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Abstract

Background: There are variable recommendations regarding initiating monotherapy or dual therapy in patients with newly
diagnosed type 2 diabetes (T2D). Clear initial strategies are of particular importance in underserved settings where access
to care and financial burdens are significant barriers. Objectives: To provide descriptive data of metabolic outcomes
to therapy regimens for low-income individuals with newly diagnosed T2D placed on oral hypoglycemic agents (OAs).
Methods: We conducted a retrospective chart review of low-income individuals with newly diagnosed T2D initiated on
OAs. We provided descriptive data and then evaluated the effects of OA regimens (ie, mono-, dual-, transition [from mono
to dual or vice versa] therapy) on hemoglobin Alc (Alc) (baseline to 12 months). Results: A total of 309 patients were
included in the study. At 12 months, the mean decrease in Alc for the entire sample was =2.36% (9.37% to 7.01%). Patients
prescribed dual therapy had a greater change of Alc compared to those taking monotherapy with metformin (—1.11%, P <
.01). Patients who transitioned therapies did not differ in change of Alc compared to monotherapy. Conclusion: Initiation
of dual therapy was superior to metformin monotherapy or transitioning therapies and may be preferred for low-income

individuals with newly diagnosed T2D.
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There is ongoing debate regarding the strategies for oral
hypoglycemic agents (OAs) in the treatment of type 2 dia-
betes (T2D). Hemoglobin Alc (Alc) levels often dictates
these strategies. For example, the American College of
Endocrinology recommends dual or 2-drug therapy for Alc
levels >7.5%, while the American Diabetes Association
suggests dual therapy for levels >9%."* A meta-analysis of
35 randomized control trials revealed that metformin mono-
therapy or 1-drug therapy decreased Alc by 1.12%, whereas
dual therapy with metformin was not as effective in lower-
ing Alc levels (0.95% reduction).” Another meta-analysis
of 15 randomized controlled trials found metformin mono-
therapy inferior to combination therapy and less attainment
of American Diabetes Association target Alc levels (ie,
<7%)' for a wide range of baseline Alc levels (7.2%-
9.9%).* However, studies often evaluate individuals with a
long history of diabetes—a group with vast variations in
pancreatic B-cell function than those newly diagnosed.>”
There are advantages to monotherapy including simplic-
ity of dosing and, thereby, improved adherence, lower

treatment costs, and less potential for adverse reactions.’
However, published literature has suggested that there is a
glucose-lowering synergistic effect related to dual hypogly-
cemic agent therapy.” This has contributed to the ongoing
evaluation of the efficacy of monotherapy and dual therapy.
Though more streamlined medication protocols would ben-
efit all with newly diagnosed with T2D, they would be par-
ticularly advantageous in low-income individuals. Low
socioeconomic status has been associated with a higher
prevalence of diabetes and its complications.® Poor health
literacy, communication barriers, and limited access to care
are disproportionate in low-income areas and have a direct
effect on patient outcomes.”'” Initiating precise therapy on
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diagnosis could decrease the risk of adverse drug events
associated with switching medication regimens. "

Previous prospective studies have demonstrated multiple
variations of OA treatment recommendations,'™ but there is
limited retrospective data, including information on the
medications classes, available from low-income settings.
This results in a narrow view of patient populations, making
it difficult to view the efficacy of these agents in clinical
practice for low-income patients.'? One study revealed that
the addition of metformin to insulin or a sulfonylurea as
combination therapy significantly improved Alc levels and
promoted weight loss."* Another study showed that therapy
regimens were not predictive of Alc change (P = .905)."
Though these studies were both retrospective, they did not
provide information regarding exclusive OA use, medica-
tions available to low-income individuals, or newly diag-
nosed T2D."*™

There are 11 classes of OAs. Because of their cost-
effectiveness, OAs in the biguanide (ie, metformin) and
sulfonylurea classes are the most commonly used dual
therapies in low-income settings.'”> Some investigators
have encouraged avoiding sulfonylureas because of their
risks of hypoglycemia and weight gain.' However, stud-
ies have shown that severe hypoglycemia (glucose <50
mg/dL) is rare with sulfonylureas and weight gain is less
than that of insulin.'®"

