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Abstract

Aim—The purpose of this study was to evaluate the effectiveness of early versus delayed 

initiation of metformin in type 2 diabetes.

Methods—We identified 2,925 new users of metformin with type 2 diabetes between 2005 and 

2012 in the electronic health records of an integrated health system in Northern California. 

Patients were matched 1:1 on the propensity for receiving early treatment (defined as ≤6 months 

from first evidence of diabetes). We evaluated the effectiveness of early versus delayed metformin 

treatment on intermediate clinical outcomes indicated by changes in hemoglobin A1c (HbA1c) 

and body mass index (BMI), as well as the incidence of therapy intensification (addition or 

substitution of a second antihyperglycemic agent).

Results—A total of 2,144 propensity-score matched patients were included in the early or 

delayed treatment group (n=1,072, in each). Early treatment was associated with significantly 

larger decreases in HbA1c (-0.36%; 95% confidence intervals [CI]: -0.44 to -0.27%; P<0.001) and 

BMI (-0.46kg/m2; 95% CI: -0.64 to -0.29kg/m2; P<0.001) relative to delayed treatment. Patients 

receiving early treatment also had a greater likelihood of attaining an HbA1c <7% (<53mmol/mol) 

(odds ratio: 2.00; 95% CI: 1.63 to 2.45; P<0.001) and a reduced risk of therapy intensification 

(hazard ratio: 0.72; 95% CI: 0.61 to 0.85; P<0.001).

Conclusions—Treatment with metformin earlier in the course of type 2 diabetes is associated 

with better glycemic control, more pronounced weight reduction, and a lower risk for therapy 
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intensification than delayed treatment. Antihyperglycemic therapy should be initiated early after 

diagnosis to achieve optimal outcomes.
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1. INTRODUCTION

The American Diabetes Association (ADA) and the European Association for the Study of 

Diabetes (EASD) recommend early pharmacotherapy for managing hyperglycemia in type 2 

diabetes.[1] The benefit of early glycemic control with pharmacotherapy is supported by 

evidence from randomized clinical trials, including the landmark United Kingdom Diabetes 

Prevention Study (UKDPS). In this trial, patients with incident diabetes were randomized to 

intensive pharmacotherapy or conventional dietary management. During 10-years of follow-

up, patients receiving pharmacotherapy had significantly larger decreases in hemoglobin 

A1c (HbA1c), and a reduced risk of diabetes-related complications.[2, 3] Predictive 

modeling further supports early treatment, particularly in the prevention of diabetes-related 

microvascular disease.[4] Treatment to an HbA1c target of <7% (<53mmol/mol) within six 

months of diabetes diagnosis is expected to reduce the risk of end-stage renal disease by 

44% and blindness by 73% compared with no treatment.[4]

Metformin is a preferred first-line oral antihyperglycemic agent,[5] which functions by 

decreasing hepatic glucose production without increasing the risk of hypoglycemia.[1, 6] 

Unlike other oral antihyperglycemic agents, metformin is not associated with weight gain 

and, in fact, it has been shown to induce modest weight loss.[1, 5, 7] Both weight and 

insulin sensitivity are important determinants of β-cell function.[8-10] Although β-cell 

deterioration is thought to begin before the onset of diabetes and worsens through the course 

of disease,[11-14] the process is not necessarily irreversible.[1] Thus, the initiation of 

metformin early in the course of type 2 diabetes, through improved glycemic control and 

weight loss, may reduce the burden on β-cell insulin production, preserving insulin secretory 

capacity and delaying the progression of type 2 diabetes. In the Diabetes Prevention 

Program, metformin was shown to reduce the incidence of type 2 diabetes by 31% relative 

to placebo.[15]

The effectiveness of metformin in populations with more recent disease onset (early 

treatment) and those with longer duration of disease (delayed treatment) is largely 

unexplored. The purpose of this study was to quantify the effectiveness of early versus 

delayed initiation of metformin monotherapy on glycemic control (measured by change in 

HbA1c) and weight modification (change in body mass index [BMI]). In addition, we 

sought to evaluate the incidence of therapy intensification and metformin dose titrations. We 

tested the hypothesis that earlier initiation of metformin would be associated with larger 

decreases in HbA1c and BMI, as well as a lower incidence of therapy augmentation.
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2. METHODS

2.1 Study design and setting

This retrospective cohort study was conducted using electronic health record (EHR) data 

from the Palo Alto Medical Foundation (PAMF), a community-based, multispecialty, 

ambulatory-care medical network in Northern California. Institutional Review Board 

approval was obtained for this study. Data were de-identified of protected health information 

prior to analyses according to Health Insurance Portability and Accountability Act (HIPAA) 

standards.

