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Aims: To evaluate the association between metformin use and heart failure (HF) exacerbation in

people with type 2 diabetes (T2D) and pre-existing HF using alternative exposure models.

Materials and methods: We analysed data for patients with T2D and incident HF from a

national US insurance claims database. We compared the results of several multivariable Cox

models where time-varying use of metformin was modelled as: (1) current use; (2) total duration

of past use; and (3) use within the past 30 days or 10 days. The outcome was defined as time to

HF-related hospitalization. We then re-analysed the data using flexible weighted cumulative

exposure (WCE) models.

Results: A total of 7620 patients with diabetes and incident HF were analysed. The mean

(SD) patient age was 54 (8) years, and 58% (n = 4440) were men. In all, 3799 individuals (50%)

were exposed to metformin, and 837 HF hospitalizations (11%) occurred (mean follow-up

1.7 years). Results of conventional models suggested potential acute benefits in reducing HF

exacerbation with metformin use in the past 10 days (adjusted hazard ratio [aHR] 0.76, 95%

confidence interval [CI] 0.60-0.97), while WCE models, which provided a better fit for the data,

suggested lack of a systematic effect (aHR 0.91, 95% CI 0.69-1.20).

Conclusions: Our results suggest that cumulative metformin exposure does not decrease the

risk of HF-related exacerbation. Use of other anti-hyperglycaemic agents with proven efficacy

in patients with HF should also be considered as treatment options in this population.
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1 | INTRODUCTION

Heart failure (HF) is a serious and common comorbidity in patients

with type 2 diabetes mellitus. The prevalence of HF in patients with

diabetes aged ≥65 years has been reported to be as high as 22%1 and

HF in patients with diabetes is associated with 3-year mortality of

40%, 10-fold higher than that of similar patients with diabetes alone.2

Although it remains uncertain whether or not intensive glucose-

lowering affects HF outcomes,3,4 studies have suggested that the

choice of glucose-lowering agent appears to play an important role in

patients with existing HF. Subgroup analyses in randomized trials eval-

uating incretin-based therapies including dipeptidyl peptidase-4 (DPP-

4) inhibitors (EXAMINE, SAVOR-TIMI and TECOS) and glucagon-like

peptide 1 (GLP-1) receptor agonists (ELIXA and LEADER) have not

observed a significant benefit or risk related to treatment with these

medications in patients with existing HF5–9; however, two DPP-4

inhibitors (saxagliptin and alogliptin) have subsequently received US

Food and Drug Administration warnings with respect to the potential

risk of development of incident HF.10 Most recently, exploratory ana-

lyses of the EMPA-REG study have suggested that substantial bene-

fits are associated with empagliflozin in patients both with and

without pre-existing HF.11 The evidence for older agents, such as

metformin and sulphonylureas, in particular, is based on far less rigor-

ous studies and thus, reliance on clinical experience and observational

evidence has been required to judge the safety and effectiveness of

older anti-hyperglycaemic drugs in patients with diabetes and comor-

bid HF.12
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In the absence of randomized trial evidence, current observational

evidence suggests that, in patients with HF, metformin is safe and its

use may be associated with improved outcomes.13 Accordingly, metfor-

min has been considered as first-line therapy in this patient population,

similarly to other populations with type 2 diabetes.14 Nonetheless,

observational studies related to the safety and effectiveness of metfor-

min have faced a number of important methodological challenges,

including how best to model time-varying drug exposure because treat-

ment with metformin varies considerably both between patients and

within-patients over time.15 Metformin use has typically been modeled

using a range of time-fixed measures (ever-use or total days of use),13

which do not fully account for the time-varying nature of the treatment

regimens and also largely misclassify exposed person-time. Indeed,

these biased measures can induce immortal time bias which tends to

overestimate the benefits of treatment.16

To address the inherent challenges associated with how best to

represent dynamic treatment regimens, novel analytical methods have

been developed, and extensively validated, to flexibly model the

effects of a time-varying cumulative history of drug use.17–19 We

hypothesize that this approach may be useful, compared with the con-

ventional methods used in previously published studies, for more

accurately modelling the association between metformin use and HF

exacerbation in patients with pre-existing HF. The objective of the

present study, therefore, was to compare alternative, flexible methods

with conventional methods for modelling the association between

metformin use and HF exacerbation in patients with diabetes and

pre-existing HF.

