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Abstract

Objective—We evaluated the impact of reimbursement for NFFCCM on healthcare utilization 

among Medicare beneficiaries with type 2 diabetes in Louisiana.
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Methods—We implemented group-based trajectory balancing and propensity score matching to 

obtain comparable treatment (with NFFCCM) and control (without NFFCCM) groups at baseline. 

Diabetes patients with Medicare as their primary payer at baseline were extracted using electronic 

health records of 3 health systems from REACHnet, a Clinical Research Network. The study 

period is from 2013 to early 2020. Our outcomes include general healthcare utilization (outpatient, 

Emergency Department (ED), and inpatient encounters) and health utilization related to diabetic 

complications. We tested each of these outcomes according to multiple treatment definitions and 

different subgroups.

Results—Receiving any NFFCCM was associated with an increase in outpatient visits of 657 

(95% CI: 626 to 687; p < 0.001) per 1,000 patients per month, a decrease in inpatient admissions 

of 5 (95% CI: 2 to 7; p < 0.001) per 1,000 patients per month, and a decrease in ED visits of 4 

(95% CI: 1 to 7; p = 0.005) per 1,000 patients per month after 24-month follow-up from initial 

NFFCCM encounter. Both complex and non-complex NFFCCM significantly increased visits to 

outpatient services and inpatient admissions per month. Receiving NFFCCM has a dose-response 

association with increasing outpatient visits per month.

Conclusions—Diabetes patients in Louisiana who received NFFCCM had more low-cost 

primary health care and less high-cost healthcare utilization in general. The cost savings of 

NFFCCM in diabetes management could be further explored in the future.
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Introduction

Chronic diseases such as diabetes are increasingly common in the world, which has brought 

increased healthcare costs to individuals and the economy.1 According to the National 

Diabetes Statistics Report 2020, 34.2 million people have diabetes in the United States, 

which accounts for 10.5% of the US population.2 Approximately 90-95% of them have 

type 2 diabetes (T2D). The common risk factors coexisting with T2D, such as older age, 

hypertension, dyslipidemia, and smoking, are risk factors for cardiovascular disease (CVD), 

and T2D itself also confers an independent risk for CVD.3 As a result, elderly patients with 

diabetes covered by Medicare usually have multiple chronic conditions.4 Any policymakers 

who are considering public policies (e.g., Medicare’s payment systems) for Medicare must 

recognize the need to target patients with multiple chronic conditions.5 As a result, CMS 

has defined that “chronic care management (CCM) is a specific care management service 

that provides coverage for patients with two or more chronic conditions for a continuous 

relationship with their care team.” There is a critical need for care coordination and 

chronic care management in diabetes management because CCM and care coordination 

in clinical practice may be highly correlated or spilled over. Various approaches have been 

implemented to improve chronic disease management.6 Research studies have demonstrated 

that CCM can reduce total costs of care for chronic disease patients while improving their 

overall health.7,8
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However, patients frequently face barriers to seeking chronic care, such as lack of 

appointment times, long waiting times, or distance from provider locations.9 Supplementing 

in-person care with remote care has been promoted in recent years to improve the access to 

chronic care especially given pandemics, hurricanes, and other disruptions that can impact 

continuity of care. In 2015, the Centers for Medicare and Medicaid Services (CMS) began 

reimbursing chronic care management (CCM) services for Medicare beneficiaries who 

have multiple (two or more) chronic conditions expected to last at least 12 months, or 

until the death of the patient.10 The first Current Procedural Terminology (CPT) billing 

code for non-complex CCM (99490) was issued in 2015, and the CMS released two 

more supplementary billing codes (99487 and 99489) for complex CCM in 2017.10 The 

CMS has adopted CPT 99490 for Medicare NFFCCM services, which is defined in the 

CPT Professional Codebook as follows: “Chronic care management services, at least 

