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Background: To evaluate the association of time to reach the target glycosylated hemoglobin (HbA1c) level with long-term dura-
ble glycemic control and risk of diabetic complications in patients with newly diagnosed type 2 diabetes mellitus (T2DM).
Methods: In a longitudinal observational cohort, 194 patients with T2DM newly diagnosed between January 2011 and March 
2013 were followed up over 6 years. Patients were classified according to the time needed to reach the target HbA1c (<7.0%): <3, 
3 to 6 (early achievement group), and ≥6 months (late achievement group). Risks of microvascular complications including dia-
betic retinopathy, nephropathy, and neuropathy as well as macrovascular events including ischemic heart disease, ischemic 
stroke, and peripheral arterial disease were assessed by multivariable Cox proportional hazards analysis. 
Results: During a median follow-up of 6.53 years, 66 microvascular and 14 macrovascular events occurred. Maintenance of dura-
ble glycemic control over 6 years was more likely in the early achievement groups than in the late achievement group (34.5%, 
30.0%, and 16.1% in <3, 3 to 6, and ≥6 months, respectively, P=0.039). Early target HbA1c achievement was associated with low-
er risk of composite diabetic complications (adjusted hazard ratio [HR, 0.47; 95% confidence interval [CI], 0.26 to 0.86 in <3 
months group) (adjusted HR, 0.50; 95% CI, 0.23 to 1.10 in 3 to 6 months group, in reference to ≥6 months group). Similar trends 
were maintained for risks of microvascular and macrovascular complications, although statistical significance was not reached for 
macrovascular complications.
Conclusion: Early target HbA1c achievement was associated with long-term durable glycemic control and reduced risk of dia-
betic complications in newly diagnosed T2DM.
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INTRODUCTION

Hyperglycemia leads to development of vascular complica-
tions in patients with diabetes mellitus [1-4]. However, the im-
pact of intensive glycemic control on diabetic complications 

differed according to patient characteristics [5]. The benefit of 
intensive glycemic control on diabetic complications has been 
relatively established early in the course of type 2 diabetes mel-
litus (T2DM) [6,7], whereas the effects of intensive glycemic 
control on macrovascular still remain inconsistent among pa-
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tients with longstanding diabetes [8-12]. This so-called legacy 
effect, referred to as metabolic memory, has also been shown 
in several observational studies [13-15]. Such evidence has 
strongly influenced the changes in diabetes management 
guidelines that have introduced the concept of individual 
treatment strategies [16].

The United Kingdom Prospective Diabetes Study (UKPDS) 
has provided important evidence showing the beneficial effect 
of early intensive glycemic control on lowering diabetic vascular 
complications in patients with recent-onset T2DM [6,7]. How-
ever, the intensive treatment arm in the UKPDS did not reach 
the target glycosylated hemoglobin (HbA1c) level of below 
7.0%, which is the generally recommended target in recent clini-
cal guidelines [7]. These results are similar to those in the Diabe-
tes Control and Complication Trial and the Steno-2 trial [2,17]. 
Currently, we do not have enough evidence regarding the effect 
of truly intensive glycemic control on diabetic complications in 
the early stage of diabetes. We also do not have enough informa-
tion regarding how fast and how long we need to conduct the 
intensive glycemic control strategy in those patients.

In a previous retrospective cohort study, we evaluated the 
factors related to durable glycemic control in newly diagnosed 
T2DM [18]. From this study, one of the major determinants 
for durable glycemic control was how early patients achieved 
the target HbA1c level (<7.0%). Patients who reached the tar-
get HbA1c level within 3 months were more likely to maintain 
durable glycemic control up to 2 years compared with those 
who did not, suggesting that prompt engagement of an inten-
sive glycemic control strategy right after a diagnosis of diabetes 
is needed. Based on those results, we hypothesized that early 
achievement of the target HbA1c level at the time of disease 
onset would lead to favorable outcomes in terms of diabetic 
complications as well as long-term durable glycemic control. 
The aim of this study was to evaluate the impact of early glyce-
mic control on the prevention of future diabetic complications 
beyond glycemic durability in a real-world clinical setting.