To our knowledge, there are no reported studies evaluat-
ing real-life data of therapy regimens for low-income indi-
viduals with newly diagnosed T2D. In order to improve the
understanding in this area, we conducted a retrospective
chart review of low-income adults with newly diagnosed
T2D. Specifically, the objectives of the study were to pro-
vide descriptive data of individuals placed on OAs (ie, pre-
scription practices) and analyze which therapy regimen (ie,
monotherapy, dual therapy, transition therapy [from mono-
therapy to dual therapy or vice versa]) results in the greatest
change of Alc from baseline to 12 months. We hypothe-
sized that one of these 3 regimens would be superior for
glycemic control.

Methods

This was a retrospective chart review of low-income indi-
viduals initiated on OAs who received their healthcare
through the Harris Health System. Harris Health is a single
system with multiple community clinics sites for low-
income individuals in Harris County. Its county seat is in
Houston, Texas. Individuals living at or below 150% of the
federal poverty line and who are a Harris County resident,
quality for Harris Health services. The majority of patients
in Harris Health are uninsured (60.1%) while others have
Medicaid or Children’s Health Insurance Program (CHIP)
(20.6%), Medicare (9.7%), or other funding/commercial
insurance (9.5%).

Inclusion criteria were (1) adults (=18 years old) in the
Harris Health system and (2) a documented diagnosis of
newly diagnosed T2D with a confirmatory provider note.
Exclusion criteria were (1) Alc at goal without medications
(ie, Alc <7%), (2) exclusionary disease or condition (ie,
gestational diabetes, chronic steroid therapy), (3) exclusion-
ary medication-related condition (ie, not on OAs, on insu-
lin, or medication nonadherence), and (4) incomplete
electronic medical record (EMR) (ie, missing Alc levels).
The study design was evaluated and approved by the insti-
tutional review board at Baylor College of Medicine and the
Harris Health system.

An electronic search of all the medical records of indi-
viduals in the Harris Health/Baylor College of Medicine
electronic medical database (n = 6 clinics) identified
patients who received a new diagnosis code of diabetes
between the years of 2010 and 2015 using International
Classification of Diseases (ICD) codes 250.00 and 250.02.
This search resulted in identification of 25763 individuals
diagnosed with diabetes. To avoid coding errors (ie, a new
diagnosis in the Harris Health/Baylor College of Medicine
system but diagnosed previously at an outside clinic) and to
assess medication adherence, a physician investigator per-
formed a secondary EMR review that included reading pro-
vider notes and medication records (ie, prescriptions prior
t0 2010).

To appropriately power the study, we determined that we
would need 300 patients. An initial feasibility study of 100
patients revealed that 13.97% met inclusion criteria, result-
ing in 2147 charts that needed to be reviewed to achieve a N
= 300. A pseudo-automatic random number generator
developed a list of random numbers and randomly selected
2147 EMRs for chart review. Clinical information (ie, Alc,
height, weight), ethnicity, medications, and past medical
history were extracted from each patient’s EMR. Alc was
collected at baseline (date of OA initiation), 3, 6, 9, and 12
months. Figure 1 describes the inclusion/exclusion of the
study population.

Subpopulation

To evaluate the effects of OA regimens on Alc, we ana-
lyzed a subpopulation that excluded individuals without
complete 12-month OA data (ie, transitioned to insulin,
treated with diet therapy, missing 12-month medication
record). These individuals were placed into 3 subgroups
according to their baseline OA regimen: (1) metformin
monotherapy, (2) dual therapy (metformin with a sulfonyl-
urea), or (3) transition therapy (monotherapy to dual ther-
apy or vice versa before month 12). The 3 categories of
OAs were investigated with metformin monotherapy being
the reference category. Clinical and demographic character-
istics were included as covariates in all models to control
for factors that may be related to being prescribed OAs and
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Charts reviewed (n=2147)

Excluded (n=1151)
-not newly diagnosed type 2 diabetes

Excluded (n=380)
-Alc <7% (<7.5% if >64 years old)/no Alc

Excluded (n=73)
-confounding disease/condition

Excluded (n=56)
-not on hypoglycemic agent/nonadherence

Excluded (n=88)
-initiated on insulin

Excluded (n=90)
-incomplete charts

Figure 1. Flowchart of patients who met inclusion/exclusion
criteria for the study population.