20 minutes of clinical staff time directed by a physician or other qualified health care 

professional, per calendar month, with the following required elements: multiple (two or 

more) chronic conditions expected to last at least 12 months, or until the death of the 

patient; chronic conditions place the patient at significant risk of death, acute exacerbation/

decompensation, or functional decline; comprehensive care plan established, implemented, 

revised, or monitored.”11 As of 2017, CPT 99487 has been used for reimbursement by 

Medicare to account for extended care coordination time spent with especially complex 

patients. This code reimburses for the first 60 minutes of non-face-to-face care coordination 

by clinical staff. This contrasts with CPT 99490 which was introduced on January 1, 2015, 

and reimburses for only 20 minutes per month. The two key differentiators between 99487 

and 99490 are the additional time (60 minutes for CPT 99487 versus 20 minutes for CPT 

99490) and the requirement for medical decision-making. In addition, a code reimbursing 

for additional time (CPT 99489) is available for complex CCM patients being billed under 

CPT 99487. These non-face-to-face chronic care management (NFFCCM) services aim to 

be a critical component of primary care that promotes better health and reduces overall 

health care costs of chronic diseases. These services are likely to benefit patients with type 

2 diabetes because patients with diabetes often experience long-term microvascular and 

macrovascular complications. Multiple chronic conditions covered by this reimbursement 

are common diabetes complications or can lead to complications, such as cardiovascular 

disease, hypertension, and hyperlipidemia.

Previous evidence has shown that CCM has a significant effect in reducing health care 

costs among Medicare beneficiaries, likely through decreased use of inpatient hospital and 

post-acute care services12, while achieving substantial additional revenue for practices13. 

These studies only evaluated the impact of the 2015 CCM national payment policy. It 

is still unclear whether the policy revisions for CCM payments in 2017 could further 

encourage better chronic care management. Several qualitative studies explored the barriers 

and facilitators in implementing NFFCCM for diabetes in Louisiana from different 

perspectives.14-16 Few quantitative studies have been published on the effect of NFFCCM 

on healthcare utilization for patients with type 2 diabetes. Therefore, we conducted this 

quasi-experimental study to examine the impact of multiple NFFCCM services, complex 

and non-complex, on utilization among Medicare beneficiaries with type 2 diabetes in 

Louisiana.
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Methods

Study design and data sources

This is a quasi-experimental study using electronic health records (EHR) between 2013 

and March 2020 from Research Action for Health Network (REACHnet), a clinical 

research network in PCORnet, the National Patient-Centered Clinical Research Network. 

Records stored in REACHnet are from several health systems in Louisiana and Texas 

and standardized to the PCORnet Common Data Model. We obtained data on all type 2 

diabetes patients from 3 health systems in Louisiana using the Surveillance Prevention, and 

Management of Diabetes Mellitus (SUPREME-DM) definition.17,18 The data were collected 

from three health systems in the Greater New Orleans Area, including Ochsner Health 

System, Tulane Medical Center, and University Medical Center New Orleans. The study 

and analysis plan followed the STROBE reporting guidelines and were approved by Tulane 

University Institutional Review Board (IRB# 906810).

Interventions and comparators or controls

The intervention group is those who received any NFFCCM (complex or non-complex) 

under three billing codes (99490, 99487, and/or 99489). We then used propensity score 

weighting to balance the selected comparison group who did not receive any NFFCCM 

services.

Outcome measures

We assessed several outcomes in the present study including healthcare utilization 

of different encounter types (non-NFFCCM outpatient visits, all-cause hospitalizations, 

all-cause emergency department (ED) visits), and any hospitalizations or ED visits 

related to diabetes complications in the follow-up period. The outpatient visits were 

identified using the encounter type in the EHR, including ambulatory visits and other 

ambulatory visits. Healthcare utilization was measured by month. We included three main 

diabetes complications: stroke, coronary heart disease (CHD), and MACE (major adverse 

cardiovascular events), which were defined as stroke or CHD. We examined the proportion 

of patients who had any inpatient or ED encounters with a diagnosis code of stroke, CHD, 

or MACE separately. Diagnosis codes of these chronic conditions are available at the CMS 

Chronic Conditions Data Warehouse.19

Covariates

We collected a set of observable characteristics including age at the initiation of NFFCCM, 

race, ethnicity, chronic conditions, health care utilization, and several diabetic biomarkers 

from the REACHnet EHR database. A full list is shown in Table 1.

