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ABSTRACT

Objective: To describe the strategies a family medicine 
clinic in Appalachia utilized to increase nephropathy 
screening rates as well as to explore the factors 
predictive of nephropathy screening in patients with 
diabetes.

Design: This quality improvement project targeted the 
points in the care process when patients are lost to 
follow-up for nephropathy screening. 

Setting and participants: Patients with diabetes cared for 
by a primary care provider (PCP) at an academic family 
medicine practice in Appalachia from January 2018 to 
November 2018. 

Interventions: Bulk orders for albumin-to-creatinine (ACR) 
testing and urine collection during clinic visit, enhanced 
patient communication through bulk communication 
reminders and individual patient outreach, and 
education of clinic providers. 

Measurements: Demographic data and monthly 
nephropathy screening rates.

Results: The nephropathy screening rate increased by 
6.2% during the project. Older patients living closer to 
the clinic who visited their PCP 3 or more times per 
year were the most likely to be screened.

Conclusion: Combining team-based interventions with 
quality control monitoring can significantly improve 
compliance with recommended nephropathy treatment 
and screening in rural patients with diabetes at a family 
medicine clinic.

Keywords: rural; kidney disease; albumin-to-creatinine 
ratio; electronic health record.  

According to the Centers for Disease Control 
and Prevention (CDC), an estimated 30.3 mil-
lion people in the United States—about 9.4% 

of the population—have been diagnosed with diabe-
tes.1 Diabetes is the seventh leading cause of death in 
the United States, and it contributes to other leading 
causes of death: heart disease and stroke.1 Diabetes also 
is related to high morbidity risk and is a leading cause 
of chronic kidney disease.1 The total cost of diagnosed 
diabetes was estimated at $327 billion in direct medical 
costs and reduced productivity.2 

Residents of Appalachia bear a disproportionate 
burden of diabetes and other related negative health out-
comes; these outcomes are influenced by a number of 
factors, including socioeconomic status, poverty, rurality, 
and health care access. Rates of chronic disease, such 
as diabetes, are most pronounced in Appalachia’s most 
economically distressed counties.3-5 In 2011, the CDC 
labeled a 644-county area the “diabetes belt,” which 
included most of Appalachia.6 As a result of this elevated 
prevalence of diabetes in Appalachia as compared to the 
rest of the country, complications directly associated with 
diabetes are more commonly observed in Appalachian 
residents. One of the most damaging complications is 
diabetic nephropathy. 

Diabetic nephropathy results from damage to the 
microvasculature of the kidney due to inadequately con-
trolled blood glucose. This, in turn, leads to decreased 
renal function, eventually leading to clinically significant 
renal disease. The long-term complications associated 
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with nephropathy can include many comorbid conditions, 
the most serious of which are progression to end-stage 
renal disease, dialysis requirement, and early mortality. 
Diabetic nephropathy affects approximately 40% of 
patients with type 1 and type 2 diabetes.7,8 

One way to prevent complications of diabetic nephrop-
athy, in addition to good glycemic control in patients 
with diabetes, is early and regular screening. Currently, 
the American Diabetes Association (ADA) recommends 
yearly screening for diabetic nephropathy in the form of 
a urine albumin-to-creatinine ratio (ACR) for patients 18 
to 75 years of age.2 This screening to detect diabetic 
nephropathy is recognized as a marker of quality care by 
many public and private insurance agencies and medical 
specialty associations, such as the Centers for Medicare 
and Medicaid Services. 

Many patients with diabetes are cared for by primary 
care providers (PCP), and these PCP appointments 
provide an opportune time to screen and appropriately 
treat nephropathy. Screening opportunities are often 
missed, however, due to time constraints and compet-
ing health priorities. There are also a number of other 
factors specific to the Appalachian region that reduce 
the likelihood of screening for diabetic nephropathy, 
such as a lack of health insurance, the need to travel 
long distances to see a PCP, work and household 
responsibilities, low levels of education and health liter-
acy, and a mistrust of outsiders regarding personal mat-
ters, including health.9-11 While nephropathy can have a 
detrimental impact on patients across populations, it is 

of particular concern for a state located in the heart of 
Appalachia, such as West Virginia. 

