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 Background: This study aimed to investigate the patterns of use of antidiabetic medication among patients with newly 
diagnosed type 2 diabetes mellitus (T2DM), focusing on the comparison in glycemic control between sulfonyl-
ureas and metformin.

 Material/Methods: Data from patients newly diagnosed and treated for T2DM between 2011 and 2014, who were ³18 years of 
age were obtained from the Yinzhou Regional Health Care Database, and patterns of medication and glycemic 
control were analyzed. The Poisson probability distribution was used to determine the rate ratio (incidence 
density ratio) of uncontrolled hyperglycemia between sulfonylureas and metformin. Cox regression analysis 
was used to determine the association between initial treatment with sulfonylureas and metformin and the 
requirement for additional medications.

 Results: Of the 4,017 patients included in the study, 33.58% began treatment with sulfonylureas and 20.41% began 
treatment with metformin, and during follow-up, 21.13% and 22.68%, respectively were treated with a second 
drug. After adjustment for body mass index (BMI) and fasting blood glucose (FBG), the rate ratio of uncon-
trolled blood glucose for sulfonylurea monotherapy compared with metformin monotherapy was 1.30 (95% 
CI, 1.17–1.45). Patients who began treatment with sulfonylureas were 18% less likely to progress to dual med-
ication compared with metformin (HR=0.82; 95% CI, 0.68–0.99).

 Conclusions: Sulfonylurea monotherapy was the most common initial treatment for patients with newly diagnosed T2DM 
and was associated with an increased risk of uncontrolled hyperglycemia, but patients were less likely to re-
ceive additional drugs when compared with patients initially treated with metformin monotherapy.
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Background

During the past 30 years, the prevalence of type 2 diabetes 
mellitus (T2DM) has significantly increased in China as 
a result of lifestyle changes, urbanization, and increased 
life expectancy [1–3]. According to current data from the 
International Diabetes Federation, China had 114.4 million 
adults with diabetes in 2017 [4].

T2DM is characterized by progressive loss of pancreatic beta 
cell function, and serious complications can arise due to poor 
control of blood glucose levels (hyperglycemia) [5–7]. Guidelines 
developed by the Chinese Diabetes Society (CDS) recommend 
that the target levels for fasting blood glucose (FBG) that indi-
cate disease control should be between 4.4–7.0 mmol/L [8,9]. 
To achieve and maintain the target blood glucose levels, pro-
gressive treatment strategies commonly used in newly diag-
nosed T2DM include lifestyle changes, and pharmacotherapy 
when lifestyle interventions fail to control blood glucose levels. 
First-line pharmacotherapy is commonly used with the oral an-
tidiabetic drug (OAD), metformin, with sulfonylureas used for 
patients who have contraindications for metformin treatment.

However, some cross-sectional studies have indicated that 
the use of first-line antidiabetic pharmacotherapy in China 
does not comply with current evidence-based management 
guidelines [10,11]. The prevalence of patients with T2DM on 
sulfonylurea monotherapy in China is up to 40%, which is 
much higher than that in Europe [12,13], and in the USA [14]. 
In China, the low body mass index (BMI) and high FBG level 
may contribute to the high prevalence of sulfonylureas use [15]. 
However, baseline data for newly diagnosed patients with T2DM 
from previous cross-sectional studies have not provided suffi-
cient information on antidiabetic drug use patterns over time, 
including drug initiation and modification patterns, and gly-
cemic control after starting antidiabetic therapy. Also, the sit-
uation of clinical inertia in diabetic management commonly 
exists, which is defined as the failure to escalate treatment to 
achieve blood glucose targets [16], but little is known about 
this phenomenon in China. However, clinical information that 
reflects the management of T2DM in real-world settings is of 
help in making clinical decisions and for making public health 
policy to improve the quality of future diabetes management.

Therefore, the aim of this cohort study was to investigate the 
patterns of use of antidiabetic medication in patients with 
newly diagnosed T2DM, focusing on the comparison in glyce-
mic control between sulfonylurea and metformin treatment. 
Data from the Yinzhou Regional Health Care Database were 
analyzed from patients newly diagnosed and treated for T2DM 
between 2011 and 2014.