Time frame for the study

We used electronic health records (EHRs) from 01/01/2013 to 02/28/2020 stored in 

REACHnet. We defined the treatment group as patients with at least one record of NFFCCM 

(at least one CPT code: 99490, 99487, 99489), and the dates of the first NFFCCM coded 

were the initiation dates. We then assigned initiation dates randomly for untreated patients 
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based on the distribution of initiation dates in the treated population. The baseline period 

was 24 months before the initiation dates. The evaluation or follow-up period was 24 months 

following the initiation dates (Figure 1. Panel A).

Statistical analysis

To have success in balancing, we first used group-based trajectory modeling to categorize 

individuals into latent groups with similar patterns of outpatient visits over 24 months before 

the initiation dates. The 24 monthly indicators of outpatient visits before treatment were 

modeled using the zero-inflated Poisson model for the group-specific models with time 

defined by months. Once the best group-based trajectory model has been chosen, we can 

incorporate measures of group membership as control variables in regression models or 

propensity score weighting protocols.20 We selected the optimal number of trajectory groups 

based on the Bayesian information criterion (BIC). Additionally, each trajectory group 

should have more than 5 percent of the population contributing to it.21 Detailed explanations 

of using group-based trajectory models can be found in prior work of other studies.21-24 

We then estimated the propensity scores of getting the NFFCCM using a probit regression 

model, controlling for the covariates of baseline characteristics and binary indicators of 

each trajectory group (listed in Table 1). The propensity score is estimated from a probit 

regression model fitted on our analytic sample that includes both NFFCCM beneficiaries 

and non-NFFCCM beneficiaries. NFFCCM beneficiaries were assigned a weight of 1 and 

non-NFFCCM beneficiaries were assigned weights based on propensity scores (weight= 

pscore / (1-pscore)). These weights were used in our subsequent outcome modeling. We 

used this matched sample in a weighted linear regression to implement the doubly robust 

estimator by controlling the same set of variables used in the weighting step.

In addition to assessing the marginal association between ever having received NFFCCM 

and outcomes during the 24-month follow-up, we also conducted multiple subgroup 

analyses based on the complexity of NFFCCM and different baseline levels of HbA1c (⩾ 
7.5% vs. < 7.5%), respectively. As the sensitivity analysis, we tested different treatment 

definitions based on different treatment periods (6-month or 12-month) and frequency 

of non-complex NFFCCM (CPT: 99490) use because of limited patients with complex 

NFFCCM. The outcomes were collected in the following 18 months after 6-month treatment 

(Figure 1. Panel B) and outcomes were collected in the following 12 months after 12-month 

treatment (Figure 1. Panel C). We then divided the treated patients into groups based on 

the frequency of non-complex NFFCCM use during the treatment period. The treatment 

sample may change with different treatment definitions; therefore, we repeated our matching 

process and regenerated propensity scores for non-NFFCCM beneficiaries to approximate 

the corresponding counterfactuals. For each matching, we checked the standardized mean 

difference between treatment and control before and after matching to ensure successful 

matching defined as differences within 10% for all baseline characteristics. All analyses 

were performed using SAS 9.4 and Stata 15.1.
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Results

We identified 22,242 T2D patients with non-missing baseline characteristics and at least one 

outpatient visit during the 24 months before the first treatment. We checked the distribution 

of patients who used NFFCCM services per year (Figure 2). There was a very small number 

of patients who used any NFFCCM services in the first three years after implementing the 

reimbursement policy. In 2018, more than 800 patients used any NFFCCM services, either 

complex or non-complex. However, the number of patients decreased to about 600 in 2019. 

