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Background: Long-term durable glycemic control is a difficult goal in the management of type 2 diabetes mellitus (T2DM). We 
evaluated the factors associated with durable glycemic control in a real clinical setting.
Methods: We retrospectively reviewed the medical records of 194 new-onset, drug-naïve patients with T2DM who were diag-
nosed between January 2011 and March 2013, and were followed up for >2 years. Glycemic durability was defined as the mainte-
nance of optimal glycemic control (glycosylated hemoglobin [HbA1c] <7.0%) for 2 years without substitution or adding other 
glucose-lowering agents. Clinical factors and glycemic markers associated with glycemic durability were compared between two 
groups: a durability group and a non-durability group. 
Results: Patients in the durability group had a higher baseline body mass index (26.1 kg/m2 vs. 24.9 kg/m2) and lower HbA1c 
(8.6% vs. 9.7%) than the non-durability group. The initial choice of glucose-lowering agents was similar in both groups, except for 
insulin and sulfonylureas, which were more frequently prescribed in the non-durability group. In multiple logistic regression 
analyses, higher levels of education, physical activity, and homeostasis model assessment of β-cell function (HOMA-β) were asso-
ciated with glycemic durability. Notably, lower HbA1c (<7.0%) at baseline and first follow-up were significantly associated with 
glycemic durability (adjusted odds ratio [OR], 7.48; 95% confidence interval [CI], 2.51 to 22.3) (adjusted OR, 9.27; 95% CI, 1.62 
to 53.1, respectively), after adjusting for confounding variables including the types of glucose-lowering agents.
Conclusion: Early achievement of HbA1c level within the glycemic target was a determinant of long-term glycemic durability in 
new-onset T2DM, as were higher levels of education, physical activity, and HOMA-β. 
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is considered a progressive 
metabolic disorder caused by two major pathophysiological 
defects: insulin resistance and β-cell dysfunction [1]. Large-
scale, randomized controlled trials have proved that intensive 
glucose control decreases the risk of microvascular complica-
tions [2,3], and even the risks of cardiovascular events or mor-
tality, as shown in long-term follow-up studies [4,5]. However, 
mainly because of progressive decline in β-cell function and 
clinical inertia, long-term durable glycemic control remains a 
difficult goal to attain in the management of T2DM [6-8].

During past decades, the development of novel glucose-low-
ering agents and strategies has demonstrated more positive 
impact on glycemic durability than previously observed. A re-
port from the Swedish National Diabetes Register demonstrat-
ed that, in real clinical practice, metformin resulted in superior 
glycemic durability than sulfonylureas or meglitinides [9]. 
Similarly, in the A Diabetes Outcome Progression Trial 
(ADOPT) study, rosiglitazone proved to be a better choice in 
achieving glycemic durability than either sulfonylureas or met-
formin [6]. Among recently developed novel agents, some, but 
not all, sodium glucose cotransporter-2 inhibitors and gluca-
gon-like peptide-1 receptor agonists have shown more tolera-
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ble glycemic control than metformin and sulfonylureas [10, 
11]. Results of several trials have suggested that an early inten-
sive insulin therapy can even lead to a complete disease resolu-
tion in patients with new-onset T2DM and help attain glyce-
mic durability [12,13]. However, these results are based on 
tightly regulated clinical trials comprising highly selective pa-
tients, which limit their applicability in real clinical practice. In 
fact, other studies have noted patient-related factors or charac-
teristics other than the use of specific glucose-lowering agents, 
such as tolerability, patient acceptance, and costs, that can af-
fect durable glycemic control [14,15]. On the other hand, cur-
rent treatment guidelines and recommendations have reached 
a consensus that tight glycemic control is more beneficial to 
patients with short-duration diabetes or those who are free of 
related complications [16].

Nonetheless, despite improved understanding of inter-pa-
tient differences affecting responses to therapy, little informa-
tion is available on factors that are strongly associated with du-
rable glycemic control in real clinical settings. Therefore, we 
aimed to assess the major determinants of durable glycemic 
control in new-onset T2DM using 2 years of observational 
data. 

