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Abstract
The study objective was to (1) develop a statistical model that creates a novel patient engagement score (PES) from electronic
medical records (EMR) and health claim data, and (2) validate this developed score using health-related outcomes and charges
of patients with multiple chronic conditions (MCCs). This study used 2014-16 EMR and health claim data of patients with
MCCs from Sanford Health. Patient engagement score was created based on selected patients’ engagement behaviors using
Gaussian finite mixture model. The PES was validated using multiple logistic and linear regression analyses to examine the
associations between the PES and health-related outcomes, and hospital charges, respectively. Patient engagement score was
generated from 5095 patient records and included low, medium, and high levels of patient engagement. The PES was a sig-
nificant predictor for low-density lipoprotein, emergency department visit, hemoglobin A1c, estimated glomerular filtration
rate, hospitalization, and hospital charge. The PES derived from patient behaviors recorded in EMR and health claim data can
potentially serve as a patient engagement measure. Further study is needed to refine and validate the newly developed score.
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patient engagement score (PES), patient activation measure (PAM), multiple chronic conditions (MCC), electronic health
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Introduction

Controlling health care costs and preventing adverse health

outcomes for patients with multiple (2 or more) chronic

conditions (MCCs) continue to be a challenge since the

management of MCCs are highly influenced by patient beha-

viors. Recently, patient engagement has become a major

focus of health care reform as it has been shown to improve

health outcomes and lower health care cost (1–7). Patient

activation measure (PAM) is a validated instrument that has

been widely used to measure the level of patient engagement

in real-world practice. Higher PAM score indicates greater

activation and PAM segments patients into 4 activation lev-

els, including (1) the level that patients are passive and lack

confidence, (2) the level that patients become aware, but

they are still struggling, (3) the level that patients take action,
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and (4) the level that patients can maintain behaviors (8).

However, routinely assessing PAM is challenging since it

requires patients to spend time and respond to the questions

(9). In addition, while the level of patient engagement could

change over time, especially for chronic conditions (9).

Electronic medical record (EMR) and health claim data

have been widely used for several purposes in the US health

care. Some EMR and claim data reflect patient engagement

behaviors in various health care activities, for example,

immunizations, medication refills, and wellness exams. This

study intended to explore the use of these behaviors avail-

able in the EMR and health claims from a large regional

health care provider to determine the level of patient engage-

ment. This might enable health care providers to routinely

capture the level of patient engagement without burden to

patients. Thus, the objectives of this study were to develop a

statistical model that generated a novel patient engagement

score (PES) from EMR and health claims of patients with

MCCs, and to validate this developed score using health-

related outcomes and charges.

Methods

We conducted a cross-sectional study since only the most

recent records of the majority of data elements were avail-

able. Figure 1 shows the conceptual framework of this study.

We built the framework from Andersen’s behavioral model

of health service utilization (10–13). The Andersen’s model

suggests that predisposing, enabling, and need factors could

influence health-related outcomes (11). Based on various

studies (1–7,14–16) indicating that patient engagement

improved health-related outcomes and lowered health care

cost, patient engagement was included in the study frame-

work. Also, previous studies reported that behavioral mea-

sures, for example, adherence to medication and self-care

behavior, were linked to a high level of patient activation

(17–19). This study proposed to construct a patient engage-

ment measure from these behaviors.

Data Collection

This study obtained data through the Sanford Data Collabora-

tive. The data comprised EMR data from Sanford Health,

including 44 hospitals, as well as claim data over a 3-year

(calendar years 2014-2016) period. All data were

de-identified. The data elements included International Clas-

sification of Diseases, Tenth Revision, age, gender, race, eth-

nicity, marital status, primary insurance, primary care

provider, tobacco use, smokeless cigarette use, alcohol use,

body mass index (BMI), PAM score, number of immuniza-

tions, number of wellness exams, number of chronic condi-

tions, systolic blood pressure (SBP), diastolic blood pressure

(DBP), high-density lipoprotein (HDL), low-density lipopro-

tein (LDL), hemoglobin A1c, number of emergency depart-

ment (ED) visits, number of hospitalizations, estimated

glomerular filtration rate (eGFR), number of missing sched-

uled visits, clinic charges, and hospital charges. Only cumu-

lative values over the 3-year period were available for the

number of immunizations, wellness exams, ED visits, hospi-

talizations, and missing scheduled visits. Late medication

Patient characteristics
Predisposing factors
age, marital status, gender, race/ethnicity