Material and Methods

The data source for patients with type 2 diabetes mellitus 
(T2DM)

Data were extracted from the diabetes management database 
that was part of the Yinzhou Regional Health Care Database [17]. 
Yinzhou is the largest district in Ningbo City, an eastern coastal 
city in China, with a relatively stable population of nearly 1.2 
million inhabitants. In 2008, the Center for Disease Control 
and Prevention (CDC) of Yinzhou District began to routinely 
collect the information of diabetic patients, including name, 
age, sex, diabetes type, date of first diagnosis, family history, 
body mass index (BMI), blood pressure, fasting blood glucose 
(FBG), and glycated hemoglobin (HbA1c).

Once the patient information had been recorded, community 
physicians followed up the patients at least four times a year. 
At each follow-up, the community physicians measured the 
patient’s blood pressure, FBG, and HbA1c, and recorded their 
smoking history, alcohol intake, and antidiabetic drug use pat-
terns since the last follow-up. When the FBG was >7.0 mmol/L, 
community physicians considered increasing the drug dose or 
adding another drug. Until the end of December 2015, 31,932 
patients with diabetes mellitus were included in the diabetes 
management system. The Peking University Health Science 
Center Ethics Committee approved this study with a waiver 
of informed consent.

Study population

The study included patients aged ³18 years who were newly 
diagnosed with T2DM and initiation of antidiabetic pharma-
cotherapy between 01/01/2011 and 12/31/2014. Patients 
who had been on any antidiabetic pharmacotherapy before 
entering the diabetes management system were excluded. 
Follow-up began from the date of the patient starting drug 
treatment for diabetes until the occurrence of an outcome of 
interest, the end date of enrollment in the diabetes manage-
ment system, the date of death or the date of 12/31/2015, 
whichever occurred first.

Data recording

The FBG measurements at baseline and at each follow-up were 
recorded in the diabetes management database. Any blood 
glucose values <1.1 mmol/L or >33.3 mmol/L were excluded 
because the measurement range of the glucose meters used 
by community physicians of Yinzhou District was between 
1.1–33.3 mmol/L.

The BMI was calculated from the patient’s weight and height 
measured at time of the initial diagnosis of T2DM. The BMI 
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values were considered valid if they were between 14–80 kg/m2 
and within one year before pharmacotherapy began, and 
was classified as underweight (<18.5 kg/m2), normal weight 
(18.5–23.9 kg/m2), overweight (24.0–27.9 kg/m2), and obese 
(³28.0 kg/m2) [18]. All drugs recorded during the follow-up 
were coded using the Anatomical Therapeutic Chemical (ATC) 
classification system.

Drug use modifications and uncontrolled blood glucose

Periods of longer than 180 days without any antidiabetic drug 
use was considered as drug discontinuation. Receiving a new 
antidiabetic drug after a discontinuation was defined as a 
restart. Addition was defined as any other classes of antidiabetic 
drugs, including both oral antidiabetic drugs (OADs) and insulin, 
being added to previous pharmacotherapy. Switching occurred 
when patients discontinued previous antidiabetic drugs with the 
concomitant initiation of other antidiabetic drugs. Reduction 
was defined as discontinuation of at least one but not all of 
the antidiabetic drug classes used previously. Discontinuation, 
addition, switching, or reduction of drugs was defined as drug 
use modifications. Uncontrolled blood glucose was defined as 
any FBG value >7.0 mmol/L.

Statistical analysis

Baseline characteristics of included patients were descriptive 
and included the mean and standard deviation (SD), or the 
median and interquartile range (IQR) for continuous variables, 
and proportions were included for categorical variables. For 
patients who were initially treated with metformin and ini-
tially treated with sulfonylureas, the baseline characteristics 
were compared and changes in medication patterns were de-
scribed. The standardized mean difference (SMD) was used to 
evaluate the baseline characteristics between the two groups. 
An SMD <0.1 indicated a negligible difference between the 
baseline characteristics between the treatment groups [19]. 
Kaplan-Meier survival curves were plotted to describe the time 
to the first drug addition. Cox regression analysis was used 
to determine the association between initial treatment with 
sulfonylureas and metformin and the requirement for addi-
tional medications. Hazard ratios (HR) were calculated in an 
unadjusted model and in a full model that simultaneously 
adjusted for gender, age, BMI, duration of diabetes, and FBG. 
In the time-to-event analysis, drug discontinuation and drug 
switching were considered as censoring. The proportional 
hazards assumption was assessed by the Schoenfeld resid-
uals plot. Since non-proportional hazards were observed, a 
time-partitioned analysis was conducted, and the follow-up 
period was partitioned at 800 days after drug initiation when 
the pattern of first drug addition changed (identified through 
the cumulative incidences).