METHODS

Study population
We retrospectively reviewed clinical data of patients who were 
diagnosed with T2DM between January 2011 and March 2013 
at the Korea University Anam Hospital. Among the 314 new-
onset T2DM patients, 194 patients were followed up for at least 
2 years, with the last follow-ups ended in March 2015, and 
were included in this study. All diagnoses were made in accor-
dance with the American Diabetes Association (ADA) criteria 
[17]. All included subjects were aged ≥18 years and had not 
taken any glucose-lowering agents before their diagnosis. 

The study subjects were classified into the durability group 
or the non-durability group based on their glycemic durability. 
Glycemic durability was defined as the maintenance of optimal 
glycemic control (glycosylated hemoglobin [HbA1c] <7.0%) 
over 6 months after diagnosis for 2 years, without substitution 
or adding other glucose-lowering agents. Subjects who did not 
maintain their HbA1c values at the desired level were included 
in the non-durability group.

This study was approved by the Institutional Review Board 
of Korea University Hospital (IRB number: ED16182).

Clinical and laboratory variables 
A structured interview was conducted at the patients’ first visit, 
and demographic characteristics and medical histories were 
recorded by two trained diabetes education nurses. Anthropo-
metric parameters were also measured at this visit. Demo-
graphic information included age, sex, residential area, life-
style, occupation, and education level. Medical information in-
cluded any history of hypertension, dyslipidemia, cardiovascu-
lar disease, malignancy, and the use of medications for any of 
these conditions.

Patients’ histories of smoking, alcohol consumption, physi-
cal activity, and education level were also recorded. For statisti-
cal analyses, these demographic data were stratified further 
into two or three groups as follows: smoking (never smokers, 
former smokers, or current smokers), alcohol consumption 
(yes or no), educational level (lower than middle school, high 
school, or higher than college), and physical activity (none, 
≤twice per week, or ≥three times per week).

Anthropometric data including height, body weight, and 
waist circumference were measured by nurses. The initial labo-
ratory tests included evaluations of fasting plasma glucose 
(mg/dL), 2-hour postprandial glucose (mg/dL), HbA1c (%), bas-
al C-peptide (ng/mL), basal insulin (µIU/mL), serum creatinine 
(mg/dL), estimated glomerular filtration rate (mL/min/1.73 m2), 
and lipid profiles (total cholesterol, high density lipoprotein 
cholesterol, and triglycerides). The following equations were 
used to calculate insulin resistance and β-cell function: homeo-
stasis model assessment of insulin resistance (HOMA-IR)= 
fasting insulin (µIU/mL)×fasting plasma glucose (mmol/L)/ 
22.5; HOMA of β-cell function (HOMA-β)=20×fasting plas-
ma insulin (µIU/mL)/[fasting plasma glucose (mmol/L)–3.5].

Follow-up measurements
Patients were followed up every 2 to 3 months over the 2-year 
period, and their HbA1c levels, fasting plasma glucose, systolic 
and diastolic blood pressure, and body weight were measured 
at each follow-up visit. The enrolled patients were educated on 
structured lifestyle modifications, including diet control and 
regular exercise. Physicians generally followed the current 
ADA/European Association for the Study of Diabetes (EASD) 
guidelines for the management of T2DM [16]; however, they 
were not obliged to select specific glucose-lowering agents. The 
determination of therapeutic options, including the selection 
of a specific class of glucose-lowering agents or regimens, or 
recommending observation without medications, was entirely 
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at the physicians’ discretion. 

Statistical analyses
Patients were divided into two groups according to a prespeci-
fied definition of glycemic durability. A repeated measures lo-
gistic model for the longitudinal analysis of HbA1c over time 
was performed to compare mean HbA1c trajectories between 
the groups. 

At baseline, the mean values of various laboratory findings 
were compared between the durability and the non-durability 
groups using a paired t-test and a Mann-Whitney U test. Cate-
gorical variables were compared using univariate analysis. Re-
sults were presented as numbers/percentage or mean±standard 
deviation values. Multiple logistic regression analysis was per-
formed to investigate the clinical and laboratory factors associ-
ated with glycemic durability. The factors used in the multivari-
ate analysis were adjusted for age, sex, body mass index (BMI), 
medication use, and the baseline HbA1c. A P<0.05 was consid-
ered statistically significant. All statistical analyses were per-
formed using SPSS version 22.0 (IBM Co., Armonk, NY, USA). 