2 | METHODS

2.1 | Data source

We used a large US claims and integrated laboratory database that

included employed, commercially insured individuals from all 50 states,

which had been de-identified for privacy and compliance reasons

(Clinformatics Data Mart; OptumInsight, Eden Prairie, Minnesota).

Patient-level data included administrative and demographic informa-

tion (type of insurance plan, sex, age, dates of eligibility and income)

and billable medical services claims including inpatient and outpatient

visits and medical procedures (physician and facility identifier, date

and place of service, cost of service, admission and discharge dates,

procedures and diagnostic codes), all laboratory tests and results

(including fasting lipids, renal function, liver function, blood glucose

[glycated haemoglobin] and complete blood count) and pharmacy

claims data (prescribing physician, drug dispensed based on national

drug codes, quantity and date dispensed, drug strength, days' supply,

and cost of service). All clinical diagnoses were recorded according to

International Classification of Disease, 9th revision Clinical Modifica-

tion (ICD-9-CM) codes and procedure codes.

2.2 | Study population

We identified those individuals who had a prescription claim for either

metformin or sulphonylurea therapy from January 1, 2003 to December

31, 2009, and subsequently developed incident HF (ie, any claim with

an ICD-9 CM code of 428.XX) with no previous history of a diagnosis

of HF in 1 year prior to incident HF event).20 These agents were chosen

because they are the most commonly prescribed first-line oral antidia-

betic agents in patients with diabetes and would provide a more

homogenous study population. Moreover, this time period would avoid

confounding by the newer anti-hyperglycaemic agents (sodium-glucose

co-transporter-2 drugs), which were mostly unavailable on the market

at this time. As thiazolidinedione therapy has been shown to increase

the risk of HF, is contraindicated in patients with established HF, and

was used extensively during this period of time, all patients were

excluded if they has received a thiazolidinedione after diagnosis of

HF. Patients also had to be aged ≥20 years and had to have at least

1 year of continuous medical insurance before diagnosis of HF (so we

could be certain any cases of HF were new diagnoses) to be included in

our cohort.21 The patients were followed from the date of incident HF

until death, termination of medical insurance, or December 31, 2010

(study exit date) (Figure 1).

2.3 | Exposure

As patterns of glucose-lowering treatment are quite complex, we used a

time-varying exposure measure to model metformin use. We established

time-varying exposure to metformin on the basis of the expected dura-

tion of each prescription by using the “days' supplied” field in the pre-

scription drug dispensations database. Use of metformin was updated

on a daily basis from date of incident HF until the end of follow-up for

each person. Current metformin use was represented by a time-varying

binary indicator (“1” indicated metformin use on a given day and “0” indi-

cated non-use). Patients were considered unexposed to metformin for

the period of time from the end of the last expected day of metformin

use to either the end of the study or until they restarted the drug.

2.4 | Outcome

The time-to-event was defined as the time from the incident HF (time

0) to the first subsequent HF-related hospital admission, based on any

ICD-9 code of 428.XX occurring in hospital.

FIGURE 1 Flow chart of patient exclusions
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2.5 | Confounders