The Poisson probability distribution was used to determine 
the rate ratio (incidence density ratio) of uncontrolled hyper-
glycemia between sulfonylureas and metformin. Potential con-
founders in the adjustment model were the same as those 
accounted for in the above Cox model. In this analysis, patients 
with baseline uncontrolled blood glucose were excluded. All 
statistical analysis was conducted in R version 3.3.2. A P-value 
of <0.05 was considered to represent statistical significance.

Results

Characteristics of patients with type 2 diabetes mellitus 
(T2DM) and initial antidiabetic treatment

This study included 4,017 patients with newly diagnosed 
T2DM. The study design and patient inclusion process are 
shown in Figure 1. The baseline characteristics of the patients 
at diagnosis are shown in Table 1. The study population was 
equally divided between men and women and the mean age 
was 61.44 years. The median follow-up time was 838 days. The 
mean fasting blood glucose (FBG) value of the patients before 
initiating pharmacotherapy was 8.51 mmol/L.

Patients who began treatment for T2DM with monotherapy, 
dual therapy, triple or multiple therapies were 69.98%, 27.46% 
and 2.56%, respectively (Table 1). These three groups differed 
in gender, age, FBG, body mass index (BMI), and duration of 
diabetes (Table 2). Among monotherapy, sulfonylurea treatment 
ranked first (33.58%), followed by metformin (20.41%). These 
two oral antidiabetic drugs (OADs) were most commonly used 

Type 2 diabetes patients diagnosed and
initiated pharmacotherapy between

01/01/2011 and 12/31/2014
n=5544

Type 2 diabetes patients initiated
pharmacotherapy before etering the

diabetes management system
n=1527

Type 2 diabetes patients who initiated
grug treatment with metformin

or sulphonylureas
n=2169

for comparative analysis

Type 2 diabetes patients included for
analysis
n=4017

for descriptive analysis

Figure 1.  Flowchart of the study design and patient inclusion.
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between 2011 and 2014 and the prevalence of use for each 
drug was stable over time (Figure 2). There were 108 patients 
who began treatment with insulin, who had significantly 
increased FBG levels at diagnosis (mean, 9.73 mmol/L) (95% CI, 
8.79–10.66) compared with the FBG for patients treated with 
OAD monotherapies (mean, 8.12 mmol/L) (95% CI, 8.01–8.23).

For patients who were treated with dual therapy, the com-
bination of metformin and sulfonylureas were most widely 
used (13.84%). The combinations of insulin and one OAD were 
used by 53 patients (1.32%) and their FBG level was signif-
icantly higher compared with patients receiving two OADs, 
10.92 mmol/L (95% CI, 9.42–12.43) versus 9.11 mmol/L (95% 
CI, 8.91–9.31).

Changes in treatment patterns for patients who began 
monotherapy with metformin or sulfonylurea

As the initial monotherapy, metformin and sulfonylureas were 
prescribed for 820 and 1,349 patients, respectively. The base-
line characteristics comparisons are shown in Table 3. Baseline 
characteristics, BMI and FBG were unbalanced between the 
two groups. Figure 3 shows the first and second drug modifi-
cations for patients who initially received metformin or sulfo-
nylureas. The median follow-up duration was 458 days, and 
44.51% of the 820 patients initially treated with metformin re-
mained on metformin without any drug modification through-
out follow-up, 14.88% switched to other drugs, and 22.68% re-
ceived a second drug added to metformin. With switching or 

n (Total=4,017)

Male  1974 (49.14%)

Age (mean ±SD) years  61.44±11.58

Follow-up (median ±IQR) days  838 (568±1179)

FBG (mean ±SD) mmol/L  8.51±3.20

First antidiabetic treatment

 Mono therapy  2811 (69.98%)

  Sulfonylureas  1349 (33.58%)

  Metformin  820 (20.41%)

  Alpha-glucosidase inhibitors  290 (7.22%)

  Thiazolidinediones  80 (1.99%)

  Glinides  164 (4.08%)

  Insulin  108 (2.69%)

 Dual therapy  1103 (27.46%)

  Metformin + Sulfonylureas  556 (13.84%)

  Insulin + one OAD  53 (1.32%)

  Other combinations  494 (12.30%)

 Triple or combination therapy  103 (2.56%)

Table 1.  Baseline characteristics of patients at first treatment for 
type 2 diabetes mellitus (T2DM).

