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ORIGINAL ARTICLE

Level of glycemic control among US type 2 diabetes mellitus patients on
dual therapy of metformin and sodium–glucose cotransporter 2 inhibitor:
a retrospective database study

Dominik Lautscha, Kristy Iglaya, Lingfeng Yanga, Neha Bansalb, Riddhi Markanb, Niranjan Katheb and
Swapnil Rajpathaka

aCenter for Observational and Real-World Evidence, Merck & Co., Inc, Kenilworth, NJ, USA; bComplete HEOR Solutions (CHEORS), North
Wales, PA, USA

ABSTRACT
Objective: To assess the level of glycemic control among type 2 diabetes patients on sodium-glucose
cotransporter 2 inhibitor (SGLT2i) and metformin dual therapy.
Methods: Observational, retrospective database study in adult type 2 diabetes mellitus patients from
the IQVIA Electronic Medical Record (EMR) database was conducted. The observation period was June
2015 to June 2018. Patient’s earliest encounter in the observation period while on SGLT2i and metfor-
min dual therapy served as the index date. Patients were required to have at least one HbA1c meas-
ure in the 12months prior to the index date and be on SGLT2i and metformin dual therapy and no
other antihyperglycemic treatment as of the HbA1c measurement date or any time during the 90days
prior. The associations between sociodemographic factors and clinical burden on achievement of
HbA1c <8% were assessed using multivariable logistic regression with backward stepwise selection.
Results: Of 3491 patients, 2176 (62.3%) achieved HbA1c <8%, with a median distance to goal of 1.1%
(IQR 0.5–2.3%) for those not at glycemic target. Mean age was 56.5 years and 52.6% were male. At
baseline, 28.3% of patients had established cardiovascular disease/chronic kidney disease, and of those
63.8% had HbA1c <8%. African American patients had lower odds of attaining HbA1c <8% when
compared with white patients [OR 0.69], while older patients had marginally higher odds [OR 1.01].
Conclusion: Approximately 3 out of 5 patients on metformin and SGLT2i dual therapy achieved
HbA1c <8%, with African Americans having a lower likelihood of achieving this glycemic goal.
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Introduction

Diabetes mellitus (DM) is characterized by chronic hypergly-
cemia, with type 2DM (T2DM) being the most frequent sub-
type. Approximately 30 million people live with diabetes in
the United States (US)1, with a resulting cost of around $237
billion per year2. Cardiovascular disease (CVD) and chronic
kidney disease (CKD) affect approximately 22% and 24% of
T2DM patients in the US, respectively3. Diabetes patients
with CVD/CKD experience substantial burden of disease and
are at risk for downstream health outcomes, such as atrial
fibrillation, kidney failure, major adverse cardiovascular
events (MACE), and cardiovascular death4.

The treatment of T2DM includes both pharmacological
and lifestyle changes. The current consensus report of the
American Diabetes Association (ADA) and European
Association for the Study of Diabetes (EASD) recommends
metformin as the general first-line pharmacotherapy to man-
age hyperglycemia and SGLT2i inpatients with manifest car-
diovascular disease, such as those with heart failure or

chronic kidney disease5. This is further reflected in the cur-
rent ADA standards of care and the 2019 European Society
of Cardiology (ESC) guidelines6,7.

Cardiovascular outcomes trials (CVOTs) with SGLT2 inhibi-
tor therapy were performed on a background of metformin
(Supplemental Appendix for Table 1: Proportion of
Metformin patients in CVOTs) and other antihyperglycemic
agents (AHAs): Empagliflozin was tested in EMPA-REG
OUTCOME and was the only SGLT2 inhibitor to demonstrate
a 38% reduction in cardiovascular (CV) mortality in T2DM
patients with established CVD8. Results from this study, as
well as the Canagliflozin Cardiovascular Assessment Study
(CANVAS), the Dapagliflozin Effect on Cardiovascular Events
(DECLARE), and the Evaluation of Ertugliflozin Efficacy and
Safety Cardiovascular outcomes trial (VERTIS-CV) demon-
strated a reduction of hospitalization for heart failure in
T2DM patients: HR 0.65 (95% CI 0.50–0.85) in EMPA-REG-
OUTCOME, HR 0.67 (95% CI 0.52–0.87) in CANVAS, HR 0.73
(95% CI, 0.61–0.88) in DECLARE, and HR 0.70 (95% CI
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0.54–0.90) in VERTIS-CV8–12. Previously, SGLT2i have been
shown to reduce the risk of major adverse CV events (MACE)
in patients with T2D and established CV disease or high CV
risk in 2 CVOTs: EMPA-REG OUTCOME testing empagliflozin
(HR 0.86 (95% CI 0.74–0.99)), CANVAS testing canagliflozin
(HR 0.86 (95% CI 0.75–0.97). The superiority of SGLT2i versus
placebo in reducing the risk of renal events in patients with
T2DM was elucidated in several trials8,9,11,12. These results
established SGLT2i as a class of cardioprotective antihyper-
glycemic agents. However, many patients on SGLT2i may
require additional glycemic control.