Enabling factors
health insurance status, having a primary care 

provider

Need factors
BMI, smoking, alcohol use, number of chronic 

Health-related 
outcomes
blood pressure, high 

density lipoprotein 

(HDL), low density 

lipoprotein (LDL), 

triglyceride, A1C, 

eGFR, hospitalization, 

ER visit 

Healthcare costs 
hospital charges

Patient engagement

Patient behaviors
patient adherence to prescription refills, 

patient attending to scheduled visits, 

immunization, wellness exams

Figure 1. Conceptual framework adapted from Andersen’s model.
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refills were determined from 3 variables, including medica-

tion name, the number of day supply, and prescription date,

using Sanford Health claim data. We assumed that the late

medication refill occurred when the number of days supply

was shorter than the number of days between 2 consecutive

prescription refill dates. Then, the proportion of late refills

was calculated for each patient. This study included patients

who were aged at least 18 years old and had MCCs with one

of the following primary diagnoses: hypertension, hyperlipi-

demia, ischemic heart disease, heart failure, diabetes, and

chronic kidney disease; since these diseases were among

highest chronic condition rates with highest rates of MCCs.

This resulted in a total of 147 687 individual patient records.

Data Analysis

We conducted descriptive analyses of all data elements for

both patients with PAM and PES scores. To explore the

potential use of the EMR and health claim data to determine

the level of patient engagement, 3 behavioral measures,

including the proportion of late medication refills, the num-

ber of missing scheduled visits, and the number of immuni-

zations over the 3-year period were purposely selected, since

they likely reflected how much patients engaged in their

health care. We then developed the PES score by using data

from 5095 patients with complete records of these 3 beha-

vioral measures. A finite mixture of Gaussian model was

used to group patients based on the behavioral measures into

a collection of nonhomogeneous distributions (clusters)

(20,21). The model we assumed a G-component Gaussian

mixture given by f ðx; yÞ ¼
PG

g¼1pgf gðx; mg;SgÞ, where the

component density function jg was Gaussian distribution

with mean vector mg and covariance matrix Sg. The mixing

proportions pg had restrictions 0 < pg � 1 and
PG

g¼1pg ¼ 1.

Here, y contained {pg, mg, Sg, g ¼ 1, . . . , G}. Since, it was

assumed that the data came from a mixture of multivariate

normal distributions; hence, the 3 variables were log-

transformed to have an approximately normal mixture dis-

tribution. The expectation-maximization algorithm was used

to find the parameter estimates of the model at different

numbers of groups. The iterative algorithm was stopped after

the relative difference in likelihood value was below a given

threshold. The optimal number of groups was identified

using the Bayesian information criterion (BIC) (21). After

obtaining the component parameters for the best model,

maximum a-posteriori estimate was used by which an indi-

vidual was assigned to a component with the highest poster-

ior probability of belonging was used to assign individuals to

clusters. To generate the PES score, the clusters were ranked

based on the mean vector by which converting clusters labels

to ordered categorical variable.

We used multiple logistic regression analyses to examine

the relationship between all outcomes (dependent

variable)—SBP, DBP, HDL, LDL, A1c, eGFR (normal vs

not normal range), and ED visit and hospitalization (yes vs

no) and independent variables—age, gender, race, marital

status, primary health insurance, primary care provider,

BMI, tobacco use, alcohol use, number of chronic condi-

tions, PAM, or PES score. We used multiple linear regres-

sion analyses to examine the relationship between the same

independent variables and hospital charges. However, since

the hospital charge had a right screwed distribution, we log-

transformed the charge before we conducted the analyses. A

2-sided P value of <.05 was considered statistically

significant.

Results

Table 1 shows the descriptive statistics of all study variables

for patients with PAM scores and patients with PES scores.

Only 1442 patient records had PAM scores. The average

ages of patients with PAM and PES scores were about 67

and 56 years old, respectively. Approximately 64% and 49%
of the patients with PAM and PES scores were female,

respectively. More than 90% of the patients were white and

non-Hispanic or Latino for both groups. The majority of the

patients with PAM scores and the patients with PES scores

were married (55.3% and 64.1%, respectively), had primary

care providers (94.2% and 94.1%, respectively), and were

former or nonsmokers (89.7% and 82.0%, respectively).

Although 65.9% of the patients with PAM scores had

government-sponsored health insurance, 16.1% of the

patients with PES scores had this type of insurance. Less

than 40% of the patients with PAM scores, but 52.0% of the

patients with PES scores, consumed alcoholic beverages.

