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Introduction: Social determinants of health are critical drivers of health status and cost, but are
infrequently screened or addressed in primary care settings. Systematic approaches to identifying
individuals with unmet social determinants needs could better support practice workflows and link-
ages of patients to services. A pilot study examined the effect of a risk-stratification tool on referrals
to services that address social determinants in an urban safety-net population.

Methods: An intervention that risk stratified patients according to the need for wraparound was
evaluated in a stepped wedge design (i.e., phased implementation at the clinic level during 2017).
Staff at nine federally qualified health centers received a daily report predicting patients’ needs for
social worker, dietitian, behavioral health, and other wraparound services (categorized as low, ris-
ing, or high risk). Outcomes included referrals and uptake of appointments to wraparound services.

Results: Among 238,087 encounters, providing clinic staff with risk-stratification scores increased
the odds that a patient would be referred to a social worker. For patients categorized as high risk,
the odds of a social work referral was 65% higher than controls and similar patients, but lower effect
sizes were observed for individuals categorized with rising and low risk. Among referred patients,
the intervention was generally associated with increased odds of kept appointments.

Conclusions: This study provided preliminary evidence that risk-stratification interventions to
identify patients in need of wraparound services to address social determinants can increase refer-
rals and uptake of services that may address social drivers of disease burden.
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INTRODUCTION

ocial determinants of health include the behaviors,

social situations, socioeconomic conditions, and

physical and policy environments that contribute
to health and well-being."* These factors increase patient
complexity and complicate the delivery of care,”* and are
associated with increased services utilization and poorer
health outcomes.™ Providers and payers are increasingly
becoming more attentive to the challenges and costs posed
by patients’ social determinants.”® For example, health
systems are partnering with community organizations to
offer social services’ and the American Medical Associa-
tion endorses physician training in social determinants.'’
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Additionally, screening for and addressing the social deter-
minants of health are critical components of the Center for
Medicare & Medicaid Services Accountable Health Com-
munities program.11

Despite their importance, primary care providers infre-
quently screen for, assess, or address social determinants
because of a combination of factors.'” Providers may sim-
ply lack time'’ or may be insufficiently knowledgeable
about social determinants.'* Even when aware of social
factors, providers may have concerns that these determi-
nants cannot be adequately resolved in an office visit."”
Moreover, practices are hampered by insufficient docu-
mentation capability within electronic health records
(EHRs).'® Also, patients may be reluctant to share stigma-
tizing social information.'” As a result, patients’ needs aris-
ing from social determinants are frequently unknown,
underestimated, and left unaddressed.'®~2°

Standardized and systematic approaches to identify-
ing those with social needs could better support primary
care workflows and the linkage of patients to necessary
services.”” > One such systematic approach is to lever-
age risk stratification, or risk prediction, methods to
identify patients most in need of intervention.”” Risk
stratification is already widely applied in health care to
better understand negative clinical outcomes, including
readmissions or death,”® and population health needs,
such as identifying patients requiring care coordination
or those that are high cost/high utilizers.”* Risk stratifi-
cation makes use of the ever growing amount of avail-
able electronic patient data and can incorporate both
patient and community contextual information in an
effort to inform decision making or to automate pro-
cesses and orders.” "’

This study evaluates the use of automated risk stratifi-
cation as an approach to better identifying patients with
the greatest needs for various wraparound services that
can address the social determinants of health. Specifi-
cally, the study assesses whether an intervention that
risk stratified patients according to need results in
increased referrals and uptake of wraparound services
provided by social workers, dietitians, behavioral health
specialists, and other service providers addressing social
issues in a vulnerable, safety-net population. A growing
body of research indicates these professionals can be
effective in addressing patient needs.”* **

METHODS

A stepped wedge design™ was used to evaluate the impact of auto-
mated risk stratification for wraparound services in nine federally
qualified health center (FQHC) clinic sites. The intervention was
an automated process that provided risk-stratification scores to
staff and was introduced in three clinics at a time over a 1-year
period in 2017. The intervention’s phased introduction in a

stepped wedge design had multiple advantages: it facilitated
implementation within the study clinics, it allowed for outcome
measurement in both pre- and post-intervention phases, and it
increased the statistical power for detecting the intervention effect.
Risk-stratification scores were based on data available from the
FQHCs EHR, the community-based health information
exchange, and key neighborhood characteristics pertaining to the
patient’s ZIP code.