Alc levels. Characteristics included: OA regimen, age at
diagnosis, gender, race/ethnicity (Hispanic, non-Hispanic
black, Asian, white), and body mass index (BMI).18

Data Analysis

Using STATA SE 13 statistical software (StataCorp LP),
descriptive analyses and ordinary least squares (OLS)
regression models were performed. Descriptive analyses
were first conducted on the full analytic sample. Then a
subpopulation was grouped according to the three OA cat-
egories. Bivariate associations between the OAs and the
various A lc measures and each control variable were inves-
tigated using either analysis of variance for continuous vari-
ables or chi-square tests for dichotomous variables.

OLS regression models were conducted to assess
which OA predicted the greatest change in Alc over 12
months. Specifically, change in Alc was regressed on the
OA and on the control variables. A change score accounted
for different baseline Alc levels. Regression analyses
were conducted on a sample of 193 cases that had full
data on the independent and control variables. If a subject
did not have 12-month data (n = 34), the 9-month Alc
value was imputed. Results did not differ between the
non-imputed and imputed models. The models with the
imputed outcome were presented. In these models,

metformin monotherapy was the reference category as it
is the recommended first-line agent in T2D."

Results

Descriptive Statistics

Table 1 displays the descriptive statistics for the full sample
(N =309) and subpopulation (n = 193). In the full sample,
patients had a baseline Alc of 9.37% and averaged a
—2.36% change at 12 months. In the full sample, the major-
ity (n = 159, 51%) of patients were placed on metformin
monotherapy, 24% (n = 74) were prescribed dual therapy,
18% (n = 55) transitioned therapies, and 7% (n = 21) dis-
continued OAs (ie, started insulin, changed to lifestyle
modifications). The patient average age was 49.1 years, and
there were 42% male, a majority Hispanic population
(73%), and most were overweight (27%) or obese (63%).
Patients typically gained (44%) or lost (51%) weight.
Comparing the full sample to the total subpopulation, the
percentage of individuals placed on metformin, dual, and
transition therapy were similar and had minimal overall
outcome variations.

Subpopulation

There were a number of significant findings as described
below. Patients who were prescribed dual therapy and those
that transitioned therapies had a greater change in Alc dur-
ing the 12 months compared with patients who were pre-
scribed metformin monotherapy (—3.45%, —2.88%,
—1.74%, respectively; P < .05). Fewer non-Hispanic blacks
were placed on transition therapy (6%) compared with
monotherapy (20%) (P < .05). Additionally, more individu-
als prescribed dual therapy (16%) were normal weight and
fewer patients that transitioned therapies were obese (44%)
compared with those prescribed monotherapy (normal, 5%;
obese, 72%; P < .05). Also, a greater percentage of indi-
viduals who transitioned therapies (47%) were overweight
compared with both monotherapy (24%) and dual therapy
(25%) (P < .05). Furthermore, fewer dual therapy patients
lost weight (22%) and more (69%) gained weight compared
with those on monotherapy (loss, 65%; gain, 31%; P <.05),
and a greater percentage of transition therapy patients lost
weight (50%) than individuals taking dual therapy (22%) (P
< .05). There were more patients that transitioned from
monotherapy to dual therapy (n = 20) than from dual ther-
apy to monotherapy (n = 15) or from monotherapy to dual
therapy back to monotherapy (n=1).