METHODS

Study population
This study was conducted as part of a longitudinal observa-
tional T2DM patient cohort, the Anam Diabetes Observation-
al Study (ADIOS). The cohort consisted of 194 men and wom-
en aged ≥18 years, who were newly diagnosed with T2DM be-
tween January 2011 and March 2013 at a single tertiary medi-

cal institution in Korea. The diagnosis of T2DM was based on 
the diagnostic criteria of the American Diabetes Association 
[19]. Patients were routinely followed up every 3 to 4 months 
during the observational period. Each individual’ medical his-
tory, demographic information, new or advanced symptoms 
related to diabetic complications, and prescribed medications 
were recorded at baseline and every visit. Anthropometric data 
such as systolic and diastolic blood pressure, body weight, and 
waist circumference were measured at each follow-up visit. 
The laboratory variables including HbA1c, fasting plasma glu-
cose, serum creatinine, estimated glomerular filtration rate 
(eGFR), and lipid profiles were also evaluated. The urinary al-
bumin to creatinine ratio was measured every 6 to 12 months. 
Development or progression of diabetic complications was as-
sessed annually or more frequently based on the clinician’s 
judgement. From the original cohort, 145 patients (74.7%) 
completed follow-up of over 6 years until October 2018. There 
have been no regulations for clinicians’ judgement for choice 
of glucose-lowering agents; however, the target of HbA1c to be 
achieved was set to less than 7.0% at the onset of T2DM in all 
patients.   

The Institutional Review Board of Korea University Anam 
Hospital approved this study protocol (2017AN0050). All par-
ticipants provided informed written consent. The STROBE 
statement checklist is available as Appendix 1.

Outcomes
Long-term durable glycemic control was defined as the main-
tenance of optimal glycemic control (HbA1c <7.0%) from 6 
months after diagnosis up to 6 years without adding other glu-
cose-lowering agents.

Composite diabetic complications including microvascular 
and macrovascular events were assessed. The prespecified mi-
crovascular outcomes were onset or progression of diabetic 
retinopathy, nephropathy, and neuropathy. The incidence or 
progression of diabetic retinopathy was assessed by routine eye 
examination with funduscopy or by ophthalmologists. The in-
cident nonproliferative diabetic retinopathy and progression 
from nonproliferative to proliferative diabetic retinopathy as-
sessed by ophthalmologists as well as procedures involving vit-
rectomy or photocoagulation were counted as diabetic reti-
nopathy outcomes. The outcomes of new or worsening ne-
phropathy were defined as having any of the following: pro-
gression of albuminuria based on urinary albumin to creati-
nine ratio (incident microalbuminuria or progression from 
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microalbuminuria to macroalbuminuria), doubling of serum 
creatinine, ≥30% decline in eGFR, or development of end-
stage kidney disease [20]. Diabetic peripheral neuropathy was 
assessed by questionnaire, electromyography, or a nerve con-
duction study. The macrovascular outcomes included athero-
sclerotic cardiovascular events defined according to diagnostic 
or therapeutic procedures for ischemic heart disease, ischemic 
stroke, and peripheral artery disease.

Statistical analyses
Patients were classified into three groups according to the time 
needed to reach the target HbA1c level (<7.0%) after diagno-
sis: within 3, 3 to 6 (early achievement groups), and 6 months 
or over (late achievement group). Patient characteristics are 
described as number (percent) for categorical variables and 
mean (standard deviation) for continuous variables. Groups 
were compared using paired t-test, Mann-Whitney U test, and 
analysis of variance. A repeated-measures logistic model for 
the longitudinal analysis of HbA1c over time was performed 
to compare mean HbA1c trajectories between groups. Cox 
proportional hazards regression analysis was used to estimate 
the hazard ratio (HR) and 95% confidence interval (CI) for 
long-term durable glycemic control and microvascular and 
macrovascular complications. Possible confounders including 
age, sex, smoking, alcohol, education level, physical activity, 
body mass index (BMI), mean low-density lipoprotein choles-
terol, mean systolic blood pressure, eGFR, glucose-lowering 
agents, antithrombotic agents, statins, antihypertensive drugs, 
and baseline HbA1c levels were adjusted for analyses. Kaplan-
Meier curves were presented to describe the time until the first 
event of composite complications and to compare differences 
among groups using a log-rank test. A P<0.05 was considered 
statistically significant. All statistical analyses were performed 
using SPSS version 24.0 (IBM Co., Armonk, NY, USA). 

