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Abstract
Supplementary tables for “Hybrid recommendation of healthcare interventions
for personalised patient engagement: a leakage-free offline evaluation on syn-
thetic electronic health records”. All values are generated by the analysis code
in Online Resource 2 from the Synthea April 2020 sample (1,171 patients, 300
interventions). Model abbreviations follow the main text.
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Table S3 Hyperparameters selected on inner validation data (grids:
k ∈ {5, 10, 15, 20, 30, 50, 75, 100, 150}; λ ∈ {10, 50, 100, 250, 500, 1000}; α ∈ {0, 0.1, . . . , 1}; criterion
NDCG@10).

Run k (kNN) λ (EASE) α Hybrid α Hybrid-D α Hybrid-E

Random split, seed 2026 (primary) 50 50 0.3 0.5 0.5
Temporal split 150 250 0.4 0.5 0.5
10 further seeds (range) 50–100 10–50 0.3–0.4 0.5–0.6 0.4–0.5

Table S4 Split-seed robustness: random-split protocol repeated with 10 further seeds (2027–2036),
each with its own inner tuning. Mean (SD) across seeds.

Model P@10 R@10 NDCG@10 HR@10

Random 0.013 (0.001) 0.038 (0.005) 0.023 (0.003) 0.117 (0.012)
Popularity 0.098 (0.003) 0.363 (0.009) 0.308 (0.008) 0.675 (0.009)
CBF 0.155 (0.003) 0.463 (0.011) 0.315 (0.008) 0.747 (0.009)
CBF-D 0.173 (0.002) 0.596 (0.007) 0.431 (0.006) 0.852 (0.005)
User-kNN CF 0.244 (0.003) 0.725 (0.010) 0.629 (0.011) 0.926 (0.010)
EASE 0.280 (0.002) 0.830 (0.008) 0.761 (0.010) 0.967 (0.005)
Hybrid 0.254 (0.002) 0.772 (0.006) 0.673 (0.010) 0.950 (0.007)
Hybrid-D 0.266 (0.002) 0.810 (0.007) 0.718 (0.009) 0.962 (0.006)
Hybrid-E 0.287 (0.002) 0.862 (0.006) 0.792 (0.007) 0.980 (0.004)
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Table S5 Paired Wilcoxon signed-rank tests on per-patient NDCG@10 (reference minus
comparator), Holm-adjusted within each block.

Comparison Mean difference W pHolm

Random split, reference Hybrid
vs Random +0.675 611.0 <0.001
vs Popularity +0.378 18,733.0 <0.001
vs CBF +0.372 27,318.0 <0.001
vs CBF-D +0.261 90,282.5 <0.001
vs Hybrid-E -0.096 125,327.5 <0.001
vs EASE -0.062 150,000.5 <0.001
vs User-kNN CF +0.049 152,653.0 <0.001
vs Hybrid-D -0.032 193,637.5 <0.001
Random split, reference EASE
vs Random +0.737 335.5 <0.001
vs Popularity +0.440 16,334.0 <0.001
vs CBF +0.434 24,637.0 <0.001
vs CBF-D +0.323 61,405.0 <0.001
vs User-kNN CF +0.111 91,111.5 <0.001
vs Hybrid +0.062 150,000.5 <0.001
vs Hybrid-D +0.030 194,200.5 <0.001
vs Hybrid-E -0.034 205,143.5 <0.001
Temporal split, reference Hybrid
vs Random +0.397 15,280.5 <0.001
vs Popularity +0.234 64,373.5 <0.001
vs CBF +0.137 142,558.5 <0.001
vs User-kNN CF +0.063 164,929.5 <0.001
vs EASE +0.047 192,259.5 <0.001
vs CBF-D +0.082 193,758.5 <0.001
vs Hybrid-E -0.050 197,046.0 <0.001
vs Hybrid-D -0.036 212,487.5 <0.001
Temporal split, reference EASE
vs Random +0.350 26,198.0 <0.001
vs Popularity +0.187 70,824.5 <0.001
vs Hybrid-E -0.097 137,859.0 <0.001
vs Hybrid-D -0.083 156,483.0 <0.001
vs CBF +0.090 187,661.0 <0.001
vs Hybrid -0.047 192,259.5 <0.001
vs User-kNN CF +0.016 221,668.0 0.002
vs CBF-D +0.035 223,522.5 0.002

Table S6 Cohort-size analysis (random split). For n < 1,171, 20 random patient subsamples per
size, each fully re-tuned; mean (SD) of NDCG@10. n = 113 matches the dissertation cohort size.

Model n = 113 n = 250 n = 500 n = 1,171

Random 0.033 (0.007) 0.025 (0.004) 0.023 (0.004) 0.017
Popularity 0.304 (0.036) 0.312 (0.023) 0.309 (0.012) 0.314
CBF 0.338 (0.034) 0.329 (0.015) 0.316 (0.010) 0.319
CBF-D 0.399 (0.040) 0.421 (0.024) 0.435 (0.017) 0.430
User-kNN CF 0.519 (0.035) 0.565 (0.023) 0.594 (0.016) 0.643
EASE 0.591 (0.040) 0.675 (0.025) 0.716 (0.020) 0.754
Hybrid 0.583 (0.037) 0.632 (0.024) 0.649 (0.015) 0.692
Hybrid-D 0.599 (0.035) 0.657 (0.028) 0.691 (0.012) 0.724
Hybrid-E 0.635 (0.034) 0.713 (0.022) 0.755 (0.011) 0.787

Selected α (Hybrid) 0.48 (0.08) 0.40 (0.05) 0.36 (0.05) 0.30
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Table S7 Subgroup performance (random split): NDCG@10, mean (95% bootstrap CI).

Attribute Group n Hybrid Hybrid-D

Sex Female 551 0.702 (0.680–0.723) 0.731 (0.710–0.751)
Sex Male 453 0.679 (0.652–0.705) 0.716 (0.689–0.740)
Race Asian 81 0.736 (0.674–0.792) 0.790 (0.738–0.838)
Race Black 91 0.731 (0.680–0.779) 0.759 (0.710–0.805)
Race Other/native 15 0.669 (0.529–0.795) 0.736 (0.612–0.842)
Race White 817 0.683 (0.664–0.702) 0.713 (0.694–0.731)
Ethnicity Hispanic 100 0.684 (0.630–0.738) 0.710 (0.659–0.762)
Ethnicity Nonhispanic 904 0.692 (0.675–0.710) 0.725 (0.708–0.742)
Age band 0-17 166 0.686 (0.641–0.732) 0.742 (0.702–0.780)
Age band 18-44 331 0.698 (0.669–0.726) 0.715 (0.687–0.743)
Age band 45-64 293 0.691 (0.660–0.722) 0.715 (0.685–0.745)
Age band 65+ 214 0.686 (0.647–0.724) 0.735 (0.702–0.766)
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