Using multivariate regression models, we investigated
how OAs, specifically dual therapy and transitioning
between dual and metformin therapy, compared with met-
formin monotherapy contributed to changes in Alc from
baseline to 12 months (Table 2). Patients prescribed dual



308

Journal of Primary Care & Community Health 8(4)

Table I. Descriptive Statistics for the Full Analytic Sample and Subpopulation by Oral Hypoglycemic Agent (SD or %).

Subpopulation (n = 193)

Metformin
Full Sample Monotherapy Dual Therapy  Transition®
(N =300) Total (n=102) (n=155) (n=36)
Alc (%)
Baseline 9.37 (2.09) 9.40 (2.09) 8.48 (1.65) 10.67 (2.15)°  10.09 (1.84)°
12 months 7.01 (1.31) 6.96 (1.27) 6.74 (0.90) 7.22 (1.27)° 7.21 (1.93)
Change in Alc (over 12 months) -2.36 (2.31) -244 (2.17) -174(1.75) -3.45(2.31)* -2.88(3.67)°
Oral hypoglycemic agent, %
Metformin monotherapy 51 53 100 0 0
Dual therapy 24 29 0 100 0
Transition between mono/dual 18 18 0 0 100
Discontinued OHA (ie, due to insulin initiation) 7 n/a 0 0 0
Control variables
Age at diagnosis (years) 49.1 (10.83) 49.9 (1049) 504 (11.26)  50.2 (10.02) 47.8 (8.79)
Gender (male), % 42 40 44 35 39
Race/ethnicity, %
Hispanic 73 73 68 76 8l
Non-Hispanic black 16 15 20 I 6°
Asian 7 7 7 9 3
White 4 5 6 4 I
Body mass index, %
Normal (18.5-24.9 kg/m?) 10 9 5 16° 8
Overweight (25-29.9 kg/m?) 27 29 24 25 47%¢
Obese (>30 kg/m?) 63 63 72 58 44°
Weight change, %
Weight loss 51 50 65 22° 50°
Weight maintenance 4 5 4 9 0
Weight gain 44 46 31 69° 50

Abbreviation: n/a, not applicable.

*Transition—from mono/dual therapy.

®Significantly different from metformin monotherapy, P < .05.
“Significantly different from dual therapy, P < .05.

therapy resulted in a significantly greater change in Alc at
12 months compared with patients prescribed metformin
monotherapy (—1.11%, P < .01). Patients who transitioned
between dual and metformin therapy compared with
patients prescribed a metformin monotherapy did not sig-
nificantly differ in Alc levels during the 12-month period
(—0.45%, P> .05). Furthermore, patients who gained weight
significantly increased Alc levels (1.17%, P < .001). To
account for different baseline Alc levels between groups,
we calculated a change score as the dependent variable.

Discussion

Though clinical trials are a vital part of the scientific pro-
cess, they lack the ability to establish continuous relation-
ships and to assess complex interactions within a study
arm.'” This may lead to an emphasis of the efficacy for
simple therapies and internal validity rather than delivery of

care practices and external validity.'” This is why retrospec-
tive analyses that portray real world data are critical. This
retrospective review provided clarity for the optimal treat-
ment regimens upon diagnosis of diabetes. Specifically, we
found that dual therapy significantly reduced Alc levels
from baseline to 12 months when compared with monother-
apy or transitional therapy. The primary and most critical
outcome in diabetes is glycemic control, and it is vital that
health care providers choose regimens that most effectively
and efficiently achieve this.

Patient adherence plays an important part in diabetes
outcomes. This is not to be misunderstood with compliance,
which infers patient cooperation. For example, approxi-
mately 50% of individuals have poor medication adherence
that relate to the patient (eg, disease understanding), the
physician (eg, understanding of patient financial burden), or
the health care system (eg, fragmentation).'’ Clear initial
OA regimens have the potential to markedly improve these
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Table 2. Ordinary Least Squares Regression Predicting the Association Between Oral Hypoglycemic Agent and Change in Alc

During 12 Months (n = 193).