2.2 Study population

Incident users of metformin were identified between 2005 and 2012 (Figure 1). Patients 

were considered to be receiving treatment for type 2 diabetes if they had: 1) prior evidence 

of type 2 diabetes, defined as at least two encounter, problem list, or medical claims ICD-9 

diagnoses (250.x2, 205.x4) (80%) or two abnormal laboratory values (HbA1c ≥6.5% 

[≥48mmol/mol], fasting glucose ≥126 mg/dL, or random glucose ≥200 mg/dL) (1%); or 2) 

no prior evidence of type 2 diabetes but at least one abnormal HbA1c or fasting glucose 

value on the date of or no more than 12 months prior to initiating metformin (19%).

Patients were included if they were ≥18 years of age at the time of the first medication order 

during the study period (index date); had ≥12 months of EHR activity prior to the index 

date; an HbA1c and BMI value recorded within 12 months prior to the index date; and a 

follow-up HbA1c value recorded at least three months after the index date (Figure 1). We 

focused on incident treatment with metformin monotherapy, and therefore, excluded patients 

who had prescriptions for combination antihyperglycemic therapies on the index date; 

prescriptions for oral or injectable antihyperglycemic therapies (i.e., insulin or incretin 

mimetics) prior to the index date; or prescriptions for other antihyperglycemic agents ≤14 

days after the index date. Most (87%) patients with type 2 diabetes are treated with 

metformin as a first-line agent in our clinical population, as compared to other oral or 

injectable drugs (13%).[16] We also excluded patients with a diagnosis of type 1 diabetes 

(ICD-9: 250.×1, 250. ×3) at any time, or those who were pregnant in the 12 months prior to 

or during the study period. Patients were censored at last EHR encounter through December 

31, 2012.

2. 3 Covariates

Baseline covariates—Patient socio-demographic information, including age during the 

index year, sex, race/ethnicity, smoking status, and primary insurance type were extracted 

from the EHR. Prevalent comorbid conditions from encounter, problem list, and medical 

claims ICD-9 diagnoses were identified as of the index date. Hypertension and 

hypercholesterolemia were also identified by active prescriptions for antihypertensive or 

lipid-lowering agents, respectively. Charlson Cormorbidity Index (CCI) scores, a proxy of 

disease burden, were calculated as previously described.[17, 18] Census data from 2010 

were used to infer socioeconomic status (SES). Low SES was defined as ≥20% of 

population in Census tract living below the poverty level or ≥25% of population ≥25 years 

of age in the Census tract with less than a high school education.[19] Daily dose of 
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metformin was calculated from prescribed medication strength, quantity dispensed, and 

day’s supply. For a subset of patients with pharmacy claims (managed-care beneficiaries and 

those who fill prescriptions in the PAMF clinical pharmacy, regardless of insurance type), 

medication possession ratio (MPR) was used to assess adherence to metformin. MPR was 

calculated as the sum of day’s supply of therapy from the date of the first prescription fill to 

the date of follow-up divided by the days from the start date of the medication order to the 

date of follow-up plus last day’s supply. For patients who filled prescriptions early, 

overlapping day’s supply was counted once to prevent MPR from exceeding 1.00.

Exposure variables—Early treatment was defined as an index order for metformin 

within six months of the first evidence of type 2 diabetes. Delayed treatment was defined as 

an index order for metformin more than six months after first evidence of type 2 diabetes. 

Alternative definitions of early versus delayed treatment (three-month intervals from three to 

36 months) were also evaluated.

Outcome variables—Primary outcome measures were change in HbA1c from baseline to 

follow-up and percentage of patients at HbA1c target (<7% [<53mmol/mol]) at follow-up. 

Follow-up HbA1c was captured at least three months after the index date but before the end 

date for therapy. For patients with more than one eligible follow-up value, the measurement 

closest to 12 months from the index date was used. Secondary outcome measures included 

change in BMI from baseline to follow-up (defined as described for HbA1c), and incidence 

of therapy intensification (defined as addition or substitution of a second antihyperglycemic 

medication) and metformin dose titrations through follow-up.