Study Sample

The study sites were the nine primary care clinics at Eskenazi
Health, a 315-bed public hospital in Indianapolis, Indiana. Eske-
nazi Health has offered behavioral health services, dietitian
counseling, social work services, respiratory therapy, financial
planning, medical-legal partnership assistance, patient navigation,
and pharmacist consultation on a co-located basis with primary
care. Collectively, these services were labeled as wraparound serv-
ices (i.e., additional nonmedical services that support the delivery
of primary care). Importantly, dedicated staff provided these serv-
ices in-house, that is, patients were not referred to outside entities
for service.

Measures

Leveraging 6 years of patient-level data from the EHR, the local
health information exchange, and small-area aggregate socioeco-
nomic and public health indicators, machine learning algorithms
identified adult patients who may need a referral to wraparound
services.”” The machine learning algorithms resulted in five out-
put scores: (1) an overall predicted risk score indicating a given
patient’s probability of needing a referral to any wraparound serv-
ices, and specific predicted risk scores indicating the potential
need for (2) behavioral health services, (3) dietitian counseling,
and (4) social work services. A fifth prediction score reflected the
need for any other wraparound services (combined because of a
small number of observations). The algorithm performed within
the useful range of discriminatory ability,”" with area under the
curve values ranging from 70% to 78%.”° In consultation with
providers, patients’ predicted risk scores were risk stratified into
the following categories: low need (the lowest 80% of scores), ris-
ing risk (scores in 80th to 95th percentiles) and high risk (scores
in the top 95th percentile of all scores). The percentile distribution
was based on historical data on the entire FQHC adult patient
population (e.g., a patient with a risk score in the high-risk cate-
gory had a score >95% of all other adult patients).

The intervention was the delivery of risk-stratification informa-
tion on a daily basis using an automated batch process. Early each
morning, Eskenazi Health submitted listings of adult patients
scheduled for primary care appointments. The receipt of this
scheduled patient list triggered an automated query of multiple
data sets for relevant data elements, which were included in the
machine learning algorithm.”® The result of the process was a text
report with patient identifiers and risk-stratification scores and
categories, as described here. The resulting report was automati-
cally returned to each clinic before opening hours and was accessi-
ble to that clinic’s staff on a secure intranet site. The primary
anticipated users of the reports were the wraparound service pro-
viders and the clinics’ population health nurse. The report was
intentionally delivered before clinic opening so that staff: (1) had
the information before discussion of the day’s patients at the daily
provider team meetings, and (2) had time to identify any patients
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for potential wraparound service consultation. The intervention
was introduced at the clinic level. Patients without scheduled visits
were not included in the risk-stratification report. The study team
that included an Eskenazi Health clinician introduced the concept
of the risk-stratification report to the clinic staff at regular staff
meetings 1 month prior to the clinic going live. Risk-stratification
results did not automatically trigger any referrals, viewing the
report was not mandated, nor were any patients required to be (or
not to be) referred to services based on risk-stratification scores.
Providers were not required to specifically engage any risk level or
specifically exclude patients in lower risk levels. Therefore, the
intervention provided risk-stratification information as another
“data point” to include in clinicians’ own decision-making pro-
cesses and workflows.

In June 2017, three clinics went live with the daily reports. At
study Month 4, three more clinics went live, and at study Month
6, the remaining three clinics went live. All primary care encoun-
ters from January 2017 until each clinic implemented the inter-
vention served as control observations. The primary independent
variable measured the clinic intervention status and the risk-
stratification categories at the individual encounter level: control
period encounter, same-day appointment (i.e, no risk score
because unscheduled patient visit), low risk, rising risk, or high
risk.

Referral to a wraparound service during a primary care
encounter was the primary endpoint of the current study. The sec-
ondary endpoint was patient uptake (e.g., whether the referred
appointment was kept) of a wraparound service. Results were
summarized by dietitian, behavioral health, social work, and all
other service referrals combined. The latter category was com-
bined due to a small number of referrals. Referrals and kept
appointments for Eskenazi Health’s general health and lifestyle
management program served as a control outcome. This control
outcome was appropriate because, like wraparound services, the
program was offered at multiple locations, required a primary
care referral, and was not related to a specific clinical condition.
This control outcome was not included in the risk-stratification
intervention. Control outcomes serve as a check against internal
validity threats like the presence of an unmeasured confounding
factor or selection bias.”>”’

Covariates included patient demographics (age, gender, race/
ethnicity) and calculated Elixhauser comorbidity scores.™

Statistical Analysis

Percentages and means described the study sample. A series of
generalized estimating equations for logistic regression models,
which account for the repeated measurement of patients, evalu-
ated the impact of the intervention on primary and secondary
endpoints. Separate regression models were fit for each outcome.
All models were adjusted for patient demographics, comorbidity
score, and clinic location. This project was approved by the Indi-
ana University IRB.