We obtained 3 groups by using group-based trajectory modeling and patients in each group 

shared a similar trend of outpatient visits during 24 months at baseline (Appendix. Figure 

A1). A total of 1,668 patients were NFFCCM beneficiaries and 20,574 were non-NFFCCM 

beneficiaries. The baseline characteristics of this sample are shown in Table 1. All baseline 

characteristics were successfully balanced within 10% of a standardized mean difference 

after being weighted by propensity scores. In the matched sample, the mean age was 

about 72.6 years old and 60% were female. Nearly half were black. Hypertension was 

the most common chronic disease among this diabetes population, about 96%. About 16% 

were diagnosed with stroke and 35% were diagnosed with CHD at baseline. Outpatient 

visits and ED visits were about 0.617 and 0.02 per patient per month, respectively. 25% 

had any inpatient admissions 24 months before the first treatment. We then repeated 

matching procedures and successfully matched all characteristics for each sample listed 

in the following outcome tables.

Our main outcomes, general healthcare utilization and complication-specific healthcare 

utilization, are presented in Table 2. First, we compared patients with any NFFCCM 

(complex or non-complex) services with patients without any NFFCCM services. Receiving 

any NFFCCM was significantly associated with an increase in outpatient visits of 657 per 

1,000 patients per month (95% CI: 626 to 687; p<0.001), a decrease in inpatient admissions 

of 5 (95% CI: 2 to 7; p<0.001), and a decrease in ED visits of 4 per 1,000 patients per 

month (95% CI: 1 to 7; p=0.005). We then made two comparisons: patients with any 

complex NFFCCM services versus those without any NFFCCM services and patients with 

only non-complex NFFCCM services versus those without any NFFCCM services. Similar 

effects on outpatient visits and inpatient admissions were detected when we considered the 

complexity of NFFCCM. However, receiving any complex NFFCCM failed to decrease ED 

utilization. We then examined the effect of receiving any NFFCCM on these outcomes by 

considering the baseline HbA1c (Table 3). Receiving at least one NFFCCM service among 

patients with higher baseline HbA1c (>= 7.5%) was associated with an increase in outpatient 

visits of 747 (95% CI: 685 to 810; p<0.001) and a decrease in ED visits of 11 (p < 0.01) 

per 1,000 patients per month. For patients with lower baseline HbA1c (< 7.5%), receiving 

at least one NFFCCM encounter was associated with an increase in outpatient visits of 638 

(95% CI: 603 to 673; p < 0.001) and a decrease in inpatient admissions of 8 (95% CI: 5 to 

10; p < 0.001) per 1,000 patients per month. We found no significant associations between 

receiving any NFFCCM and improvements in controlling diabetes complications related 

hospitalizations or ED visits.

Last, we examined the effect of non-complex NFFCCM intensity on healthcare utilization 

and complications event rate (Table 4). During a 6-month treatment period, about 51% of 
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non-complex NFFCCM beneficiaries received non-complex NFFCCM services more than 

5 times. We only found higher frequency (over 5 times) of non-complex NFFCCM was 

associated with a significant increase in outpatient visits of 134 (95% CI: 6 to 263; p = 

0.040) per 1,000 patients per month after 18-month follow-up from the end of the treatment 

period. Among patients receiving any non-complex NFFCCM in 12 months since the initial 

NFFCCM, about 52% of them received it more than 10 times. Higher frequency (over 10 

times) was associated with decreased outpatient visits by 186 per 1,000 patients per month 

(95% CI: 35 to 337; p=0.016) after 12 months from the end of the treatment period.

Discussion

Our analysis of the impact of reimbursement of NFFCCM found fewer inpatient admissions 

and ED visits among patients with type 2 diabetes in Louisiana, which provides strong 

evidence to encourage the use of NFFCCM in diabetes care. Less utilization of more 

expensive healthcare services, inpatient stays, and ED visits is likely driven by increased 

access to outpatient services. While we found no significant improvements in controlling 

diabetes complications related hospitalizations or ED visits, findings in the present study are 

still consistent with the expected benefits of NFFCCM to reduce the general utilization of 

more costly healthcare services.