Covariates in our models included demographics (age and sex), history

of cardiovascular disease (ischaemic heart disease, myocardial infarc-

tion, dyslipidaemia, hypertension, arrhythmia or valve disease), and a

time-varying indicator of the current use of any other antidiabetic

medication (sulphonylureas, incretins and insulin). We also evaluated

the time-varying use of common HF drugs (ie, agents effecting the

angiotensin system, β blockers, spironolactone, loop diuretics, hydral-

azine, digoxin and amiodarone). To further control for the clinical com-

plexity of patients, we used specific variables and adjusted clinical

groups derived from the Johns Hopkins Adjusted Clinical Group sys-

tem.22 More specifically, we adjusted for a frailty flag calculated based

on patient characteristics including malnutrition, difficulty walking,

dementia, incontinence and barriers to access of care. This measure of

frailty has been previously validated and found accurately to identify

elderly populations who have the clinical characteristics of frailty as

well as to predict adverse outcomes.23 To further control for comor-

bidities, we also calculated a mortality risk score based on the

weighted components of the 32 adjusted diagnostic groups from the

Johns Hopkins System, which has previously been shown to perform

as well as or better than other comorbidity scores such as the Charl-

son or Elixhauser scores.24 Additionally, we adjusted for a time-

varying propensity score for metformin use that evaluates the condi-

tional probability of metformin use based on a set of observed patient

characteristics including patient demographics, healthcare service

utilization, comorbidity level, and concomitant drug use (anti-

hyperglycaemic and cardiovascular).

2.6 | Statistical analysis

2.6.1 | Conventional models

To address the concerns associated with modelling metformin using

time-fixed measures, our main analyses relied on time-varying models,

which accounted for within-patient changes in metformin exposure

over time. First, three separate conventional time-varying exposure

models were estimated. Our preliminary analyses suggested that

including metformin exposure that occurred more than 1 month prior

to the time at which the risk is evaluated provided a worse fit to the

data (data not shown); therefore, only time-varying exposure that

occurred during the acute time windows of the preceding ≤30 days

were evaluated in the main analyses. Firstly, we evaluated a binary

time-varying indicator (1 vs 0) of the current use of metformin,

updated for every day of follow-up. Secondly, we evaluated the

impact of time-varying total duration of past use of metformin from

the beginning of follow-up until the current day. Thirdly, we consid-

ered a binary time-varying indicator of any recent use of metformin

within two alternative time-varying “acute” windows of the past

(model 3a) 30 days and (model 3b) 10 days. See Figure 2 for an illus-

tration of how metformin use was represented in these models, at any

time during the follow-up time, using a single patient's metformin

exposure pattern during their follow-up period.

2.6.2 | Flexible weighted cumulative exposure modelling

The novel analytical method used weighted cumulative exposure

(WCE), whereby metformin exposure was modelled using a time-

varying variable representing the weighted sum of the binary indicator

FIGURE 2 Illustration of how metformin use was represented in conventional and weighted cumulative exposure models using a single patient’s
metformin exposure patterns during their follow-up period
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of use at each day in the relevant window of past exposure, with

weights estimated to reflect the relative importance of medication

taken at different times (eg, 2 days vs 10 days ago) on the current risk

of events.17 The weights assigned to past doses were estimated using

a flexible cubic spline technique that avoided a priori assumptions

regarding the shape of the weight function.19 To enhance consistency

with the conventional models, alternative WCE models assuming a

different relevant window of past exposures of (1) 30 days and

(2) 10 days were fit. For example, the 30-day window implies that

metformin taken more than 1 month previously could not affect the

current risk of HF exacerbation. The goodness of fit of each model

were compared based on the minimum Akaike information criterion

(AIC).25 Any AIC difference > 10 was considered important, but a

difference < 4 was not.

2.6.3 | Sensitivity analyses

A post hoc sensitivity analysis was conducted related to conventional

model 3b above, where we evaluated use of metformin in the past

10 days, while also including an additional, binary, time-varying covari-

ate which indicated if the patient had filled their first metformin pre-

scription since the beginning of the follow-up period (ie, since incident

HF diagnosis) in the last 7 days. This approach allowed us to separate

the (mutually adjusted) effects of (1) any use in the past 10 days

(regardless of the duration of previous exposure) vs (2) recent initia-

tion of metformin treatment.

To improve the clinical interpretability of our results, the compari-

son between metformin and sulphonylurea monotherapy and its

impact on HF exacerbation was conducted for the conventional time-

varying current use model. This model was also re-run using metfor-

min vs no antidiabetic agent as the comparator (the reference group

in the primary analysis was metformin vs no metformin, where the

no-metformin group could include any other antidiabetic agent or no

antidiabetic agent [ie, diet controlled]).

3 | RESULTS

For the 7620 patients with diabetes with incident HF included in the

present study, the mean follow-up was 604 days (1.7 years), resulting

in a total of 4 606 057 person-days at risk (Figure 2). Their mean

(SD) age was 54 (8) years, 4440 (58%) of them were men, and 6448

(85%) had three or more chronic conditions (Table 1).