RESULTS

The study sample included 238,087 encounters among
57,490 unique patients. Intervention and control
encounters differed statistically, but not meaningfully,
by age, gender, race-ethnicity, and mean comorbidity
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scores (Table 1). The mean rate of referrals for wrap-
around services among control encounters was 9.5%.
Rates of referrals for patients in the risk-stratification
intervention were higher at 9.8% (p=0.006). Rates of
referrals were highest for dietitians. Very infrequently
(<1%) did an encounter result in a referral to any of the
other wraparound services. About one third of encoun-
ters with appointments to a wraparound service kept the
appointment (35%). The percentage of encounters with
kept appointments among referrals to dietitians, behav-
ioral health, and social workers were higher in the inter-
vention group. The percentage of encounters with
referrals to the free general health and wellness program
and the proportion of referred patients that kept those
appointments did not significantly differ between inter-
vention and control groups.

Overall, providing clinicians with risk-stratification
information was not associated with an increase in refer-
rals to wraparound services as a whole (Figure 1). How-
ever, the odds that a patient would be referred to social
work were higher in intervention periods than in control
periods. For the high-risk stratification category, the
odds of a social work referral was 65% higher (OR=1.65,
95% CI=1.40, 1.95), 33% higher for the rising-risk strati-
fication category, and 47% higher for the low-risk cate-
gory. In the intervention clinics, patients with same-day
appointment who did not receive risk scores (i.e., those
with unscheduled appointments, which were 22.1% of
encounters) also had higher odds of a referral to a social
worker (OR=1.32, 95% CI=1.12, 1.55). For all other
wraparound services (i.e., dietitians, behavioral health,
and all others combined), the intervention was not asso-
ciated with any increases in referrals. For these services,
patients with same-day appointments had significantly
lower odds of referrals compared with the patients in the
control periods. The intervention was not significantly
associated with referrals to the general health and well-
ness program (the control outcome).

Among referred patients, the intervention was gener-
ally associated with increased odds of kept appointments
(Figure 2). The increased odds of keeping any wrap-
around service appointment ranged from 48% for the
high-risk group, to 29% for rising-risk group, to 39% for
the low-risk group. Patients with same-day appoint-
ments (i.e., no risk scores) also had increased odds of
keeping appointments. Although sample sizes were
small, odds of kept appointments were generally higher
for dietitians and behavioral health as well. Among social
workers, the service that was observed to have increased
odds of referrals, risk-stratified patients generally had
higher odds of keeping the appointment. The interven-
tion was not associated with keeping appointments for
all other service providers and was not significantly
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Table 1. Characteristics of Encounters by Intervention and Control Clinic Sites

Total Intervention Control
Variable (N=238,087) (n=62,254) (n=175,833) p-value
Demographics
Age, years, M (SD) 471 (16.1) 47.5 (16.1) 47.0 (16.1) <0.0001
Female, % 70.7 69.6 71.1 <0.0001
Race/ethnicity, % <0.0001
White 29.3 30.2 29.0
Black or African American 48.1 48.2 48.1
Other 22.6 21.6 22.9
Hispanic 21.7 20.1 22.2
Elixhauser score, M (SD) 2.0(1.8) 2.1 (1.8) 1.9 (1.8) <0.0001
Referrals, %
Any social determinant of health 9.6 9.8 9.5 0.0061
Behavioral health 2.9 31 2.8 0.0007
Dietitian 5.2 5.0 5.4 0.0300
Social worker 1.2 1.6 1.0 <0.0001
Other® 0.9 0.8 0.9 0.0080
General health education program, % 1.1 1.0 1.1 0.3128
Kept appointments,” %
Any social determinant of health 321 34.8 311 <0.0001
Dietitian 33.8 36.6 32.9 <0.0001
Behavioral health 28.3 32.5 26.7 <0.0001
Social worker 23.5 26.3 21.9 0.0089
Other® 19.8 16.0 21.0 0.0161
General health education program, % 7.3 6.7 7.6 0.4562

Note: Boldface indicates statistical significance (p<0.05).

®Medical-legal partnership, financial counseling, respiratory therapy, patient navigation, and pharmacist consultation (combined due to small sample

sizes).
PAmong those with referrals for each service.

°The general health program required referrals, but was not included in the risk-stratification modeling.

associated with kept appointments to the general health
and wellness program (the control outcome).