RESULTS

Subjects were divided into the durability group (n=114) and the 
non-durability group (n=80). Fig. 1 and Supplementary Fig. 1 
shows the changes in the mean HbA1c levels in both groups 
during the 2-year follow-up period. The baseline HbA1c level 
was significantly higher in the non-durability group than in the 
durability group (mean, 9.7% vs. 8.6%). Three months after diag-

nosis, the difference in HbA1c between groups was 0.6%, how-
ever, the gap increased during folllow-up, producing ~1.3% dif-
ference in the mean HbA1c level 2 years after diagnosis (7.5% vs. 
6.2%, P<0.01). 

The baseline patient characteristics are described in Table 1. 
Subjects in the durability group had a higher BMI (26.1 kg/m2 
vs. 24.9 kg/m2, P=0.021), and waist circumference (90.1 cm vs. 
85.3 cm, P<0.001) than those in the non-durability group. Al-
though the lifestyle factors were comparable between the 
groups, a comparison of the level of physical activity indicated 
that subjects in the durability group were more physically ac-
tive. The durability group also had higher HOMA-β levels than 
the non-durability group, although the HOMA-IR levels were 
comparable between the two groups. 

Metformin was the most frequently prescribed initial glu-
cose-lowering agent in both groups, followed by sulfonylureas. 
The difference in treatment regimen between the two groups 
was the use of insulin and sulfonylureas, which were used 
more frequently in the non-durability group than in the dura-
bility group (Table 1). The usage frequencies of each prescrip-
tion glucose-lowering agent during the entire follow-up period 
are displayed in Supplementary Table 1. 

Clinical and laboratory factors related to glycemic durability
We selected candidate variables associated with glycemic dura-
bility based on the differences between the two study groups at 
baseline. Table 2 shows the variables and their glycemic dura-
bility predicting values, which we evaluated using multiple lo-
gistic regression analyses. 

Fig. 1. Changes in the mean glycosylated hemoglobin (HbA1c) levels during the 2-year follow-up period. aDifference between 
groups P<0.01.
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Table 1. Baseline characteristics according to glycemic durability

Characteristic Durability group (n=114) Non-durability group (n=80) P value
Age, yr 55.8±11.2 53.1±12.2 0.109
Male sex 70 (61.4) 49 (61.2) 0.983
Body weight, kg 70.9±13.8 67.7±13.4 0.065
Body mass index, kg/m2 26.1±4.1 24.9±3.6 0.021
Waist circumference, cm 90.1±11.2 85.3±13.5 <0.001
Smoking status 0.681
   Non-smoker 51 (44.7) 33 (41.2)
   Ex-smoker 21 (18.4) 16 (20)
   Current-smoker 42 (36.8) 31 (38.7)
Alcohol 0.686
   No 54 (47.4) 43 (53.8)
   Yes 59 (51.8) 37 (46.2)
Education 0.092
   Lower than middle school 18 (17.8) 20 (26.7)
   High school 40 (39.6) 31 (41.3)
   Higher than college 43 (42.6) 24 (32.0)
Physical activity 0.018
   None 61 (54.0) 54 (68.4)
   ≤Twice per week 6 (5.3) 7 (8.9)
   ≥Three times per week 46 (40.7) 18 (22.8)
Fasting plasma glucose, mg/dL 154.5±58.2 182.1±66.4 0.001
Postprandial glucose, mg/dL 228.2±100.5 272.2±105.3 0.003
HbA1c, % 8.6±2.2 9.7±2.2 <0.001
C-peptide, basal, ng/mLa 2.31±1.13 1.87±0.97 0.003
Insulin, basal, μIU/mLa 9.71±5.37 8.17±4.54 0.067
HOMA-βa,b 51.4±5.2 33.1±3.7 0.005
HOMA-IRa,c 3.82±0.31 3.56±0.28 0.760
Creatinine, mg/dL 0.88±0.17 1.02±0.23 0.747
Estimated GFR, mL/min/1.73 m2 88.7±18.8 87.8±23.0 0.649
Systolic blood pressure, mm Hg 127.2±15.0 126.9±17.3 0.323
Total cholesterol, mg/dL 186.1±47.2 182.9±42.4 0.852
HDL-C, mg/dL 46.3±10.9 45.6±11.0 0.356
Triglyceride, mg/dL 158.3±137.5 173.0±106.1 0.199
Initial treatment 
   Insulin 27 (23.7) 29 (36.2) 0.047
   Metformin 88 (77.2) 67 (83.8) 0.262
   Sulfonylurea 32 (28.1) 37 (46.2) 0.009
   Meglitinide 5 (4.4) 5 (6.2) 0.743
   DPP4-inhibitor 10 (8.8) 12 (15.0) 0.092
   Thiazolidinedione 10 (8.8) 7 (8.8) 0.996
   α-Glucosidase inhibitor 1 (0.9) 2 (2.5) 0.570