RESULTS

The baseline characteristics of patients are summarized in Table 
1. The mean age was 54.7 years, and mean BMI was 25.6 kg/m2. 
Patient characteristics according to time to reach the target 
HbA1c level (<3, 3 to 6, and ≥6 months) were generally com-
parable except for a few variables. Subjects in the early target 
HbA1c achievement groups had higher education levels, high-
er fasting C-peptide levels, and lower total cholesterol levels 
than those in the late achievement group. The mean HbA1c 

level at diagnosis was tended to be higher in the later achieve-
ment group than that in the early achievement groups (8.9%, 
8.9%, and 9.7% in the <3, 3 to 6, and ≥6 months groups, re-
spectively), but the difference was not significant. Accordingly, 
sulfonylurea (SU) and insulins were more frequently pre-
scribed in those patients (Supplementary Table 1). 

Time to target HbA1c achievement and long-term durable 
glycemic control 
Of 194 patients in the original cohort, 145 patients completed 
the follow-up. We excluded patients who had positive autoan-
tibodies, died from other underlying diseases and lost to fol-
low-up (Supplementary Fig. 1). The mean follow-up duration 
was 6.53 years (range, 5 to 9). The HbA1c trajectory in each 
group is presented in Supplementary Fig. 2. Mean HbA1c lev-
els during 6-year were 6.6%±0.6%, 6.7%±0.6%, and 7.3%± 
0.8% in the <3, 3 to 6, and ≥6 months, respectively.  

We examined the association between time to reach the tar-
get HbA1c level (<7.0%) and long-term durable glycemic con-
trol (Fig. 1). Compared with patients who reached the target 
HbA1c over 6 months after diagnosis, those who reached the 
target value within 6 months were more likely to maintain du-
rable glycemic control (34.5%, 30.0%, and 16.1% in the <3, 3 
to 6, and ≥6 months groups, respectively, P=0.039), suggest-
ing that earlier glycemic target achievement is responsible for 
long-term durable glycemic control in new-onset T2DM.

Time to target HbA1c achievement and microvascular and 
macrovascular events 
During follow-up, 66 microvascular and 14 macrovascular 
events occurred. Diabetic complication events occurred more 
frequently in the late achievement group than in the early 
achievement groups: 31.9%, 30.8%, and 48.7% in the <3, 3 to 6, 
and ≥6 months groups, respectively (Table 2). The risk of com-
posite diabetic complications was significantly lower (adjusted 
HR, 0.47; 95% CI, 0.26 to 0.86) in the earliest target HbA1c 
achievement group (<3 months) than in the late target HbA1c 
achievement group (≥6 months) after adjusting for confound-
ing variables. Similar results were found for microvascular 
complications. Macrovascular events also occurred less fre-
quently in the early achievement groups than in the late 
achievement group; however, the HR was not significant prob-
ably because of the low number of events in each group. Fur-
ther adjustment for mean HbA1c during 6 years in the same 
analyses did not largely change the direction of the results 
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Table 1. Baseline characteristics according to time to target HbA1c achievement

Variable Total 
(n=194)

Time to reach target HbA1c (<7.0%)
P value

<3 months (n=116) 3–6 months (n=39) ≥6 months (n=39)