FBG – fasting blood glucose; IQR – interquartile range; 
SD – standard deviation; OAD – oral antidiabetic drug.

Monotherapy
N=2811

Dual therapy
N=1103

Triple or combined therapy
N=103

Gender

 Male  1303 (46.35%)  606 (54.94%)  65 (63.11%)

 Female  1508 (53.65%)  497 (45.06%)  38 (36.89%)

Age (mean ±SD) years  62.07±11.56  60.07±11.48  58.83±11.67

BMI (mean ±SD) kg/m2  24.01±3.14  24.40±3.45  24.12±2.75

 Underweight  61 (2.18%)  17 (1.54%)  0 (0.00%)

 Normal  1460 (52.12%)  512 (46.50%)  56 (54.90%)

 Overweight  980 (34.99%)  453 (41.14%)  38 (37.25%)

 Obese  300 (10.71%)  119 (10.81%)  8 (7.84%)

Duration* (median ±IQR) days  85 (23,299)  50 (18,217)  55 (23,295)

FBG (mean ±SD) mmol/L  8.18±2.94  9.20±3.46  10.18±4.93

Table 2.  Comparison of baseline characteristics among three treatment groups for type 2 diabetes mellitus (T2DM), monotherapy, dual 
therapy, and triple or combined therapy.

* Duration between diagnosis and initiation of pharmacotherapy. BMI – body mass index; FBG – fasting blood glucose; 
IQR – interquartile range; SD – standard deviation.
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addition, sulfonylureas were the most frequently prescribed 
OAD, accounting for 59.84% and 67.20% of switched or added 
drugs, respectively.

The patients who had therapy initiated with sulfonylureas 
were followed up for a median of 509 days. During this period, 
52.63% of patients did not change the initial treatment. 9.04% 
switched to other antidiabetic drugs, most of whom received 

metformin as a substitute for sulfonylureas (30.32%). An addi-
tional drug was prescribed for 285 patients (21.13%), 69.12% 
of whom received metformin.

Uncontrolled blood glucose occurred in 133 patients initially 
receiving metformin, and 55 patients (41.35%) additionally re-
ceived another drug after the first occurrence of uncontrolled 
blood glucose, and 30 patients (22.56%) started second-line 
therapy after the second episode. For the 226 patients initially 
treated with sulfonylureas, 28.31% received another drug after 
the first occurrence of uncontrolled blood glucose, and 23.45% 
started second-line therapy after the second episode.

Uncontrolled blood glucose in patients who began 
monotherapy with metformin or sulfonylurea

The 725 patients without uncontrolled blood glucose at base-
line were included in the Poisson regression model, including 
298 patients in the metformin group and 427 patients in the 
sulfonylureas group. The crude rate ratio (incidence density 
ratio) of uncontrolled hyperglycemia between sulfonylureas 
and metformin was 1.33 (95% CI, 1.20–1.48). After adjustment 
for BMI and FBG, the rate ratio was 1.30 (95% CI, 1.17–1.45).

The first drug additional drug required in patients who 
began monotherapy with metformin or sulfonylurea

The probability of receiving the first drug addition over time 
for both sulfonylureas and metformin initiation groups are 

2011

Met
Sul
AGI

TZD
Gli
Insulin

2012 2013 2014

100

80

60

40

20

0

%

Figure 2.  Initial antidiabetic monotherapy from patients newly 
diagnosed with type 2 diabetes mellitus (T2DM) 
between 2011 to 2014. Met – metformin; 
Sul – sulfonylurea; AGI – alpha-glucosidase inhibitors; 
TZD – thiazolidinediones; Gli – glinides.

Metformin initiation 
N=820 (%)

Sulfonylurea initiation
N=1349 (%)

SMD

Gender

 Male  351 (42.80%)  622 (46.11%)  0.067

 Female  469 (57.20%)  727 (53.89%)  

Age (mean ±SD) years  61.53±11.16  62.33±11.49  0.071

BMI (mean ±SD) kg/m2  24.42±3.06  23.88±3.19  0.173

 Underweight  10 (1.22%)  32 (2.38%)  0.187

 Normal  387 (47.31%)  737 (54.80%)

 Overweight  314 (38.39%)  437 (32.49%)

 Obese  107 (13.08%)  139 (10.33%)

Duration* (median ±IQR) days  106 (28±324)  68 (20±287)  0.092

FBG (mean ±SD) mmol/L  7.87±2.37  8.29±2.76  0.166

Table 3.  Comparison of baseline characteristics between patients who began metformin monotherapy and patients who began 
sulfonylurea monotherapy.