Values are presented as mean±standard deviation or number (%).
HbA1c, glycosylated hemoglobin; HOMA-β, homeostasis model assessment for β-cell function; HOMA-IR, homeostasis model assessment for 
insulin resistance; GFR, glomerular filtration rate; HDL-C, high density lipoprotein cholesterol; DPP4, dipeptidyl peptidase 4.
aStatistical significance was estimated after log transformation, bHOMA-β was calculated using: [20×fasting plasma insulin (μIU/mL)]/[fasting 
plasma glucose (mmol/L)–3.5], cHOMA-IR was calculated using: [fasting insulin (μIU/mL)×fasting plasma glucose (mmol/L)]/22.5.



Kim KJ, et al.

288 Diabetes Metab J 2017;41:284-295 http://e-dmj.org

The result of an adjusted multiple regression model indicat-
ed that higher levels of education, physical activity, and base-
line HOMA-β were significantly associated with an increased 
likelihood of glycemic durability than were lower values of 
these variables. However, age, BMI, and HOMA-IR did not 
show a significant effect on glycemic durability.

The HbA1c levels at both the baseline and the first follow-up 
visit were significantly associated with glycemic durability. 
Subjects with baseline HbA1c values <7.0% tended to main-
tain optimal glycemic control during the 2-year follow-up pe-
riod, with an adjusted odds ratio (OR) of 7.48 (95% confidence 
interval, 2.51 to 22.3), compared to subjects with baseline 
HbA1c >9.0%. Further, in an adjusted regression model, lower 
HbA1c levels at the first follow-up visit (<6.0%, and between 
6.0% and 7.0%) demonstrated significantly higher ORs for gly-
cemic durability compared to a higher HbA1c level at this visit 
(OR, 11.84 and 9.27, respectively). 

HbA1c level at early treatment phase as a determinant of 
long-term durable glycemic control 
Based on the results of the multiple logistic regression analyses, 
we further analyzed the association between the HbA1c level 
at the early treatment phase following diagnosis and glycemic 
durability. As illustrated in Fig. 2, 86.8% of the patients with 
baseline HbA1c <7.0% maintained durable glycemic control 
during the 2-year follow-up period. However, only 51.1% of 
the patients with baseline HbA1c >9.0% were likely to main-
tain durable glycemic control. This pattern was more apparent 
for HbA1c levels noted at the first follow-up visit, which com-
monly measured 2 to 3 months after diagnosis (Fig. 3). For ex-
ample, patients with HbA1c <6.0% at the first follow-up visit 
were 4 times more likely to maintain durable glycemic control 
than those with HbA1c ≥8.0% (73.5% vs. 16.7%, P<0.001). 
Table 3 shows the association between the duration required to 

Table 2. Factors associated with glycemic durability

Variable Unadjusted OR 
(95% CI)

Adjusteda ORa 
(95% CI)

Age 1.02 (0.99–1.05) 1.03 (0.99–1.06)

Body mass index, kg/m2

   23–25 (reference) 1 1

   <23 0.89 (0.37–2.09) 1.07 (0.38–3.00)

   25–30 2.04 (0.92–4.51) 2.60 (0.97–6.46)

   ≥30 1.88 (0.64–5.51) 2.28 (0.60–8.67)

Education level

   L ower than middle school 
(reference)

1 1

   High school 1.43 (0.65–3.16) 2.08 (0.80–5.40)