2.4 Propensity-score estimation and matching

Propensity scores were estimated as the probability of receiving early treatment, conditional 

on baseline covariates. Covariates used in the propensity score included age, sex, race/

ethnicity, diabetes-related complications at baseline, metformin dose at baseline, baseline 

HbA1c and BMI, smoking status, payer type, SES, duration of EHR history, and time to 

follow-up. Patients were matched 1:1 within 0.2 caliper widths of the pooled standard 

deviation of the logit of propensity scores.[20, 21]

2.5 Bias assessment

Sensitivity analyses were performed to test the robustness of outcomes to the definition of 

early treatment. Medication adherence as a potential mediator of differences in HbA1c and 

BMI outcomes between the early and delayed treatment groups was explored in the 

subgroup of patients with pharmacy claims data. Residual confounding after propensity-

score matching was addressed by additional adjustment for baseline covariates in all 

statistical models.

2.6 Statistical Methods

Baseline demographics and clinical characteristics for the early and delayed treatment 

groups in both the unmatched and matched cohorts were compared by absolute standardized 

mean differences (SMD). A SMD <0.1 was considered a negligible difference. Within the 

matched cohort, baseline demographics and clinical characteristics were compared by a t test 
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(continuous variables) or a chi-square test (categorical variables). We fit generalized linear 

models (GLMs) to assess between-group differences in mean changes in HbA1c and BMI 

from baseline to follow-up. We fit logistic regression models to assess differences in 

proportion of patients at HbA1c target at follow-up. Cox proportional hazard models were 

fit to assess differences in the risk for therapy intensification. Poisson regression models 

were fit to assess differences in the incidence of metformin dose increases. Statistical 

modeling was performed for the matched cohort with and without adjustment for baseline 

covariates (age, sex, race/ethnicity, HbA1c and BMI, diabetes-related complications, 

metformin dose, CCI score, diagnosis of hypertension and hypercholesterolemia, smoking 

status, insurance payer, and SES). GLMs and logistic regression models also included time 

to HbA1c or BMI measurement as a covariate, whereas Cox proportional hazard models and 

Poisson regression models included time to event or censoring as an exposure variable. 

Point estimates from all models were reported with two-sided 95% confidence intervals 

(CI). CIs were calculated with robust standard errors to account for within-pair correlation. 

For all hypothesis testing, a p-value <0.05 was considered statistically significant. Statistical 

analyses were performed in Stata 13 (StataCorp; College Station, TX).

3. RESULTS

3.1 Description of the Study Population

Among 7,688 incident users of oral antihyperglycemic medications, 2,925 patients met 

study eligibility criteria (Figure 2). Of these, 1,333 (46%) received an order for metformin 

within six months of the first evidence of type 2 diabetes (early treatment cohort) and 1,592 

(54%) received an order more than six months after first evidence of type 2 diabetes 

(delayed treatment cohort).

Baseline demographics and clinical characteristics are shown in Table 1. In the unmatched 

cohort, the early treatment group was on average younger and had less comorbidity 

compared to the delayed treatment group. The early treatment group also had a higher mean 

baseline HbA1c. The proportion of patients with HbA1c at least 9% (75mmol/mol) in the 

early treatment group was more than twice as high as the proportion in delayed treatment 

group (25.4% vs. 11.5%, respectively). After 1:1 propensity-score matching, 80% and 67% 

of patients in the early and delayed treatment groups, respectively, were retained in the 

matched cohort (1,072 patients in each group). Patient demographics and clinical 

characteristics were well balanced after matching (SMD <0.1 and p-value >0.05 for all 

comparisons).

Among patients in the matched cohort, the median time from first evidence of type 2 

diabetes to initiation of metformin was three days (interquartile range [IQR]:0 to 20 days) in 

the early treatment group and 838 days (IQR: 466 to 1,460 days) in the delayed treatment 

group. Similar proportions of patients in the early and delayed treatment groups entered the 

cohort each year between 2005 and 2012 (data not shown). The mean time to HbA1c and 

BMI follow-up (325 and 329 days, respectively; P=0.965) and mean time to censoring (3.2 

and 3.3 years, respectively; P=0.189) were also similar in the early and delayed treatment 

groups.
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3.2 Outcomes

In the matched cohort, HbA1c levels decreased in both the early and delayed treatment 

groups; however, the magnitude of effect was significantly larger among patients receiving 

early metformin treatment (adjusted difference: -0.36%; 95% CI:-0.44 to -0.27%; P<0.001) 

(Table 2). The early treatment group also had a significantly greater likelihood of attaining 

an HbA1c target of <7% (<53mmol/mol) during follow-up than the delayed treatment group 

(adjusted odds ratio [OR]: 2.00; 95% CI: 1.63 to 2.45; P<0.001). BMI decreased in both 

treatment groups; yet, the magnitude of effect was significantly larger with early metformin 

treatment (adjusted difference: -0.46k/m2; 95%CI: -0.64 to -0.29 k/m2; P<0.001) (Table 3). 

