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Abstract

Purpose: To determine whether and how diabetes-trained mid-level clinicians (2 nurse practitioners and a physician assistant) could effectively improve HbA1c levels in poorly 
controlled, minority patients.

Patients and Methods: In a retrospective, observational study using de-identified data (therefore not requiring IRB approval), 96 patients fulfilled the inclusion criteria of 
initial Hb A1c levels ≥64 mmol/mol (8.0%), at least 2 visits and 2 HbA1c tests and not documented as non-adherent when treated. The primary outcome was the change in HbA1c 
levels from baseline. The secondary outcome was the proportion of patients in 1% HbA1c ranges from <53 mmol/mol (7.0%) to >97 mmol/mol (11.0%), both outcomes compared 
between initial and final visits.

Results: Patients were treated for a mean of 7 months before the Covid-19 pandemic stopped in-person visits.  Baseline HbA1c levels (mmol/mol) measured at referral fell 
from 97 mmol/mol (11.0% ± 1.8 [SD]) to 68 mmol/mol (8.4% ± 1.8 [P <10-21]). Treatment intensification did not occur, strongly suggesting that increased medication adherence 
was mainly responsible. At the last visit, 96% of patients met the American Diabetes Association’s blood pressure target of <140/90 mm Hg and 57% the LDL cholesterol target of 
<2.6 mmol/L (100 mg/dl).  

Conclusion: These culturally competent mid-level clinicians (2 African-Americans and one Latino), were better able to engage patients which greatly improved their medication 
adherence. Busy primary care practices should consider supporting diabetes-trained mid-level clinicians to interact with all patients with diabetes at important treatment junctures (not 
just the limited number assigned to them for total care). An added benefit for practices serving a minority, population would be culturally competent mid-level clinicians.

INTRODUCTION
The American Diabetes Association (ADA), recommends 

the HbA1c goal for most people with diabetes to be <7.0% [1]. 
Approximately half are able to achieve this goal [2], but these 
controlled patients are heavily weighted with those who have 
been more recently diagnosed. Twenty-eight percent of people 
with diabetes have HbA1c levels of >64 mmol/mol (8.0%), while 
16% exceed 75 mmol/mol (9.0%) [2]. African-American [3], and 
Latino [4,5],  patients with diabetes have significantly higher 
HbA1c levels than their white counterparts. This leads to worse 
outcomes of diabetes care in African-American [3,6,8], and Latino 
[4,5,7], patients compared with whites.

Ninety percent of people with diabetes are cared for by 
primary care physicians (PCPs) who may be inexperienced in 
using the more recent FDA cleared classes of new drugs and are 
particularly challenged in using insulin.  The latter is evidenced 
[9], by; a) medians of up to 7 years before starting insulin once 
people with type 2 diabetes failed (HbA1c levels >64 mmol/mol 
[8.0]%) maximal (tolerated) doses of 2 or 3 non-insulin drugs, 
b) mean HbA1c levels ranging from 74 mmol/mol (8.9%) to 84 
mmol/mol (9.8%) with a mean of 78 mmol/mol (9.3%) when 
insulin was started, (c) mean HbA1c levels of 83 mmol/mol 

(9.7%) when insulin was intensified in patients failing basal 
insulin alone, (d) insulin intensification occurring in only 25-
30% of patients and its discontinuation in a similar number, 
and e) mean HbA1c levels ranging from 63 mmol/mol (7.9%) 
to 78 mmol/mol (9.3%) with a mean of 69 mmol/mol (8.5%) in 
patients receiving “stable” doses of insulin.

A number of studies have demonstrated that diabetes-trained 
registered nurses (RNs), nurse practitioners (NPs), physician 
assistants (PAs) and clinical pharmacists (PharmDs) following 
treatment protocols have substantially improved diabetes 
outcomes [10].These providers are termed mid-level clinicians 
here because they are allowed to make independent treatment 
decisions, either under the supervision of physicians (RNs, 
PharmDs) or within the scope of their licensed practices (NPs, 
PAs). For nearly 40 years, the first author has participated in this 
approach to improving diabetes care by teaching his detailed 
treatment protocols to 44 mid-level clinicians, the majority of 
whom provided diabetes care to patients from under-resourced 
populations. The recently described definition of an under-
resourced population is one that is characterized by a majority 
of minority, poor and poorly-educated individuals that have 
difficulty accessing medical care and experience worse medical 
outcomes [11].
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A large under-resourced population lives in central Los 
Angeles whose medical care is provided by Los Angeles County 
in the Martin Luther King (MLK) Outpatient Center. However, it 
should be noted that the difficulty in accessing medical care would 
not apply to the under-resourced patients in this study because 
they were receiving medical care in a primary care clinic (albeit 
inadequate from a diabetes perspective). A Diabetes Clinic was 
established in the MLK Outpatient Center to which complicated, 
poorly controlled patients could be referred for independent 
treatment by mid-level clinicians (in the present study 2 NPs and 
a PA). Only an occasional consultation was sought from the first 
author for particularly difficult situations.  