The average BMI (25.3) of the patients with PES scores were

lower than those of the patients with PAM scores (32.3).

Over 58% of the patients with PAM scores had the scores

at either 3 or 4. Both groups had similar health-related out-

comes. The average hospital charges for the patients with

PAM scores, and the patients with PES scores were $111 268

and $66 986, respectively.

From the Gaussian model, a 3-component mixture was

chosen. The best model based on BIC assumes the covar-

iance matrices associated with the groups are symmetric and

equal variance for all 3 variables within a group. By inspec-

tion of the associated behavioral characteristics, the groups

were labeled as low (1), medium (2), and high levels of

engagement (22). The mean number of immunizations was

4.632, 4.980, and 5.245, whereas the mean number of miss-

ing scheduled visits was 2.627, 2.548, and 1.100 when the

patient engagement was at low, medium, and high levels,

respectively. Similarly, the mean proportion of late medica-

tion refills was 3.568 when the patient engagement was at

low level and 0 when the patient engagement was at medium

and high levels.

Tables 2 and 3 show the associations between PAM/PES

scores and health-related outcomes and hospital charges,

respectively. After controlling for all variables, the PAM

score was not a significant factor associated with any of the

health-related outcomes, except hospital charges. Patients

with the lowest level of PAM score had significantly higher

Ngorsuraches et al 3



Table 1. Patients’ Characteristics, Health Behavior, and Health-Related Outcomes for All Patients, Patients With PAM Scores, and Patients
With PES Scores.

Variables Patients with PAM scores Patients with PES scores

Average age + SD years 67.3 + 12.9 55.8 + 10.8
N ¼ 1442 N ¼ 5095

Gender, # (%)
Female 916 (63.5) 2527 (49.6)
Male 526 (36.5) 2568 (50.4)

Race, # (%)
Black 19 (1.3) 122 (2.4)
American Indian or Alaskan Native 50 (3.5) 195 (3.8)
White 1348 (93.5) 4658 (91.4)
Asian 7 (0.5) 55 (1.1)
Native Hawaiian or Pacific 2 (0.1) 7 (0.1)
Islander
Missing 16 (1.1) 58 (1.1)

Ethnicity, # (%)
Hispanic or Latino 12 (0.8) 99 (1.9)
Not Hispanic or Latino 1405 (97.4) 4953 (97.2)
Missing 25 (1.7) 43 (0.8)

Marital status, # (%)
Married 797 (55.3) 3266 (64.1)
Single 217 (15.0) 1168 (22.9)
Others 428 (29.7) 652 (12.8)
Missing – 9 (0.2)

Primary insurance, # (%)
Government sponsored 950 (65.9) 821 (16.1)
Nongovernment sponsored 470 (32.6) 3912 (76.8)
Missing 22 (1.5) 362 (7.1)

Primary care provider, # (%)
Yes 1359 (94.2) 4793 (94.1)
No 83 (5.8) 302 (5.9)
Missing – –

Tobacco use, # (%)
Current every day smoker 149 (10.3) 917 (18.0)
Former smoker 591 (41.0) 1766 (34.7)
Never smoker 702 (48.7) 2409 (47.3)
Missing – 3 (0.1)

Smokeless cigarette use, # (%)
Current every day smoker 10 (0.7) 143 (2.8)
Former smoker 60 (4.2) 298 (5.8)
Never smoker 1309 (90.8) 4434 (87.0)
Missing 63 (4.4) 220 (4.3)

Alcohol use, # (%)
Yes 557 (38.6) 2651 (52.0)
No 835 (57.9) 2317 (45.5)
Missing 50 (3.5) 127 (2.5)

Average BMI + SD 32.3 + 6.7 25.3 + 7.6
N ¼ 1399 N ¼ 5070

PAM score, # (%)
Level 1 153 (10.6) 8 (0.2)
Level 2 445 (30.9) 17 (0.3)
Level 3 331 (23.0) 24 (0.5)
Level 4 513 (35.6) 41 (0.8)
Missing – 5005 (98.2)