   Higher than college 1.99 (0.89–4.47) 3.18 (1.10–9.23)

Physical activity

   None (reference) 1 1

   <Twice per week 0.76 (0.24–2.40) 1.11 (0.29–4.17)

   ≥Thrice per week 2.26 (1.17–4.36) 2.51 (1.17–5.36)

HbA1c at baseline, %b

   ≥9 (reference) 1 1

   ≥8, <9 0.97 (0.40–2.35) 0.87 (0.33–2.32)

   ≥7, <8 1.60 (0.76–3.36) 1.30 (0.58–2.91)

   <7 6.91 (2.47–19.33) 7.48 (2.51–22.34)

HbA1c at 1st follow-up, %

   ≥8 (reference) 1 1

   ≥7, <8 3.89 (0.77–19.69) 3.41 (0.56–20.83)

   ≥6, <7 9.71 (2.01–46.82) 9.27 (1.62–53.01)

   <6 13.90 (2.54–75.92) 11.84 (1.80–77.68)

Baseline C-peptide, ng/mL 1.53 (1.12–2.09) 1.44 (0.99–2.03)

HOMA-βc 1.66 (1.15–2.39) 1.51 (1.02–2.73)

HOMA-IRc 1.14 (0.73–1.78) 0.99 (0.83–1.17)

OR, odds ratio; CI, confidence interval; HbA1c, glycosylated hemo-
globin; HOMA-β, homeostasis model assessment for β-cell function; 
HOMA-IR, homeostasis model assessment for insulin resistance.
aAdjusted for age, sex, body mass index, physicians, glucose-lowering 
agents, and baseline HbA1c, bAdjusted for age, sex, body mass index, 
physicians, and glucose-lowering agents, cOR shows effect per 1-unit 
increase for each variable after logarithmic transformation.

Fig. 2. The frequency of glycemic durability and non-durabili-
ty according to the baseline glycosylated hemoglobin (HbA1c) 
levels (P<0.005). 
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reach the target HbA1c value (<7.0%) and glycemic durability. 
Compared to patients who reached the target HbA1c value 6 
months after diagnosis, those who reached the target value in 
<3 months were ~6 times more likely to maintain durable gly-
cemic control during the 2-year period.

DISCUSSION

This study showed that some clinical factors contribute to the 
maintenance of durable glycemic control in new-onset T2DM. 
HbA1c levels at the time of diagnosis, and at the first follow-up 
visit were important determinants of glycemic durability. In 
addition, higher levels of education, physical activity, and 
HOMA-β were associated with durable glycemic control dur-
ing a 2-year follow-up period. 

HbA1c is the most widely used marker of glycemic control, 
and reflects overall glycemic exposure for the previous 2 to 3 
months [18]. A higher baseline HbA1c level in the non-dura-
bility group suggests long-term exposure to hyperglycemia be-
fore the diagnosis. Therefore, we assume that a higher gluco-
toxicity in the non-durability group may have impaired both 
insulin secretion and activity [19]; thereby, lowering the possi-
bility of maintaining favorable glycemic control in these pa-
tients. A significantly lower HOMA-β level in the non-durabil-
ity group further supported this explanation. 

Interestingly, we observed that a lower HbA1c level at the 
first follow-up visit was a strong indicator of glycemic durabili-
ty. The significance of this association was maintained even af-

ter adjusting for baseline HbA1c levels and the type of glucose-
lowering agents. Two possible explanations, with divergent 
mechanisms, should be considered for this observation. First, 
a rapid correction of hyperglycemia may be responsible for the 
glycemic durability in patients with new-onset T2DM. In this 
context, several studies have reported that early and intensive 
therapy produced favorable outcomes, i.e., recovery and main-
tenance of β-cell function, in drug-naïve patients at the onset 
of T2DM. In a meta-analysis to assess the efficacy of intensive 
insulin therapy, approximately 42.1% of patients experienced 
drug-free remission of diabetes during a 2-year period with 
only 2 to 3 weeks of intensive insulin therapy at the onset of di-
abetes [12]. Intensive insulin therapy provides rest to the 
β-cells by decreasing the hepatic glucose production, and by 
reducing glucotoxicity and lipotoxicity [13]. Our results, al-
though retrospectively analyzed, expanded on the concept that 
a rapid correction of hyperglycemia, with or without insulin, 
may aid in the long-term maintenance of hyperglycemia with-
in the target range. Second, patients in the durability group 
may be “good responders” to the glucose-lowering treatments. 
When the analysis was done among patients who attained 
HbA1c <7.0% at 6 months, we also observed similar findings 
(Supplementary Tables 2 and 3). This may partly be due to rel-
atively short-term exposure to hyperglycemia or due to their 
having genetically healthier β-cells than patients in the non-
durability group. However, individual differences that may af-
fect therapeutic responses remain unclear. More targeted stud-
ies will be required to recognize the degree to which alterations 
in specific aspects of glucose homeostasis will differ between 
individuals, and how an individual will respond to a specific 
medication in a real clinical setting [20].