The current study aimed to assess the level of glycemic
control and distance to glycemic thresholds among T2DM
patients who were treated with SGLT2i and metformin dual
therapy in the real world. Further, the study evaluated
patient profiles, assessed potential differences in goal attain-
ment by established Cardiovascular Disease (eCVD) and CKD
status, and determined factors associated with HbA1c �8%.

Methods

Data source

Using the IQVIA EMR database previously known as the
Quintiles Electronic Medical Record research database, a
retrospective database study was conducted in adult
(>¼18 years) T2DM patients who were treated with dual
therapy with SGLT2i and metformin. The IQVIA EMR database
covers 30 million active patients, treated by over 30,000
healthcare providers across the United States. This database
contains medical and pharmacy service data files, with infor-
mation on demographics, diagnoses, prescription medica-
tions, lab assessments, and comorbidities, which were
required for the current study. The study was done on a
retrospective, proprietary, de-identified data and as such is
not considered human subject research hence no
Institutional Review Board review/approval was required.

Study population

Patients with dual therapy of SGLT2i and metformin between
01 June 2015 and 30 June 2018 were identified using

generic drug names (Supplemental Appendix for Table 2:
Other Medications). The patient’s earliest encounter (either
physician visit, prescription, lab measure, etc.) during the
study period while on SGLT2i and metformin dual therapy
was defined as the index date. The patients were required to
have at least 12months of medical enrollment history prior
to the index date, at least one HbA1c measurement in the
12months prior to the index date and needed to be on
SGLT2i and metformin dual therapy and no other antihyper-
glycemic treatment as of the measurement date or any time
during the 90 days prior to the HbA1c measurement.
Additionally, patients were excluded if they had a diagnosis
for type 1 diabetes mellitus, gestational diabetes or dialysis
in the 12months prior to index date. The patient’s demo-
graphic and clinical characteristics (including comorbidities
and laboratory values) were captured in the 12month period
prior to index date13 (Figure 1).

eCVD and CKD status

eCVD patients were defined as having International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) or International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) codes for coronary
heart disease, cerebrovascular disease or peripheral vascular
disease during the 12months period prior to index date.
Similarly, CKD patients had ICD-9-CM or ICD-10-CM diagnosis
code for chronic kidney disease or an estimated glomerular
filtration rate (eGFR) < 60 using the most recent eGFR meas-
urement in the 12months prior to the index date13.

Outcomes

The primary outcome of the study was the level of glycemic
control defined as the proportion of patients with HbA1c
�8% on the most recent lab test. HbA1c �8% was used as a
threshold in the absence of knowledge about the individual
glycemic level goals. At the very least an HbA1c �8% is con-
sidered to be a minimum conservative glycemic level goal
applicable to most patients14. However, to address issues sur-
rounding the assumption, sensitivity analyses were also con-
ducted using HbA1c glycemic goals of HbA1c �7% and

HbA1c date (closest measure within the 
12 months prior to the index date, while 
s�ll on the dual therapy with me�ormin 
and SGLT2i)

Most recent encounter in the database 
where pa�ent was on dual therapy 
with me�ormin and SGLT2i

June 30, 2018

Medical History
Minimum 12 months

Index Period
June 1, 2015 – June 30, 2018

Figure 1. Index period.
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�7.5%. For patients not at glycemic goal, the distance to tar-
get in % (7%. 7.5% and 8%) HbA1c was reported.