This paper evaluated whether these mid-level clinicians 
independently following detailed treatment protocols could 
overcome the barriers faced by PCPs and improve diabetes 
outcomes in these challenging patients. It also sought to examine 
which specific changes in the treatments for these newly referred 
patients might be more effective in lowering HbA1c levels.

METHODS
The criteria for referral by PCPs to the Diabetes Clinic is an 

HbA1c level ≥64 mmol/mol (8.0%), in patients receiving either 2 
or more classes of non-insulin drugs (without insulin) or taking 
insulin (regardless of the number of non-insulin drugs). Starting 
in February, 2019, monthly reports of each patient visit and 
their latest HbA1c level were provided.  In March, 2020, most 
clinic visits were suspended because of the Covid-19 pandemic 
and patients were managed by telephone.  Since patients were 
reluctant to come to the laboratory for HbA1c (and other) tests 
because of the pandemic, the population evaluated in this study 
were those seen as new referrals from the beginning of February, 
2109 until the end of September, 2019 and followed until the 
end of February, 2020.  The kinetics of HbA1c level changes are 
such that values reflect the average glycemia of the previous 
3 months.  The termination of recruitment for the study at the 
end of September, 2019 allowed all patients to have at least two 
3-month cycles of HbA1c changes by February, 2020.

The inclusion criteria were patients with first visits to the 
Diabetes Clinic after January, 2019, with initial HbA1c levels 
≥64 mmol/mol (8.0%), having ≥2 visits, at least 2 HbA1c tests 
and not being identified by the mid-levels as “non-adherent.”  
The latter was recorded only after 3 or more reminders (and 
documentation), that patients were not taking prescribed 
medications correctly, or for those on insulin, not providing 
enough glucose readings to adjust insulin doses. If a patient failed 
an appointment, at least 3 attempts were made to re-schedule 
them.  Patients documented as “non-adherent” were excluded 
to allow a valid cohort in which to accurately determine which 
treatments might be more effective in improving diabetes control.

The primary outcome was change in HbA1c levels between 
initial and final visits. Given the kinetics of HbA1c changes, 
baseline HbA1c values were accepted within 2 months before 
and up to one month following the initial visit and the final HbA1c 
values were accepted 1 month before and up to 3 months after 
the last visit. After the initial visit, HbA1c levels were usually 
measured approximately every 3 months.  A secondary outcome 
was the proportion of the final HbA1c levels in the following 

ranges; <53 mmol/mol (7.0%), 53 -63 mmol/mol (7.0-7.9%), 64-
74 mmol/mol (8.0 – 8.9%), 75-85 mmol/mol (9.0 – 9.9%), 86-96 
mmol/mol (10.0 – 10.9%) and ≥97 mmol/mol (11.0%).

Good diabetes care requires meeting blood pressure (BP) 
and low density lipoprotein (LDL) cholesterol targets...Therefore, 
another secondary outcome was the percent of patients who met 
the ADA’s [12], BP and LDL cholesterol goals of <140/90 mm 
Hg and <2.6 mmol/L (100 mg/dl), respectively, at study end.�  
Because patients often wish to limit their trips to the clinic, they 
sometimes delay refilling their prescriptions until a scheduled 
visit with a provider.  In that case, their BP may be high at the 
visit.  If an elevated BP were recorded at the last visit, the value 
at the previous visit was accessed.  If it were <140/90 mm Hg, 
the patient was considered to have met the ADA BP goal since 
BPs rapidly increase if anti-hypertensive medications are missed.  
Although the delay in renewing prescriptions would also apply 
to statin therapy, the relationship between LDL cholesterol 
concentration changes and not taking this medication plays out 
over a much longer period than BP changes.  Consequently, the 
LDL cholesterol concentration nearest to the last visit was used.

The study was approved by the Institutional Review Board 
at Charles R. Drew University. Because it was a retrospective, 
observational one and the data were de-identified, informed 
consents were not required.  Since the patients were cared for in 
the Department of Health Services of Los Angeles County, their 
Institutional Review Board also had to confirm that informed 
consents were not required which they did.  A 2-tailed paired 
Student’s t test was used to analyze differences in HbA1c levels 
between the first and last visits.  Significance was accepted at the 
P <0.05 level.

RESULTS
The number of patients referred to the Diabetes Clinic, 

those evaluated after their last visit and the reasons why all the 
referred patients were not evaluated are shown in Figure 1. The 
96 evaluable patients were 51.5 ± 11.4 (SD) years old, 47 females, 
90 with type 2 diabetes, had diabetes for 11.0 ± 8.5 years, were 
94% Latino and 11% African-American and with BMIs of 31.5 ± 
8.4.  The mid-level clinicians followed the patients for 35 to 393 
days with a mean of 212 days (7 months).