Each unit decrease in BMI was associated with a -0.01% (95% CI: -0.02 to -0.08; P<0.001) 

decrease in HbA1c; however, change in BMI did not impact the magnitude of the 

relationship between early versus delayed treatment and change in HbA1c (adjusted 

difference: -0.33%; 95% CI: -0.42 to -0.24%; P<0.001).

Rates of therapy intensification were 78.7 and 105.9 per 1,000 person years in the early and 

delayed treatment groups, respectively, representing a 28% risk reduction (adjusted hazard 

ratio: 0.72; 95% CI: 0.61 to 0.85; P<0.001) (Table 3). Early treatment was associated with a 

10% lower incidence of metformin dose titrations (adjusted incident rate ratio: 0.90; 95% 

CI: 0.81 to 0.99; P=0.041).

3.3 Sensitivity Analyses

We explored multiple definitions of early initiation of metformin, and compared changes in 

HbA1c between early and delayed treatment groups with different cut-points. In these 

analyses, we found consistently larger reductions in HbA1c in patients receiving early 

treatment (Figure 3). Each additional month of delayed treatment with metformin was 

associated with an increased HbA1c of 0.005% (95% CI: 0.003, 0.006; P<0.001).

In subgroup analysis of patients with available pharmacy claims (N=885), no significant 

differences in adherence to metformin therapy, as measured by MPR, were observed in the 

early and delayed treatment groups (0.59 and 0.58, respectively; P=0.45). Also, adjusting for 

adherence did not change the relationship between early metformin treatment and changes in 

HbA1c or BMI (data not shown).

4. DISCUSSION

4.1 Interpretation of Study Findings

This study allowed for the careful evaluation of changes in glycemic control and BMI, and 

incidence of therapy augmentation in a large, longitudinal cohort of patients with type 2 

diabetes newly initiating metformin. Results from this study demonstrate substantial clinical 

benefit of early treatment in patients with type 2 diabetes. Compared to patients receiving 

metformin more than six months after first evidence of diabetes, patients receiving treatment 

within six months had significantly larger reductions in HbA1c and BMI, and were 

significantly more likely to attain an HbA1c goal of <7% (<53mmol/mol), over an average 

of approximately 12 months of treatment. Change in BMI had minimal influence on change 

in HbA1c, suggesting that the effects of metformin on these measures is largely 
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independent. In addition, there was a reduced risk of therapy augmentation (intensification 

and metformin dose titrations) in the early treatment group over an average of more than 

three-year of follow-up.

The benefits of early and intensive antihyperglycemic therapy have been well established in 

randomized clinical trials. In the UKDPS trial, patients with incident diabetes receiving 

intensive pharmacotherapy showed improved glycemic control and a reduced risk of 

microvascular disease compared with patients receiving conventional dietary management 

[2, 3]. Several studies have shown that early and intensive antihyperglycemic therapy, with 

insulin or oral agents, leads to short-term improvements in β-cell function; however, this 

improvement diminishes in the ensuing years [22-27]. Long-term preservation of β-cell 

function through 3.5 years has been demonstrated with insulin plus metformin or triple oral 

therapy [28].

The ability of β-cells to secrete insulin is critical to managing diabetes, preventing diabetes-

related complications, and delaying onset of cardiovascular disease. We hypothesize that 

preserved β-cell function, may in part, explain the more pronounced HbA1c and BMI 

reductions with early metformin treatment in our cohort. Indeed, patients receiving early 

treatment were less likely to have therapy intensified and metformin titrated to higher doses, 

suggesting that progression of diabetes was delayed. Our findings are corroborated by recent 

studies from Kaiser Permanente in the Northwestern United States, which showed that 

patients initiating metformin within three months of diagnosis relative to those receiving 

delayed treatment (12-23 months from diagnosis) had greater odds of achieving an HbA1c 

<7% (<53mmol/mol) (OR: 2.85; 95% CI: 2.04 to 3.98). [29] The authors also showed that, 

in a subset of patients who initially attained an HbA1c <7% with metformin, early treatment 

was associated with lower odds of subsequent treatment failure, defined as HbA1c ≥7.5% 

(≥58mmol/mol) or the addition or substitution of another antihyperglycemic agent.[30]

In our analysis, we chose to define early treatment as initiation of pharmacotherapy within 

six months of first evidence of type 2 diabetes. Although this is somewhat arbitrary, a more 

conservative definition (e.g., at or within three months of diagnosis) may not have been 

practical in a real-world setting because many clinicians and patients, in particular, may 

wish to first attempt lifestyle modification before pharmacotherapy. Through sensitivity 

analyses, we found that there was a significant advantage over delayed treatment in the 

reduction of HbA1c regardless of the definition of early treatment; however, the magnitude 

of this benefit for early treatment decreased the as the time for the definition of early 

treatment was increased. Each additional month delay in metformin treatment was 

associated with an increase in HbA1c of 0.005%.

