate certainty rather than a bare 
percentage change, and complements emerging fat-
fraction tools benchmarked against PDFF.5–7 We 
emphasise that the data do not establish that early triage 
improves clinical outcomes, which were not measured; the 
early-prediction finding is hypothesis-generating for a 
future decision-impact and cost-effectiveness study, an 
important consideration where MRI capacity is 
constrained. 

The therapeutic context is evolving rapidly: FGF21 
analogues and other agents now report large PDFF 
reductions, and body-composition effects of incretins are 
increasingly scrutinised, so a reproducible fat-fraction 
readout that can be applied across drug classes is likely to 
grow in importance.23,24 From an Indonesian and regional 
perspective, the study demonstrates that trial-grade PDFF 
monitoring is feasible in a tertiary centre despite resource 
heterogeneity, and that its reader reliability holds in local 
practice. Given the high and rising MASLD burden across 
Indonesia and Asia and the concentration of quantitative 
MRI in referral hospitals, locally generated performance 
data can inform rational, equitable deployment — for 
example, reserving early-prediction scans for therapy-
escalation decisions and standardising a confounder-
corrected protocol that can be ported, with validation, to 
different-vendor or lower-field systems.1,3 

Translated into a concrete pathway, our findings suggest a 
pragmatic two-scan monitoring strategy: a baseline PDFF 
to confirm and grade steatosis and to set the per-patient 
reference, followed by a Month-3 PDFF to read the early 
trajectory. A patient whose early relative decline exceeds 
the ≥16.9% operating point is very likely to reach the 
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validated ≥30% response by Month 6 and can reasonably 
continue unchanged, whereas a patient with minimal early 
decline — given the high negative predictive value — 
becomes a candidate for earlier reassessment, adherence 
review, lifestyle intensification, or a switch toward an 
agent with larger expected fat-fraction effect, such as a 
GLP-1 receptor agonist or incretin-based therapy.3,4 We 
stress that this algorithm is a hypothesis derived from 
imaging association rather than a validated decision rule, 
and that the incremental cost of an interim scan must be 
weighed against the value of avoiding months of 
ineffective therapy; both questions are best resolved in a 
prospective decision-impact and cost-effectiveness study 
in the Indonesian setting.1 

The strengths of this work include its prospective design, 
consecutive enrolment, a fully reproducible confounder-
corrected acquisition protocol with constant serial 
conditions, dual-blinded reading with comprehensively 
quantified reliability (ICC, weighted κ, Bland–Altman), an 
externally validated response threshold, internal 
validation of the prediction analysis, an explicit endpoint 
hierarchy, and STARD/STROBE-consistent reporting. 
Pairing a mixed-effects longitudinal framework with a 
diagnostic-accuracy layer yields both population-level and 
decision-level inference from one dataset. 

Several limitations temper interpretation. First, therapy 
was assigned by practice rather than randomised, so 
residual confounding by indication cannot be excluded 
despite multivariable and BMI-change adjustment; the 
contrast is associational. Second, the study was conducted 
at a single tertiary hospital in one city, introducing 
possible spectrum and selection effects and limiting the 
generalisability of the specific operating characteristics, 
whose predictive values further depend on local response 
prevalence. Third, we used an imaging-anchored response 
standard rather than contemporaneous biopsy — 
appropriate for serial monitoring but unable to 
disaggregate steatosis from inflammation or fibrosis.5 
Fourth, the Youden cutoff was derived in-sample; although 
bootstrap optimism was negligible, external validation 
remains necessary. Fifth, the modest sample limits 
subgroup analysis, the multiple secondary tests raise 
multiplicity concerns addressed by an endpoint hierarchy, 
and pooling two SGLT2 inhibitors assumes a class effect. 
Sixth, six months captures the steatosis-reversal window 
but not histologic or clinical outcomes. Multicentre, longer, 
and ideally randomised studies — incorporating 
multiparametric MRI such as iron-corrected T1 and MR 
elastography — are warranted to confirm and extend 
these findings. 

5. Conclusion 

Serial MRI-PDFF reliably quantified pharmacologically-
induced reversal of hepatic steatosis in MASLD, with GLP-
1 receptor agonist therapy achieving greater fat reduction 
(−43.6% vs −29.0%; responder rate 75.6% vs 40.0%) than 
SGLT2 inhibition, and with near-perfect inter-reader 
agreement (ICC 0.986; κ 0.861). A Month-3 scan predicted 
Month-6 response with high accuracy (AUC 0.895; LR− 
0.05), supporting early, individualised therapy decisions. 
MRI-PDFF is a robust, decision-useful monitoring 

biomarker feasible in tertiary Indonesian radiology 
practice; multicentre, longer-term, and randomised 
studies with multiparametric MRI are warranted to 
confirm these findings. 
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