A CMS-sponsored Mathematica evaluation using Medicare claims showed a similar impact 

of NFFCCM on health care utilization among Medicare beneficiaries.12 The NFFCCM 

could significantly reduce health care costs among Medicare beneficiaries, likely through 

decreased use of inpatient hospital and post-acute care services. Compared with the CMS 

evaluation, our study significantly enhanced the policy evaluation. Aligning with our results 

above, a higher rate of outpatient visits was observed after the initiation of NFFCCM 

services. But previous findings were limited to only non-complex NFFCCM in Medicare 

beneficiaries with any two types of chronic conditions. Our findings further demonstrated 

the positive effects of NFFCCM, including complex NFFCCM, for diabetes patients with 

any other chronic diseases. In addition, these effects were even stronger among patients 

with diabetes who had higher HbA1c of at least 7.5% at baseline. In general, the CCM 

evaluations in a systematic review of 12 randomized clinical trials only showed evidence of 

the effectiveness of the CCM for T2D management in primary care as well as significant 

improvements in clinical outcomes in 6 studies.8 Several clinical trials were performed to 

examine the effectiveness of other related approaches (e.g., telemedicine) to prompt diabetes 

care management.25,26 Findings from these trials indicated remote care management has the 

potential to serve as a supplement to usual in-person care for diabetes. We also found that 

NFFCCM could be a supplement to usual in-person primary care for diabetes because of 

increases in non-NFFCCM outpatient visits. More outpatient visits or primary care would 

provide more opportunities for patients to get tested, monitored, and early detection and 

treatment of disease, which would finally result in better health.27-29 Communities that are 

predominantly Black and Latinx/Hispanic tend to have fewer primary care providers and 

lower-quality health care facilities than communities that are mostly White.30-32 Receiving 

NFFCCM services may help to reduce such disparities in primary care through remote 

chronic care management and more access to outpatient services. According to our results, 

receiving NFFCCM was also associated with a decrease in ED visits if we used a longer 
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follow-up period, such as 18 months and 24 months. Therefore, decreasing ED visits is 

highly possible driven by increased access to outpatient services in the long term.

The findings may raise concerns that estimates overstate the true impacts of the intervention. 

We used alternative treatment definitions and also conducted multiple subgroup analyses 

that support the findings. Importantly we identified that both patients with non-complex 

conditions, as well as patients with complex chronic conditions, could benefit from 

NFFCCM. In addition, the magnitude of the impact of NFFCCM is larger among patients 

with relatively worse glycemic control at baseline. We performed intensity analyses for only 

non-complex NFFCCM because of the small sample of patients using complex NFFCCM. 

The magnitude of this effect on outpatient visits was associated with different frequency 

levels of non-complex NFFCCM use.

Our sample was balanced well on observable characteristics between the NFFCCM and 

comparison groups by using trajectory balancing and propensity score matching. Without 

randomly assigning the treatment, however, our findings might be biased if the two groups 

are not balanced on unobservable characteristics, such as provider characteristics, or family 

or community support. Socio-economic background may be also closely associated with 

health care utilization, such as income and education. However, such information was not 

included in the dataset we used in this study, which could bias our findings. We excluded 

patients with any missing baseline characteristics. Our findings may also be biased if the 

characteristics of excluded patients were highly different from the patients included in this 

study. While reimbursement of NFFCCM has been shown to reduce expensive healthcare 

utilization in general, the current study indicates that at least the existing NFFCCM in such 

a short duration has not been as successful as expected in reducing the proportion of patients 

with any ED visits and inpatient admissions related to diabetes complications. Management 

of these diabetes complications is complex and is highly related to diabetes duration, disease 

severity, diet and nutrition, and other factors not captured by the current data. Although 

five years have passed since the initiation of NFFCCM, the uptake of these services is 

still quite a small proportion (about 7% of T2D patients) in our sample. More NFFCCM 

services are likely provided in primary care clinics that are not covered in this study. A 

study conducted by our team has examined the barriers to implementing the NFFCCM 

services among the elderly population with diabetes.14 Possible reasons included burden 

on staff and time commitment, financial sustainability, selection, and retention of patients. 