Adherence to metformin therapy is a potential mediator of treatment effects, and differential 

levels of adherence in the early and delayed treatment groups are likely to influence 

outcome measures, including changes in HbA1c and BMI. Subgroup analysis of patients 

with pharmacy claims data showed that adherence, as measured by MPR, did not differ 

among patients receiving early or delayed treatment. Adherence to metformin was overall 

low in both groups (mean MPR<0.60), but similar to other studies of medication adherence 
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in populations with diabetes.[31, 32] Adjustment for adherence in statistical models of 

changes in HbA1c and BMI did not alter observed associations.

Current ADA and EASD guidelines recommend the initiation of antihyperglycemic therapy 

at or soon after diagnosis of type 2 diabetes.[1] Findings from our study further support the 

benefit for early pharmacotherapy in a clinical-practice setting. Metformin is a preferred 

antihyperglycemic agent that is cost-effective and has a low risk for weight gain or 

hypoglycemia relative to other treatment options.[5-7] Nevertheless, we recognize that the 

timing and type of therapy is a decision that is shared by the clinician and patient. We note 

that patients receiving early treatment were on average younger, with a higher baseline 

HbA1c and less comorbidity relative to patients receiving delayed treatment. Future studies 

are needed to better understand treatment decisions for type 2 diabetes in clinical practice, 

and reasons for delays in initiating pharmacotherapy.

The results of our study should be interpreted in the context of several limitations. Due to 

the observational and retrospective nature of the study design, causal inferences are 

restricted. Moreover, we used HbA1c as a proxy for clinical endpoints, as the association 

between HbA1c and these outcomes, particularly microvascular events, is well documented.

[2, 3, 33] A larger sample size and/or longer duration of follow-up would likely be needed to 

detect statistically significant differences in clinical endpoints. There may be limited 

generalizability of study findings as our sample was from a single geographic area in 

Northern California. Furthermore, because the vast majority of the study cohort had health 

insurance, the medically underserved were underrepresented. However, this homogeneity 

provides better internal validity for group comparison and eliminates the potential 

confounding effects of differential access to medical care.

4. 2 Conclusions

Treatment with metformin earlier in the course of type 2 diabetes is associated with better 

glycemic control and more pronounced weight reduction over an average of 12 months of 

treatment, and a lower risk of therapy augmentation over more than three years of follow-up. 

Antihyperglycemic therapy should be initiated early after diagnosis to achieve optimal 

outcomes.
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Highlights

■ We evaluated the effectiveness of early versus delayed metformin in patients 

on changes in hemoglobin A1c (HbA1c) and body-mass index (BMI)

■ Early treatment was associated with significantly larger decreases in HbA1c 

and BMI relative to delayed treatment

■ Patients receiving early treatment were more likely to achieve HbA1c goal of 

less than 7% (53mmol/mol) and had a reduced risk of therapy augmentation
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Figure 1. Patient Identification Schematic
BMI, body-mass index; EHR, electronic health record; HbA1c, hemoglobin A1c.
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Figure 2. Patient Flow Chart
EHR, electronic health record; HbA1c, hemoglobin A1c; TZD, thiazolidinedione.
aCombination therapy defined as fixed-dose agent as initial therapy or addition of another 

antihyperglycemic agent within 14 days of initiating metformin. bType 1 Diabetes at any 

time; Pre-diabetes defined as baseline HbA1c ≥5.7 to <6.5% (≥39 to <48mmol/mol) or 

fasting blood glucose ≥100 mg/dL to <126 mg/dL; Pregnancy 12 months prior to or during 

the study period; “Other” = use of oral antihyperglycemic agent without evidence of type 2 

diabetes.
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Figure 3. Difference in Mean Change in Hemoglobin A1c (HbA1c) for Various Cut-points of 
Early versus Delayed Metformin Treatment
Point estimates derived from generalized linear models in the unmatched cohort with 

statistical adjustment for baseline covariates (age, sex, race/ethnicity, HbA1c and body-mass 

index, diabetes-related complications, metformin dose, Charlson Comorbidity Index score, 

diagnosis of hypertension and hypercholesterolemia, smoking status, insurance payer, and 

socioeconomic status). Negative values denote benefit for early treatment versus delayed 

treatment. Error bars represent 95% confidence intervals.
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