Overall, 3799 individuals (50.0%) were exposed to metformin at

any point following incident HF. Table 1 shows the characteristics of

TABLE 1 Characteristics of study cohort at time of incident heart failure (baselinea) according to those who were exposed to metformin over

the follow-up period and those who were not exposed to metformin (n = 7620)

Not exposed to metformin
over follow-up
(n = 3821)

Exposed to metformin
over follow-up
(n = 3799)

Pb

Baseline characteristics

Mean (SD) age, years 54.5 (9.0) 54.3 (8.3) 0.41

Men, n (%) 2237 (58.5) 2203 (58.0) 0.62

Mean (SD) income, US$ 48 526 (64313) 48 181 (6223)

Type of insurance, n (%)

Point of service 2235 (58.5) 2256 (59.4) 0.3

Exclusive provider 651 (17.0) 688 (18.1)

Preferred provider 351 (9.2) 314 (8.3)

Health maintenance 504 (13.2) 462 (12.2)

Independent 80 (2.1) 78 (2.1.)

Clinical variables

Mean (SD) mortality risk score 48.0 (13.3) 44.5 (12.6) <0.001

History of cardiovascular disease, n (%)

Ischaemic heart disease 1606 (42.0) 1522 (40.1) 0.08

Myocardial infarction 267 (7.0) 208 (5.5) 0.006

Dyslipidaemia 2698 (68.0) 2679 (70.5) 0.017

Hypertension 3202 (83.8) 3119 (82.1) 0.05

Arrhythmia 722 (18.9) 622 (16.4) 0.004

Valve disease 359 (9.4) 304 (8.0) 0.03

History of diabetes complications, n (%) 1412 (37.0) 1639 (43.1) <0.001

Estimated glomerular filtration rate category, n (%) <0.001

<30 mL/min 279 (7.3) 12 (0.3)

30 to <60 mL/min 709 (18.6) 363 (9.6)

≥60 mL/min 1597 (41.8) 2080 (54.8)

Mean (SD) total cholesterol, mmol/L 4.7 (1.4) 4.6 (1.4) 0.006

Mean (SD) triglycerides, mmol/L 2.2 (3.0) 2.2 (3.5) 0.39
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metformin users vs never-users; those exposed to metformin at any

point during the follow-up period were healthier at baseline (ie, at

time of incident HF) than those never exposed to metformin during

the follow-up. Metformin users had a lower overall mortality risk

score, were less likely to have valve disease or arrhythmia, had a lower

mean glycated haemoglobin (HbA1c) value, were less likely to be insu-

lin users, were less likely to be treated with most cardiovascular medi-

cations, and were less likely to have two or more inpatient hospital

admissions in the 1 year prior to incident HF. Metformin users were,

however, more likely to have dyslipidaemia, or a history of diabetes

complications at baseline. A total of 837 HF hospitalizations occurred

over the follow-up period; the event rate for metformin ever-users

was 1.3 HF-related hospitalizations per 10 000 person-years and 2.57

HF-related hospitalizations per 10 000 person-years of follow-up in

metformin never-users.

Among the conventional time-varying models, current use of met-

formin, updated for every day of follow-up, was associated with a

nonsignificant 16% reduction in HF events compared with non-use

(adjusted hazard ratio [aHR] 0.84, 95% confidence interval

[CI] 0.66-1.07; P = 0.17). This model had the best fit for the data

TABLE 1 (Continued)

Not exposed to metformin
over follow-up
(n = 3821)

Exposed to metformin
over follow-up
(n = 3799)

Pb

Mean (SD) HDL cholesterol, mmol/L 1.2 (0.4) 1.1 (0.3) <0.001

Mean (SD) LDL cholesterol, mmol/L 2.6 (1.0) 2.5 (1.0) 0.38

Mean (SD) HbA1c, % mmol/mol 7.8 (1.9) 61.7 (-) 7.5 (1.7) 58.5 (-) <0.001

Mean (SD) haemoglobin, mmol/L 8.1 (1.2) 8.4 (1.0) <0.001

Drug use, n (%)