Comorbidities and other risk factors

The analyses also included information on several socio-
demographic factors, comorbidities, and lab measurements
as covariates. The sociodemographic factors included age,
sex, and ethnicity (Asian, African American, Native American,
Native Hawaiian Pacific Islander, White, Other/Unknown). The
ICD-9-CM/ICD-10-CM diagnosis information during the
12month history period prior to index date was used to
include clinical characteristics such as nicotine dependency
and alcohol use disorder, retinopathy, neuropathy, hypogly-
cemia, liver disease, hypertension, and obesity (Supplemental
Appendix for Table 3: Diagnosis codes). Relevant lab meas-
urements, BMI and blood pressure information were ana-
lyzed if they were entered during the 12months prior to
index date.

Statistical analyses

Continuous variables were analyzed utilizing t-tests. Chi-
square test for categorical variables was utilized when com-
paring the sample characteristics by eCVD or CKD status. For
patients not at glycemic control of HbA1c< 8%, the distance

to target (i.e. the distance of the existing HbA1c levels from
the optimal glycemic levels) was calculated. The impact of
sociodemographic factors and clinical characteristics on
achievement of glycemic control was tested using multivari-
able logistic regression with backward stepwise selection. All
analyses were conducted using SAS 9.4.1

Results

We identified 3491 patients on SGLT2i and metformin dual
therapy which represents 9% of all SGLT2i and metformin
combination users in the database. 62.3% of patients had
HbA1c <8%, while the median distance from target was
1.1% (IQR 0.5, 2.3) for those not at glycemic target. 48.4%
achieved HbA1c <7.5% with distance to target of 1.2% (IQR
0.5, 2.2), and 31.5% achieved HbA1c <7% with distance to
target 1.1% (IQR 0.5, 2.2). Baseline demographic characteris-
tics are reported in Table 1. Mean age was 56.5 (SD 10.9)
years, with marginally lower proportion of females (47.4%).
The sample was predominantly white (74.5%), with a mean
Body Mass Index (BMI) of 34.8 kg/m2 (SD 7.5), and mean
HbA1c levels of 7.9% (SD 1.6). Obesity (94.4%), hyperlipid-
emia (36.4%), hypertension (29.9%), CKD (16.8%), and CVD
(15.2%) were the most common conditions recorded for the
overall population.

Table 1. Demographic and clinical characteristics.

Characteristics Overall
(N¼ 3491)

With eCVD or CKD
(N¼ 987)

Without eCVD or CKD
(N¼ 2504)

Age (Mean, Std) 56.5 (10.9) 61.8 (9.5) 54.4 (10.7)
Sex
Male (N, %) 1836 (52.6) 587 (59.5) 1249 (49.9)
Female (N, %) 1653 (47.4) 399 (40.4) 1254 (50.1)

Ethnicity
Asian (N, %) 70 (2.0) 15 (1.5) 55(2.2)
African American (N, %) 478 (13.7) 115 (11.7) 363 (14.5)
Native American (N, %) 35 (1.0) 11 (1.1) 24 (1.0)
Native Hawaiian or Other Pacific Islander (N, %) 9 (0.3) 1 (0.1) 8 (0.3)
Unknown (N, %) 298 (8.5) 71 (7.2) 227 (9.1)
White (N, %) 2601 (74.5) 774 (78.4) 1827 (73.0)
HbA1c (%) (Mean, Std) 7.9 (1.6) 7.8 (1.6) 7.9 (1.6)
Nicotine dependency (N, %) 462 (13.2) 161 (16.3) 301 (12.0)
Alcohol use disorder (N, %) 24 (0.7) 7 (0.7) 17 (0.7)
eGFR (mL/min/1.73 m2) (Median, IQR) 86.0 (71.4, 101.3) 69.0 (56.00, 87.9) 89.6 (77.2, 105.0)
BMI (kg/m2) (Mean, Std) 34.8 (7.5) 34.1 (7.1) 35.1 (7.7)
Systolic blood pressure (mmHg; mean, StD) 127.7 (15.4) 128.8 (16.5) 127.3 (14.9)
Diastolic blood pressure (mmHg; mean, StD) 77.6 (9.7) 76.3 (9.9) 78.1 (9.6)
LDL cholesterol (mg/dL; mean, SD) 91.1 (36.1) 84.1 (36.4) 93.9 (35.6)
HDL cholesterol (mg/dL; mean, SD) 44.0 (12.3) 42.5 (12.1) 44.6 (12.3)
Triglycerides (mg/dL; mean, SD) 212.3 (219.4) 223.6 (237.8) 207.7 (211.4)
Hypoglycemia event (N, %) 59 (1.7) 23 (2.3) 36 (1.4)