Age, yr 54.7±11.7 54.0±11.5 58.1±12.2 53.3±11.5 0.120
Male sex 119 (61.3) 81 (69.8) 17 (43.6) 21 (53.8) 0.021
Weight, kg 69.6±13.7 71.3±14.1 67.1±10.5 66.8±14.4 0.095
Body mass index, kg/m2 25.6±4.0 25.9±4.3 25.4±2.8 24.9±3.8 0.352
Waist circumference, cm 87.6±12.5 88.1±14.2 88.7±8.5 85.2±10.2 0.404
Smoking 0.046
   None/Former/Current 84 (43.3)/37 (19.1)/

73 (37.6)
44 (37.9)/21 (18.1)/

51 (44.0)
20 (51.3)/8 (20.5)/

11 (28.2)
20 (51.3)/8 (20.5)/

11 (28.2)
Alcohol 0.217
   No/Yes 96 (49.5)/98 (50.5) 53 (45.7)/63 (54.3) 24 (61.5)/15 (38.5) 19 (48.7)/20 (51.3)
Education 0.029
   Less than middle school 39 (20.1) 18 (17.0) 11 (34.4) 10 (26.3)
   High school 70 (36.1) 41 (38.7) 11 (34.4) 18 (47.4)
   More than college 67 (34.5) 47 (44.3) 10 (31.3) 10 (26.3)
Exercise 0.962
   None 115 (59.3) 68 (59.6) 23 (59.0) 24 (61.5)
   ≤2 times weekly 13 (6.7) 9 (7.9) 1 (2.6) 3 (7.7)
   ≥3 times weekly 64 (33.0) 37 (32.5) 15 (38.5) 12 (30.8)
Glucose, fasting, mg/dL 166.9±64.6 161.39±63.6 165.6±65.8 185.3±64.6 0.147
HbA1c at diagnosis, % 9.1±2.3 8.9±2.3 8.9±2.3 9.7±2.3 0.149
C-peptide, fasting, ng/mLa 2.13±1.09 2.3±1.1 2.1±1.1 1.8±0.7 0.065
Serum creatinine, mg/dL 0.85±0.18 0.8±0.2 0.8±0.2 0.9±0.2 0.884
Estimated GFR, mL/min/1.73 m2 88.3±20.6 90.2±19.5 86.0±18.2 85.0±25.3 0.291
SBP, mm Hg 127.0±15.9 125.8±14.2 127.5±16.2 130.1±20.1 0.348
HDL-C, mg/dL 46.0±10.9 45.7±9.7 47.7±13.1 45.3±12.2 0.553
LDL-C, mg/dL 96.1±32.6 94.1±36.0 97.3±25.1 101.1±28.1 0.601
Triglyceride, mg/dL 164.3±125.4 153.1±81.6 177.2±216.3 185.0±108.0 0.309
Treatment
   Metformin 157 (80.9) 93 (80.2) 33 (84.6) 31 (79.5) 0.523
   Sulfonylurea 74 (38.1) 37 (31.9) 15 (38.5) 22 (56.4) 0.010
   Meglitinide 11 (5.7) 4 (3.4) 2 (5.1) 5 (12.8) 0.050
   DPP-4 inhibitor 33 (17.0) 17 (14.7) 8 (20.5) 8 (20.5) 0.343
   Thiazolidinedione 19 (9.8) 12 (10.3) 3 (7.7) 4 (10.3) 0.516
   α-Glucosidase inhibitor 3 (1.5) 2 (1.7) 0 1 (2.6) 0.853
   Insulin 48 (24.7) 25 (21.6) 8 (20.5) 15 (38.5) 0.063
   Statin 98 (50.5) 72 (85.7) 28 (93.3) 29 (93.5) 0.385
   RAS inhibitor 50 (25.8) 23 (27.4) 8 (26.7) 10 (32.3) 0.875
   Anti-thrombotics 45 (23.2) 27 (32.1) 11 (36.7) 8 (25.8) 0.688

Values are presented as mean±standard deviation or number (%).
HbA1c, glycosylated hemoglobin; GFR, glomerular filtration rate; SBP, systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; DPP-4, dipeptidyl peptidase-4; RAS, renin-angiotensin-aldosterone system.
aStatistical significance was estimated after log transformation.
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(Supplementary Table 2).
Kaplan-Meier curves also demonstrated a lower disease-free 

probability of composite diabetic complications in the early 
achievement groups than in the late achievement group al-
though it showed borderline statistical significance (log-rank 
test, P=0.060) (Fig. 2).