* Duration between diagnosis and initiation of pharmacotherapy. BMI – body mass index; FBG – fasting blood glucose; 
IQR – interquartile range; SMD – standardized mean difference; SD – standard deviation.
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shown in the Kaplan-Meier survival curves in Figure 4. The crude 
hazard ratio (HR) of sulfonylureas compared with metformin 
was 0.87 (95% CI, 0.73–1.05). After adjusting for the BMI and 
FBG, the hazard ratio over the whole period of follow-up was 
0.82 (95% CI 0.68–0.99). In the time-partitioned analysis, the 
adjusted HR during the first 800 days after drug initiation was 
0.84 (95% CI, 0.69–1.03) and the adjusted HR after the first 
800 days was 0.66 (95% CI, 0.37–1.17).

Discussion

In this study, the initial treatment patterns for new-onset type 
2 diabetes mellitus (T2DM) were analyzed. Almost 70% of pa-
tients who began antidiabetic treatment with monotherapy 
were treated mainly by sulfonylureas, followed by metformin. 
Patients who began drug treatment with dual therapy had 
higher fasting blood glucose (FBG) levels compared with 

Receive
metformin initially

(n=820)

No modi�cation
(n=365)

No modi�cation
(n=116)

Addition
(n=186)

Addiction
(n=9)

Switching
(n=122)

Switching
(n=7)

Discontinuation
(n=147)

Discontinuation
(n=12)

Reduction
(n=42)

No modi�cation
(n=56)

No modi�cation
(n=63)

Restart
(n=84)

Addiction
(n=31)

Switching
(n=18)

Discontinuation
(n=12)

Reduction
(n=5)

Receive
sulfonylureas initially

(n=1349)

No modi�cation
(n=710)

No modi�cation
(n=154)

Addition
(n=285)

Addiction
(n=13)

Switching
(n=122)

Switching
(n=22)

Discontinuation
(n=232)

Discontinuation
(n=17)

Reduction
(n=79)

No modi�cation
(n=57)

No modi�cation
(n=95)

Restart
(n=137)

Addiction
(n=25)

Switching
(n=25)

Discontinuation
(n=10)

Reduction
(n=5)

Figure 3.  The first two drug modification patterns for the two groups of patients with newly diagnosed with type 2 diabetes mellitus 
(T2DM) who began metformin monotherapy or sulfonylurea monotherapy.
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patients with initial monotherapy. During follow-up, almost 
40% of patients changed their initial treatment patterns in 
both the sulfonylurea and metformin monotherapy groups. The 
findings of the study showed that patients who began sulfo-
nylurea monotherapy were 30% more likely than patients who 
began metformin monotherapy to develop uncontrolled dia-
betes but were 18% less likely to receive an additional drug.

Sulfonylureas were by far the most commonly used initial an-
tidiabetic drug therapy used in the Yinzhou District in Ningbo 
City, and the prevalence of initial usage of sulfonylureas re-
mained unchanged from 2011 to 2014. These findings are sup-
ported by those of other studies conducted at communities in 
other cities in China after 2011 [20,21]. These findings do not 
conform to the clinical guidelines developed by the Chinese 
Diabetes Society (CDS) released in 2010, in which metformin 
was recommended as the first-line drug treatment, with sulfo-
nylureas as an optional first-line drug for patients with renal or 
hepatic insufficiency, serious infections, hypoxia, or for patients 
undergoing major surgery [9]. This inconsistency may indicate 
problems with non-adherence of community physicians to the 
guidelines, but it may also be explained in part by the baseline 
FBG levels and patient body mass index (BMI). Patients who 
initiated treatment with sulfonylureas had higher mean FBG 
values before initiation of pharmacotherapy and they started 
treatment earlier than patients who initiated treatment with 
metformin after being newly diagnosed with diabetes. The 
findings might imply that patients initially treated with sulfo-
nylureas represented more severe cases and required a more 
effective glucose lowering agent, sulfonylureas rather than 
metformin, to achieve a rapid therapeutic response. However, 
patients who began metformin monotherapy had a higher 
prevalence of being overweight and of obesity than patients 
who began sulfonylurea monotherapy, which indicated that 
the risk of weight gain was a major concern of physicians in 