Comorbidities
Retinopathy (N, %) 29 (0.8) 11 (1.1) 18 (0.7)
Neuropathy (N, %) 245 (7.0) 93 (9.4) 152 (6.1)
Hypertension (N, %) 1044 (29.9) 317 (32.1) 727 (29.0)
Liver disease (N, %) 47 (1.4) 13 (1.3) 34 (1.4)
Hyperlipidaemia (N, %) 1269 (36.4) 306 (31.0) 963 (38.5)
Overweight/obesity (N, %) 3295 (94.4) 925 (93.7) 2370 (94.7)
Cardiovascular disease (N, %) 532 (15.2) 532 (53.9) 0
Chronic kidney disease (N, %) 587 (16.8) 587 (59.5) 0
CCI (Mean, Std) 1.8 (1.3) 2.6 (1.7) 1.5 (0.9)
DCSI (Mean, Std) 0.3 (0.9) 0.7 (1.2) 0.1 (0.6)

The descriptive characteristics of the study population, overall and by with and without eCVD and CKD subgroups are presented. Abbreviations. eCVD, estab-
lished cardiovascular disease; CKD, chronic kidney disease; HbA1c, glycated hemoglobin; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein
cholesterol; BMI, body mass index; eGFR, estimated glomerular filtration rate; CCI, charlson comorbidity index; DCSI, diabetes complications severity index.
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The prevalence of eCVD and CKD was significantly higher
in older, white men, Table 1.

The trends in this subgroup were similar to the trends
observed for the overall study population. Specifically, patients
with eCVD/CKD were older (37.0% vs 14.5% in 65 and above
category), male (56.9% vs 51.3%), and white (75.9% vs 69.9%)
as compared to patients without eCVD/CKD (Supplemental
Appendix for Table 4: Baseline characteristics). The median dis-
tance to HbA1c threshold of 8% was similar for patients with
eCVD/CKD versus patients without eCVD/CKD (1.0% vs 1.1%,
Table 2). Likewise, the distance to threshold of <7% and
<7.5% was median 1.2% and 1.1%, respectively, with no differ-
ences between those with or without eCVD/CKD.

Factors associated with achieving HbA1c <8% were
assessed (Table 3). There was a nominal increased likelihood
of goal attainment for older patients (OR 1.01, 95% CI
1.01–1.02), while African American ethnicity was associated
with lower likelihood of goal attainment (OR 0.69, 95%
CI 0.57–0.85).

Sensitivity analyses described the demographic characteris-
tics of patients with and without eCVD; as well as patients
with and without CKD. Patients with eCVD and CKD were likely
to be at or above 65 years (40.4% vs 20.4% and 43.0% vs
20.3% for with and without CKD and eCVD, respectively), male
(49.6% vs 47.0% and 69.6% vs 49.5% for with and without
CKD and eCVD, respectively). The subgroup with only eCVD
had higher proportion of whites (83.1% vs 73.0%) and diabetic
retinopathy (20.7% vs 0.8%) than the subgroup without eCVD
(Supplemental Appendix for Table 4: Baseline characteristics).

Discussion

This study assessed the level of glycemic control among
T2DM patients who were treated with SGLT2i and metformin

dual therapy and captured in a representative EMR database
in the US: 31.5%, 48.4% and 62.3% achieved HbA1c <7%,
<7.5% and <8% respectively. This is the first time such an
examination has been conducted and is particularly relevant
given the current ADA/EASD consensus 2019 recommenda-
tion for this combination as first-line therapy in a select
group of established CVD patients5.