DISCUSSION

Providing primary care clinic staff with risk-stratification
information on patients’ need for wraparound services
increased referrals to social workers and increased the
odds of kept appointments for multiple wraparound ser-
vice providers that may address social determinants of
health. This finding indicates that proactively identifying
patients in need of social and other services, using risk
stratification derived from machine learning methods,
can support improvements in care delivery. The effective
and efficient delivery of services that address the social
determinants of health will increasingly be a key capabil-
ity as healthcare organizations assume greater account-
ability, and financial risk, for assuring patients” health.
This study’s automated risk-stratification intervention
responds directly to recent calls to increase the system-
atic screening of social determinants,”’ better leverage
electronic data,”® and transform data into useful

information through risk predictions.”>*° Layering auto-
mated risk stratification on to the increased health infor-
mation technology usage in primary care’’ is an
opportunity to improve the identification of, and to
address patients’ needs stemming from, social determi-
nants.”® Current research on screening initiatives has
revealed a high need for services,”'**” the potential for
the practice of screening to change provider and work-
place attitudes,'® and that screening can be an effective
tool for identifying those in need of an intervention.”*’
Automated risk stratification could complement and
also enhance efforts to increase the usage of screening
questionnaires”' and the collection of structured social
determinants data.*?> Moreover, an automated risk-strat-
ification intervention could help overcome the primary
limitation of providers’ lack of screening for this infor-
mation.'” As a future application, risk stratification and
specific, standardized data could be combined into rule-
based standing orders or automatic referrals to services
within EHRs."*

Although the need for wraparound services among
patients in this study was high, the intervention did not
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Refeqal OR (35% C)
Any wraparound service
Control site
Same day appt.? F3 0.63 (0.59, 0.68)
Lowrisk 1.03(0.99,1.09)
Rising risk m 1.05(0.97,1.13)
High risk - 0.98 (0.90, 1.06)
Social worker
Control site
Same day appt.@ e e 1.32(1.12,1.55)
Lowrisk e 1.47 (1.30, 1.6%5)
Rising risk ——e— 1.33 (1.10,1.59)
High risk ——— 1 65 (1.40, 1.95)
Dietitian
Control site
Same day appt.2 & 0.53 (0.48, 0.58)
Lowrisk > 0.95 (0.90, 1.00)
Rising risk P 1.01(0.89,1.14)
High risk % 0.80(0.47,1.37)
Behavioral
Control site
Same day appt.3 - 0.64 (0.57,0.72)
Lowrisk == 1.08 (1.00,1.15)
Rising risk —— 0.94 (0.84, 1.05)
High risk Lo 0.99 (0.81,1.21)
Other wraparound services
Control site
Same day appt.? —— 0.72 (0.58, 0.91)
Lowrisk —() m— 0.96 (0.83,1.12)
Rising risk = e 1.14 (0.92,1.41)
High risk —— 1.25(0.97,1.60)
General health program
Control site
Intervention site -4 0.97 (0.87,1.0%)

| |
025 05

Figure 1. Association between risk stratification and wraparound service referrals.
2Same-day appointments at intervention sites did not have risk-stratification scores.

improve referral rates to all services. The lack of any
effect on the combined category of legal partnership,
financial counseling, respiratory therapy, patient naviga-
tion, and pharmacist consultation services may be
because of either poor predictive performance or a com-
bination of the very heterogeneous nature and small
numbers of these services. Additionally, the absence of
any impact on referrals to dietitians was unexpected, but
possibly because of a poor match between current clini-
cal practice and the archived data used in the risk-strati-
fication models. Follow-up interviews with dietitians
indicated an increasing effort to target services to more
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narrowly define clinical conditions (e.g., specific HbAlc
thresholds or recent discharges with specific diagnoses).
Models are being revised to improve performance for
these services by including more deterministic rules and
by including additional data sources (e.g., 211 calls), bio-
metric measures, and additional clinical indicators. Criti-
cally, referrals to social workers increased during the
intervention. Social workers can fulfill many roles in
addressing patients’ social determinants and care
needs,””** and social work integration with primary care
has been associated with improvements in quality, costs,
and health services utilization.*” Additionally, referrals
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Kept referred appointment

OR (95% CI)

