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            Abstract
Underserved populations experience higher levels of pain. These disparities persist even after controlling for the objective severity of diseases like osteoarthritis, as graded by human physicians using medical images, raising the possibility that underserved patientsâ€™ pain stems from factors external to the knee, such as stress. Here we use a deep learning approach to measure the severity of osteoarthritis, by using knee X-rays to predict patientsâ€™ experienced pain. We show that this approach dramatically reduces unexplained racial disparities in pain. Relative to standard measures of severity graded by radiologists, which accounted for only 9% (95% confidence interval (CI), 3â€“16%) of racial disparities in pain, algorithmic predictions accounted for 43% of disparities, or 4.7Ã— more (95% CI, 3.2â€“11.8Ã—), with similar results for lower-income and less-educated patients. This suggests that much of underserved patientsâ€™ pain stems from factors within the knee not reflected in standard radiographic measures of severity. We show that the algorithmâ€™s ability to reduce unexplained disparities is rooted in the racial and socioeconomic diversity of the training set. Because algorithmic severity measures better capture underserved patientsâ€™ pain, and severity measures influence treatment decisions, algorithmic predictions could potentially redress disparities in access to treatments like arthroplasty.
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Extended data

Extended Data Fig. 1 The effect of dataset diversity on model performance.
Each row of plots shows the effect of removing one minority group from the training set: from top, Black, lower-income, and lower-education patients. Each column of plots shows one metric: from left, R2 in predicting KOOS pain score, and the reductions in the education, income, and racial pain disparities (relative to KLG). In each subplot, the blue dot shows, as a baseline, the performance of KLG. The red dot shows the performance of a neural network trained on a non-diverse training set, with all minority patients removed. The five black dots show the performance of neural networks trained on five diverse training sets of equal size, with five random subsets of non-minority patients removed; in all cases, the diverse training sets yield superior performance to non-diverse training sets of equal size.


Extended Data Fig. 2 Analysis pipeline.
Prior to conducting any analysis, 1,295 patients (red box) were reserved as a held-out validation set to assess final results. In the exploratory phase, the remaining patients were analyzed as follows: a training set was used to optimize model weights, and a development set to select model hyperparameters and conduct early stopping to avoid overfitting. The main analyses to run on the held-out validation set were determined prior to examining it, and the hyperparameters were finalized. In the final analysis, all models were retrained using the hyperparameters chosen in the exploratory phase, and model predictions were assessed on the 1,295 patients in the held-out validation set.


Extended Data Fig. 3 Pain levels among overlapping racial and socioeconomic subgroups.
Race and socioeconomic status are correlated: among Black patients, 61% were lower-education and 63% were lower-income, while among non-Black patients, 34% were lower-education and 34% were lower-income.


Extended Data Fig. 4 Predictive performance for pain.
95% CIs are computed by cluster bootstrapping at the patient level.
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