Average # of immunizations + SD 7.1 + 4.9 6.2 + 4.9
N ¼ 1274 N ¼ 5095

Average # of wellness exams 1.3 + 0.6 1.5 + 0.8
N ¼ 3 N ¼ 5095

Average % late medication refills + SD 55.7 + 22.4 54.1 + 23.4

(continued)
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hospital charges (b^[SE] ¼ 0.288 [0.145], P ¼ .046), com-

pared to patients with the highest level of PAM score. The

patients with medium PES score had significantly higher

odds of having abnormal A1c (odds ratio [OR] [95%
CI] ¼ 1.340 [1.110-1.617], P ¼ .002), at least one ED visit

over the 3-year period (OR [95% CI] ¼ 1.264 [1.093-1.462],

P ¼ .002), at least one hospitalization over the 3-year period

(OR [95% CI] ¼ 1.323 [1.134-1.542], P < .001), and had

higher hospital charges (b^[SE] ¼ 0.291 [0.060], P < .001)

than those patients with the highest PES score. For eGFR,

patients with the lowest PES scores had significantly higher

odds of having abnormal kidney function (OR [95%
CI] ¼ 1.278 [1.064-1.534], P ¼ .009), compared to the

patients with the highest PES score. For LDL, while the

patients with the lowest PES scores had significantly higher

odds of having abnormal LDL (OR [95% CI] ¼ 1.182

[1.005-1.390], P ¼ .043), the patients with medium PES

scores had significantly lower odds (OR [95% CI] ¼ 0.818

[0.702-0.955], P ¼ .011), compared to the patients with the

highest PES scores.

Discussions

In general, the patient characteristics, health behavior, and

health-related outcomes of the patients with PAM scores,

and the patients with PES scores were similar. However, it

is noteworthy that the patients with PAM scores were likely

younger, female, had nongovernment sponsored health

insurance, consumed alcoholic beverages, and had slightly

lower BMI. PAM score was a significant predictor for only

hospital charges, whereas PES score was a significant pre-

dictor for several outcomes, for example, LDL, ED visit,

A1c, eGFR, hospitalization, and hospital charges.

Interestingly, the PAM score was a significant predictor

for only hospital charges in this study. Several previous

studies showed that patient activation, as a proxy of patient

engagement, was a significant predictor of health-related

outcomes (2,23–25). Besides the demographic differences,

one of the reasons could be that the PAM score was not fully

implemented at Sanford Health during the study period. The

records showed that only 1% of all patients with MCCs had

PAM scores. These results supported the rationale of this

study, which was to develop another patient engagement

measurement from existing data in order to reduce any

patient burnout or PAM survey administration. In addition,

the PAM score was criticized for its inability to fully capture

the broad concept of patient engagement (26).

Based on 3 real behavioral measures (average percentage

of late medication refills, average number of missing sched-

uled visits, and average number of immunizations) of patient

engagement with their health care, PES was developed in

this study. We used a w2 test to examine the association

between PAM and PES scores from the same individuals

and found no significant relationship (P ¼ .957). However,

the test was based on a small sample size (only 90 individual

patients) who had both scores. Despite the lack of statistical

Table 1. (continued)

Variables Patients with PAM scores Patients with PES scores

N ¼ 125 N ¼ 5095
Average # of chronic conditions 3.1 + 1.2 2.5 + 1.0

N ¼ 1442 N ¼ 5095
Average SBP + SD 127.0 + 14.9 126.3 + 14.6

N ¼ 1441 N ¼ 5094
Average DBP + SD 72.2 + 11.0 75.9 + 10.2

N ¼ 1441 N ¼ 5092
Average HDL + SD 47.0 + 13.2 46.9 + 13.3

N ¼ 1380 N ¼ 4601
Average LDL + SD 93.7 + 32.1 99.4 + 33.8

N ¼ 1367 N ¼ 4559
Average A1C + SD 7.0 + 1.3 6.8 + 1.3

N ¼ 996 N ¼ 2879
Average # of ED visits + SD 3.2 + 2.5 2.5 + 2.1

N ¼ 771 N ¼ 2267
Average # of hospitalizations + SD 2.2 + 1.4 1.7 + 1.1

N ¼ 547 N ¼ 1662
Average eGFR + SD 61.6 + 17.0 69.6 + 15.8

N ¼ 1259 N ¼ 3619
Average # of missing scheduled visits + SD 4.1 + 3.8 3.3 + 3.3

N ¼ 924 N ¼ 5095
Average hospital charge + SD $111 268.0 + $208 464.4 $66 986.5 + $116 841.9

N ¼ 1396 N ¼ 4379

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; ED, emergency department; eGFR, estimated glomerular filtration rate; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; PAM, Patient Activation Measure; PES, patient engagement score; SBP, systolic blood pressure; SD, standard
deviation.
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association, the PES score was a significant predictor for

several outcomes, such as LDL, ED visit, A1c, eGFR, hospi-

talization, and hospital charges. These results showed evi-

dence that the PES score captured the engagement level of

the patients with MCCs and their health-related outcomes.