Our results further demonstrated that T2DM patients’ edu-
cational and physical activity levels were associated with long-

Fig. 3. The frequency of glycemic durability and non-durabili-
ty according to the glycosylated hemoglobin (HbA1c) level at 
the first follow-up visit (P<0.001).
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Table 3. Association between the time needed to reach target 
glycemic control level (HbA1c <7.0%) and glycemic durability

No. Unadjusted OR 
(95% CI)

Adjusted ORa 
(95% CI)

>6 Months 39 1 1

>3, ≤6 Months 39 5.18 (1.96–13.69) 4.12 (1.42–11.93)

≤3 Months 116 6.19 (2.73–14.03) 5.90 (2.35–14.77)

HbA1c, glycosylated hemoglobin; OR, odds ratio; CI, confidence in-
terval.
aAdjusted for age, sex, body mass index, physicians, glucose-lowering 
agents, and baseline HbA1c.
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term glycemic durability. Several studies have identified pa-
tient-specific factors that may influence the durability of glyce-
mic responses, emphasizing the need to personalize therapies 
based on patient characteristics. In a Japanese study, the avoid-
ance of weight gain contributed to the maintenance of better 
glycemic control [21]. In another study by Mamza et al. [7], fe-
male gender, smoking, longer duration of diabetes, and a high-
er baseline HbA1c level were associated with a poor durability 
of therapeutic efficacy. 

Patients’ education level and physical activity are factors that 
need to be considered as seriously as socioeconomic status and 
patient attitude [22,23]. Patients with low socioeconomic sta-
tus are more exposed to unhealthy lifestyles and adverse envi-
ronmental factors such as obesity, physical inactivity, and 
smoking, as they are less likely to avail themselves of routine 
health checkups and health education compared to those with 
high socioeconomic status [24]. The European Diabetes (EU-
RODIAB) Prospective Complications study reported that a 
healthy lifestyle was more prevalent among better-educated 
men and women with diabetes [22]. A previous study noted 
that exercise training, which promotes a higher physical activi-
ty level, could directly reduce HbA1c level in addition to re-
ducing the risk of developing diabetic complications [25]. An-
other report identified patient adherence as an important de-
terminant of response to treatment for T2DM [26]. Therefore, 
patients’ attitude to treatment and their educational level should 
also be considered as predictive indicators of response to treat-
ment and long-term glycemic control.

There are several limitations to this study. First, some factors 
varied because they were controlled by clinicians. Physicians in 
this study generally followed the current ADA/EASD guide-
line that recommends the following: HbA1c <7.0% as the gly-
cemic target, metformin as the initial glucose-lowering agent, 
and lifestyle modifications. However, the glycemic targets were 
set individually, and the choice of glucose-lowering agent was 
solely dependent on the clinician’s discretion. This is an inevi-
table limitation of a retrospective study design. Second, be-
cause we included only those patients who attended follow-up 
visits for at least 2 years, all our study subjects demonstrated 
good adherence to treatment, which may limit the applicability 
of our results to a broader patient spectrum.

In conclusion, our findings will help illuminate inter-indi-
vidual differences in responses to therapy by providing evi-
dence for various factors that can affect the durability of glyce-
mic control. Above all, an early treatment response in terms of 

glycemic control was an important predictor of continuing du-
rable glycemic control. Further well-controlled trials will be 
needed to confirm this hypothesis. 
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