The changes in the outcomes between the first and last 
visits are shown in Table 1. The HbA1c level fell by 29 mmol/
mol from 97 to 68 mmol/mol (a 2.6% fall from 11.0% to 8.4%). 
By definition, no patients at the initial visit had an HbA1c level 
<64 mmol/mol (8.0%) while 66% had values ≥86 mmol/mol 
(10.0%). At the last visit, 42% had HbA1c levels <64 mmol/
mol (8.0%) with 24% meeting the ADA goal of <53 mmol/mol 
(7.0%) while only 18% had values ≥86 mmol/mol (10.0%). 
Strikingly, this marked improvement occurred in the absence 
of pharmacological treatment intensification.  For instance, 7% 
fewer patients were taking insulin at the last visit compared with 
the first one and only 8 patients not receiving insulin increased 
their number of non-insulin drugs. The very few patients on more 
than 3 non-insulin drugs at the last visit reflect the limitation Los 
Angeles County has placed on the 3 newer classes of them, e.g., 
DPP-4 inhibitors, GLP-1 agonists and SGLT-2 inhibitors. The 
patients gained 3.5 kg in the 7 months of the program.  At the 
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Table 1: Changes in Outcomes between Initial and Final Visits.

Outcomes First Visit Last Visit

HbA1c Level (mmol/mol)[% ± SD] 97 [11.0 ± 1.8]* 68 [8.4 ± 1.8]*
HbA1c ranges N (% of total patients)
   <53 mmol/mol (7.0%)
   53 – 63 mmol/mol (7.0 – 7.9%)
   64 – 74 mmol/mol (8.0 – 8.9%)
   75 -85 mmol/mol (9.0 – 9.9%)
   86 – 96 mmol/mol (10.0 – 10.9%)
   ≥97 mmol/mol (11.0%)

0 (0)
0 (0)
12 (12)
18 (19)
22 (23)
44 (46)

23 (24)
17 (18)
25 (26)
13 (14)
 8 (8)
10 (10)

Treatment (no insulin) N (% of total patients)
   No drugs
   One non-insulin drug
   Two non-insulin drugs
   Three non-insulin drugs
   Four non-insulin drugs
   Five non-insulin drugs
   Total

1 (1)
17 (18)
21 (22)
4 (4)
0 (0)
0 (0)
43 (45)

0 (0)
17 (18)
21 (22)
9 (9)
2 (2)
1 (1)
50 (52)

Treatment (insulin) N (% of total patients)
   Bedtime NPH/basal alone
   ≥2 injections of 2 different insulins
   Premixed insulin
   U-500 insulin
   Total

21 (22)
25 (26)
6 (6)
1 (1)
53 (55)

18 (19)
22 (23)
3 (3)
3 (3)
46 (48)

Weight (Kg ± SD) 83.0 ± 21.5† 86.5 ± 22.5†

% meeting ADA BP goal of <140/90 mm Hg - 96
% meeting ADA LDL cholesterol goal of 
<100 mg/dl 57‡

N: number of patients; *P = 2.7 x 10-21; †P = 0.002; ‡N = 95
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Figure 1 Flow diagram from patient referral to evaluable patients.
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end of the study, 96% met the ADA BP goal and 57% met the LDL 
cholesterol goal.

DISCUSSION
Diabetes control markedly improved under the care of the 2 

NPs and the PA over a mean of 7 months. HbA1c levels fell by 
29 mmol/mol (2.6%). Twenty-four percent of the patients met 
the ADA HbA1c level goal of <53 mmol/mol (7.0%) and 42% 
achieved HbA1c levels of <64 mmol/mol (8.0%). This occurred 
in the absence of additional pharmacological treatment strongly 
suggesting that increased medication adherence was responsible 
for the improvement. Patients’ weight did increase significantly 
by 3.5 kg but this is commonly seen when poorly controlled 
patients are brought under better control with most of the weight 
gain due to the storage of glucose calories previously lost in the 
urine [13], Before the pandemic precluded in-person clinic visits, 
a remarkable 96% of the patients met the ADA BP goal of <140/90 
mm Hg.  Fifty-seven percent of these patients achieved the ADA 
LDL cholesterol goal of <2.6 mmol/L (100 mg/dl) compared to 
36% in a large number of patients with diabetes cared for in 6 
Public Hospitals that serve a similar under-resourced population 
as does the MLK Outpatient Center [14].