To our knowledge, this was the first study that used existing

EMR and health claim data to define the level of patient

engagement. These results provided an example for other

health care settings to generate PES scores for their patients

with MCCs and use them to make decisions or recommen-

dations without the need to administer any surveys, which

likely cause patient burnout. Furthermore, the PES score can

be used to motivate patients to improve their engagement

(eg, their medication adherence), to improve patient experi-

ence of care, to make decisions, and to make a recommen-

dation that creates an environment promoting and encourage

engagement. However, some relationships between the PES

scores and those outcomes in this study indicated room for

improvement in the current PES score. For instance, only the

patients with medium PES scores had significantly higher

odds of having abnormal A1c, ED visit, hospitalization, and

had higher hospital charge, relative to those with the highest

PES scores, while those patients with the lowest PES score

did not; which was a counterintuitive finding. Similarly, the

findings related to LDL were counterintuitive.

This project suffered from various limitations. First, this

study used secondary data from EMR and health claims.

Therefore, all study variables were limited. Second, the PES

score was based on only 3 behavior variables due to data

limitation. For instance, data measuring other dimensions of

patient engagement were not available. Having access to

other potential behaviors, including patient access to EMR,

rescheduling a visit, and patient-led communication (eg,

emails via EMR, reminders, and phone calls), would

improve the performance of the PES score. Third, although

all 3 variables were captured across the study period, most of

the health-related outcomes in this study were based on

cross-sectional data. Fourth, an inconsistency between the

Table 3. Linear Regression Results for the Association Between PAM/PES and Hospital Charges.

Variable

Ln (hospital charge)a

Coefficient (SE), P value

PAM PES

Age 0.004 (0.004), .294 0.012 (0.003), <.001
Gender

Female
Maleb

�0.063 (0.088), .476 �0.241 (0.051), <.001

Race
White
Nonwhiteb

�0.089 (0.189), .638 0.124 (0.104), .230

Marital status
Married
Single & othersb

�0.210 (0.086), .015 �0.144 (0.056), .010

Health insurance
Government sponsored
Nongovernment sponsoredb

�0.686 (0.102), <.001 �0.327 (0.068), <.001

Primary care provider
No
Yesb

�0.141 (0.191), .461 �0.319 (0.114), .005

BMI �0.006 (0.006), .377 �0.005 (0.004), .223
Tobacco use

Former smoker & Nonsmoker
Smokerb

�0.210 (0.141), .137 �0.058 (0.068), .399

Alcohol
No
Yesb

�0.303 (0.085), <.001 �0.251 (0.051), <.001

Number of chronic conditions 0.237 (0.016), <.001 0.211 (0.015), <.001
PAM or PES 1c 0.288 (0.145), .046

2c 0.036 (0.101), .719
3c 0.169 (0.109), .123

1c �0.075 (0.064), .241
2c 0.291 (0.060), <.001

N 1281 3857
R2 0.251 0.115

Abbreviations: BMI, body mass index; PAM, patient activation measure; PES, patient engagement score.
aLogarithmic transformation.
bReference group.
cDummy code (PES score 3 is reference group).
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prescribing dates and the number of day supplies was

observed. The late medication refill was assumed to occur

when the number of day supply was shorter than the number

of days between 2 consecutive prescription dates. This

assumption could be too restrictive because patients might

still possess some medications from their last refills to cover

those late few days. In other words, the late medication

refills in this study might be overestimating the actual late

refills. Fifth, since the PES was based on EMR and health

claims, it could not be used to assess patient engagement in

real time for new patients. Last, to assess patient engagement

without engaging directly with the patient might result in an

incomplete picture and a lack of understanding of other fac-

tors that could be driving health outcomes.

Conclusions

In our study, the PES score derived from patient behaviors in

EMR and health claim data drastically outperformed the

PAM score, which was based on patient survey. It was a

significant predictor for various health-related outcomes,

such as LDL, ED visit, A1c, eGFR, hospitalization, and hos-

pital charge. Further studies are needed to improve the PES

score, and to incorporate its use into clinical settings to pro-

mote patient engagement and subsequently improve the care

management of patients with MCCs.
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