Therefore, it is not yet clear if this reimbursement policy would subsequently lower the 

event rate of diabetes complications in the larger population. Therefore, these factors limit 

the generalizability of our results and stronger evidence of the impact of NFFCCM may be 

found in a larger database with more NFFCCM recipients, such as a statewide administrative 

database. The present study only evaluated the impact of NFFCCM reimbursement on 

healthcare utilization. Further study needs to evaluate its impact on clinical outcomes and 

health care spending, such as glycemic control, the mortality rate from T2D complications, 

and out-of-pocket spending, to better understand the true value of reimbursing the NFFCCM 

for diabetes care.

Despite the limitations noted above, the findings in the present study are still notable 

because this is the largest study using real-world evidence/natural experiment to examine 
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the impact of reimbursement of NFFCCM on healthcare utilization in diabetes patients 

in Louisiana. Remote management in diabetes is evolving with the incorporation 

of sophisticated technologies utilizing patient wearables such as continuous glucose 

monitoring, activity trackers, and smart weighing scales. Effective translation of the data 

from these devices may be enhanced with NFFCCM. The natural experiment of this CMS 

reimbursement policy incorporates elements of the structure of the chronic care model. 

The chronic care model emphasizes the importance of chronic disease management in the 

context of the primary care setting and incorporates the community, health system, patient, 

and practice team in productive interactions which result in improved functional and clinical 

outcomes. Important elements of the chronic care model that are relevant to CCM services 

include patient self-management support, delivery system design, decision support, and 

clinical information systems. Better coordinated care, consisting primarily of cross-cutting 

patient self-management support, delivery system design, decision support, and clinical 

information systems, will facilitate overcoming health care system and provider barriers as 

well as patients’ barriers.

Conclusions

Our study is the first real-world study showing evidence that the reimbursement of 

NFFCCM, especially non-complex NFFCCM, has benefited diabetes patients in Louisiana 

by shifting high-cost health utilization to low-cost primary health care settings in general. 

While barriers and challenges still exist to implementing this policy, our findings provide 

evidence to support NFFCCM as an effective tool for diabetes care. Policymakers could 

consider covering more NFFCCM services or other remote services of CCM in the future. 

Incorporating modern technology for more effective disease monitoring could be coupled 

with NFFCCM to provide significant clinical benefits.
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Figure 1. 
Time frame of the study. NFFCCM indicates non-face-to-face chronic care management.
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Figure 2. 
The distribution of NFFCCM services utilization, 2015-2019.
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Table 1.

Baseline characteristics before and after propensity score weighting for HbA1c measurements.