DISCUSSION

In this observational cohort study, we found that time to reach 
target HbA1c achievement was closely associated with long-

Table 2. HRs for the risks of diabetic complications according to time to reach target HbA1c according to the Cox proportional 
hazards model

Time to reach target HbA1c
No. of events (%) Adjusted HRa

<3 months 
(n=116)

3–6 months 
(n=39)

≥6 months 
(n=39)

<3 months 
(n=116)

3–6 months 
(n=39)

≥6 months 
(n=39)

Composite complications 37 (31.9) 12 (30.8) 19 (48.7) 0.47 (0.26–0.86) 0.50 (0.23–1.10) 1 (Reference)

Microvascular complications 35 (30.2) 12 (30.8) 19 (48.7) 0.42 (0.23–0.77) 0.48 (0.22–1.05) 1 (Reference)

   Diabetic retinopathy 23 (23.2) 6 (16.2) 10 (27.8) 0.72 (0.27–1.90) 0.56 (0.17–1.89) 1 (Reference)

   Diabetic neuropathy 14 (14.4) 8 (21.6) 8 (22.2) 0.60 (0.21–1.74) 1.26 (0.37–4.30) 1 (Reference)

   Diabetic nephropathy 16 (18.8) 3 (10.0) 8 (25.8) 0.36 (0.12–1.10) 0.23 (0.05–1.19) 1 (Reference)

Macrovascular complications 7 (6.0) 3 (7.7) 4 (10.3) 0.37 (0.07–2.13) 0.72 (0.11–4.62) 1 (Reference)

   Ischemic heart disease 4 (4.8) 2 (6.7) 3 (9.4) 0.35 (0.04–3.54) 0.41 (0.03–5.24) 1 (Reference)

   Ischemic stroke 2 (2.4) 1 (3.3) - - - -

   Peripheral artery disease 1 (1.2) 1 (3.3) 1 (3.2) 0.34 (0.01–9.79) 1.31 (0.03–51.21) 1 (Reference)

HR, hazard ratio; HbA1c, glycosylated hemoglobin.
aAdjusted for age, sex, body mass index, smoking, alcohol, education, physical activity, mean low-density lipoprotein cholesterol, mean systolic 
blood pressure, baseline estimated glomerular filtration rate, glucose-lowering agents, antithrombotic agents, statins, antihypertensive drugs, 
and baseline HbA1c.

Fig. 1. The proportion of long-term glycemic control according 
to the time to reach target glycosylated hemoglobin (HbA1c; 
<7.0%) (differences between groups, P=0.039).

Fig. 2. Kaplan-Meier curves for cumulative survival incidence 
of diabetic complications according to time to reach target gly-
cosylated hemoglobin. (A) Composite complications (log rank 
test, early achievement groups vs. late achievement group; P= 
0.060). (B) Microvascular outcomes (log rank test, early achieve-
ment groups vs. late achievement group; P=0.034). DFS, dis-
ease free survival.
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term glycemic control and risk of diabetic complications in 
new-onset T2DM. These results have important clinical impli-
cations in the management of T2DM. First, the outcome of pa-
tients with T2DM, especially regarding development of dia-
betic complications, is determined very early in the course of 
disease progression. Second, early intervention in the manage-
ment of hyperglycemia is important to reduce the risk of dia-
betic complications as well as to maintain long-term durable 
glycemic control.