Given the disproportionate burden of diabetes in 
this region and the potentially severe consequences of 
undetected nephropathy, clinicians from an academic 
family medicine clinic in West Virginia undertook a quality 
improvement project to increase the rate of nephropathy 
screening and treatment among patients with diabetes. 
This article describes the intervention strategies the team 
utilized to increase nephropathy screening and treatment 
in patients 18 to 75 years of age who met quality mea-
sures for nephropathy screening or treatment in the pre-
vious 12 months and explores the factors most predictive 
of nephropathy screening in Appalachian patients in this 
age group. It also reports the challenges and opportuni-
ties encountered and offers suggestions for other provid-
ers and clinics attempting to increase their nephropathy 
screening rates. 

Methods
Setting and Study Population 
The study population included patients ages 18 to 75 
years under the care of providers in an academic family 
medicine practice in West Virginia who had been diag-
nosed with diabetes mellitus. The study focused on those 
patients overdue for diabetic nephropathy screening (ie, 
had not been screened in previous 12 months). The proj-
ect began in January 2018 with a screening rate of 83.8%. 
The goal of this project was to increase this compliance 
metric by at least 5%. The project protocol was submitted 

Table 1. Characteristics of Patients With Diabetes Ages 18-75 Years Screened Versus Not Screened for 
Nephropathy (Continuous Variables)

Patient Characteristics

All Patients With Diabetes  
(n = 1676) 

Patients Screened for 
Nephropathy (n = 1489)

Patients Not Screened for 
Nephropathy (n = 187)

Mean SD n Mean SD n Mean SD n

Age, yr 56.33 11.89 1676 57.20 11.36 1489 49.47 13.70 187

Distance from clinic, miles 26.58 76.84 1675 25.51 67.57 1488 35.06 128.70 187

Last creatinine, g/mol 1.04 0.74 1623 1.06 0.78 1460 0.91 0.19 163

Last HbA1c, % 7.70 1.93 1669 7.72 1.91 1485 7.48 2.07 184

Last ACR, mg/g 9.44 31.45 1369 9.71 32.06 1276 5.80 21.05 93

ACR, albumin-to-creatinine ratio; HbA1c, hemoglobin A1c.
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to the West Virginia University Institutional Review Board, 
and, because it is a quality improvement project, permis-
sion was given to proceed without a board review.

Interventions
The team identified and implemented several interven-
tions intended to reduce screening barriers and increase 
the screening rate.

Bulk orders for ACR and urine collection during 

clinic visits. Prior to initiation of this project, it was left to 
individual clinic providers to order nephropathy screening 
for patients with diabetes during a clinic visit; after receiv-
ing the order for “random urine microalbumin/creatinine 
ratio,” patients then had to travel to a lab to provide a urine 
sample. For this project and moving forward, the team 
changed to the procedure of initiating bulk ACR orders 
and collecting urine samples during clinic visits from all 
patients ages 18 to 75 years who have diabetes.

Bulk communication reminders. Since many 
patients with diabetes may not have realized they were 
overdue for nephropathy screening, the team began 
sending out bulk communication reminders through 
either the institution’s electronic health record (EHR; 
MyChart) or postal service–delivered physical letters 
(according to patient communication preferences) to 
remind patients that they were due for screening and to 
encourage them to schedule an appointment or keep a 
previously scheduled appointment with their PCP.