Antidiabetic

No oral antidiabetic agent or insulin 525 (13.7) 184 (4.8) <0.001

Metformin 957 (25.1) 3228 (85.0) <0.001

Metformin monotherapy 294 (7.7) 1213 (31.9) <0.001

Acarbose 20 (.5) 21 (0.6) 0.86

Pramlin 44 (1.2) 18 (0.5) 0.001

Incretin 344 (9.0) 413 (10.1) 0.006

Sulphonylurea 1226 (32.1) 1688 (44.4) <0.001

Insulin 1967 (51.5) 806 (21.1) <0.001

Cardiovascular

Agents acting on the renin-angiotensin system 2568 (67.2) 2868 (70.7) 0.001

Statins 2022 (52.9) 2172 (57.2) <0.001

β-Blockers 2013 (52.7) 1843 (48.5) <0.001

Dihydro calcium channel blockers 1025 (26.8) 797 (21.0) <0.001

Non-dihydro calcium channel blockers 425 (11.1) 346 (9.1) 0.004

Nitrates 507 (13.3) 512 (13.5) 0.8

Diuretics (loop) 1398 (36.6) 938 (24.7) <0.001

Anticoagulants 448 (11.7) 340 (9.0) 0.001

Antiplatelet agents 761 (19.9) 636 (16.7) <0.001

Anti-arrhythmic 101 (2.6) 94 (2.5) 0.64

Healthcare use

Inpatient hospital admission in year before baseline
date, n (%)

<0.001

0 2463 (64.5) 2840 (74.8)

1 929 (24.3) 744 (19.6)

2+ 429 (11.2) 215 (5.7)

Frailty, n (%) 393 (10.3) 324 (8.5) 0.009

Chronic conditions before index date, n (%) <0.001

≥1 265 (6.9) 286 (7.5)

2 240 (6.3) 346 (9.1)

≥3 3316 (86.8) 3176(83.4)

Abbreviation: HbA1c, glycated haemoglobin.
a Baseline characteristics are measured in the 1 year prior to incident heart failure (HF) or are based on the most recent value of a given characteristics
prior to incident HF.

b For difference in baseline characteristics between those exposed to metformin over the follow-up period and those not exposed to metformin over the
follow-up period.
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(AIC = 14 610) among the conventional time-varying models.

Adjusted models including time-varying cumulative duration of past

metformin use provided a worse fit for the data (AIC = 14 621), and

suggested no association with the risk of HF-related hospitalization

(aHR for each additional day of metformin exposure: 1.00, 95% CI

0.99-1.01; P = 0.80), whereas the “acute” time-varying models that

accounted only for recent use suggested statistically significant pro-

tective effects (but had an AIC slightly worse than the current use

model, by 3 and 6 points). In particular, any metformin use, in the past

30-day and 10-day windows, compared with non-use within the same

window, was associated with, respectively, 29% and 21% reductions

in HF-related hospital admissions (aHR 0.71, 95% CI 0.56-0.91 and

aHR 0.76, 95% CI 0.60-0.97) (Table 2).

The novel WCE models provided the best fit for the data compared

with the conventional time-varying models (AIC = 14 599 vs AIC = 14

610 for the best-fitting models in either category). The estimated

weight function for the 30-day window is shown in Figure 3, in which

the horizontal axis shows the number of days elapsed (t) between past

metformin use and the time when the risk was assessed, and the verti-

cal axis shows the corresponding estimated weights (negative weights

indicate a protective effect), reflecting the relative strength of the

impact of metformin use “t days ago” on the current risk of HF

hospitalization. Specifically, Figure 3 suggests that very recent metfor-

min use, in the past 3 to 4 days, may confer acute benefits in reducing

HF-related exacerbation, when the risk reduction appears statistically

significant, as even the upper bound of the 95% confidence bands for

the estimated weight fall below weight = 0. These benefits dissipate,

however, for exposures that occurred more than 3 to 4 days ago, when

the estimated weights become positive. Considering the net balance of

these short- vs medium-term effects, the WCE models suggest that

metformin use in the past 30 days is associated with a 15% lower risk

of HF exacerbation compared with non-use in the same time period

(aHR 0.85, 95% CI 0.63-1.18), and a 9% lower risk for patients who

used it only in the past 10 days (aHR 0.91, 95% CI 0.69-1.20), with both

estimates being statistically non-significant (Table 2).