Non-weighted Weighted

Treatment Control SMD Treatment Control SMD

Age at first NFFCCM (years) 72.560 72.322 −2.5% 72.560 72.597 0.4%

Female (%) 59.7 54.4 −10.6% 59.7 59.4 −0.5%

Black (%) 46.0 38.7 −14.8% 46.0 46.0 −0.1%

Hispanic (%) 1.7 2.5 5.6% 1.7 1.7 −0.1%

Stroke (%) 15.6 15.7 0.2% 15.6 15.5 −0.4%

Hypertension (%) 95.9 95.4 −2.3% 95.9 96.0 0.5%

Alzheimer's (%) 2.0 1.6 −3.1% 2.0 2.0 −0.1%

Arthritis (%) 52.3 46.0 −12.7% 52.3 52.4 0.1%

Asthma (%) 14.3 11.3 −8.8% 14.3 14.3 0.0%

Atrial Fibrillation (%) 14.7 14.5 −0.6% 14.7 14.8 0.2%

Cancer (%) 12.6 12.2 −1.2% 12.6 12.7 0.2%

Chronic Obstructive Pulmonary Disease (%) 25.8 22.8 −7.2% 25.8 25.8 −0.1%

Chronic Kidney Disease (%) 45.0 45.5 1.1% 45.0 44.9 0.0%

Depression (%) 26.4 23.6 −6.5% 26.4 26.3 −0.3%

Heart Failure (%) 22.7 21.6 −2.6% 22.7 22.5 −0.4%

Hyperlipidemia (%) 89.3 88.6 −2.2% 89.3 89.3 0.0%

Coronary Heart Disease (%) 35.5 35.5 0.0% 35.5 35.2 −0.6%

Osteoporosis (%) 13.2 11.5 −5.0% 13.2 13.2 0.1%

Outpatient visits/month 0.617 0.545 −13.0% 0.617 0.617 0.1%

Emergency department visits/month 0.018 0.016 −3.5% 0.018 0.017 −0.5%

Have any inpatient admissions (%) 25.5 25.1 −0.8% 25.5 25.4 −0.3%

Number of HbA1c tests 4.119 3.66 −24.5% 4.119 4.13 0.5%

HbA1c>8% (%) 14.7 15.5 2.1% 14.7 14.6 −0.5%

BMI>=35 (kg/m2) (%) 31.2 27.2 −8.9% 31.2 31.4 0.6%

LDL>=110 (mg/dl) (%) 19.7 23.0 8.1% 19.7 19.6 −0.2%

HDL<40 (mg/dl) (%) 53.4 53.4 −0.1% 53.4 53.3 −0.3%

eGFR>=30 (mL/min/1.73 m2) (%) 95.7 94.5 −5.8% 95.7 95.8 0.2%

Trajectory group 1 (%) 30.9 37.2 13.3% 30.9 30.8 −0.2%

Trajectory group 2 (%) 54.7 52.4 −4.5% 54.7 54.8 0.3%

Trajectory group 3 (%) 14.4 10.4 −12.2% 14.4 14.4 −0.2%

N 1,668 20,574 1,668 20,574

Note: NFFCCM: non-face-to-face chronic care management; SMD: standardized mean difference.
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Table 2.

The effect of NFFCCM on healthcare utilization by the complexity of NFFCCM.

Any NFFCCM vs non-
NFFCCM

Any complex NFFCCM
vs non-NFFCCM

Non-complex NFFCCM
only vs non-NFFCCM

All-cause utilization (visits per month)

Outpatient

0.657*** 0.845*** 0.636***

[0.626,0.687] [0.811,0.879] [0.605,0.666]

<0.001 <0.001 <0.001

Inpatient

−0.005*** −0.006*** −0.005***

[−0.007,−0.002] [−0.009,−0.003] [−0.007,−0.002]

<0.001 <0.001 <0.001

ED

−0.004** 0.013*** −0.005***

[−0.007,−0.001] [0.009,0.017] [−0.008,−0.003]

0.005 <0.001 <0.001

Any inpatient admissions or ED visits related to

CHD

0.002 0.048*** −0.003

[−0.007,0.010] [0.038,0.059] [−0.011,0.006]

0.729 <0.001 0.514

Stroke

0.005* −0.001 0.006*

[0.001,0.010] [−0.006,0.004] [0.001,0.010]

0.021 0.709 0.013

MACE

0.002 0.047*** −0.003

[−0.007,0.010] [0.037,0.058] [−0.012,0.006]

0.740 <0.001 0.523

N treatment 1,668 166 1,502

N control 20,574 19,372 20,618

N total 22,242 19,538 22,120

Notes: NFFCCM: non-face-to-face chronic care management. ED: emergency department. CHD: coronary heart disease. MACE: major adversed 
cardiovascular disease. Non-complex NFFCCM: identified using the CPT code of 99490. Complex NFFCCM: identified using the CPT codes of 
99487 and 99489. For each outcome, the coefficient is listed and followed with its 95% confidence interval and p value. * p< 0.05, ** p< 0.01, *** 
p< 0.001.
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Table 3.