28.3% of the patients had a history of eCVD or CKD.
These patients were more likely to be older, white men, and
had higher proportion of patients with hypoglycemic events
and comorbidities such as neuropathy and hypertension.
Patients with eCVD or CKD had a higher prevalence of other
comorbidities, yet cardiovascular disease had no significant
impact on attaining HbA1c <8% or distance to this goal.
Although the current study used 8% as a minimum standard
for glycemic control, the study also included guideline rec-
ommended glycemic targets of 7.5% and 7%6. The corre-
sponding sensitivity analyses found that the clinical and
sociodemographic characteristics of patients attaining these
thresholds were very similar to those of the patients the
main analysis (Supplemental Appendix for Table 4: Baseline
characteristics).

The leading international societies ADA and EASD, in their
consensus statement, recommend SGLT2i agents for treating
patients with eCVD/CKD. The consensus statement and the
individual guidelines are based on the proven efficacy in clin-
ical trials, such as CANVAS and CREDENCE12,13. There were
considerable differences between the patient characteristics
reported in this real world population vis a vis the CANVAS
clinical trial cohort, namely higher proportion of patients
with history of CVD (15.2% vs. 65.6%), retinopathy (0.8% vs.
21.0%), and neuropathy (7.0% vs. 30.7%). Patients in both
CREDENCE and EMPA-REG OUTCOME populations had an
even higher cardiovascular baseline risk8,13. A recently pub-
lished observational study in the real world likewise
described the characteristics of incident diabetic patients
using a large integrated healthcare delivery system in the US
and identified a similar patient profile, as well a comparable
rate of attaining HbA1c �8% (37.7% vs 31.0%)16. The popula-
tion in the current study resembles the sociodemographic
characteristics identified by Pantalone et al. in an analysis of
T2DM patients in an integrated health system17. Importantly,
we for the first time analyzed the upfront combination treat-
ment of metformin and SGLT2 inhibitors and would have
expected a higher proportion of patients at high cardiovas-
cular risk in alignment with international guidelines.

We identified a nominal increased likelihood of goal
attainment in patients >65 years of age. Older patients are
an increasingly important subgroup as their prevalence

Table 2. Distance to optimal glycemic control.

Observation All patients With eCVD/CKD Without eCVD/CKD p-Value�
Distance to glycemic control for 7% (Median (IQR) 1.2

(0.5, 2.2)
1.1

(0.5, 2.0)
1.2

(0.5, 2.3)
.11

Distance to glycemic control for 7.5% (Median (IQR) 1.1
(0.5, 2.2)

1.0
(0.4, 1.9)

1.1
(0.5, 2.2)

.14

Distance to glycemic control for 8% (Median (IQR) 1.1
(0.5, 2.3)

1.0
(0.4, 2.1)

1.1
(0.5, 2.3)

.08

�All comparisons between with or without eCVD/CKD subrgoups are statistically insignificant.
Abbreviation. IQR, interquartile range.

Table 3. Factors associated with Goal Attainment among T2DM population.

Effect OR (CI)

Age >65 years 1.01 (1.01, 1.02)�
Sex
Female –
Male 0.96 (0.83, 1.10)
Ethnicity
White –
Asian 1.28 (0.77, 2.13)
African American 0.69 (0.57, 0.85)�
Native American 0.98 (0.49, 1.95)

Native Hawaiian or Other Pacific Islander 0.30 (0.08, 1.22)
Unknown 0.96 (0.75, 1.23)
Nicotine dependency 1.00 (0.81, 1.22)
eCVD CKD status 0.98 (0.83, 1.15)

Abbreviations. OR, Odds ratio; CI, confidence interval.�Significant at p< .05.
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increases. Giugliano et al. showed cardiovascular protection
with SGLT2 inhibitors was more pronounced in patients
65 years and older. However, there is no significant difference
in subgroups and this result could further be driven by a dif-
ferent overall distribution of risk factors in these patients
indicating comparable efficacy independent of age18.