Individual patient outreach. A team of pharmacy 
students led by a licensed pharmacist in the family 
medicine clinic contacted patients overdue for screening 
even after bulk communication reminders went out. The 
students telephoned patients 2 to 3 months following the 
bulk communication. The students obtained an updated 
list of patients with diabetes ages 18 to 75 years from 
an EHR quality report. They began by prescreening 
the patients on the overdue list for potential candidacy 
for an angiotensin-converting enzyme (ACE) inhibitor or 
an angiotensin II receptor blocker (ARB). Screening for 
candidacy included evaluation of recent blood pressure 
readings, electrolytes (ie, basic metabolic panel), and 
ACR. If the students determined a patient was a can-
didate, they presented the patient to the preceptor for 
verification and then reached out to the provider with 
a recommendation. If the provider agreed, the student 
contacted the patient by telephone for medication coun-
seling and education. The remaining patients determined 
not to be candidates for ACE inhibitors or ARBs were 
contacted by the pharmacy students by telephone to 
remind them that laboratory work was pending. Up to 
3 phone call attempts were made before patients were 
determined to be unreachable. Students left voice mails 
with generic reminders if a patient could not be reached. 
If a patient answered, the student provided a reminder 
but also reviewed indications for lab work, the reason 
why the provider wished for follow-up, and updated lab 

Table 2. Characteristics of Patients With Diabetes Ages 18-75 Screened Versus Not Screened for 
Nephropathy (Categorical Variables)

Patient Characteristics

All Patients With Diabetes  
(n = 1676) 

Patients Screened for  
Nephropathy (n = 1489)

Patients Not Screened for 
Nephropathy (n = 187) 

n % n % n %

Type of health insurance

Private 1107 66 983 59 124 7

Medicare 389 23 360 21 29 2

Medicaid 145 9 120 7 25 1

PCP visits in the past year

≤ 3 visits 955 57 811 48 144 8

> 3 visits 721 43 678 40 43 3

PCP, primary care provider.  
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hours. Students also followed up with the results of the 
work-up, as appropriate. During this outreach process, 
the student team encountered a number of patients 
who had moved or changed to a PCP outside of the 
family medicine clinic. In these cases, the EHR was 
updated and those patients were removed from the list 
of patients altogether.

Education of clinic providers. Clinic providers were 
educated during faculty and resident meetings and 
didactic learning sessions on identifying patients within 
the EHR who are due for nephropathy screening. They 
also received instruction on how to update the EHR to 
reflect completed screenings.  

Data Analysis
All analyses in this study were conducted using SAS (ver-
sion 9.4, 2013, SAS Institute Inc., Cary, NC). Descriptive 
analyses were conducted to summarize basic patient 
demographic information. To compare patients screened 
within the previous 12 months to those patients overdue 
for screening, 2-sample t-tests were used to examine 
differences in patients’ age, HbA1c, ACR, and creatinine 
level and the distance (in miles) between the patient’s 
home and the clinic. Chi-square analyses were used 
to examine the relationship between whether a patient 
was recently screened for nephropathy and the patient’s 
insurance, number of patient visits in the previous 12 
months, and provider level. Logistic regression analyses 
were conducted to control for covariates and to explore 

which factors were most predictive of nephropathy 
screening. All tests were 2-tailed, and P values less than 
0.05 were considered statistically significant.

Results
Patient Characteristics
There were 1676 family medicine clinic patients with diabe-
tes between 18 and 75 years of age (Table 1 and Table 2). 
Of the total sample, 1489 (88.8%) had completed screening 
for nephropathy in the 12 months prior to evaluation, and 
67.5%, 23.7%, and 8.8% of patients had private insurance, 
Medicare, and Medicaid, respectively. The mean (SD) age 
of the patients was 56.3 (11.9) years. The mean distance 
between the patient’s home and the clinic was 26.6 (76.8) 
miles. The mean number of visits was 3.6 (2.9) per year, 
and 43.0% of the patients visited the clinic more than  
3 times in a year. The mean values for HbA1c (%), creati-
nine (g/mol), and ACR (mg/g) were 7.7 (1.9), 1.0 (0.7), and  
9.4 (31.4), respectively. 

