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Big Data @ Yale: Using Graphs to Characterize Nationwide
Physician Referral Networks

Ding Tong, B.S.,%2 Shu-Xia Li, PhD,? Isuru Ranasinghe, PhD,? Sudhakar Nuti, B.A.,2 Hongyu Zhao, PhD, ! Harlan M. Krumholz, MD, SM-23

!Department of Biostatistics, Yale School of Public Health; 2Yale-New Haven Hospital Center for Outcomes Research and Evaluation; 3Yale School of Medicine.

Use Case Background Methods (continued) SESIES Results (continued)

Treatment outcomes such as quality of care vary across 2. Descriptive statistics of the physician referral . Descriptive measures at state level : 1) graphs and

hospitals. The drivers of such variations are not well networks at state level characteristics vary substantially across geographic areas,
understood. We hypothesize that the referral pattern For each state, we first calculated the characteristics of 2) graphs and characteristics show strong spatial

between providers and the hospita|s’ can influence physicians, including total number of physicians, and numbers correlations.

outcomes such as 30-day readmission. As a first step, of physicians in different specialties, physicians’ average | | |
we sought to use graph-based approaches to graduation year, and gender composition. We then derived T g I
J grap PP characteristics of networks, including the number of edges = ‘ K » * R e e
B ‘ : _

characterizing nationwide physician referral networks to . Figure.3 a) Goodness of fit: Observed vs. simulated networks
J Phy (referrals), average shared patients, average shared referral regarding proportions of nodes vs. in-degree, out-degree, edge-

be_tter unders’Fand interactions among _physmans. Our times, average betweenness (the number of shortest paths wise shared partner and minimum geodesic distance
ultimate goal is to assess the association between from all vertices to all others that pass through the node), P
hospital outcomes and their referral network primary care physician betweenness (average betweenness Ty ’\ s _
characteristics. within primary care physicians) and the cluster coefficient. - e e -

We visualized the primary care physician network with R Figure.1 a) Physicians density (#physicians  Figure.1 b) Primary health care physician = __'_' | o

software package iGraph per 1000 people). density (# physicians per 1000 people) B n A

simulation; left panel, white indicates existence of edges agreed between

K ey Q u eStI on 3. Statistical model for local network observed and simulated, blue indicates the edges exist in observed but not
After deriving the overall network characteristics, we used : simulated, red indicates otherwise; right panel shows the observed edges (value
. — Exponential random graph models (ERGI\/I) to further | of 1 or 0) minus the em_plrlcal probability of the _eX|stence of such edges..

How to characterize local physician referral networks characterize local network property and sub-networks such as » | The goodness of it plots show no evidence for lack-of-fit.

across the United States? a physician referral sub-network of an individual hospital.

Mean: 1.16
Median: 1.17

. In the ERGM model, we have: — | 15 ottt

N Ovel ty/I n n Ovatl O n P(Y = le) = K_l eXp{Utg()’: X)} ’ Figure.l c) Scaled average betweeness by state (tRe higher the
where Y is considered as a random matrix taking values in the betweeness, the Jjghter of the network) -
set of all n-by-n adjacency matrices G. Y;; = 1 if there is an PR o Limitations

1. | Applied gra_lp_h-based evaluation approaches on edge from node i to node j, and Y¥;; = 0 otherwise. k = k(1) is i o €., . The descriptive network measures lack statistical rigor.
nationwide physician referral network. the normalizing constant. g(¥,X) = ¥, ; y;;h(X;, X;), where h is i 5~ : ERGM model can only use binary data instead of count data,

: : . . p BRI g e o S ' _ : .
2.  Developed a new method to evaluate goodness of a fU”Ct"?”tmatpli’_th R? X R? into R, Is used to choose o SR Wi N and can not be easily adapted to deal with big sub-network.
' iSti appropriate statistics. S e Y st
7L 01T SERSTCE NEWOR TOCER: . The overall descriptive measures are at the state level but

Candidate covariates in the model include potentially clinically G ELE there is a need for studying smaller geographic regions.
M et h O d S important factors and network property measures. Final model _ Conclusions ) |
selection was based on statistical significance of the Use of graph-based approaches has the ability to provide more

coefficients and akaike information criteria (AIC). insights in describing and evaluating the nationwide physician
Figure.1 d)Primary Care Physician Figure.1 €)Primary Care Physician referral networks.

Referral Network in Nevad Referral Network in Mi t . . ..
1. Data Sources Traditional methods for assessing goodness of fit are not clerrel Teworicin Tevada S e I HnEsot In the future, we will refine the network descriptive measures,

applicable to ERGM. To assess the goodness of fit, we first Statistical model for local network: The ERGM refine algorithms of defining cluster or module of network, and
Physician CMS 2012-13 73,071,804 5 Directional referral pair and number of . . . .- - - .
national Physician occurrences from one National Provider Identifier SImUIated network data 1000 times US|ng the CoeﬁICIentS mOdel ShOWS '[hat’ in Gr|ff|n HospitaL physicians in overcome the CompUtatlonal Cha”enge Of the ERGM and further

Referral data izlrs:ifzﬁvzigirzfgsln;ther within 30 days of inferred from the selected model. To assess the overall CardiOIOQy, diagnOStiC radiology and geriatl‘ic medicine are adaptlng it for counting outcomes. We will further StUdy the

Physician cMms 642,144 s N o o Tl e goodness of fit, we compared the OV_era” network prqperties more likely to send and receive referrals than physicians association between these network characteristics and health
Information associated demographic and geographical between the observed one and the simulated ones visually. To in primary care and internal medicine. care outcomes.

information

Hospital NP Register 1002763 329 Hospital’s National Provider Identifier (NP, the further assess the local goodness of fit, we generated the
Information demographic and geographical information, and predicted network frOm the Simu|ated networks by USing a
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