The results of our first post hoc sensitivity analysis suggested that

when adjusted for the first use of metformin (since incident HF) in the

past week, the effect of any use in the past 10 days lost both clinical

relevance and statistical significance (aHR 0.95, 95% CI 0.72-1.24).

These results, in addition to the finding of improved fit over other

conventional time-varying models (AIC = 14 606 vs 14 610 for the

best-fitting conventional model) suggest that the protective effect of

recent metformin exposure may be limited to those subjects who

recently started using the medication since their HF diagnosis and

does not apply to longer-time users.

The results of further sensitivity analyses suggest that metformin

does not confer additional benefits in preventing HF exacerbations

when directly compared with sulphonylurea therapy (based on the

time-varying current use model, which was the best-fitting conven-

tional model). Compared with time-varying sulphonylurea monother-

apy updated daily, metformin monotherapy was associated with a

very small decreased risk of HF exacerbation, which was statistically

nonsignificant (aHR 0.94, 95% CI 0.50-1.50). Additionally, there was

no appreciable difference in the results of our model when the refer-

ence group was changed to no antidiabetic drug use rather than no

metformin use (data not shown).

4 | DISCUSSION

We evaluated the relationship between metformin use and HF-related

hospitalization in patients with diabetes and pre-existing HF using

TABLE 2 Adjusted hazard ratios for different patterns of metformin use and impact on heart failure exacerbation in conventional and weighted

cumulative exposure models

Patterns of metformin use HR (95% CI)a AIC

Conventional models

Time varying: current use updated daily 0.84 (0.66-1.07) 14 610

Time varying: cumulative duration past use updated daily, unweighted 1.00 (0.99-1.01) 14 621

Time varying: any use in past 30 days, unweighted 0.71 (0.56-0.91) 14 613

Time varying: any use in past 10 days, unweighted 0.76 (0.60-0.97) 14 616

WCE model

Time varying: use in past 30 days, weighted 0.85 (0.63-1.18) 14 604

Time varying: use in past 10 days, weighted 0.91 (0.69-1.20) 14 599

Abbreviations: AIC, Akaike Information Criterion HR, hazard ratio; WCE, weighted cumulative exposure.
a Adjusted for age, sex, pre-existing cardiovascular conditions, presence of diabetes complications, time-varying cardiovascular medication use,
time-varying antidiabetic medication use, frailty, time-varying propensity score for conditional metformin use.

FIGURE 3 Spline-based estimated weight function: demonstrates the

impact of metformin use on risk of heart failure exacerbation (ie, the
weight) up to 30 days ago, with 95% confidence interval
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both conventional models and novel, flexible weighted cumulative

exposure models. We observed potential acute benefits for metformin

exposure in reducing HF exacerbations which dissipated after a few

days of non-use. In other words, patients who continue to use metfor-

min may experience acute cardiovascular benefits, but, these benefits

are not amplified by cumulative use; however, we found that any pro-

tective effect of acute metformin exposure may be limited to those

who had just started using the medication during follow-up.

Our results highlight the importance of evaluating a number of

different exposure definitions for metformin, or indeed any dynamic

treatment regimen. While previous studies have detected a benefit

for metformin ever-use (usually as a monotherapy) in decreasing the

risk of adverse cardiovascular outcomes,13 our results suggest a statis-

tically nonsignificant and clinically unimportant benefit of its overall

cumulative impact and weighted cumulative impact on HF-related

hospitalization. Additionally, our results suggest that the risk of HF

hospitalization may be lowest during initial metformin use after inci-

dent HF diagnosis.