Medication non-adherence is an important issue in outcomes 
of medical care.  It is usually assessed by examining large 
pharmacy databases and calculating the medication possession 
ratio in retrospective observational studies [15].  Values over 
80% are considered necessary to achieve the full benefit of 
medication in chronic diseases [16].  Medication non-adherence 
is very common in people with diabetes [17,18]. Although 
medication non-adherence could not be directly documented 
in this retrospective, observational study, its results provided 
a unique way to evaluate medication non-adherence, ie, by a 
marked improvement in glycemia in the absence of increased 
prescribed medication. Medication non-adherence leads to 
worsening diabetes control over time [19], increased vascular 
complications [20-22], and increased all-cause mortality, medical 
care costs, emergency department visits and hospitalizations [23-
25].The disappointing effects of new medications in real world 
experience compared with the promising results of randomized 
control trials are largely due to medication non-adherence 
[18,26].

It is well documented that the outcomes of diabetes care are 
worse in African-American [3,6,8], and Latino [4,5,7], patients 
compared with whites. The 24% of referred patients who 
were eligible for treatment but never returned for a second 
appointment in spite of at least 3 attempts to re-schedule them 
(Figure 1) illustrate the challenges of caring for the minority 
patients served by Los Angeles County. The 67% who persisted 
in their treatment by the mid-level clinicians and received at least 
2 HbA1c tests achieved a marked glycemic improvement because 
of increased medication adherence which was likely enhanced by 
the cultural competency of these mid-level clinicians (2 African-
Americans and a Latina), who were from the same minority 
populations as those they are caring for.  Cultural competence 
can be defined as the understanding of cultural and linguistic 
barriers that ethnic and racial minority patients may be facing 
in achieving quality healthcare. Culturally competent diabetes 

interventions significantly improved clinical outcomes [7,27]. 
Within the additional time focusing exclusively on diabetes care, 
the NPs and PA were better able to engage with the patients 
in their diabetes care. Being more invested in their health, the 
patients built partnerships with these mid-level clinicians to seek 
better longer-term clinical outcomes.  Unfortunately, cultural 
competency training of primary care clinicians did not improve 
clinical outcomes [28].

It is unrealistic to expect busy primary care practices to 
support a diabetes-trained mid-level clinician who is assigned 
the total care of patients, only a limited number of whom may 
have diabetes. Rather, a diabetes-trained mid-level clinician, 
either working directly under the supervision of PCPs or under 
approved diabetes protocols (RNs, PharmDs) or within the scope 
of their licensed practices (NPs, PAs), could improve diabetes care 
throughout the practice.  An important reason for poor outcomes 
of diabetes care is the relatively infrequent interactions between 
patients with diabetes and their primary care clinicians [29]. 
Patients, especially those from under-resourced populations, are 
usually seen only every 3 to 6 months which can lead to problems 
with medication adherence, missed visits and laboratory tests 
and long intervals in which intensification of therapy may have 
been appropriate but could not occur. Some examples of how a 
diabetes–trained, mid-level clinician could improve outcomes 
would be periodically reviewing the electronic health record to 
assure ongoing care as well as necessary LDL cholesterol and 
HbA1c testing, both of which would help to monitor medication 
adherence; visits for BP monitoring by the mid-level clinician 
with appropriate medication changes if necessary; ensuring that 
FPG tests are carried out when used to titrate non-insulin drugs 
with doses appropriately increased if warranted; and obtaining, 
organizing and reviewing glucose meter readings (from patients 
at visits or from home), for possible medication adjustments. 
Ongoing frequent interactions should allow relationships and 
partnerships between mid-level clinicians and patients that will 
result in better clinical outcomes. An added benefit for practices 
that serve an under-resourced population would be a culturally 
competent mid-level clinician.

There are several limitations to this study. The absence 
of a control group introduces the possibility of unrecognized 
confounding. Because of its retrospective, observational nature, 
medication non-adherence could not be directly measured but 
only inferred in light of the marked improvement in glycemia 
in the absence of pharmacological treatment intensification. A 
longer period of observation that was unfortunately limited by 
the pandemic might have produced even more of an improvement 
in glycemia. As with all studies that evaluate diabetes control, 
examination of the microvascular complications per se requires 
much longer periods of follow up. However, since these patients 
had probably been poorly controlled for many years, these 
complications were very likely to have been present at the time 
of referral to the Diabetes Clinic.

In conclusion, this retrospective, observational study 
confirms the effectiveness of mid-level clinicians to improve 
diabetes outcomes. The marked glycemic improvement in these 
poorly controlled patients with diabetes from an under-resourced 
population was most likely due to increased medication adherence 
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as there was no pharmacological treatment intensification. It is 
suggested that employing a diabetes-trained mid-level clinician 
in busy primary care practices would result in more frequent 
interactions with all patients with diabetes, markedly improve 
their diabetes outcomes and free up time for PCPs to attend to 
other demanding issues.
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