Any wraparound service

Control site
Same day appt.? —p— 1.22 (1.04,1.43)
Lowrisk - 1.39(1.28,1.51)
Rising risk e ] 1.29 (1.11,1.50)
High risk —_—— 1.48(1.26,1.73)
Social worker
Control site
Same day appt.@ —l 0.96 (0.59, 1.54)
Lowrisk ——C —— 1.73(1.27,2.37)
Rising risk 5y 1.35(0.82,2.22)
High risk & 1.65 (1.10, 2.48)
Dietitian
Control site
Same day appt.2 . ——— 1.44 (1.16,1.78)
Lowrisk L o 1.36 (1.24, 1.49)
Rising risk e — 1.45 (1.17,1.80)
High risk ¢ 0.66 (0.18, 2.37)
Behavioral
Control site
Same day appt.2 e — 1.41 (1.03,1.92)
Lowrisk e 1.48 (1.26,1.73)
Rising risk R S— 1.77 (1.39, 2.25
High risk & 1.61 (1.09, 2.37)
Other wraparound services
Control site
Same day appt.? - 0.21 (0.10, 0.45)
Lowrisk —) m— 0.94 (0.69, 1.30)
Rising risk ] J— 0.99 (0.61,1.62)
High risk e e 0.53(0.27,1.01)
General health program
Intervention site e g 1.01 (0.72,1.44)
Control site
11T 1 | | | |
01025 05 1 1.5 2 25

Figure 2. Association between risk stratification and kept social wraparound services appointments.
2Same-day appointments at intervention sites did not have risk-stratification scores.

to social workers help address concerns that risk stratifi-
cation may not adequately consider patient concerns,*®
as social workers at Eskenazi Health undertake addi-
tional assessments and screenings with the patients in a
patient-centric, collaborative manner.

Given that a sizable proportion of patients referred to
wraparound services may not follow-up on the refer-
rals,” the positive impact of the intervention on subse-
quent kept appointments for select services was also
promising. Missed appointments, in general, are an inef-
ficient use of organizational resources and increase
patient risk for undesirable outcomes.*’

Despite the increased attentiveness to specific patient
needs arising from social issues, primary care organiza-
tions face limitations in their ability to independently
affect broad change. Although providers may be able to
link low-income individuals to government assistance®
or to medical-legal partnerships that address unsafe liv-
ing conditions,”” they are unable to directly address the
underlying environmental, economic, societal, and pol-
icy issues that exacerbate health. Affecting the broader
issues requires partnerships with organizations from
other sectors. Public health organizations are a natural
partner for such change and have partnered with
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healthcare organizations to change the physical environ-
ment"” and to identify policies for reform."’

This pilot study will be extended by integrating risk-
stratification scores into a commercial EHR to create a
seamless experience for the end user (no additional log-
ins, no leaving the EHR interface) that better fits clinic
workflows. This integration moves nearer to real-time risk
stratification in order to include same-day appointment
patients. Also, the intervention is expanding to all ages,
including children. This will require age cohort—specific
models, given the children have high social needs as well,"
and screening for these social needs has proven to be effec-
tive."’ Like the existing approach, the intervention will not
require, or prohibit, referrals to any services. Individual
providers may still order referrals regardless of risk scores.

Limitations

This pilot study is subject to limitations. First, because all
wraparound services were on a co-located basis, findings
may not be generalizable to primary care practices that
rely on referrals to community partners. Ensuring that
patients with social needs actually have viable options
for referral is an ongoing concern,*® but less relevant in
this case. Second, other unmeasured factors may have
influenced referrals. However, the stepped wedge design
should have mitigated against the potential bias from
such effects and the use of a control outcome was
another check. Third, no statistical difference among the
risk-stratification categories was observed, whereas a
dose—response relationship could have been expected.
The reason could be that the risk-stratification results
were not tied to any specific ordering or workflow activ-
ity, or that patients in the low-risk category may have an
obvious and pressing need missed by the algorithms.
Fourth, the hospital’s information systems were able to
confirm that the reports were delivered, but measuring
actual usage was not possible. Additionally, clinic staff
may have suggested a referral, but the patient refused,
which is a possible outcome of screening.” Lastly, the
effects of the intervention cannot be separated from the
education and training about the intervention. Possibly
the intervention created more awareness of social needs
and prompted providers to examine their own workflow
and activities. However, the control outcome variable
suggests there was no increase in referrals or uptake in
programs that generally supported health. Additionally,
the significant negative association between same-day
appointment patients (i.e., no risk-stratification scores
because the appointment was unscheduled) and referrals
suggests provider workflows did not change to become
more attentive to social needs overall. Established clinic
workflows tended to focus on scheduled patients for
wraparound services referrals.
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CONCLUSIONS

An automated intervention that risk-stratified patients in
need of wraparound services in an urban, safety-net, adult
patient population resulted in increased referrals to social
workers and more kept appointments. This pilot study
suggests automated risk stratification may be an approach
to support healthcare organization’s efforts to better
address patients’ social determinants of health needs.
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