A reduced likelihood of glycemic control was seen in
African American versus white patients. Prior research has
demonstrated ethnical disparities in access to healthcare for
diabetes patients and the impact on glycemic control19,20.
Specifically, a study by Assari et al. reported that greater per-
ceived discrimination was associated with higher HbA1c
level19. A recent meta-analysis by Mishriky et al. indicated
that potential differences in efficacy of SGLT2 inhibitors in
black versus white patients could not be identified and that
based in the low sample size of African American patients in
the cardiovascular outcomes trials, it remains unclear
whether such a difference would exist21. Our study further
identified that African Americans were significantly less likely
to meet the glycemic target of 8% which may contribute to
worse outcomes over time.

Previous literature has highlighted that the primary rea-
sons for suboptimal glycemic control among T2DM patients
is clinical inertia, which is defined as defined as failure to
intensify or switch therapies on time when necessary19,20. A
study by Ajmera et al. reported that among patients pre-
scribed 2 oral antihyperglycemic drug classes with HbA1c
>8%, median time to treatment intensification was
1.5 years22. In the current study, 37.7% of patients were
above the glycemic threshold of �8%. If target HbA1c levels
are not achieved after 3months of follow-up, these patients
may require immediate treatment intensification with other
antihyperglycemic therapy such as DPP-4i, GLP-1RA, sulfony-
lurea, or insulin15. A nationwide study in patients without a
history of cardiovascular events in Denmark indicated, DPP-
4i, GLP-1RA, and SGLT2i had a similar effect in preventing
mortality, HF hospitalizations, and MACE outcomes, while SU
and insulin had lower effectiveness23. In contrast, early find-
ings from EMPRISE showed that compared with DPP4i,
empagliflozin was associated with a decreased risk of HHF,
yet a similar risk of myocardial infarction (MI) and stroke in
routine clinical care. Empagliflozin was associated with a
decreased risk of all-cause mortality, as well as acute kidney
injury compared with DPP4i. A subgroup analysis from
EMPRISE in T2DM patients >65 years showed that empagli-
flozin was associated with a decreased risk of MI, stroke, and
all-cause mortality24,25. In this context it is important to note
that patients not at glycemic goal under any initial antihy-
perglycemic combination therapy may require additional
agents to reach their individual therapeutic target.

The current study finds that a substantial proportion of
patients initiating SGLT2i metformin dual therapy are not at
glycemic goal, which is consistent with data from the
National Health and Nutrition Examination Surveys
(NHANES), which reported that 22% of T2DM patients did
not meet glycemic targets(ref) of HbA1C <8%26. Prolonged
loss of glycemic control increases the risk of hospitalization,
mortality, MACE27,28 As patient’s comorbidity burden

increases it can lead to increased healthcare utilization and
cost and worsen patient’s quality of life29–32. Furthermore,
patients should be made aware that adherence to prescribed
medication is an important factor for improved outcomes
and general wellbeing.

Our study has several important limitations. Utilizing EMR
data, care obtained outside the hospital or physician network
is not recorded, including prescriptions of SGLT2i and met-
formin as well as eCVD/CKD diagnosis information. Patients
were required to have HbA1c measurement along with
SGLT2i metformin dual therapy prescription for meaningful
analysis of the data. Additionally, patients with hypertension
may be under reported solely based on diagnosis informa-
tion. Moreover, no measure was undertaken to ensure their
adherence towards the therapies. Since lab results are not
available for all patients, this may result in a sample of
patients that might deviate from the entire group of SGLT2i
metformin dual therapy users in the US. The IQVIA-EMR data-
base, formerly known as Quintiles Electronic Medical Record
database (Q-EMR), is representative of the US population,
however current results may not be generalizable to all
SGLT2i users more broadly. Additionally, since this is a cross-
sectional retrospective observational study, only associations
with the baseline characteristics were assessed. Further, the
study only considers the earliest prescription for SGLT2i met-
formin dual therapy. Dose titration after the initiation of the
SGLT2i metformin dual therapy may increase glycemic goal
attainment, but is not assessed in the current study.

Conclusion

In this real-world study of adult T2DM patients, more than
half of the patients who were treated with metformin and
SGLT2i dual therapy were below the glycemic target of
HbA1c <8%. The vast majority of patients did not have
underlying cardiovascular disease. African American patients
had significantly lower odds of attaining HbA1c <8%.

Note

1. SAS Institute Inc., Cary, NC, USA.
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