Screening of Patients for Nephropathy
Patients with Medicare and private insurance were more 
likely to have completed the nephropathy screening than 
those with Medicaid (92.5% versus 88.8% versus 82.8%, 
P = 0.004; Table 3 and Table 4). Patients with more 
than 3 visits were more likely to complete the nephrop-
athy screening than those with 3 or fewer visits (94.0% 
versus 84.9%, P < 0.0001). Patients who completed the 
nephropathy screening were older (P < 0.0001) and had 

Table 3. Differences in Patient Characteristics Between Patients Screened and Not Screened  
for Nephropathy

Patient Characteristics

Patients Screened for 
Nephropathy  

(n = 1489)
Patients Not Screened for 

Nephropathy (n = 187)

df t PMean SD Mean  SD

Age, yr 57.20 11.36 49.47 13.70 186 –7.40 < 0.001

Distance from clinic, miles 25.51 67.57 35.06 128.70 186 1.00 0.32

Last creatinine, g/mol 1.06 0.78 0.91 0.19 162 –5.78 < 0.001

Last HbA1c, % 7.72 1.91 7.48 2.07 183 –1.63 0.10

Last ACR, mg/g 9.71 32.06 5.80 21.05 92 –1.66 0.10

ACR, albumin-to-creatinine ratio; HbA1c, hemoglobin A1c.
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higher creatinine levels (P = 0.02) than their counterparts 
who did not complete screening. There were no signifi-
cant differences in screening success based on HbA1c, 
ACR, or the distance between the patient’s home and 
the clinic. 

Changes in Screening Rate 
The practice-wide screening rate was 83.8% at the start 
of this project in January 2018. The screening rate steadily 
increased throughout 2018, reaching 90.3% in August 
2018, and then leveled off around 90% when the project 
was concluded at the end of November 2018 (Figure). 
As an added benefit of the increased screening rates, a 
number of patients were initiated on an ACE inhibitor or 
ARB based on the team’s screening efforts. 

Predictors of Nephropathy Screening 
A logistic regression analysis was conducted with 
nephropathy screening (screened or not screened) as the 
outcome and 7 patient characteristics as predictors: type 
of insurance (private, Medicare, or Medicaid), PCP visits 
in the past 12 months (≤ 3 or > 3), distance in miles of the 
patient’s residence from the clinic, age, last HbA1c value, 
last ACR value, and last creatinine value. A test of the full 
model with all 7 predictors was statistically significant (χ2 
(8) = 57.77, P < 0.001). Table 5 shows regression coef-
ficients, Wald statistics, and 95% confidence intervals 
for odds ratios for each of the 7 predictors. According to 
the Wald criterion, 3 patient characteristics were signifi-

cant predictors of nephropathy screening: age, distance 
between the patient’s home and clinic, and number of PCP 
visits in the past 12 months. After adjusting for the covari-
ates, there were still significant associations between 
the nephropathy screening status and age ( χ2(1) = 9.64,  
P < 0.01); distance between the patient’s home and the 
clinic (χ2(1) = 3.98, P < 0.05); and the number of PCP 
visits in the previous year (χ2(1) = 21.74, P < 0.001). With 
each 1-year increment in age, the odds of completing the 
nephropathy screening increased by 3.2%. With each 
1-mile increase in the distance between the patient’s 
home and clinic, the odds of completing the nephropathy 
screening decreased by 0.2%. Patients who visited the 
clinic more than 3 times in a year were 3.9 times (95% 
confidence interval, 2.2-7.0) more likely to complete the 
nephropathy screening than their counterparts who vis-
ited fewer than 3 times per year. 

In summary, older patients living within about 164 
miles of the clinic (ie, within 1 standard deviation from the 
average miles between patient’s homes and the clinic) 
who visited their PCP 3 or more times per year were the 
most likely to be screened.