The association between early glycemic control intervention 
and long-term favorable glycemic control was shown in several 
clinical trials. For example, short-term early intensive insulin 
therapy with multiple daily injections or the use of an insulin 
pump in drug-naive patients with T2DM resulted in a high 
rate of diabetes remission during 1 year [21]. Initial triple com-
bination therapy with metformin, pioglitazone, and exenatide 
was superior in terms of 2-year glycemic control to conven-
tional sequential add-on therapy in new-onset T2DM [22]. 
Both studies suggested that β-cell preservation from glucotox-
icity in the early stage of diabetes could have beneficial effects 
on long-term glycemic control [23,24]. Our study provided a 
different level of evidence regarding this issue because of its 
observational, rather than interventional, nature. On the as-
sumption that all patients received standard diabetes care, the 
results in this study clearly indicated that reaching the target 
HbA1c level within 6 months after diagnosis would lead to 
long-term glycemic control in routine clinical practice. The 
glycemic control in the early stage can be explained by many 
patient or clinician factors including the recovery rate from 
glucotoxicity, the response to drug therapy, the intensity of 
drug therapy, or the patient’s attitude to the diabetes manage-
ment. Although currently we do not definitively know what 
the major factor is that determines early favorable glycemic 
control, such early control during the first 6 months after diag-
nosis could be a critical determinant for 6-year glycemic con-
trol in patients with new-onset T2DM.

The benefit of early intensive glycemic control for reducing 
diabetic complications has been shown in previous random-
ized controlled trials. The UKPDS reported that intensive gly-
cemic control reduced the risk of microvascular complications 
by 25% compared with conventional treatment in recent-onset 
T2DM [6,25]. The 10-year follow-up of the UKPDS confirmed 
that intensive glycemic control was associated with a low inci-
dence of macrovascular complications and similar results were 
reproduced in a few cohort studies [26]. The Diabetes and Ag-

ing Study reported that patients with HbA1c levels ≥6.5% for 
the first year after diagnosis had an increased risk of both mi-
crovascular and macrovascular events compared with patients 
with HbA1c levels <6.5% among patients with newly diag-
nosed T2DM [13]. A recent large cohort study also supported 
that the degree of glycemic control significantly affected the 
development of cardiac event in even asymptomatic diabetic 
individuals [27]. In line with those studies, our study added in-
formation about the importance of the earliest stage in the 
course of diabetes: the earlier the achievement of the target 
HbA1c, the lower the complication risk. We speculated that 
early target achievement is responsible for the low risk of dia-
betic complications via long-term durable glycemic control. In 
addition, we also found that visit-to-visit HbA1c variability was 
lower in the early achievement groups than that in the later 
achievement group (SD, 0.96, 0.99, and 1.27 in the <3, 3 to 6, 
and ≥6 months groups, respectively, P=0.042), which may 
have affected the development of diabetic complications. Gly-
cemic variability has recently drawn much interest as a strong 
prognostic factor for diabetes complications and mortality [28-
31]. It has been demonstrated that oscillating glucose could re-
sult in damage to endothelial cells and increase oxidative stress 
more than continuous hyperglycemia in both healthy and T2DM 
subjects [32]. 

We also noted that patients in the late target achievement 
group had low level of baseline C-peptide with frequent use of 
SU and insulins, which means they had dysfunctional pancre-
atic β-cell. Previous studies have already identified the rela-
tionship between β-cell dysfunction and the development of 
diabetic complications [33]. Glucotoxicity followed by pro-
longed hyperglycemia induces β-cell dysfunction possibly 
through mitochondrial dysfunction with production of reac-
tive oxygen species, endoplasmic reticulum stress, and in-
creased levels of intracellular calcium, which are also relevant 
to the development of complications such as neuropathy, ne-
phropathy and cardiovascular disease [33,34]. Therefore, β-cell 
dysfunction in the late achievement group was likely to directly 
or indirectly associated with to the development of diabetic 
complication in our study. 