not choosing sulfonylureas as first-line therapy for patients 
with an increased BMI. However, sulfonylureas used at Yinzhou 
District were mostly gliclazide (88.42%), glipizide (5.59), and 
glimepiride (5.59%), which were not likely to put patients at an 
increased risk of weight gain [22–24]. As shown by the use of 
sulfonylureas in clinical practice, the risk of weight gain should 
not be a concern when initiating sulfonylureas treatment for 
overweight and obese patients [25].

The findings of the present study showed that patients starting 
pharmacotherapy with sulfonylureas had a higher rate of de-
veloping uncontrolled blood glucose levels compared with 
patients who commenced pharmacotherapy with metformin 
before adding a second antidiabetic drug, as is shown in the 
Poisson regression model. However, the use of a second an-
tidiabetic drug, for patients with uncontrolled blood glucose 
levels, were less likely used among patients who began sulfo-
nylurea monotherapy, even if initiation of treatment tended 
to be delayed. The associations of initial treatments (sulfonyl-
ureas versus metformin) with uncontrolled blood glucose and 
the first drug addition were both independent of BMI, FBG, age, 
gender and duration between diagnosis and initiation of phar-
macotherapy. The findings that patients who began sulfonyl-
urea monotherapy had worse glycemic control but decreased 
the probability of the use of second drugs compared with pa-
tients who began metformin monotherapy, supported the phe-
nomenon of clinical inertia [26], which was more significant 
in the sulfonylurea group than in the metformin group. The 
clinical inertia that occurred in sulfonylurea initiation group 
was probably because sulfonylureas dose adjustment may 
precede a drug addition when treatment modification was 
needed. Sulfonylureas had a wider dosage range for dose ad-
justment than metformin so that dosage adjustment could 
be done before another antidiabetic drug was added. In the 
present study, most patients started using low-dose sulfonyl-
ureas. When uncontrolled blood glucose occurred in these pa-
tients, dosage adjustment was first considered. While around 
one-third of patients received dosage adjustment, their blood 
glucose remained uncontrolled. This finding indicated that the 
dose adjustment was inappropriate and an additional drug 
was not timely, possibly due to the lack of sufficient clinical 
experience of community physicians, or because of concerns 
regarding hypoglycemia [27].

To our knowledge, this was the first study using longitudinal 
data to explore the patterns of use of antidiabetic drugs in 
China. The present study has two main strengths. First, it pro-
vided longitudinal data on the use of antidiabetic drugs, which 
overcame the limitations of the cross-sectional data provided 
by most previous studies in China [10,11,28]. Second, the study 
included data on FBG for patients at each follow-up, which 
allowed evaluation of the association between drug utilization 
patterns with glycemic control conditions over time, which was 

0

p=0.16

400 800
Days

1200 1600

Cu
m

ul
at

ive
 in

cid
en

ce 0.6

0.4

0.2

0.0

Treatment Metformin Sulphonylureas

Nember at risk

Tre
at

m
en

t

820
1349

455
822

196
322

56
113

0
1

0 400 800
Days

1200 1600

Figure 4.  Kaplan-Meier survival curves following the addition of 
a second drug for patients with newly diagnosed with 
type 2 diabetes mellitus (T2DM) who began metformin 
monotherapy or sulfonylurea monotherapy.
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rarely analyzed in most previous longitudinal studies of anti-
diabetic drug use patterns [14].

This study also had several limitations. First, the study analyzed 
FBG data, instead of glycated hemoglobin (HbA1c), to deter-
mine glycemic control. HbA1c would be more suitable as an 
indicator of blood glucose control. However, HbA1c data was 
incomplete in the diabetes management database, with more 
than 85% missing values, as HbA1c was not widely measured 
at Yinzhou District. Second, although several important vari-
ables were used for adjustment analysis, the changes in the 
efficacy of antidiabetic drugs may be influenced by other fac-
tors, such as blood cholesterol and blood pressure, but this 
clinical information was poorly recorded in the database, which 
limited the analysis. Finally, because the study used data from 
the Yinzhou Regional Health Care Database, the results of this 
study might not be representative of the whole diabetic pop-
ulation in China.
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