The effect of NFFCCM on healthcare utilization: HbA1c >= 7.5% vs HbA1c < 7.5%.

Any NFFCCM vs non-NFFCCM

Baseline HbA1c >= 7.5% Baseline HbA1c < 7.5%

All-cause utilization (visits per month)

Outpatient

0.747*** 0.638***

[0.685,0.810] [0.603,0.673]

<0.001 <0.001

Inpatient

0.004 −0.008***

[−0.001,0.009] [−0.010,−0.005]

0.137 <0.001

ED

−0.011*** −0.002

[−0.017,−0.006] [−0.005,0.001]

<0.001 0.263

Any inpatient admissions or ED visits related to

CHD

−0.016 0.007

[−0.033,0.002] [−0.002,0.017]

0.083 0.141

Stroke

0.027*** −0.002

[0.015,0.039] [−0.006,0.003]

<0.001 0.409

MACE

−0.001 0.002

[−0.019,0.018] [−0.008,0.012]

0.952 0.638

N treatment 386 1,282

N control 5,050 15,540

N total 5,436 16,822

Notes: NFFCCM: non-face-to-face chronic care management. ED: emergency department. CHD: coronary heart disease. MACE: major adversed 
cardiovascular disease. For each outcome, the coefficient is listed and followed with its 95% confidence interval and p value. * p< 0.05, ** p< 0.01, 
*** p< 0.001.
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Table 4.

The effect of non-complex NFFCCM intensity on healthcare utilization

6-month treatment 12-month treatment

1-5 visits 6+ visits 6+ vs 1-5 1-10 visits 11+ visits 11+ vs 1-10

All-cause utilization (visits per month)

Outpatient 0.458*** 0.640*** 0.134* 0.312*** 0.578*** 0.186*

[0.423,0.494] [0.603,0.676] [0.006,0.263] [0.269,0.354] [0.536,0.619] [0.035,0.337]

<0.001 <0.001 0.040 <0.001 <0.001 0.016

Inpatient 0.003 0.002 −0.004 0.003 −0.001 −0.002

[−0.000,0.006] [−0.001,0.005] [−0.015,0.007] [−0.001,0.006] [−0.004,0.003] [−0.015,0.010]

0.096 0.312 0.519 0.166 0.647 0.710

ED −0.004* −0.010*** −0.005 0.000 −0.001 0.000

[−0.008,−0.000] [−0.014,−0.007] [−0.016,0.006] [−0.006,0.005] [−0.005,0.003] [−0.015,0.015]

0.033 <0.001 0.365 0.881 0.689 0.966

Any inpatient admissions or ED visits related to

CHD

−0.004 0.010* 0.019 0.010* 0.005 −0.002

[−0.013,0.005] [0.000,0.019] [−0.014,0.052] [0.001,0.020] [−0.005,0.014] [−0.036,0.031]

0.406 0.044 0.249 0.037 0.333 0.899

Stroke

−0.001 0.004 0.007 −0.006** 0.001 0.007

[−0.005,0.003] [−0.000,0.009] [−0.009,0.023] [−0.009,−0.002] [−0.003,0.005] [−0.006,0.020]

0.740 0.059 0.371 0.002 0.587 0.295

MACE

−0.003 0.002 0.013 0.007 0.001 −0.002

[−0.013,0.006] [−0.008,0.011] [−0.021,0.047] [−0.003,0.017] [−0.009,0.010] [−0.035,0.032]

0.480 0.706 0.443 0.201 0.916 0.923

N treatment 660 687 679 510 553 551

N control 17,636 17,505 660 13,958 13,906 506

N total 18,296 18,192 1,339 14,468 14,459 1,057

Notes: NFFCCM: non-face-to-face chronic care management. ED: emergency department. CHD: coronary heart disease. MACE: major adversed 
cardiovascular disease. For each outcome, the coefficient is listed and followed with its 95% confidence interval and p value. * p< 0.05, ** p< 0.01, 
*** p< 0.001.
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