The current study has several limitations. First, the number of 
subjects and the outcomes, especially of macrovascular events, 
was small. There were 61 microvascular and 13 macrovascular 
outcomes in total, which might limit the statistical analyses. 
Second, some clinicians’ and patients’ factors, specifically the 
engagement of glucose-lowering agents which might influ-



Kim KJ, et al.

374 Diabetes Metab J 2021;45:368-378 https://e-dmj.org

enced the outcomes were not controlled during the observa-
tional period. Therefore, glucose lowering agents including in-
sulins were adjusted for the subsequent analyses. Third, there 
might be a possibility that the low mean HbA1c levels at diag-
nosis, although it was not significant, in the early target 
achievement group may have affected the low risk of complica-
tions. 

In conclusion, among patients with newly diagnosed T2DM, 
early achievement of the target HbA1c level was associated 
with long-term durable glycemic control and a lower rate of 
diabetic complications, especially microvascular complica-
tions, compared with late target HbA1c achievement. More in-
tervention in the earliest stages of the disease is needed for bet-
ter diabetes care. 
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Appendix 1. STROBE statement: checklist of items that should be included in reports of cohort studies 

Item  
no. Recommendation Page 

no.

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1–3
(b)  Provide in the abstract an informative and balanced summary of what was done and 

what was found
2–3

Introduction
   Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 4–5
   Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
   Study design 4 Present key elements of study design early in the paper 5–6
   Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,  

exposure, follow-up, and data collection
5

   Participants 6 (a)  Give the eligibility criteria, and the sources and methods of selection of participants. 
Describe methods of follow-up

5–6

(b)  For matched studies, give matching criteria and number of exposed and unexposed 5–6
   Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable
7–8

   Data sources/measurement 8a For each variable of interest, give sources of data and details of methods of assessment 
(measurement). Describe comparability of assessment methods if there is more than 
one group

6–7

   Bias 9 Describe any efforts to address potential sources of bias 7–8
   Study size 10 Explain how the study size was arrived at 8
   Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe 

which groupings were chosen and why
6–8

   Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 7–8
(b) Describe any methods used to examine subgroups and interactions 7–8
(c) Explain how missing data were addressed 7–8
(d) If applicable, explain how loss to follow-up was addressed 7–8
(e) Describe any sensitivity analyses 7–8

Results
   Participants 13a (a)  Report numbers of individuals at each stage of study—e.g., numbers potentially  

eligible, examined for eligibility, confirmed eligible, included in the study,  
completing follow-up, and analysed

8 
(Supplementary 

Fig. 1)
(b) Give reasons for non-participation at each stage 8
(c) Consider use of a flow diagram 8

   Descriptive data 14a (a)  Give characteristics of study participants (e.g., demographic, clinical, social) and  
information on exposures and potential confounders

8 
(Table 1)

(b) Indicate number of participants with missing data for each variable of interest 8
(c) Summarise follow-up time (e.g., average and total amount) 6

   Outcome data 15a Report numbers of outcome events or summary measures over time 8–9
   Main results 16 (a)  Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision (e.g., 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included

8–9

(b) Report category boundaries when continuous variables were categorized 7
(c)  If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period
8–9

(Continued to the next page)
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Appendix 1. Continued

Item  
no. Recommendation Page 

no.
   Other analyses 17 Report other analyses done—e.g., analyses of subgroups and interactions, and  

sensitivity analyses
8–9

Discussion
   Key results 18 Summarise key results with reference to study objectives 10
   Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or  

imprecision. Discuss both direction and magnitude of any potential bias
12–13

   Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,  
multiplicity of analyses, results from similar studies, and other relevant evidence

10–13

   Generalisability 21 Discuss the generalisability (external validity) of the study results 11–12
Other information
   Funding 22 Give the source of funding and the role of the funders for the present study and,  

if applicable, for the original study on which the present article is based.
13

An explanation and elaboration article discusses each checklist item and gives methodological background and published examples of transpar-
ent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://
www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on 
the STROBE Initiative is available at http://www.strobe-statement.org.
aGive information separately for exposed and unexposed groups.