B Standard Error

Oral hypoglycemic agents

Metformin monotherapy (reference) — —

Dual therapy =LI* 0.38

Transition between metformin mono and dual therapy -0.45 0.42
Control variables

Oral hypoglycemic agent regimen -0.62 0.42

Age at diagnosis (years) -0.004 0.0l

Gender (male) 0.48 0.31
Race/ethnicity

Hispanic (reference) — —

Non-Hispanic black -0.58 0.42

Asian —-0.42 0.60

White 0.13 0.60
Weight change

Weight loss — —

Weight maintenance -0.49 0.69

Weight gain 1. 17%% 0.31
Constant 1.34 0.77

*P<.0l;¥P <.00l.

issues. For instance, provider-patient encounters could
focus on diabetes education and prevention (eg, obesity)
rather than a new pharmacotherapy.

Another key factor relating to patient adherence is BMI.
In the current study, individuals who gained weight resulted
in a significant increase in Alc. Similar to medications, this
does not always depend on patient will. Achieving an opti-
mal weight is extremely challenging, requiring shifting
paradigms around the causes."” Individuals living in pov-
erty face additional challenges including limited food avail-
ability and financial constraints to purchase healthy food.”
Emerging evidence suggests that diabetes therapy may need
to incorporate BMI levels.” However, further research is
needed for clear standard of care practices related to BMI
and to determine if weight-based dosing, such as in antibi-
otics, would be appropriate.

The study findings are of particular importance for low-
income individuals where issues including limited access to
care, low-literacy rates, and financial constraints are magni-
fied.”! Limited access to care hinders low-income patients
from follow-up visits, such as for medication adjust-
ments.”** This is concerning given an analysis revealing
that 58% of sulfonylurea and 65% of metformin patients
had no titration of their initial regimen.” In addition, the
high prevalence of poor literacy levels in many low-income
populations increases the risk of provider-patient miscom-
munication when drug regimens are changed.*** To fully
understand most health information, patients must read at a
level greater than 10th grade.** However, 30% to 50% of
individuals have not achieved this level.* Furthermore,

frequent titration rates lead to greater out-of-pocket costs
for patients.”®

Though the benefits of precise OA protocols are clear,
the physiology of dual therapy is not. Some investigators
suggest a synergistic relationship between the metformin
and sulfonylureas, resulting in additive glucose-lowering
effects.” This effect may be due to the differing mecha-
nisms of actions in each drug. Metformin’s antihypergly-
cemic effect is attributed to mitochondrial inhibition
leading to hepatic gluconeogenesis suppression.”’ On the
other hand, sulfonylureas stimulate pancreatic B-cells for
insulin release and reduce hepatic clearance of insulin.'®
Further investigations are needed to determine whether a
small dose of a sulfonylurea is needed for these additive
effects. If so, sulfonylurea doses may be lowered in dual
therapy in conjunction with higher metformin doses to
avoid B-cell exhaustion from long-term overstimulation
with sulfonylureas.” Additionally, other considerations
including adherence, inability to tolerate a medication,
and adverse reactions are important variables when com-
paring therapy efficacy.

As with all retrospective chart reviews, there are limita-
tions to the study. Unaccounted confounding variables may
be present. For instance, some participants may have started
an exercise program while others did not. Also, some clinics
may have offered a nutrition education or weight loss
classes, whereas others did not. Furthermore, we could not
systematically gather information including as exercise or
diet behaviors as in a prospective trial since we were depen-
dent on what healthcare providers recorded in their notes.
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Prospective, randomized controlled trials are needed to fur-
ther evaluate and compare OA therapy strategies.

Summary and Conclusions

Diabetes control in low-income settings is a difficult task
and is often overwhelming.**** Because of significant bar-
riers to care, choosing optimal initial therapy has critical
implications in these settings. Our findings suggest that
patients initiated on dual therapy consisting of metformin
and a sulfonylurea may have better Alc outcomes. Future
studies are warranted to establish OA dosing protocols to
clarify additive effects between sulfonylureas and
metformin.
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