Discussion
Diabetic nephropathy is a critical issue facing family med-
icine providers and patients. The morbidity and mortality 
costs are significant, as diabetic nephropathy is the lead-
ing cause of end-stage renal disease. While the ADA rec-
ommends annual ACR screening in patients with diabetes 

Table 4. Prevalence of Patient Characteristics in Patients Screened and Not Screened for Nephropathy

Patient Characteristics

Screened  
(n = 1489)

Not Screened  
(n = 187)

χ2 Pn % n %

Type of health insurance 10.90 < 0.01

 Private 983 59 124 7

 Medicare 360 21 29 2

 Medicaid 120 7 25 1

PCP visits in the past year 34.43 < 0.0001

 ≤ 3 visits 811 48 144 8

 > 3 visits 678 40 43 3

PCP, primary care provider.
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and prescription of ACE inhibitors or ARBs in patients 
who qualify, many patients do not receive these inter-
ventions, despite following up with a provider.12-15 There 
is no current literature that indicates the compliance rates 
in the rural setting. Due to health disparities in the rural 
setting noted in the literature, it could be hypothesized 
that these individuals are at high risk of not meeting these 
screening and treatment recommendations.16,17 Limited 
access to care and resources, gaps in insurance cover-
age, and lower health literacy are a few barriers identified 
in the rural population that may influence whether these 
measures are met.17 

Considering the disease burden of diabetes and its 
related complications, including nephropathy, consistent 
screening is necessary to reduce diabetes-related bur-
dens and cost, while also increasing the quality of life 
for patients with diabetes.  All parties must be involved 
to ensure appropriate compliance and treatment.  Our 
institution’s implementation of quality improvement strat-
egies has key implications for nephropathy screening and 
treatment efforts in rural settings.

An additional step of having a health care provider 
(other than the PCP) screen all patients who are not 
meeting the standard allows for identification of gaps in 

care.  In our quality improvement workflow, the clinical 
pharmacist screened all patients for candidacy for ACE 
inhibitor/ARB therapy. While only a small percentage of 
patients qualified, many of these patients had previously 
been on therapy and were discontinued for an unknown 
reason or were stopped due to an acute condition (eg, 
acute kidney injury) and never restarted after recovery. 
Other patients required additional education that therapy 
would be utilized for nephroprotection versus blood pres-
sure management (secondary to an elevated ACR). This 
highlights the importance of transitions of care and ongo-
ing, intensive education, not only during initial diagnosis 
but also throughout the disease-state progression. 

Utilization of EHRs and telephone outreach are addi-
tional aspects of care that can be provided. Our improved 
rates of compliance with these care interventions parallel 
findings from previous studies.15,18 Optimization of an 
institution’s EHR can aid in standardization of care, work-
flow management, and communication with patients, as 
well as alert nursing or support staff of screening needs. 
Techniques such as best practice reminders, patient 
chart messages, and nursing-entered physician alerts 
on daily schedules have been shown to increase rates of 
compliance with nephropathy standards. These findings 
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underscore an additional opportunity for nursing and 
support staff to be better integrated into care.

Despite the success of this quality improvement 
initiative, there remain some limitations. The processes 
we used in this project may not be applicable to 
every institution and may have limited external validity. 
Primarily, while these processes may be implemented 
at some sites, without additional support staff (ie, extra 
nursing staff, pharmacists) and students to aid in patient 
outreach, success may be limited due to provider time 
constraints. Additionally, our workflow process demon-
strates significant incorporation of an EHR system for 
patient outreach. Institutions and/or clinics that heavily 
rely on paper charts and paper outreach may face 
barriers with bulk orders (eg, ACR) and messages, inter-
ventions that streamlined our population health man-
agement. Finally, this project focuses on only 1 aspect 
of population health management for patients with dia-
betes. While nephropathy is a critical aspect of caring 
for individuals with diabetes, this patient outreach does 
not address retinopathy screening, HbA1c control, or 
vaccination rates, which are other components of care.

Conclusion
Although this evaluation does not provide insight into why 
patients were not treated or screened, it demonstrates 
processes to improve compliance in patients with dia-

betic nephropathy. Rural health care facilities require an 
ongoing program of change and evaluation, with the aim 
to improve the provision of services, increase screening, 
and encourage team member involvement in health pro-
motion. This study demonstrates that combining team-
based interventions with quality control monitoring can 
significantly improve compliance with recommended 
nephropathy screening and treatment in rural patients 
with diabetes at a family medicine clinic.
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