Indeed, pharmacokinetic and pharmacodynamic characteristics of

different drugs, as well as different physiological responses to differ-

ent pharmacological agents imply that drug exposure-risk associations

may vary substantially across different medications and various

adverse effects.26 Such differences may reflect the pharmacokinetics/

pharmacodynamics of the drug and/or latency of the biological mech-

anism linking its use with a given clinical endpoint.19 With respect to

metformin's impact in HF, there are a number of biological mecha-

nisms which suggest acute use of this drug may have the greatest

impact on cardiovascular outcomes.27

The arbitrary choice of the time window over which metformin

exposure has been assessed in the past implies that prior knowledge

regarding relative importance of exposures that occurred at different

points in the past is relatively imprecise, and suggests a more data-

driven approach may be required.19 Furthermore, conventional binary

indicators of any use in a particular time window (or ever-use) ignores

information on dosage and duration of treatment. Although the “true”

model for a particular exposure-outcome association is rarely known,

statistical goodness-of-fit criteria can help identify model(s) that

approximate reasonably well the underlying mechanisms.28 It is impor-

tant to emphasize again, however, that any time-fixed measures of

exposure tend to induce immortal time bias which is known to pro-

duce an under-estimation of the relative risk of harm or benefit among

users of a time-varying treatment.16

There are a number of limitations to keep in mind when interpret-

ing the results of the present study. Although WCE models provided

new insights regarding the associations between exposure to metfor-

min and the risk of HF-related hospital admission in patients with dia-

betes and pre-existing HF, they produced slightly wider 95% CIs than

the conventional models. This is common to more complex models,

where additional coefficients help to increase the accuracy of the esti-

mated association, at the cost of increased variance.29 Additionally,

we cannot be certain whether or not this potential acute benefit with

metformin use is a true association or artifact of the data. Indeed, the

potential remains for metformin (or any other antidiabetic medication)

exposure to be misclassified around the time of an event given the

patient is experiencing a significant decline in their health state and

unable to visit their pharmacy to fill their medication. Thus, this would

make metformin appear more protective than it actually is in prevent-

ing HF-related hospitalization. The potential impact of medication

adherence on our results should also be acknowledged. Sub-optimal

adherence to cardiovascular medications can lead to HF exacerba-

tions, reduced physical functioning and a higher risk of hospitaliza-

tion.30 Given that patients who are non-adherent to cardiovascular

medications are also less likely to adhere to antidiabetic medications,

it is plausible that those who are not exposed to metformin may actu-

ally be non-adherent to their antidiabetic medications, and thus, more

likely to experience HF exacerbations compared with those who filled

metformin prescriptions. This would, in turn, make it appear as though

metformin use is beneficial when it is simply a marker of a patient

who tends to fill their medications as directed. Last, similarly to most

studies evaluating the safety of antidiabetic medications, the potential

impact of confounding by indication must be considered. This is espe-

cially true when evaluating the safety of metformin given that it is typ-

ically considered as first-line therapy and its discontinuation usually

indicates it is not well tolerated by the patient or the patient has more

advanced diabetes (has likely progressed to insulin), both of which

may be associated with poorer health outcomes. In our propensity

score models, we were able to account for markers of advanced dia-

betes, such as insulin use in the baseline period, history of diabetes

complications, HbA1c and frailty, therefore, we have balanced metfor-

min users and non-users with respect to important confounders given

the data available within the observational design. We were unable to

fully account for some differences between patients, however, such

as HF severity, and acknowledge that residual confounding still may

be an issue.

In summary, by using alternative flexible techniques to model the

impact of metformin exposure on risk of HF-related hospital admis-

sion in those with pre-existing HF and diabetes, we were able to

uncover important new relationships which previous studies have not

been able to elucidate and added to the literature surrounding the

safety of metformin in this patient population. Indeed, our results sug-

gest that the benefits of metformin may have been overstated in pre-

vious observational studies. While metformin was observed to be safe

in this population and should be considered as an option for blood glu-

cose control in patients with type 2 diabetes it was not found to con-

fer the level of benefit suggested by previous studies which

supported its use as a first-line agent. After considering the broader

clinical context for a given patient, such as blood glucose levels, life-

style and potential for other diabetes-related complications, use of

other anti-hyperglycaemic agents with proven efficacy in patients

with HF should also be considered as treatment options.
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